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Abstract

The effect of urban heat island intensity (UHII) is closely
monitored in most developed countries of the world, unlike
in developing countries where increased UHI effect is still a
secondary concern. This study examined the spatial pattern
of temperature as a precursor to describing and explaining
the urban heat island (UHI) effect, and analysed the spatial
pattern of UHI intensities across different land use types and
assessed the variations in the magnitude of UHI across the
land use types and residential densities in Ibadan metropolis.
Maximum and minimum temperatures obtained were
sourced from six weather stations from 1993-2012. Eighteen
point locations were randomly selected by dividing the study
area into 40 grid cells of 1 km × 1 km to enable a proper
extraction of climatic parameters and ensure adequate spatial
coverage across different land use types. Also, a supervised
classification of Landsat thermal image was done to analyse
the land use dynamics of Ibadan over the period 1984-
2013.The result of the findings on the general pattern of
temperature showed that there are spatial variations in
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temperature, with a higher trend during the dry season
while the urban heat island  effects were found to be more
noticeable in densely built-up areas and at commercial
centres. In terms of land use component analysis, it was
observed that the built-up areas had increased from between
6.36km2 in 1984 to 46.944km2 in 2013, at an annual rate of
2.59%. Also, the result of ANOVA showed a significant
difference in UHI intensity across different land use types
(F1,46=8.068, p $ 0.05). The study concluded that UHII varies

significantly over a spatial scale. To have a sustainable city,
this study therefore recommends the adoption of the
decentralisation of commercial activities and the green-city
approach.

Keywords: Urban Heat Island Intensity (UHII), Urban climate, Remote
sensing, Land use

Introduction

Man’s desire for socio-cultural advancement has had serious
environmental consequences. The transformation of the beautiful, aesthetic
natural landscape as a result of  human activities and technological
sophistication has resulted in a rapid change in the environment. Hence, the
urban environment is dominated by artificial structures and urban materials
such as brick, concrete, asphalt and dense buildings with varying surface
characteristics which differ greatly from those in non-urban areas. This leads
to changes in the energy budget within the urban boundary layer (Oke,
1987; Stewart and Oke, 2012).

The effect of urban centres on their own climate might be so intense
that it could lead to the transformation of the thermal, aerodynamic,
radiative and moisture properties ; thereby displacing the natural solar and
hydrologic balance of the urban area (Omogbai, 1985). In the light of this,
one peculiar phenomenon that has gained the attention of urban
climatologists is the widely-observed temperature differences between the
urban and rural environment which is regarded as the “Urban Heat Island”
(UHI) effect.
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Urban heat island is a term used to describe the effect of a city's
urban development and human activities on the air temperature within and
around the city (Magee et al., 1999).  It basically refers to a situation where
the temperature of large metropolitan cities are significantly higher than the
surrounding suburbs or rural areas with the main cause being the
modification and replacement of natural land surfaces with urban structures
that possess materials which are capable of storing shortwave radiation.
Many authors allude to the fact that the UHI phenomenon results in
‘surface’ temperature in the urban areas being significantly higher than the
suburbs and rural areas. It is therefore a feature commonly observed in
many cities, and its characteristics have been extensively studied in the past
several decades (Oke, 1987; Chen and Hsein-Te, 2005; Hughes, 2006 and
Cueto et al., 2009; Zhang et al. 2011; Zhang et al. 2013; Mueller et al. , 2018).

The rapid rate of urbanization and its effect on the local climate of a
city have been a source of concern for most urban planners, government
officials and interested stakeholders in tropical cities, in view of the ever-
increasing growth of cities and its activities, as well as the need to manage
the rich and valuable atmospheric resources. The city of Ibadan has
experienced remarkable growth in its population in the last two decades and
has undergone an exponential urban sprawl (Fabiyi, 2006). The city’s
landscape is also characterized by slum dwellings with intense
overcrowding and unplanned structures.

The first major study of UHI was on the urban microclimate in the
tropical region which could be traced to the work of Nieuwolt (1966) who
described the UHI phenomenon in Singapore. Subsequently, several
outstanding scholars advanced the research on urban climate with focus on
the impact of the urban centres on the local climate in their respective
regions (Sham, 1972; Oguntoyinbo, 1973; Ojo, 1981; Adebayo, 1985, 1987;
Sham, 1987; Jauregui, 1997; Zhou et al., 2013; Mueller et al., 2018).

In Ibadan, the urban climate has been reported to be modified by the
process of urbanization (Adebayo, 1985; Babatola, 2013). The transformation
of land surfaces results in the alteration locally of meteorological factors
such as air temperature, humidity and wind speed. Hitherto, studies on the
urban microclimate and urban climatology of tropical regions have been
relatively few in number. Most studies have focused on the impact of urban
heat island on the health, comfort and general well-being of the people
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(Balogun et al., 2009a and Enete  et al., 2012) andon the impact of
urbanization on the local climate elements (Babatola, 2013). The few
available studies in Nigeria have used ordinary mean monthly
climatological data or 2-3 hourly interval short term manual measurements
to examine the urban climate dynamics (Adebayo, 1985; Adebayo, 1991 and
Balogun et al., 2009a). Suffice it to say that the inadequacy of data has led to
uncertainties and misunderstanding about the true nature of the impact of
urban sprawl on the characteristics of urban heat island intensity (UHII) in
Nigeria. Also, the lack of emphasis on UHI effect by various meteorological
and governmental agencies has hindered the development of sustainable
mitigation measures and a workable policy to be incorporated into future
urban planning. 

In most developed countries of the world, UHI intensity has been
adequately studied and its effect has been closely monitored (Auer, 1981;
Ackerman, 1985; Bohm, 1998; Kim and Baik, 2001; Hughes, 2006; Chen et al.,
2006; Li and Bou-Zeid, 2013; Zhou et al., 2013; Zhou et al., 2014; Ward et al.,
2016; Rivera et al., 2017; Mueller et al., 2018). In Nigeria however, like inmost
humid tropical cities, the reverse is the case. Increased urban heat island
effect is still of secondary concern (Enete and Ijeoma, 2011). Available
studies carried out on urban heat island in Ibadan reported an
unprecedented upward trend in city surface temperature which is more
noticeable during the dry season (Oguntoyinbo, 1973; Adebayo, 1985;
Omogbai, 1985; Oluwamimo, 2006; Balogun et al., 2009b; Efe and Eyeifa,
2014) and in the late afternoon when the skies are clearer and more cloudless
over the core or central business districts (CBDs) of the city. Of all these
studies, only a few, if any, have addressed in detail, the intensity of UHI and
its dynamics across the different land use types. This study therefore
examined the spatial characteristics of urban heat island intensity across
different land use types in Ibadan metropolis. Specifically, the study sought
to:

i. examine the spatial pattern of temperature as a precursor to describing
and explaining the UHI effect, 

ii. analyse the spatial pattern of UHI intensities across different land use
types and

iii. assess the variations in the magnitude of UHI across the land use types
and residential densities in the study area.
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Figure 1: Map Showing the Study Area (Ibadan Metropolis
and its Peri-Urban Areas)

Study Area

Ibadan is located within latitudes 7º 150N and 7º 300N of the equator
and longitudes 3º 450E and 4º 000E of the Greenwich meridian. Spatially,
Ibadan is located near the forest-grassland boundary of south-western
Nigeria, situated at an approximate distance of 150 km from the Atlantic
coast and 530km southwest of Abuja, the Federal Capital Territory. Ibadan
metropolis presently hosts the administrative capital of Oyo State.  Of the
eleven local government areas that make up Ibadan region, five are
generally regarded as Ibadan metropolis and they are Ibadan North, Ibadan
Northwest, Ibadan Northeast, Ibadan Southeast, and Ibadan Southwest,
while the six peri-urban local government areas are Egbeda, Akinyele, Ido,
Ona-Ara, Oluyole and Lagelu. The city was for a long time the largest in
tropical Africa  (Oguntoyinbo, 1982).
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It is located on a rugged topography with a central ridge traversing
the city. The city ranges in elevation from 150m in the valley area to 275m
above sea level with an average elevation of 210 m above the level. The city’s
total area is 1,190 sq. mi (3,080km2) (Oguntoyinbo, 1982; Adebayo, 1985). In
terms of the drainage system, Rivers Ogunpa and Kudeti drain the built-up
area of the city. These rivers later extend into the drainage areas of Ona and
Ogbere. The eastern side of the city is drained by Rivers Ogunpa and Kudeti
while the western flank of the city is drained by Ona River with tributaries
including Alalubosa, Oshun and Yemoja streams (Adebayo, 1985).

Ibadan is the largest indigenous metropolitan area in sub-Saharan
Africa (Areola, 1994; Adedimeji et al., 2008). Ibadan’s population grew from
an estimated 170,000 in 1911 to 459,196 in 1952. By 1963, its population had
reached 625,000. The 1991 census puts the population of the city at about
1.45 million people. Altogether, the region of Ibadan has a population of
over 2,550,593 persons according to the 2006 population census. The Ibadan
metropolis local government areas account for 1,338,659 persons, while the
six other local government areas that constitute the rest of the region account
for slightly less than one-third of the population of the state (National
Population Commission, 2006).

In terms of geographical expansion and land coverage, the pre-
colonial urban centre has expanded very fast, sprawling daily into the
hinterlands.  The total area of developed land in Ibadan increased from
100ha in 1830 to 12km2 in 1931. But in the mid-twentieth century, the
contiguously built-up area of Ibadan grew from 30 km2 in 1963 to 214 km2

in 1988 (Fabiyi, 2006). By the year 2000, it had almost doubled its 1988 size,
covering an area of about 400 km2. The expansion of the urban area in terms
of its growth during the latter half of the 20th century (from 40 km2 in the
1950s to 250 km2 in the 1990s) reveals that there has been an underestimation
of the total growth of the region, and its locational advantage made it a
favourable city for educational, socio-political, commercial and industrial
activities (Areola, 1994).

Methodology

The study employed remote sensing images and meteorological data
for the city of Ibadan. Weather data were obtained from both the
conventional and point locations (satellite extracts). The ground-based
weather station consists of the agricultural and meteorological stations
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which are the Geospatial Unit of the International Institute of Tropical
Agriculture (IITA), the Institute of Agricultural Research and Training’s
weather unit (IAR&T), Cocoa Research Institute of Nigeria (CRIN), Forestry
Research Institute of Nigeria (FRIN) and Ibadan Airport (through the
Nigeria Meteorological Station (NIMET). Data on maximum, minimum and
mean monthly temperatures were obtained from these stations over a period
of twenty years (1993-2012). Hourly and daily data on these parameters
were obtained from satellite-based sources which are websites of “Era-
Interim”(http://www.ecmwf.int/en/research/climate-reanalysis/era-
interim)  and “World Weather Online” for a 40-day period to enable a
proper description of the diurnal characteristics of urban heat island
intensity.

Table 1: The Weather Stations and their Geographical Attributes

S/
N

Station
Name

Type Latitude Longitude Elevation 

1 IITA
Agro-climatological
Station

70  29' 48.0'' 30  54' 12.4''  211m

2 CRIN
Agro-climatological
Station

70  14' 58.0'' 30  50' 56.2''  130m

3 FRIN
Agro-climatological
Station

70  23' 30.9'' 30  51' 47.7''  187m

4 IAR&T
Agro-climatological
Station

70  22' 46.2'' 30  50' 37.7''  146m

5 NIHORT
Agro-climatological
Station

70  24' 21.6'' 30  51' 03.0''  200m

6 NIMET Synoptic Station 70  26' 45.0'' 30  53' 26.0''  197m

The Landsat data were acquired from the Global land-cover website
at the University of Maryland, USA (URL:http://glcfapp.umiacs.umd.edu:
8080/esdi/index.jsp). The images are: Thematic Mapper (TM) images
acquired on 18 December 1984; Enhance Thematic Mapper Plus (ETM+)
image acquired on 6 February 2000 and 6 December 2006; and the
Operational Land Imager (OLI) acquired on 5 February 2013  as shown in
Table 2. The satellite data have 30m spatial resolutions and the TM and
ETM+ images have a spectral range of 0.45-2.35 micro meters with bands 1,
2, 3, 4, 5, 6, 7 and 8 while the Operational Land Imager (OLI) extends to
band 12. Bands 2, 3 and 4 of the acquired Landsat ETM and TM image were
enhanced using histogram equalization. The image was already rectified to
a common UTM coordinate system (WGS84), and then radiometrically
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corrected. The rectified image was used in the creation of a colour composite
map. A false colour composite operation was performed using the Idrisi
software and the Landsat bands were combined in the order of bands 4, 3
and 2  for Landsat TM and ETM+ while Landsat OLI was composited in the
order of bands 5, 4 and 3 due to change in sensor. The false colour composite
was further classified using the maximum likelihood classification
technique.

Table 2: The Attributes of the Landsat Thermal Imageries

S/N Data Type
Path and
Row

Date of
Acquisition

Spatial
Resolution

1 Landsat Thematic mapper (TM) P191/R055
18th December
1984

30 meters

2
Landsat Enhanced Thematic
mapper (ETM)

P191/R055 6th February 2000 30 meters

3
Landsat Enhanced Thematic
mapper Plus (ETM+)

P191/R055
7th December
2006

30 meters

4
Landsat Operational Land Imager 
(OLI)

P191/R055
5th December
2013

30 meters

Source: Global land-cover website at the University of Maryland, USA
(URL:http://glcfapp.umiacs.umd.edu:8080/esdi/index.jsp)

Satellite data obtained were used to compare and examine the
characteristics of the climate parameters over different land use types. Data
were collected to ensure adequate representation of different land use types
and to optimally study the impact of these land use types on UHI intensity.

Dataset were downscaled to the study area and the entire area was
divided into 40 grid cells (or pixels) of 1 km × 1 km. Using the ‘fishnet’
technique in the ArcGISTM software, point locations were randomly selected
and the weather data for each point were extracted so as to get a good
representation of the terrains therein. Twenty-four (24) sites were chosen
across the city which include the six conventional ground stations (WS) and
eighteen points of satellite data extracts (Figure 2). The points were chosen
to represent a wide variety of land use/land cover categories.

A supervised classification was carried out by creating a training
sample based on a spectral signature curve and various land use classes,
namely high density residential area, low density residential area, water
body, forest and vegetation. The classified map was generated for years
1984, 2000, 2006 and 2013. An Ikonos imagery of Ibadan with a high spatial
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Figure 2: Locations of Satellite Data Extract and Weather Stations across the Study Area

resolution of 5 metres was also obtained and this was used to further re-
classify Ibadan into various land use types and ground truthing was done
to verify the result of the classified maps.

A technique most commonly used to detect the influence of
urbanization on the climate of urban centres is to consider a difference in
temperature between a representative urban and a rural station, commonly
referred to as “Index of UHI Intensity” (Yague et al., 1991; Jauregui et al.,
1992; Karaca et al., 1995). The intensity is a measure of the magnitude or
strength of the heat island (Voogt, 2004). For this study, a rural reference
station (Cocoa Research Institute of Nigeria) was chosen and the difference
in temperature between the rural site and urban stations (average
temperature) was used as a surrogate measure of urban heat island intensity
in Ibadan. The choice of the reference station is based on the fact that only
the green areas in the city were observed to have the lowest temperatures.
The only station that closely approximates this feature is the weather station
in Idi-Ayunre. The station was therefore considered as a baseline to assess
UHIs at other stations.
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Also, the UHI values of all stations were used to generate the spatial
distribution of UHI contours. Thus, each station was represented by its
individual UHI value and UHI isopleths were constructed by spatially
interpolating the individual UHI values of the stations using the Inverse
Distance Weighting (IDW) technique in the ArcGISTM 9.2 (Geostatistical
Analyst) software. IDW is a spatial interpolation technique used to estimate
the values of unknown sampling points or locations from those of the
known sampled points. The IDW estimates were used to produce a risk
probability map for assessing the heat island hotspots in the study area.

Statistically, the mean UHI values of individual land use types were
extracted by the method of zonal statistics. Zonal statistics is used to
examine the relationship between two particular features by extracting the
value of a particular feature based on the other type. Thereafter, a one-way
Analysis of Variance (ANOVA) was employed in the Statistical Package for
the Social Sciences (SPSS) environment to assess the variations in the
magnitude of UHI intensity based on land-use types.

Results and Discussion

Spatial pattern of temperature

The pattern of distribution of temperature over space is
climatologically significant because it helps in determining the concentration
of “heat load” in an area which in turn poses a substantial threat to human
physiological comfort, commerce, daily activities and other climatic
parameters. This study reveals that there is an increase in temperature from
the periphery towards the city centre (Figure 3). This is evident from the
mean monthly temperature that ranges from 24.6<C in the peri-urban area
to 29.1<C in the city centre. Figure 4 however shows the temperature
distribution across the different land use types in the city of Ibadan. It shows
that the high density areas recorded a mean temperature of 28.7<C (Beere),
the commercial areas had an average temperature of 27.9<C (Dugbe and
Aleshinloye environs), the medium residential density areas were 27.8<C
(Bodija-Ashi area), the low residential density areas were 27.6<C
(Akinyele/Odo-Ona areas), while the least mean temperature of 27oC was
observed for the rural/open spaces. 
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Figure 3: Spatial Pattern of Mean Monthly Temperature Distribution in Ibadan (1993-
2012)

Figure 4: Temperature Distribution in the Different Land Use Types in Ibadan
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The high density residential areas were observed to be warmer than
the commercial areas by a margin of 0.9<C (Figure 4). The commercial areas
on the other hand were 0.4<C warmer than the medium density residential
areas, and the medium density residential areas were warmer than the low
density residential areas by 0.3<C. Also, the low density residential areas
were found to be 0.8<C warmer than the natural parks and gardens. This
variation in the temperature of the different land use types corroborate the
reports of Omogbai (1985), Ojo (1981), Ayoade (1993) and Fabrizi et al.
(2010), who found that the pattern of distribution of climatic parameters
follow the pattern of land use categories. For instance, Ojo (1981) showed
that urban heat island effect ranges from 2<C to 4<C in the zone of dense
traffic and main corridors of Mushin and Oshodi areas of Lagos city at noon.

Also, the results showed that temperature ranged from 24.2oC in the
peri-urban areas to 28.4oC at the city centre (Beere, Agodi, Dugbe, Aperin,
Mapo, Adamasingba, Oke Ado and Aremo) during the wet season (April-
July) (Figure 5). These are the traditional built-up, high density residential
areas surrounding the central business district (CBD). The temperature of
the city centre is thus between 3.6% and 4.2%, higher than that of the rural
suburb during this period. There is also an increase in temperature values
from the peri-urban to the urban areas during the dry season (November-
February). The temperature increased from 27.0oC in the peri-urban area to
31.03oC in the urban area in the afternoon hours. Thus, the mean
temperature increased from between 25.6oC in the peri-urban areas to 29.7oC
at the city centre. Temperatures observed during the dry season were
therefore between 4.03oC and 4.2oC higher at the city centre compared to the
peri-urban areas with between 8.5% and 10.03% increase. 

Factors responsible for the increase in temperature towards the city
centre from the peri-urban areas could be increase in population, the
structure and density of buildings in the core areas, greenhouse gas effect
from waste incineration, increase in anthropogenic heat sources such as
domestic cooking, higher concentration of pollutants due to the waste from
industries and high volume of traffic in the urban centre (Asimakopoulos,
2001; Fabiyi, 2006; Ohashi et al., 2007; and Blake et al., 2011). Most especially,
heat retained by carbon dioxide (CO2) gas from industrial and domestic
waste and pollutants warm up the urban atmosphere. These result in the
temperature of the city being slightly higher than that of the surroundings.
Also, the increased heat generated in the urban centre could be explained by
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Figure 5: Mean Monthly Temperature Distribution during the Wet Season (April-July)

the emission of heat absorbed by buildings, heat generated by human
bodies, tarmac and concrete surfaces, whose concentration increases
towards the densely-populated and heavily built-up areas of the city centre.
It is evident from Figures 3 to 6 that there is a concentration of heat load in
the city centres including the CBD. These include areas surrounding Beere,
Mapo, Dugbe, Adamasingba and Agugu areas of the city. They are mainly
commercial areas and nodal points within the city which play a significant
role in elevating the city’s temperature. These are also areas within the city
centre where a lot of heat is generated.
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Figure 6: Mean Monthly Temperature Distribution during the Dry Season (Nov-Feb)

Spatial pattern of UHI across land use types

The spatial pattern of the city revealed that high density residential
areas are overcrowded. It further showed that most of the agricultural
croplands have sparse vegetation due to similar spectral reflectance
characteristics (Table 3). It was also observed that some of the sparse
vegetation is mixed with low dense built-up, and fallow land is mixed with
waste land/bare soil. The images were acquired between December and
February when agricultural activities were low. Table 3 shows the land
use/land cover distribution for Ibadan metropolis from 1984 to 2013 while
Figures 7 to 10 are land use/land cover maps for 1984, 2000, 2006 and 2013
respectively.
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Table 3: Land Use/Land Cover Distribution for Ibadan Metropolis from 1984 to
2013

Land use type
Land Area in Km2

Year 1984 Year 2000 Year 2006 Year 2013

Water body 20.52 2.76 0.478 0.721

High density residential area 6.36 19.32 32.591 46.944

Low density residential area 117.78 404.297 532.028 630.236

Dense vegetation 357.13 312.958 294.254 197.810

Sparse vegetation 703.24 620.892 484.207 363.296

Bare ground 359.75 219.070 167.943 53.42

Total 1564.778 1579.297 1511.501 1292.427

This study showed that most of the urban land use areas in Ibadan
are built-up areas, particularly the residential areas. Areas of dense and
sparse vegetation and bare ground surfaces are not regarded as urban land
use. In Ibadan region however, the area covered by vegetation had the
highest percentage (56.0%). Land use types that recorded low coverage are
water body (0.4%), residential areas (30.09%) and bare ground surfaces
(13.45%). The high density residential (or built-up) areas increased from
6.36km2 in 1984 to 46.944km2 in 2013 representing an increase rate of 7.14%.
Thus, there has been an increase in the influx of people into the urban
centres, leading to a high demand for housing and accommodation. The
water body decreased from 20.52km2 in 1984 to 0.721km2 in 2013 showing
a decrease rate of 12.24% from year 2000's land use data. Also, the bare
ground surfaces have reduced extensively from 359.75km2 in 1984 to
53.42km2 in the year 2013. This decline could be attributed to rural-urban
and urban-urban migration. The continuous influx of people into the city
results in high demand for housing and other social infrastructure. Hence,
a reduction in the proportion of bare ground surfaces. Moreover, the
significant reduction in the proportion of water body within the space of
sixteen years (1984-2000) might possibly be due to the platform of
observation and period of the year in which the satellite image was
captured.
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Figure 8: Land Use/Land Cover Map for Ibadan Region for 2000

Figure 7: Land Use/Land Cover Map for Ibadan Region for 1984
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  Figure 10: Land Use/Land Cover Map for Ibadan Region for 2013

  Figure 9: Land Use/Land Cover Map for Ibadan Region for 2006
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Relationship between land use pattern and mean UHI intensity

The spatial pattern of land use types in Ibadan is difficult to
demarcate. This is because the city by its nature is made up of a mixture of
both traditional and modern characteristics. This problem is further
compounded by the fact that there is indiscriminate allocation of facilities
which makes it rather difficult to make real demarcations. All these factors
give rise to a pattern that is characterized by planned and unplanned areas
in the core and peripheral regions of the city respectively. The traditional
area in the city centre constitutes the high density, heavily built-up
commercial region, while the low and medium residential densities located
at the fringes of Ibadan are planned to a greater extent. Also, a majority of
the land uses in Ibadan metropolis are for residential purposes with a few
areas for industrial and commercial activities. The major commercial areas
are located within the high density areas and in the central business district
(CBD). Open spaces within the urban area are located around the CBD and
along New Ife road. Other components of the city texture are water, roads,
paved surfaces, bare ground, trees, buildings of different sizes and lawns.

The urban characteristics of Ibadan are well reflected in the nature
and density of houses. The situation is such that the traditional core areas of
Mapo, Beere, Molete, Orita Agbeni, Eleta, Agugu, Ojaába are high density
residential areas. They are characterised by buildings with dense and
compact structures while new layouts like Bodija, Agodi, U.I., Polytechnic
and Jericho are low density areas with better-arranged layouts and modern
characteristics. Mean distances separating the houses vary from less than
0.5m to 10m in the traditional areas and between 20m and 30m in some of
the modern layouts.

Figure 11 shows the variation of mean UHI intensity across the
various land use types that characterise Ibadan. The high density residential
land use areas had the highest value of UHI magnitude. It was revealed that
a large proportion of the heat generated from the land use types are from
high density residential land use, mainly anthropogenic heat. The thermal
contrast in UHI Intensity between the high density areas and the commercial
centres is 1.1<C. The UHI intensities in the commercial areas, medium
density areas, and low density areas are quite similar in values ranging from
3-3.45oC while that of the rural area is the lowest with a value of 2.7oC. The
high UHI values in the high density areas, commercial areas and the
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Figure 11: Relationship between Land Use and Mean UHI Intensity

medium density areas over the Natural Park and low density residential
areas are due to problems highlighted under the spatial pattern of
temperature section.

Table 4 revealed a significant difference in the mean square of UHI
intensity for different land uses [F1,46 =8.068, p-value =0.007] having subjected
it to Analysis of Variance (ANOVA) in a Statistical Package for the Social
Sciences (SPSS) environment. This result corroborates the previous
discussions in the study.

Table 4: ANOVA of UHI Intensity across Different Land Use Types

Source of variation Sum of Squares df Mean Square F Sig.

Between Groups 18.0075 1 18.0075 8.068 0

Within Groups 102.6717 46 2.231993

Total 120.6792 47

Inverse distance weighting (IDW)

The inverse distance weighting technique was used to interpolate the
point data to produce a risk probability map for assessing the heat island hot
spots and showed the spatial distribution of heat island intensity in the
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 Figure 12: Inverse Distance Weighting Spatial Distribution Map of UHI Intensity

study area (Figure 12). According to this map, UHI intensity that ranges
from 2.8 to 3.0oC will occur in the south western part of the metropolis (at
the suburban location) and some patches of that range will probably occur
in the central part of Ibadan South West LGA. Intensity of UHI that ranges
from 3.01 to 3.10oC shows a probability of occurrence at the outskirts of the
city. The probability 3.19 to 3.27oC of UHI intensity shows the likelihood of
occurrence in Ibadan SW, Ibadan SE and the eastern part of the metropolis.
The probability map shows the highest value of UHI intensity dominant in
four LGAs (Ibadan North, Ibadan NE, Ibadan NW and patches around the
northern tip of Ibadan SW). Ibadan NE and Ibadan North are the LGAs with
the highest intensity of UHI. These areas represent UHI hotspots which
predispose the inhabitants of the area to severe heat stress and associated
health risk.

Conclusion

Despite the increasing urban heat island intensity in the study area,
people are oblivious of its effect because of their involvement in various
activities which further aggravate UHI intensity. This could cause
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discomfort, health related issues (such as fever, frequent headache, skin
cancer, etc.) and a high rate of evapotranspiration due to increased
temperature, whose pattern exhibits a seasonal and spatial characteristic
closely related to the different land use types that characterize the surface
of Ibadan. The study observed that there has been an increase in residential
densities and a rapid depletion of the vegetation cover due to urban
development and the influx of migrants to the urban centres which
indirectly alters the natural air and lowers its oxygen. The built-up area of
Ibadan was observed to have increased from 6.36km2 in 1984 to 46.944km2

in 2013 at an annual increase rate of 7.14% while, in particular, water bodies
have reduced significantly over a sixteen-year period. Uncontrolled
occupying of vegetated surfaces and water bodies could lead to water stress
and flood hazards. It was also revealed that there is a significant difference
in the UHI intensity for different land uses in the study area (F1,46=8.068, p
$ 0.05).

To have a sustainable city, it is therefore recommended that there
should be a mass sensitization campaign on the need to plant trees and
flowers around buildings in both residential and commercial centres to
reduce the intensity of insolation and filter smoke released from
automobiles, industrial and domestic combustion. There should be more
compact city design and greater use of mass transportation to reduce
emissions. Construction of lawns and open fields in residential and
commercial areas as good alternatives to bare grounds and paved surfaces
should be encouraged. Adoption of the green city approach/green roof tops
is strongly recommended in city planning. Urban geometric factors such as
height and spacing of buildings should be incorporated in future urban
planning programmes as these affect the aerodynamic properties and the
amount of radiation received and emitted by urban infrastructure.
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