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Abstract 

Urban Heat Island (UHI), which is due to differential cooling and heating of  land surfaces, can increase the environmental 

and social vulnerabilities in an urban area. This study validated ground-based surface temperature from the digital infrared 

thermometer and thermal infrared satellite data to assess heat islands in Ibadan Metropolis, Nigeria. The study employed a 

single-channel algorithm method (SCA) to retrieve land surface temperature (LST), an important factor in global climate 

change, vegetation growth, and glacier. This was derived from the thermal band of  Landsat-8. The results indicate that the 

mean surface temperatures derived from Landsat imageries during the study period differ from ground-based measurements 

in all the sample locations. Satellite-based LST over different locations had a range reading between 26.05 ºC and 29.28 ºC, 

while ground-based LST over the various communities ranged between 30.04ºC and 32.57ºC. Validation of  satellite LST 

against ground-based LST data for each site yielded an average RMSE of  between 3.69 and 5.56. The LSTs estimated for 

different sites are positively correlated between the two methods, with a correlation coefficient (r) between 0.87 and 0.40. 

There is a problem with the accuracy of  temperature data derived from satellite images, and these problems vary for many 

reasons. 

Keywords: Ground-based measurement; Urban heat island; Land surface temperature; Landsat-8; Single-channel 

algorithm method 

IN-SITU SURFACE TEMPERATURE AND THERMAL 
INFRARED SATELLITE DATA COLLECTION FOR HEAT ISLAND 
EVALUATION AND DATA COMPARISON IN AN URBAN AREA IN 

SOUTHWEST NIGERIA

*1 1 1 2O.O. Tope-Ajayi, O. H. Adedeji, C. O. Adeofun and A. O. Akingbade
1Department of Environmental Management and Toxicology, Federal University of Agriculture, Abeokuta, Nigeria.
2African Regional Institute for Geospatial Information Science and Technology, Obafemi Awolowo, Ile Ife, Nigeria. 

Corresponding author: *topeajayiopeyemi@gmail.com

OSUN GEOGRAPHICAL REVIEW

Published by the Department of Geography, Osun State University, State of Osun, Nigeria

 ISSN: 2695 - 1959    Volume 5, 2022; 21 - 29

Introduction It is well known and documented that urbanisation 
leading to UHI can have significant effects on local With rapid urbanisation, the land surface and 
weather and climate, altering local wind patterns, atmospheric conditions are modified, resulting in 
spurring the development of  clouds and fog, higher urban temperatures compared to 
increasing the number of  lightning events, and simultaneous temperatures of  the surrounding rural 
influencing the rates of  precipitation (Liu and Zhang, areas, known as the urban heat island (UHI) effect 
2011; Haas, 2016). UHI produces scorching heat and (Quan et al., 2014). The UHI phenomenon indicates 
a range of  anomalous urban climates, which the higher air and land surface temperature (LST) in 
significantly affect city-scale climate, industrial urban areas in comparison to the surrounding rural 
activity and the inhabitants' everyday life (Zeng et al., area primarily caused by increased impervious 
2009). surface cover replacing evaporative vegetation 

surfaces and by anthropogenic heat releases Urban heat islands have the potential to become one 
(Wengha et al., 2004; Rizwan et al., 2008; Zhou et al., of  the most significant problems associated with the 
2017; Zhou et al., 2019). Several researchers have urbanisation and industrialisation of  human 
found that natural and socio-economic factors civilisation, as the increased temperatures associated 
simultaneously affect LST patterns (Kuang et al., with UHIs tend to exacerbate the threats to human 
2015; Deilami et al., 2018; Guha et al., 2019). health posed by thermal stress. In fact, the UHI effect 
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and the associated consequences are expected to be the New Territories in Hong Kong. Studies of  UHI 
more severe under a warming climate and a rapidly have been conducted in more than 1400 cities 
urbanising world (Seto et al., 2012; Stocker, 2013; worldwide, particularly in China, the US, France and 
Zhou et al., 2016), particularly in countries like Germany, but very few in cities in Nigeria and many 
China, India, and Nigeria, which are projected to other developing countries (Abegunde and Adedeji, 
occupy 35% of  the global urban population growth 2015; Odindi et al., 2015; Tarawally et al., 2018). Most 
between 2018 and 2050 (UN., 2018; Peng et al., 2018; of  these studies compared low-resolution image 
Zhou et al., 2019). temperature data with ground-based temperature 

measurements. Landsat-8 medium spatial resolution Geospatial techniques such as GIS and remote 
multispectral imagery presents particular interest in sensing have found a wide range of  methods of  
extracting land cover (Li and Jiang, 2018) because of  gathering temperature data for urban heat island 
the fine spectral resolution and the radiometric analysis (Liu and Zhang, 2011; Liao et al., 2017). 
quantisation of  12 bits. The specific objectives of  this Thermal data derived from satellite imageries can 
study are to (1) retrieve LST from Landsat 8 OLI and repeatedly depict the temperature patterns in 
TIRS data and prepare spatial LST distribution maps extensive urban areas because of  their spatial 
for Ibadan Metropolis, Nigeria; (2) identify the UHI coverage and temporal frequency (Rao, 1972; Voogt 
based on the retrieved LST over the study area and (3) and Oke, 2003; Deilami et al., 2018). LST has been 
compare and confirm the accuracy of  the Landsat 8 widely used to reflect UHI variability, especially for 
OLI and TIRS data and in situ temperature readings local-scale studies based on Landsat series or ASTER 
in the study area. data (Song and Wu, 2016; Zhang et al., 2017; Peng et 

al., 2018), and such studies often concentrate on the 
LST variations and their relationships with spatial- Materials and Methods 
temporal factors in a city (Yu et al., 2014; Deilami et 

Study areaal., 2018). To prove the validity of  satellite 
temperature measurements, some studies have Ibadan Metropolis is a major urban centre in Nigeria 

° °conducted research by comparing satellite image which is located between latitude 7 02' N to 7 40' N 
° °surface temperature data to temperatures measured and longitude 3 41' E to 4 07' E (Figure 1) with a land 

onsite. Nichol et al. (2005) investigated UHIs. They mass of  3,114 sqkm and a population of  2,550,593 
validated the accuracy of  ASTER image surface (Ajayi et al., 2012). It is the capital city of  Oyo State, 
temperature data by recording surface temperatures southwestern Nigeria and about 128 km inland 
at 18 sites located throughout the urban region of  northeast of  Lagos and 530 km southwest of  Abuja 
Kowloon in Hong Kong and the nonurban area of  (the federal capital).

Figure 1: Study area map. 
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The physical growth of  Ibadan is an example of  measured directly using handheld, non-contact 
urban expansion in Nigeria, which leads to demand digital thermal infrared thermometers, which 
for peripheral land space for development. The city determine an object's surface temperature by 
has sprawled into the peripheral areas around the measuring the amount of  infrared energy radiated by 
urban centre due to uncontrolled growth, a common the object's surface (Song and Park, 2014; Zhang et 
feature of  the built environment in both the al., 2015). Table 1 shows the characteristics of  the 
developed and developing countries of  the world. Landsat images used in this research. Among the 
Land use/land cover changes caused by the twelve satellite images downloaded in the year 2020, 
conversion of  natural areas to impervious surfaces four with less than 14 % cloud cover were used for 
have decreased evapotranspiration and enhanced analysis. 
absorption and trapping of  solar radiation in the Satellite images were downloaded, and ground-
urban centres, causing the well-known urban heat based observations were obtained based on the 
island (UHI) phenomenon (Chen et al., 2017).  To following criteria: (1) The images were captured 
compute the UHI in this study, seven sites within the during the study period; (2) Images with more than 
urban boundary, including the five local government 14 % cloud cover in the study area were neglected; (3) 
areas making up the metropolis, were used to collect The ground observation time was within ±1 hour of  
land surface temperature data. The sites include satellite overpass (Hu and Brunsell, 2014); (4) Non-
Alaakia-Ibadan Airport, Ajanle, Beere, Eleyele, contact thermal infrared thermometer was held 10 
University of  Ibadan (UI), Oluyole Industrial Estate cm vertically and at the closest possible distance off  
and Lalupon. These communities were selected the surface respectively to measure the surface 
because of  their diverse land use and coverage temperature (Song and Park, 2014); (5) The 
characteristics, which varied between urban, densely observation sites were within the study domains (Hu 
populated, and suburb, less densely populated, no and Brunsell, 2014). 
industrial, and less traffic congestion. 

Data processing 
Data collection 

The study utilised the LST products from Landsat 8 
For data collection for this study, we considered the OLI/TIRS (Operational Land Imager/Thermal 
LST products from Landsat 8 OLI/TIRS Infrared Sensor) with a spatial resolution of  100m, 
(Operational Land Imager/Thermal Infrared which was resampled using the nearest neighbour 
Sensor) and in-situ LST temperature with the aid of  algorithm with a pixel size of  30 m to match the 
non-contact digital thermal infrared thermometers. optical bands. The satellite imageries were 
According to the technical specification, the geometrically and radiometrically corrected to 
Landsat-8 measurements are very suitable for LST enhance the image quality.
mapping (Li and Jiang, 2018). The widely used 

Satellite image-based surface temperature data were 
single-channel method was adopted to calculate LST 

extracted from the thermal infrared (TIR) 
from the thermal bands (Thermal bands 10 and 11) of  

bands/sensors of  Landsat 8. In addition, Google 
the Landsat image according to the thermal radiant 

Earth imageries were used to classify the study area 
transfer equation (Zhang et al., 2015; Liu and Zhang, 

into different land use/cover types.  This study used 
2011; Wang et al., 2019). Landsat 8 and Google Earth 

four months of  Landsat 8 thermal band (January, 
data were combined with extensive field checks and 

February, November and December 2020). Ground-
surveys (ground-based measurement data) for this 

based temperature data were obtained at different 
analysis. Ground surface temperatures were 

Table 1: Characteristics of  the Landsat images used

Source: http://www.landsat.usgs.gov/Landsat8_Using_Product.php 

Name
 

Sensor
 

Path/ 
Row 

Spatial Resolution(m)
 
Wavelength (µm)

 
Acquisition 
Date  

Landsat 8 OLI & TIRS 
(Operational Land 
Imager and Thermal 
Infrared Sensor)  

191/055 Thermal bands 10 and 
11 (100m)  

Band 10: 10.60–
11.19 (Thermal 
band)  
Band 11: 11.50–
12.51  
(Thermal  band)  

·  2020/01/20
·  2020/02/21
·  2020/11/03
·  2020/12/21

23

Tope-Ajayi, et. al. In-situ Surface Temperature and Thermal Infrared Satellite Data Collection



parts of  the urban and suburbs using a non-contact imageries during the study period differ from those 
thermal infrared thermometer for each month at ±1 measured ground-based measurements in all the 
hour of  the satellite overpass. Surface temperatures sample locations. It was observed that the average 
were extracted with ArcGIS 10.0 software after land surface temperature derived from the satellite 
ge o m e t r i c  c o r r e c t i o n s,  a n d  c o o r d i n a t e  data over different communities tends to rise closer to 
transformations were performed on the satellite the city centre (Ibadan North, Ibadan North-West, 
imagery. The mean land surface temperature (LST) Ibadan North-East, Ibadan South-East and Ibadan 
for satellite-based data and the ground-based South-West). Highly residential areas like 
temperature data for the thermal infrared Agbadagudu and Beere area had a mean satellite 
thermometer were compared for the same period for LST reading of  28.6 ºC, while industrial areas, i.e. 
validation.  The widely used single-channel Oluyole Industrial Estate, had a satellite LST reading 
algorithm (SCA) method, developed by Jiménez- of  29.28 ºC.  Moving toward the suburbs in areas 
Muñoz and Sobrino (2003) and later improved by such as Ajanla, satellite-derived LST gradually 
Jiménez-Muñoz et al. (2009), was adopted to reduced to 26.05 ºC because of  the scattered nature 
calculate LST from the thermal band of  Landsat data of  the residential buildings and more dense vegetal 
according to the thermal radiant transfer equation cover in the area. 
(Liu and Zhang, 2011; Jimenez-Munoz et al., 2014). The University of  Ibadan, an academic institution, 
The algorithm requires only two input parameters, has a similar low satellite-derived LST of  26.46 ºC 
the Land Surface Emissivity (LSE) (Ɛ) and the because the area has some preserved natural 
atmospheric water vapour content (ω). Accurate vegetation (trees), water bodies and agricultural 
determination of  the LST using the SCA method lands. Tumiar and Syarifah (2015) observed a similar 
also requires a high-quality atmospheric situation in Bandar Lampung City, Indonesia, where 
transmittance/radiance code to estimate the Tanjung Karang Pusat (city centre), Teluk Betung 
atmospheric features involved in the radiative (business area) and Panjang (coastal area) had high 
transfer equation (Li et al., 2013). Given the larger LSTs of  between 32–34 ºC compared to Gedung 
calibration uncertainty associated with Band 11 Tataan and Natar (agricultural areas) that had low 
(USGS, 2014), the use of  a split-window algorithm LSTs of  between 27 ºC and 29 ºC.  On the other 
that relies on Band 11 data is not recommended; hand, ground-based LSTs were higher than satellite-
therefore, the LST estimated from Band 10 (with derived LSTs. The average ground-based LST over 
weaker absorption) has higher accuracy than Band the different communities were 32.57 ºC for Oluyole 
11 (Jimenez-Munoz et al., 2014; Yu et al., 2014). Industrial Estate, followed by Beere, Ibadan Airport 
Land Surface Temperature retrieval includes; and the University of  Ibadan with 32.23 ºC, 30.20 ºC, 
1. Converting calibrated digital numbers (DNs) to and 30.04 ºC respectively. Suburb areas recorded 

absolute units of  at-sensor spectral radiance; lower LSTs, with Ajanla and Lalupon recording 
29.14 ºC and 29.28 ºC, respectively. Ground-based 2. Converting at-sensor spectral radiance to at-sensor 
LST observed in Jakarta, Indonesia, showed a brightness temperature (i.e., blackbody 
similar high temperature of  35.4 ºC in Johar Baru temperature), correcting for Land Surface 
community (city centre) compared to a lower Emissivity, 
temperature of  27 ºC in Semanan (farm settlement) 

3. Calculating for kinetic temperature land surface (Tumiar and Syarifah, 2015). 
temperature (LST). 

There is a noticeable difference in the temperature 
reading on-site using a thermal infrared thermometer 
and that of  satellite in all locations with a varied Root Results and Discussion     
Mean Square Error (RMSE).  Validation of  at-

Field measurements of  surface temperatures were 
satellite LST against in situ LST data for each site 

used to verify the final retrieved LST results due to the 
yielded an average RMSE of  between 3.69 and 5.56.  

lack of  simultaneous land surface temperature data 
LSTs estimated for different sites are positively 

when the satellite passes.  Ground-based 
correlated between the two methods of  temperature 

temperature data were recorded in 2781 locations on 
extraction with the correlation coefficient (r) of  0.87, 

different land use/cover types in and around Ibadan 
0.82, 0.82, 0.76, 0.40, 0.76 and 0.80 in Alaakia-

in January, February, November and December 
Ibadan airport, Ajanta, Beere, Eleyele, Oluyole, 

2020. 
Lalupon and the University of  Ibadan respectively.

Mean Surface temperatures derived from Landsat 
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Figure 2: Average Land Surface Temperature (satellite-derived over different communities in Ibadan (2020).

Figure 3: Average Land Surface Temperature (ground-based) over different communities in Ibadan (2020)
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 From these results, it can be inferred that LST proportion of  the total area occupied by each type.
extracted from the thermal band is valid.  The trend of  LST in this study is similar to that of  an 
Differences between infrared satellite image surface earlier study in Ibadan, which showed that the lowest 
temperature data and onsite temperature temperature was located towards the western part of  
measurements at the exact site/location may be Ibadan, corresponding to densely vegetated areas 
caused by population density (Hartz et al., 2006), and consisting of  the waterbody (Abegunde and 
densely built-up areas (Barring et al., 1985; Eliasson, Adedeji, 2015). LST change is correlated spatially 
1996), off-nadir angle of  the satellite image (Song with LULC (Zhang et al., 2016; Deilami and 
and Park, 2014), limited horizontal surface view of  Kamruzzaman, 2017). LST also correlates 
earth's surface (Voogt and Oke, 2003); application of  differently with LULC indices for a whole city or a 
emissivity values that do not consider the complex small UHI zone formed within the city boundary 
spatial characteristics of  urban (Han et al., 2004) and (Guha et al., 2019). 
especially cloud cover (Song and Park, 2014).  In the city centre, buildings reduce heat removal by 
The RMSEs obtained in the study were similar to advection and reduce the sky view factor, thus 
3.07, 3.18, and 3.02 obtained by Sekertekin and limiting heat escape to space, while walls and 
Bonafonim (2020) for radiative transfer equation pavements absorb and emit heat (Adebowale and 
(RTE), single channel algorithm (SCA) and split Kayode, 2015; Ning et al., 2017; Tarawally et al., 
window a lgor i thm (SWA),  respec t ive ly.  2018) causing large amounts of  stagnant heat and 
Furthermore, Zhang et al. (2016) also investigated the high temperatures, especially in closely packed and 
accuracy of  SCA using Landsat 8 imagery and high rise buildings. The results also clearly show that 
Surface Radiation Budget Network (SURFRAD) LST is sensitive to changes in vegetation density and 
measurements using 40 Landsat 8 scenes acquired in captures additional information on the biophysical 
different seasons and different years, and they controls on surface temperature, such as surface 
obtained 1.96 RMSE. roughness and transpirational cooling. The 

relationship between landscape pattern and UHI has Figures 2 and 3 show some UHI hotspots in Ibadan 
become globally considerable (Chen et al., 2014; with little or no vegetal covers. Spatial distribution of  
Peng et al., 2016), and several studies have shown that LST in the study area for January, February, 
elevated temperature results in increased outdoor November and December 2020 using ground-based 
and indoor human thermal discomfort, as well as and satellite-derived measurements. The minimum 
increased heat-related health risk (Harlan et al., 2013; and maximum temperatures were 22.54 °C and 34.56 
Gronlund et al., 2015). °C for ground-based and 20.63 °C and 30.58 °C for 

satellite-derived measurements. The ground-based measurements used in this study 
ensured the correctness of  the results obtained from LST distribution was classified into appropriate 
the satellite-derived data. It is one of  the three ranges and colour-coded to generate a thermal 
standard methods for verifying the results of  LST. pattern distribution map of  LST over the study area. 
The method adopted is simple and accurate because A reddish tone highlights higher temperature, while a 
it compares the retrieved LST with the LST bluish tone represents lower temperature in LST. The 
measured in the field, and the accuracy of  the highest temperature distributions were located 
retrieved LST can be verified (Yang et al., 2017). The around the city centre (Ibadan North, Ibadan North-
most critical problem in LST validation might be the West, Ibadan North-East, Ibadan South-West and 
accuracy and representativeness of  the ground-truth Ibadan South-East) in dense high thermal 
LST at the satellite pixel scale (Li et al., 2013). The conductors. These areas have high human activities 
study's results confirmed the accuracy of  the ground-and diverse land use patterns, which create various 
based and satellite-derived LST measurements using landuse landcover types, influencing temperature 
Landsat 8 imagery. The difference between the two change in and around the study area. According to 
methods of  estimating LST values can be associated the distribution maps, LST is usually lower in areas 
partly with the effects of  surface roughness on surface where there is the presence of  materials with low 
temperature and emissivity not considered (Weng, thermal conductivity. These areas were found in the 
2009) and partly because of  atmospheric impurities suburbs of  Ibadan (Akinyele, Ido, Lagelu, Oluyole, 
obstructing the smooth passage of  radiant energy Ona-Ara and Egbeda). The effect of  land use 
(Ngie, 2020). In addition, the spatio-temporal landcover in the warming or cooling of  an area, 
comparison among LST retrieval methods revealed however, depends on the land use/cover type and the 
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that they have a high level of  agreement with each humans. Places like Oluyole Industrial, Beere-
other regardless of  the time.  The two methods Agbadagudu, and Alakia-Ibadan airpor t,  
showed good results for the LST retrieval method, experienced higher ambient temperatures 
with the highest RMSE being 5.56 in Oluyole throughout the study period and the Ajanla area and 
Industrial Estate. Ground-based validation is Lalupon are cooler. The presence of  natural land 
considered to be the most reliable validation cover in the suburbs of  Ibadan can be traced to its 
technique; however, measurements of  the ground- natural cooling effect. The wide range of  RMSE 
truth LST are limited by the difficulty of  finding a between ground-based and satellite measurements 
homogeneous region as large as the satellite pixel size was due to significant factors mentioned earlier in the 
and by the difficulty and associated costs of  sampling study. Regression analysis was explored to decide the 
over heterogeneous landscapes (Li et al., 2013). relationship between the two land surface 
Therefore, LST retrieval methods using satellite data temperature measurements in which ground-based 
are generally recommended because the accuracy of  LSTs were positively correlated with the calculated 
the radiometric measurements and emissivity is the satellite-based measurement. 
primary uncertainty for ground-based LST retrievals UHI actually exist in Ibadan based on this research 
(Sobrino and Skoković, 2016; Guillevic et al., 2018). finding, and its effect may be related to land 

use/cover patterns. A non-complex and revised 
Conclusion method or model of  acquiring temperature data from 

Landsat Imagery and emissivity values from This study compared LST retrieved from medium 
different land covers are proposed to improve the spatial resolution multispectral imagery, i.e. Landsat-
correctness of  surface temperatures extracted from 8 TIRS Band 10, using the improved single-channel 
Landsat satellite imagery. GIS, remote sensing and algorithm (SCA) method and ground-based 
statistical models have been helpful to a considerable temperature data to measure UHI in Ibadan 
extent in assessing and validating data and methods Metropolis, Nigeria. This study confirmed problems 
that we use in day-to-day studies to check and prevent with the accuracy of  surface temperature data 
discrepancies. derived from satellite images, which vary according 

to the time, place and the presence of  different urban Although LST retrieval is still challenging, there is a 
characteristics. Often, areas of  high density displayed need to conduct more research to improve the 
more significant temperature irregularities than accuracy of  satellite-derived LST because it is a 
vegetated areas. The difference in temperature fundamental aspect of  climate and biology, which 
between ground-based and satellite-based affect organisms and ecosystems from local to global 
measurements was also affected by whether the scales. 
surface fabric was artificial or not. 

During this study period, communities around the 
city centre or in the city experienced higher 
temperatures related to the presence and activities of  
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