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ABSTRACT 
 

This study seeks to assess the land use land cover (LULC) and spatial-temporal trends of six 

outdoor thermal comfort indices in four Local Government Areas (LGAs) of Ogun state, 

Southwestern, Nigeria. Data used for this study are air temperature, relative humidity, cloud cover 

and wind speed which span from 1982 to 2018. These data were obtained from ERA-INTERIM 

archive. The 1986, 2000 and 2018 used for the analysis of the LULC were from the satellite 

imagery hosted by the United States Geological Survey (USGS). Landsat Thematic Mapper, 

Landsat 7 and Landsat 8 Operational Land Imager data of 1986, 2000 and 2018 to assess the 

changes that have taken place between these periods. Thermal comfort indices such as Effective 

Temperature (ET), Temperature Humidity Index (THI), Mean radiant temperature (MRT) and 

Relative Strain Index (RSI) were used. Rayman model was used for the computation of the three 

thermal comfort indices (MRT, PET, PMV). The results show decrease in vegetation, forest, and an 

increase in percentage of built-up areas between 1986–2000, and 2000–2018. A rapid increase in 

built-up areas in the three (Abeokuta South, Ifo, Shagamu,) of the four LGAs, while one (Ijebu 

East) has a slow increase in the built-up areas. The trend in the thermal comfort indices also shows 

that thermal discomfort had been on increase for the past 37 years and it was observed that the 

level of comfort has deteriorated more in the last decade compared to the previous decade 

especially in the built-up areas. This work suggests a framework for evaluating the relationship 

between the quantitative and qualitative parameters linking the microclimatic environment with 

subjective thermal assessment. This will contribute to the development of thermal comfort 

standards for outdoor urban settings. Also, the study will help urban planners in their decision 

making, and in heat forecast. 
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1.0. Introduction 

 

Urbanization in Nigeria, as in most developing countries, has been rapid, and the explosion of urban 

population has not been matched by a change in social, economic and technological development 

(United Nations Population Fund, 2007; WHO, 2011). Public infrastructure, social and health services 

have been neglected, and urban planning and zoning have been very slow or even stagnant in many 

cases (Eludoyin et al., 2013). Due to little or no climate responsive guidelines, sustaining outdoor life 

has been a serious issue in the tropics as urbanization increases rapidly (Ahmad, 2003). Also, the 

increasing urbanization of the subtropics is producing expanding urban areas with high density and a 

growing number of tall buildings (Ng, 2012). Comfort is more paramount to man, and that has 

brought about the study of thermal comfort over the years. The belief of thermal comfort came from 

the desire of man to be comfortable despite the climate (Eludoyin et al., 2013). Outside comfort zone 

lies the thermal stress (Ogunsote and Prucnal-Ogunsote, 2007). Studies have been made on thermal 

comfort since the 20th centuries, and it has brought improvements in which buildings are constructed, 

and also discoveries of air conditioning systems which aids comfortability in indoors even during the 

hottest and coldest climates. Outdoor thermal comfort is mainly about the physiology and also the 

heat balance of human body, which is commonly referred to as thermo-physiology (Höppe, 2002).  
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The outdoor thermal comfort assessment focuses on estimating people’s thermal sensation in outdoor 

environment by considering meteorological factors and individual activities. The results can be used 

to identify the high-risk area suffering from thermal stress in urban area and the valuable measures to 

mitigate harmful environment. Yang et al. (2019) concluded that urban land use and anthropogenic 

heat (AH) emission can considerably influence the human thermal comfort during extreme heat 

events. In this study, a spatially heterogeneous AH emission data and updated urban land use data 

were integrated into the Weather Research and Forecasting model to simulate the physical processes 

of urban warming during summer. Simulations conducted in the Yangtze River Delta (YRD) of east 

China suggest that the mean urban heat island intensity reaches 1.49°C in urbanized areas during 

summer, with AH emission making a considerable contribution. The warming effect due to urban land 

use is intensified during extremely hot days, but in contrast, the AH effects are slightly reduced. 

Urban development increases the total thermal discomfort hours by 27% in the urban areas of YRD, 

with AH and urban land use contributing nearly equal amount. By limiting the daytime latent heat 

release, urban land use reduces the daily maximum heat stress particularly during extremely hot days; 

however, such alleviations can be offset by the AH emission. Strategies for mitigation of urban heat 

island effect and heat stress in cities should therefore include measures to reduce AH emission. 

Massetti et al. (2019) observed that more than half of the world population lives nowadays in urban 

areas and that’s the reason why the quality of the urban environment has become a key issue for 

human health. In this context, it is important to estimate and document any action that contributes to 

improving thermal comfort and air quality. 

 

Simulated results in Quang-Van et al. (2016) show that the increase in the surface air temperature is 

approximately 0.22 °C in the preexisting urbanized area and approximately 0.41°C in new highly 

urbanized areas.  The rapid increase in global temperature has made outdoor thermal comfort an 

urgent topic (IPCC, 2007). It has been observed that there is a higher temperature in the urban 

growing areas compared to the rural areas, and that has made the assessment of thermal comfort in the 

urban areas more essential regarding the human health quality (Polydoros and Cartalis, 2014) for both 

indoor and outdoor environs. Galony (1996) revealed that temperature is non uniform across the 

perimeter of a city and it’s largely dependent on land cover, location and the geometry of the city 

which are classified as local variables. Eludoyin et al. (2013) studied relative humidity, air 

temperature, thermal comfort and climate regionalization of Nigeria. The thermal comfort indices 

used such as THI, RSI, and effective temperature showed a contrasting result of thermal comfort for 

Nigeria due to variation in climate. Moreover, there was an observed increase in thermal stress from 

2000 at most stations mostly in the north and south-western region. 

  

This work seeks to assess the impact of urbanization on outdoor thermal comfort in selected Local 

Government Areas in Ogun state, by comparing trends in landuse/landcover with trends in 

temperature humidity index (THI), relative strain index (RSI), effective temperature index (ET), 

physiologically equivalent temperature (PET), and predicted mean vote (PMV). 

 

2.0. Materials and Methods 

 

2.1. Study area 

The study areas as shown in Figure 1 are four selected local government areas in Ogun state, namely: 

Abeokuta South, Ifo, Shagamu, Ijebu East. Ogun State is considered to be one of the most developing 

areas in the southwest region of Nigeria because it shares boundary with Lagos State which is the 

main hub of activities. As a result of these developments, the four local government were selected, 

Abeokuta south, Ifo, and Shagamu local government areas plays a large part in this development 

while Ijebu east is known to be a rural area.   

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yang%2C+Ben
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Figure 1: Maps showing location of the study area 

 

2.1.1 Data acquisition  

The research work used a gridded mean monthly data archived by ERA-INTERIM from the year 1982 

to 2018 and this dataset includes the meteorological parameters needed for outdoor thermal comfort 

studies such as; relative humidity, air temperature, wind speed and cloud cover. Four LGAs 

(Abeokuta south, Ijebu east, Shagamu, Ifo) would be focused on in the study area. The LGAs can be 

classified under two categories; rural and urban. Ijebu east as rural, Abeokuta south, Ifo and Shagamu 

urban areas. What influenced the decision to use these four LGA classified into two, is for the 

comparison between the rural and urban area. 

 

Rayman model was used in computing thermal comfort indices such as physiological equivalent 

temperature (PET), predicted mean vote (PMV) while effective temperature, relative strain index, and 

temperature humidity index were computed using a generally accepted formula for tropical regions. 

Outdoor thermal comfort indices like physiological equivalent temperature (PET) and predicted mean 

vote (PMV) asses thermal comfort in a thermo-physiological way, while Effective temperature (ET), 

relative strain index (RSI), and temperature humidity index (THI) does not. Figure 2 is the flowchart 

showing the procedure used in obtaining the data and methods used. 
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Figure 2: Flow chart showing how the data of each index were obtained 

 

The formulae used in computing ET, THI, and RSI have been used by various researchers (Ayoade, 

1978; Olaniran, 1982; Unger, 1999), and found to be valid and accepted for use in Nigeria and also in 

the tropics. 

 

2.2. Methods 

2.2.1. Estimation of THI 

THI was estimated with the algorithm modified by (Nieuwolt, 1977) which is; 

 

𝑇𝐻𝐼 = 0.8𝑇 +
𝑅𝐻 × 𝑇

500
 (1) 

 

where; THI – is Temperature Humidity Index, T – is air temperature, RH – is Relative Humidity 

The categories of THI classification is given in Table 1. 

 

Table 1: Thermal sensations with corresponding THI scale for Nigeria 
Thermal sensation THI scale for Nigeria (°C) 

Very cold <14 

Cold 14–17 

Cool 18 – 19.5 

Slightly Cool 20–22 

Neutral 23 – 24.6 

Slightly warm 24.7 – 27 

Warm 28–30 

Source: (Ogunsote, 2003; Olaniran, 1982; Ayoade, 1978; Markus and Morris, 1980; Omonijo and Matzarakis, 2011). 
 

2.2.2. Estimation of RSI 

RSI was estimated with the algorithm; 

 

𝑅𝑆𝐼 =  
[10.74 + 0.74 + (𝑇 − 35)]

44 − 0.0075 (𝑅𝐻. 𝑒𝑠)
 (2) 

 

where RH – Is Relative Humidity, T – Is the Air Temperature, es – saturated vapour pressure. 

 

The classification of RSI developed by (Kyle, 1992) is presented in Table 2. 
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Table 2: RSI classification 
RSI Proportion of persons unstressed/distressed (%) 

0.10 100 unstressed 

0.20 75 unstressed 

0.30 0 unstressed 

0.40 75 stressed 

0.50 100 stressed 

Source: (Kyle, 1992) 
 

2.2.3. Estimation of ET 

ET was estimated using the equation shown below: 

 

𝐸𝑇 = 𝑇 − 0.4(𝑇 − 10) (1 −  
𝑅𝐻

100
) (3) 

 

where T – Is the Air Temperature, RH – Is the Relative Humidity. 

 

Table 3 shows the effective temperature scale which gives the ranges of temperature for thermal 

sensation. 

 

Table 3: Thermal sensations with corresponding ET scale 
ET scale (◦C) Thermal sensation 

<18.9 Cold Stress 

18.9 – 25.6 Comfortable 

25.6 Heat Stress 

Source: (Eludoyin et al., 2013). 

 

2.2.4. Estimation of PET and PMV 

Matzarakis et al. (2007) developed Rayman model, an urban climate model which has been used for 

several studies on urban climate. This model was used in estimating PET and PMV. The comfort 

scale is presented in Table 4. 

 

Table 4: PMV comfort scale 
PMV values Human sensations 

-3 Cold 

-2 Cool 

-1 Slightly cool 

0 Neutral (comfort) 

+1 Slightly warm 

+2 Warm 

+3 Hot 

Source: Given by the American Society of heating, refrigerating, and air conditioning engineers, Inc (ASHRAE). 
 

The PET comfort scale is presented in Table 5. 

 

Table 5: PET comfort scale 
Thermal sensation PET range for Nigeria (◦C) 

Very cold <11 

Cold 11-15 

Cool 16-19 

Slightly cool 20-23 

Neutral 24-27 

Slightly warm 28-31 

Warm 32-36 

Hot 37-42 

Very hot >42 

Source: Given by the American Society of heating, refrigerating, and air conditioning engineers, Inc (ASHRAE). 

 

2.2.5 Land use change 
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The satellite imagery for 1982, 2001 and 2018 were used. This selection was made considering the 

availability of a cloud free imagery in the study between 1982 and 1999 and other factors like scar 

line error found in Landsat 7, otherwise the interval would have been regular. 

Imagery for the selected years were classified into urban areas (this includes industrial, commercial, 

residential and non-vegetated area), forest, vegetation’s (Thick bushes, farm lands, non-forest), and 

water bodies (lakes, rivers and ponds) using supervised method of classification. 

  

Field calculator was used in calculating the counts of the classified divisions into hectares. 

 

𝐻𝑒𝑐𝑡𝑎𝑟𝑒𝑠 =  
(𝐶𝑜𝑢𝑛𝑡 × 𝑆𝑞𝑢𝑎𝑟𝑒 𝑜𝑓 𝐶𝑒𝑙𝑙 𝑠𝑖𝑧𝑒 𝑜𝑓 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑖𝑚𝑎𝑔𝑒)

10000
 (4) 

 

3.0. Results and Discussion 

 

3.1. Land use 

Figures 3(a-d), 4(a-d) and 5(a-d) show the land use trend in Abeokuta south, Ifo, Shagamu, and Ijebu 

east in 1986, 2000 and 2018 respectively. In these figures, it was observed that there is a significant 

deterioration of vegetation and forests from 1986 to 2018, while the urban areas keep expanding.  

This Figure 3(a-d) revealed the percentage covered by different classes of LULC in 1986. In 1986 

LULC of Abeokuta south shows that 55% of the land area was covered with vegetation, while 39% of 

the land area was urban and the remaining 6% were areas covered with forest. That of Ifo showed that 

68% of land area was covered with forest, while built-up areas and vegetation takes 7% and 25% 

respectively. Shagamu LULC revealed that forest covered up to 22% of the land, while vegetation 

took up to 73%; the built-up area covered just 5% of the land area. Ijebu east has little or no water 

body, 74% of Ijebu east land area was covered with forest, vegetation takes 25% and built-up areas 

covered 1% of the area. 

 

LULC of the four LGAs in 2000 is represented in Figure 4(a-d). It was observed in the figure that 

Abeokuta south had a slight decrease in the percentage of vegetation that covers the land area 

(vegetation – 54%), built-up area and forest still maintains 39% and 6% respectively. There was a 

notable addition of water body, which might have been covered by vegetation in Figure 3(a) 

representing 1986 LULC. Water body takes 1% of the land area. 

 

Ifo in 2000 as shown in Figure 4(a-d) has a 2% reduction from 1986 LULC in the amount of 

vegetation that covered the area (vegetation 66%). Built-up areas increased to 12% from 7% while 

forest reduced to 22% from 25%. Shagamu has 0% of vegetation, forest covered 92% of the land and 

remaining 8% were fuilt-up areas. No notable change in the LULC of Ijebu east from 1986 to 2000. 

Forest maintains 74%, vegetation 25%, and built-up areas 1%. 

 

In Figure 5(a-d) there was a drastic change in LULC for most of the LGAs when compared to 1986 

and 2000 LULC. Abeokuta south land area in the figure was observed to be covered by 93% built-up 

areas, 1% forest and 6% vegetation. Ifo land area increased in number of built-up areas to 37%, the 

amount of forest reduced to 45%, and the amount of vegetation in the area also decreased to 18%  

LULC of Shagamu in 2018, showed the amount of forest in the area increased to 58% from 22% in 

year 2000. Vegetation also reduced drastically to 17%, while 25% of built-up area was observed, 

which is a large increase from the 5% it was in 2000. Ijebu east LULC shows a noticeable increase in 

the amount of forest covering the area (forest – 85%), 14% of the area were covered by vegetation, 

while 1% of built-up area was still maintained. 

  

The increase in built up areas and deterioration in other classes such as (vegetation, forest and water 

bodies) shows that there is an increase in the level of urbanization in the four LGAs and Njoroge et al. 

(2011) already showed that land use related to human activities such as built areas increased to the 

detriment of wetland and vegetated areas, which signifies the city’s growth. A rapid increase in built-

up areas were observed in Ifo and Abeokuta south LGAs, while Ijebu east LGA has a slow increase in 

the built-up areas. A rapid increase in urbanization was however expected in Abeokuta south which is 

the capital of Ogun state. 
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(a) (b) 

  
(c) (d) 

Figure 3(a-d): Pie chart showing the percentage covered by different class of LULC in 1986 

 

  
(a) (b) 

  
(c) (d) 

Figure 4(a-d): Pie chart showing the percentage covered by different class of LULC in 2000 

 

ABEOKUTA SOUTH (LULC), 
1986 
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(a) (b) 

  
(c) (d) 

Figure 5(a-d): Pie chart showing the percentage covered by different class of LULC in 2018 

 

3.2. Annual trends of estimated thermal conditions 

Figure 6(a-e) shows the annual trends of AT, THI, PET, ET, RSI, PMV. Figure 6a shows the annual 

trends of estimated THI values, it can be observed that the highest value for THI in Abeokuta South, 

Ifo, Ijebu east were seen in 2010 (26.51, 26.65, 26.28 respectively) and Shagamu had its highest value 

both in 2010 and 2016 (26.58), while the lowest THI occurred in 1992 (Ifo 25.24, Ijebu East 24.69, 

Shagamu 25.07) except for Abeokuta South that has its lowest in 1989 which is 25. The figure 

showed increase in the trend of THI from 1982 to 2018 in all the LGAs; study from (Eludoyin et al., 

2013) shows that there was an increase in the value of THI in the tropical rain forest in region of 

Nigeria, which means an increase in the level of discomfort. 

 

According to the THI classification used by (Omonijo and Matzarakis, 2011), the THI estimated 

values in the areas studied can be observed to be comfortable from 1982, and the level of discomfort 

significantly increased over the years. Despite the increase in the discomfort level THI value hasn’t 

gone beyond the slightly warm THI classification level, however, some very close values to the upper 

limit of slightly warm level were noted. 

 

 
Figure 6a: Annual trends of estimated THI values from 1982 – 2018 

 

Figure 6b shows the trends of RSI values in the stations; the RSI values from 1982 to 2018 drastically 

increased, which means the level of thermal discomfort are on the rise in these areas. Abeokuta South 

and Shagamu have their least RSI values in 1989 (0.089 and 0.091 respectively) while Ifo and Ijebu 
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east had the least RSI values in 1992 (0.099 and 0.073 respectively). The peak RSI values for all the 

areas were in 2010 (Abeokuta South – 0.157, Ifo – 0.164, Ijebu east – 0.146, Shagamu – 0.160). The 

Kyle RSI classification (1992) shows that above 75% of people in the study area feels unstressed. 

  

 
Figure 6b: Annual trends of estimated RSI values from 1982 – 2018 

 

From the annual trends of PMV values in Figure 6c, it can be observed that there is an increase in 

thermal discomfort over the years. Based on PMV classification Ifo LGA exceeded the neutral 

(comfort) level all through the years (1982 – 2018), Abeokuta south and Shagamu had in one occasion 

recorded a PMV value at neutral level, while Ijebu east recorded PMV at neutral level in several 

occasions. 

  

 
Figure 6c: Annual trends of estimated PMV values from 1982 – 2018 

 

The annual trends of the PET value in the study area are shown in Figure 6d. The PET values of these 

areas can be categorized under slightly cool and neutral based on PET classification given by the 

American Society of heating, refrigerating, and air conditioning engineers, Inc (ASHRAE). Ijebu east 

PET values range from slight cool to neutral thermal conditions, while neutral conditions dominate all 

through (1982 – 2018) in Abeokuta south, Ifo, and Shagamu.  
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Figure 6d: Annual trends of estimated PET values from 1982 – 2018 

 

The annual trend of effective temperature (ET) is shown in Figure 6e. The four LGAs all have their 

peak in 2010 (Abeokuta south – 26.29, Ifo – 26.43, Ijebu – 26.11, Shagamu – 26.37), while the least 

values of ET were found in 1992, except for Abeokuta south that has it’s least ET value in 1989; 

Abeokuta south – 24.80, Ifo – 25.04, Ijebu – 24.53, Shagamu – 24.87. Using the ET classification by 

(Eludoyin et al., 2013), it can be deduced that the comfortability state of the four LGAs in the first 

decade has deteriorated, and the heat stress of this areas are on the rise. 

 

 
Figure 6e: Annual trends of estimated ET values from 1982 – 2018 

 

The coefficient of determination for THI, ET, RSI in the four local government is above 50% and it 

implies that there is a high chance for the increase trend to continue with time. Coefficient of 

determination for PMV and PET values in Ifo, Shagamu, and Ijebu east are above 50%, thus a higher 

chance for continuous increase in the trend; Abeokuta South PMV and PET value is slightly below 

50%. Coefficient of determination for MRT in the four LGAs is considerably low compared to the 

other five thermal comfort indices. Five out of the six thermal comfort indices in the four local 

government areas shows the rate at which thermal discomfort is increasing with time. 

 

From the plots (Figure 6a-e), similar trend patterns were observed. The annual trends depict that 

thermal discomfort had been on the increase for the past 37 years and it could be observed that the 

level of thermal comfort has deteriorated more in the last decade compared to the previous decades. 
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Ifo LGA appears to be the most thermally discomfort in all the four LGAs, while Ijebu East LGA is 

the most thermally comfortable. 

 

3.3. Spatial variations of estimated thermal conditions 

The spatial variations of the estimated mean of different thermal conditions (THI, RSI, PMV, PET, 

ET) from 1982 – 2018 are shown in the Figure 7(a-f). 
 

Figure 7a shows the spatial variation of THI mean value from 1982 – 2018. From the figure, the four 

LGAs thermal condition can be categorized under slightly warm condition based on THI classification 

(Omonijo and Matzarakis, 2011). Discomfort condition was more pronounced in Ifo while Ijebu east 

has the lowest level of thermal discomfort. Figure 7b which is the estimated RSI mean values shows 

that the study areas fall within RSI categories of 100% of persons who feel unstressed and 75% of 

persons who feel unstressed. The level of thermal discomfort was also noticed to be higher in Ifo and 

lesser in Ijebu east. 
 

Figure 7c represents the estimated PMV mean values; it also shows similar observations classifying 

the areas under slightly warm categories. With Ijebu east having a less thermal discomfort condition 

compared to the other LGA and Ifo has the highest discomfort level. Abeokuta south appear to be in a 

higher level of discomfort than Shagamu. 

  

From Figure 7d showing the PET mean value, it can be observed that the four LGAs falls under the 

neutral category. The estimated effective temperature mean value from 1982 – 2018 presented in 

Figure 7e shows that Ifo and Shagamu can be classified under the heat stress level based on the ET 

classification by (Eludoyin et al., 2013), while Ijebu East and Abeokuta South seats at the upper limit 

of the comfortability level of ET. 
 

 
Figure 7a: Spatial variation of estimated THI mean value for the period 1982 – 2018 

 

 
Figure 7b: Spatial variation of estimated RSI mean value for the period 1982 – 2018 
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Figure 7c: Spatial variation of estimated PMV mean value for the period 1982 – 2018 

 

 
Figure 7d: Spatial variation of estimated PET mean value for the period 1982 – 2018 

 

 

Figure 7e: Spatial variation of estimated ET mean value for the period 1982 – 2018 
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Figure 7f: Spatial variation of estimated MRT mean value for the period 1982 – 2018 

 

3.3. Thermal comfort and Land Use/Land Cover 

Figure (8a-p) show the trends of Air temperature and thermal indices along with the built-up areas 

within 1986 to 2018 in each LGAs, while Table 6 to 11 showed the percentage change of the built-up 

areas within 1986 to 2000 and 2000 to 2018. The built-up areas in Abeokuta south took as much as 

2785 hectares in 1986; it later increased with 37.4% to 3826 hectares, and by 2018 it expanded by 

72% to 6579 hectares. In 1986, built-up areas covered 3801 hectares in Ifo and by 2000 it increased 

by 62% to 6156 hectares; the built-up areas expanded drastically in 2018 by 214.3% (19351 hectares 

in 2018). Shagamu built-up areas increased by 60.9% from 3157 hectares in 1986 to 5079 hectares in 

2000, and then further increased by 206.2% to 15554 hectares in 2018. Ijebu east recorded 1579 

hectares covered with built-up areas in 1986, with 62% change from 1986 to 2000 it expanded to 

2724 hectares and by 2018 it has expanded to 2843, which is only 4.4% increase from 2000. 

 

It can be observed also from the figures that air temperature and the estimated thermal indices 

increases along with increase in Built-up areas from 1986 to 2018. Similar studies show that 

urbanization or more impervious surfaces have result to rising temperature in urban areas. (Silva et 

al., 2018) found that rapid urbanization in Paçodo Lumiar County, Brazil had a significant impact on 

its surface temperature, which result to 5.3°C increase in urban surface temperature within 1988 and 

2014 (a warming trend of 2.03°C/ decade), due to the result of the increase in the areas of impervious 

surfaces. Xiong et al. (2012) studied the urbanization impact in the urban climate of Guangzhou, 

South China showed that the highest increase in temperature anomalies was strongly associated with 

built-up areas. There were some exception; MRT in the four LGAs, had a lesser value in year 2000 

compared to that of year 1986, but then, it increases to a higher value in 2018. Abeokuta south and Ifo 

LGAs maintained the same value of PMV in 1986 and 2000. 

  

It can also be observed that among the four LGAs Ijebu east has the lowest urban development rate 

and it appears to be the area with the least thermal discomfort, while Ifo appears to be the highest both 

in urban development rate and thermal discomfort level. However, environmental development as 

studied by (Unger, 1999); can cause disruption of wind flow and air turbulence by built-up areas, 

alteration of natural radiation balance, upset of water vapour balance due to change of moist surfaces 

and the emission of artificial heat, water vapour through combustion processes. There has being an 

increase in commerce and industry with the human population, and the impacts on local climate 

cannot be overemphasized with ‘heat islands’ in many of the towns (Omogbai, 1985; Aina, 1989; 

Oniarah, 1990; Adebayo, 1991; Efe, 2004; Adelekan, 2005; Akinbode et al., 2008). Robaa (2011) 

investigated the effect of urbanization on outdoor thermal human comfort in greater Cairo region. The 

study showed that urbanization plays a major role in the increase of human hot uncomfortable feeling, 

which limits human activities in the urban area, whereas the rural conditions lead to optimum weather 

comfort for further and more human activities. 
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Table 6: Built-up areas in Abeokuta south and Ifo and its percentage change within 1986 to 2018 
Year Built-up Areas in 

Abeokuta South 

(hectares) 

Percentage Change 

(%) 

Built-up Areas in Ifo 

(hectares) 

Percentage Change 

(%) 

1986 2785 37.4 

 

72 

3801 62 

 

214.3 
2000 3826 6156 

2018 6579 19351 

 

Table 7: Built-up areas in Shagamu and Ijebu East (°C) and its percentage change within 1986 to 

2018 
Year Built-up Areas in 

Shagamu (hectares) 

Percentage Change 

(%) 

Built-up Areas in 

Ijebu East 

(hectares) 

Percentage Change 

(%) 

1986 3157 60.9 

 

206.2 

1579 72.5 

 

4.4 
2000 5079 2724 

2018 15554 2843 

 

Table 8: Trends in built-up areas, greenspace, and selected thermal comfort indices in Abeokuta 

South 
Year Built-up area (Ha) Greenspace (Ha) THI (°C) ET (°C) PET (°C) RSI PMV 

1986 2785 4315 25.116 24.932 24.9 0.0919 1.1 

2000 3826 3232 25.454 25.255 24.9 0.107 1.1 

2018 6579 301 26.192 25.961 26.1 0.141 1.3 

 

Table 9: Trends in built-up areas, greenspace, and selected thermal comfort indices Ifo 
Year Built-up area (Ha) Greenspace (Ha) THI (°C) ET (°C) PET (°C) RSI PMV 

1986 3801 48299 25.313 25.118 25 0.101 1.1 

2000 6156 45944 25.682 25.482 25 0.117 1.1 

2018 19351 32749 26.363 26.127 26.2 0.149 1.3 

 

Table 10: Trends in built-up areas, greenspace, and selected thermal comfort indices in Shagamu 
Year Built-up area (Ha) Greenspace (Ha) THI (°C) ET (°C) PET (°C) RSI PMV 

1986 3157 58243 25.140 24.959 24.7 0.093 1 

2000 5079 56,321 25.526 25.332 24.7 0.110 1.1 

2018 15554 45846 26.242 26.010 26 0.143 1.3 

 

Table 11: Trends in built-up areas, greenspace, and selected thermal comfort indices in Ijebu East 
Year Built-up area (Ha) Greenspace (Ha) THI (°C) ET (°C) PET (°C) RSI PMV 

1986 1579 221216 24.843 24.703 24.2 0.078 0.9 

2000 2724 220081 25.174 25.015 24.1 0.093 1 

2018 2843 220019 25.901 25.702 25.5 0.127 1.2 

 

 
Figure 8a: Trends of THI, PET, and built-up areas in Abeokuta South 
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Figure 8b: Trends of ET and built-up areas in Abeokuta South 

 

 
Figure 8c: Trends of RSI, PMV, and built-up areas in Abeokuta South 

 

 
Figure 8d: Trends of air temperature and built-up areas in Abeokuta South 

 

 
Figure 8e: Trends of THI, PET, and built-up area in Ifo 
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Figure 8f: Trends of ET and built-up areas in Ifo 

 

 
Figure 8g: Trends of RSI, PMV, and built-up areas in Ifo 

 

 
Figure 8h: Trends of air temperature and built-up areas in Ifo 

 

 
Figure 8i: Chart showing the trends of THI, PET, and built-up area in Shagamu 
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Figure 8j: Trends of ET and built-up areas in Shagamu 

 

 
Figure 8k: Trends of RSI, PMV, and built-up areas in Shagamu 

 

 
Figure 8l: Trends of air temperature and built-up areas in Shagamu 

 

 
Figure 8m: Trends of THI, PET, and built-up areas in Ijebu East 
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Figure 8n: Trends of ET and built-up areas in Ijebu East 

 

 
Figure 8o: Trends of RSI, PMV, and built-up areas in Ijebu East 

 

 
Figure 8p: Trends of air temperature and built-up areas in Ijebu East 

 

4.0. Conclusions 

 

This study assessed the impact of urbanization on the outdoor thermal conditions in Abeokuta South, 

Ifo, Shagamu, Ijebu East. The thermal condition of the four selected local government areas has 

deteriorated progressively along with increase in built-up areas. The area that’s least developed (Ijebu 

East) was found to be more comfortable than others, while the area with the highest rate of 

development (Abeokuta south and Ifo LGAs) has the highest level of thermal discomfort. 

 

Heat stress is known to have influence in the mental and physical efficiency of man. In tropical areas 

like Nigeria, illnesses resulting from extremely high temperatures and excess heat leading to heat 

stroke, and heat cramps are very common. Hence, the reason why thermal comfortability deserves 

some close study. 
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