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Abstract

This study examined the impact of land use changes on land surface temperature in Akure,
South-western Nigeria. Remote Sensing (RS) and Geographic Information System (GIS)
techniques were used to detect changes that have occurred in land use and its subsequent
impact on Land Surface Temperature (LST). The land use types identified were classified using
maximum likelihood classification by assigning training samples to the features. The features
on the image were grouped into four different classes based on their spectral signatures while
the grouping was done for the January images of Landsat 5 (TM), Landsat 7 ETM+ and Landsat
8 OLI/TIRS for year 1985, 2000 and 2015 respectively. The four classes used are built-up area,
vegetation, bare land surface and wetland/water body. The result showed high land surface
temperature mean values corresponding to: built-up area ranging from 25.15 to 29.19°C;
vegetation 20.95 to 26.50°C; wetland, 25.08 to 29.83°C and bare land 23.37 to 28.63°C while
low LST mean values were observed over vegetative surface with a calculated mean
temperature of 20 to 25°C between 1985 and 2015 respectively. The study recommends
planting of green cover trees around the cities which could lower both surface and air
temperature by providing shade and cooling for the surrounding atmosphere.
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Introduction decreasing the green spaces and
The ever-increasing urban population evaporation surfaces (Mobaraki et al,
and high infrastructural development of 2012).
cities often lead to higher building density, Land is one of the most important
resulting in a lack of green spaces. One of natural resources on which all other
the effects of urbanization is the urban activities are based. Land use is dynamic
heat island effect (UHI) (Kleerekoper et and indeed changing as human population
al., 2012). Urban heat island is an urban and activities are increasing the demand
area whose ambient temperature is higher on the limited land for settlement,
than the surrounding rural areas due to agriculture industry and other uses
human activities which increasingly use (Yakubu et al., 2020). Land use land cover
asphalt and modify land surfaces while change has become a vital and central
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component of  monitoring  global
environmental changes and human
interaction with the natural systems
(Oluseyi et al., 2009). Due to the
important contributions and role of land in
providing environmental goods and
services for human sustainability, there
has been an increased interest in land use.
The change observed in land-cover is one
of the most important drivers of global
change that affects the climate,
biogeochemical cycles, energy fluxes and
thereby the livelihoods (Yakubu et al.,
2020).

The change in land cover is influenced
by ecological mechanisms, physical
components of the environment and socio-
economic interactions. According to
Verburg et al. (2004), land use change has
become one of the major determinants of
environmental vulnerability within the
human environment system  which
modifies the spatial configuration of
different land use types. Sagan et al
(1979) for instance showed changes in
land use from temperate forest to
cropland, from tropical forest to savanna,
from grassland to desert or from rural to
urban area which altered the microclimate
and led to significant variations in thermal
characteristics of the area. The presence of
vegetation within a locality ensures
ecosystem sustainability and services such
as prevention of soil erosion, reduction in
soil and nutrient loss and maintenance of
hydrological cycles (Iwara et al., 2012).

Land surface temperature (LST) is the
temperature of the skin surface of a land
which can be derived from the satellite
information or direct measurements in the
remote-sensing terminology. The built-up
areas according to Shahmohamadi et al.
(2011) tend to have land surface
temperatures higher than surrounding
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suburban environment and the thermal
differences are contributing to the
development of microclimatic condition
also known as Urban Heat Island (UHI)
(Yakubu and Giwa, 2006; Wang et al.,
2016).

LST can provide information about the
surface physical properties and climate,
which plays role in many environmental
processes (Dousset and Gourmelon,
2003), such as modelling the surface
energy balance (Kalma et al., 2008) and it
has a substantial impact on analyzing the
heat-related issues such as soil moisture,
evapotranspiration and urban heat islands
(Song, et al., 2013; Wong and Nichol,
2013).

Adjustment in local water balance
often follows vegetation cover removal
because the interception role of canopy is
lost while evapo-transpiration is changed
or reduced, runoff may be increased and
radiation budget may be upset by
prescribing new surface geometry and
albedo(Pitman et al., 2009; Wang et al.,
2016) which results to modification of
climate as energy and mass balances are
unfavourably altered, allowing the soil to
be destroyed and desertification to set in
most places (Changnon, 1992).

The fundamental factors which affect
the amount of LST of different land uses
thermal characteristics are conductivity,
albedo, surface roughness, heat capacity
(Davin and de Noblet-Ducoudré, 2010)
and reradiation while the spatial
arrangement, area, adjacent land uses and
connectivity of different land uses have
impact on the mixed value of LST for each
pixel. Land surface temperature is
regulated by the several parameters such
as surface conductance, amount of water
available for evaporative cooling, wind
speed, and surface roughness which
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regulates the power of sensible and latent
heat fluxes.

Generally, Nigeria is characterized by
high  temperature  regime  almost
throughout the year. The southern part of
the country has a mean maximum
temperature of about 32°C whereas in the
Northern part particularly between
February and May, the temperature is
about 42°C (NiMet, 2015). The mean
minimum temperature in the South is 21°C
while it is about 13°C in the North.
Analysis of surface temperature data of
Nigeria for the period, 1981 to 2017 by
NiMet (2017) shows an increasing trend in
annual mean maximum and minimum
temperature over two decades.

Earlier studies have identified LST by
assessing measured rural-urban
temperature  differences in  Nigeria
(Balogun et al., 2012; Ojeh et al., 2016)
but recently, studies have employed
remote sensing and GIS techniques to
analyze and quantify the effect of Land-
use/Land-cover (LULC) change on LST
(Ishola et al., 2016).

Akure, became the capital of Ondo
State in 1976 and since then, the city has
experienced unprecedented growth and
has developed independently of any
spatial urban planning. This rapid growth
became prominently noticed as urbanized
features extended farther away from the
central areas and land use are altered
significantly with remarkable changes in
its growth and development. Thus, the aim
of the study was to evaluate the impact of
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land use change on surface temperature in
Akure, Southwestern Nigeria which
becomes imperative and appropriate tool
for urban planners and environmental
scientists in providing critical information
about the land surface temperature with a
view to improve land use management in
the area.

Materials and Methods
Study Area

The study area is Akure, the capital of
Ondo state in South-western Nigeria
located between latitudes 7° 15'N and 7°
25'N and between longitudes 5° 11'E and
5° 20'E (Fig. 1). Akure town spreads over
an area of about 15,500 km? and it is about
370m above sea level. It is made up of
lowlands and rugged hills with granitic
outcrops in several places. The natural
vegetation of Akure is high rain forest,
composed of many varieties of hardwood
timber. Over time, the natural vegetation
has been very much degraded as a result
of human activities while, the original
forest is now restricted to forest reserves.
An important aspect of the vegetation of
the state is the prevalence of economic
trees (tree crops). The major tree crops
include cocoa, kola, coffee, rubber, oil
palms and citrus, cocoa being the most
prevalent. The soils derived from the
basement complex rocks are mostly well
drained, with a medium texture. The soils,
are of high agricultural value for both tree
and arable crops.
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Fig. 1: Locational map of Akure

Data Source

For this study, Landsat 5 TM, Landsat
7 ETM+ and Landsat 8 OLI/TRS were
retrieved from USGS
(https://earthexplorer.usgs.gov/). Landsat
imageries acquired as observed comprised
of the Thematic Mapper (TM), Enhance
Thematic Mapper plus (ETM+) image and
the Operational land Imager (OLI). The
satellite data have 30m spatial resolutions;
the TM and ETM+ images have spectral
range of 0.45 - 2.35 micro meter with
bands 1 - 8 while the OLI extends to band
11.
Image Processing

The technique employed in this study
was essentially through Aerial Imagery
Overlay (AIO) with the aid of Remote
Sensing (RS), Geographic Information
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System (GIS) and personal observations.
The main approach used was post
classification comparison analysis of
satellite imageries of Akure acquired to
cover three decadal variations from 1985,
2000 and 2015 at an interval of 15 years.
The first step taken in this study was to
define the study area which was achieved
using an administrative map showing
Akure City boundary before image
classification and change detection were
carried out which helps to examine
variation in land use change from one
period to the other. Data collected were
imported into GIS environment for further
analysis and computation. The success of
using remotely sensed data for land-cover
change detection depends on careful
selection of the data source. The important
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attributes of remotely sensed data sources
are spatial, temporal, spectral and
radiometric resolution.

Land use Land cover Classification
(LULC)

Remotely sensed data; Landsat TM
satellite =~ images  covering  Akure
Metropolis with 30m resolution were
used. ‘‘Band ‘4, 3 and 2’ was generated
and re-sampled in a new display. After the
colour composite, the image subset was
created using the Region of Interest (ROI)
vector frame created in ArcGIS 10.3 from
the study area map and imported into
Erdas 9.2 environment as shape file. With
this, the ROI of the study area was
delineated from the satellite image scene.
On the colour composite, band 4 of the
Landsat image was loaded for red while
bands 3 was loaded for green and band 2
for blue respectively.

Four LULC types were identified in the
study and the features were classified
using maximum likelihood classification
by assigning training samples to the
features. The features on the image were
grouped into four different classes based
on their spectral signatures and the
grouping was done for the January images
of Landsat 5 TM, Landsat 7 ETM+ and
Landsat 8 OLI for 1985, 2000 and 2015
respectively. These classes include built-
up area, vegetation, bare surface and
wetland/water body. The total area
covered by each land use class in each
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year was generated using the field
calculator of ArcGIS 10.5.
Land Surface Temperature (LST)

LST is the radioactive skin temperature
of land derived from solar radiation. LST
is a basic determinant of terrestrial thermal
behaviour, as it controls the effective
radiating temperature of the earth’s
surface. The thermal bands of Landsat 5, 7
and 8 were used to generate the LST
image of the area. The thermal band
parameters of the Landsat series were used
to generate the LST for the study. LST
values were calculated using radiance
reflectance values of the three Landsat
images transformed to radiant surface
temperature values in Kelvin using the
equation:

Tb =k2/[In (k1/L +1)]

where;

Tb = Surface Temperature in Kelvin was
converted to degree Celsius (°C) using:
°C =Tb -273.

K1 = Calibration Constant 1 (607.76 for
TM and 666.09 for ETM+).

K2 = Calibration Constant 2 (1260.56 for
TM and 1282.71 for ETM+).

LA = Spectral radiance at the sensor
aperture.

Result and Discussion

Figures 2, 3 and 4 respectively are the
output processing of LST across the four
land use types in Akure from 1985 to
2015.
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Fig. 2: Land Surface Temperature Map for 1985
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Figure 4: Land Surface Temperature Map for 2015

To show changes in LST over the thirty (30) years’ period in Akure, the mean values of LST
for 1985, 2000 and 2015 for the four land use types were calculated as showed in Tables 1, 2

and 3.

Table 1: Land Surface Temperature for 1985

Land Use Type Minimum Maximum Mean
Temperature (°C) Temperature (°C) Temperature (°C)

Built-Up 21.94 28.35 25.15

Vegetation 18.22 23.68 20.95

Wetland/water body 20.17 30.00 25.08

Bare Land 18.38 28.35 23.37
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Table 2: Land Surface Temperature for 2000

Land Use Type Minimum Maximum Mean
Temperature (°C) Temperature (°C) Temperature (°C)
Built-Up 23.40 34.97 29.19
Vegetation 21.41 31.58 26.50
Wetland/water body 21.98 36.00 28.99
Bare Land 24.52 33.16 28.84
Table 3: Land Surface Temperature for 2015
Land Use Type Minimum Maximum Mean
Temperature (°C) Temperature (°C) Temperature (°C)
Built-Up 22.32 35.56 28.94
Vegetation 17.76 32.86 25.31
Wetland/water body 23.04 36.62 29.83
Bare Land 23.27 33.98 28.63

The mean LST for the built-up area are:
25.15°C in 1985, 29.19°C in 2000 and
29.21°C in 2015 respectively which
indicated an increase of 3.79°C over the 30
years’ period. Subsequently, the LST for
other land uses increased from 1985
through 2000 to 2015. The LST for
vegetation for instance increased from
20.95°C in 1985 to 25.31°C in 2015 with
an increase of 4.36°C; the wetland/water
body increased from 25.08°C in 1985 to
29.83°C in 2015 with an increase of
4.75°C while the bare land increased from
23.37°C in 1985 to 28.63°C in 2015 with
an increase of 5.26°C over the 30 years’
period in Akure.

As reported in similar studies (Pickett
etal., 1997; Takeuchi et al., 2010; Nzoiwu
et al., 2017), it is quite clear that the
highest values of LST are in the built-up
area and other impervious surfaces while
the lower LST values are found around the
dense vegetated area of Akure. The
increase in temperature observed in built-
up area, bare land and wetland/water body
relative to vegetation is in line with the
study of Roth (2007) and Uchendu et al.,
2019) who observed higher temperature in
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urbanized areas compared with areas that
exhibit the rural attributes. Furthermore,
the decrease in temperature over
vegetation than other land uses is
consistent with the study of Weng et al.
(2004) which indicated that the higher
biomass/vegetation abundance a land
cover has, the lower the land surface
temperature  becomes.  Furthermore,
vegetative land uses possessed a smaller
mean temperature value than build-up
area because it can decrease the amount of
heat stored in the soil and surface
structures through transpiration (Weng
and Lu, 2008). The outcome is a clear
indication that increase in impervious
surfaces and non-vegetal surfaces such as
stone, metal, asphalt and concrete leads to
increasing surface radiant temperature
(Oluseyi et al., 2009; Buyadi et al., 2013).

It is apparent from the results indicated
in Tables 1, 2 and 3 that vegetation cover
shows a considerably low radiant
temperature in the years under review
because dense vegetation greatly reduces
surface temperature through transpiration
and evaporation. This is an indication that
land use changes observed in Akure are
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due to alteration of vegetation cover to
other land use types within the study
period. The results further depicted the
nature of increase experienced in the LST.
The LST values for all land use types were
highest in 2015 than the initial 1985
values—a clear indication of reduction in
vegetation cover of the area.

This is a confirmation of the assertion
made by Jiang and Tian (2010) that land
use is the important reason leading to
increase in LST. The built-up area and its
activities have influenced the temperature
of Akure over the years. Previous studies
have shown negative correlation between
temperature and urban  vegetation
abundance (Mallik et al., 2008; Uchendu
et al., 2019).

Constant depletion of vegetation cover
has wide implication in reducing the
natural cooling effects of shading of an
environment and evapotranspiration of
plants and shrubs (Oluseyi et al., 2009). In
supporting this fact, Weng et al. (2004)
reported negative results which exist
between LST and normalized difference
vegetation index (NDVI) when correlated
because vegetated area act as a sink within
an island of heat due to its cooling effect.

All the four land use types recorded
increase in LST over the 30 years’ period.
This could be attributed to the fact that
built-up areas are characterized with high
concentration of buildings, structure,
machines and people which cause higher
temperature due to modification of the
reflective (albedo), absorptive, storage
and emissive characteristics of city-
surface components (Ogunsote and
Prucnal-Ogunsote, 2002).

Urban development increases surface
temperatures by removing the natural
vegetation and replacing them with non-
evaporating and non-transpiring surfaces
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like bare land, cemented surface, concrete,
building, road, metal and tar among
others. The nature of these materials in the
urban environment is responsible for
variation of LST. The impervious surface
coverage as a result of construction in the
urban centre is an indicator of human
activity intensity, which is a characteristic
nature of the built-up area (Weng and Lu,
2008).

Generally, urban impervious surface
has a warming effect on urban LST while
increase in impervious surfaces result into
increase in surface temperature. This
shows the important of vegetation in the
built-up area or its surrounding as it lower
surface and air temperatures by providing
shade. Through evapo-transpiration the
landscape is cool when the surrounding
atmosphere heats up because plants often
release excess water into the air from their
leaves. The mean LST values over
different land uses in Akure can be an
appropriate decision-making factor and an
environmental warning tool for urban and
environmental planners.

Conclusion

This study evaluated the impact of land
use change on land surface temperature in
Akure. The amount of LST for Akure has
increased for the 30 years’ period. The
increasing order of the LST for the four
land use types from 1985 to 2015 is; built-
up area (3.79°C) < bare land (5.26°C) <
vegetation (4.36°C) < wetland/water body
(4.75°C). The reason for the increase
could be associated with urbanization,
population increase and the current
climate change effect among others. This
implies that the more the urban
development, the higher the land surface
temperature. The amount of LST can be
used for constructing the thermal
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environment of Akure City in relation to
the land use types. Thus, the need to plant
green cover trees around the cities which
lowers both surface and air temperature by
providing shade and cooling for the
surrounding atmosphere is recommended.
This study calls on the urban managers
and planners to embark on re-designing
cities to accommodate parks, gardens,
orchards, and open spaces in the city
physical plans. These provisions will
prevent haphazard expansion of the city
and greater urban heat while at the same
time allow the free flow of air and
provision of shades that will contribute the
cooling of the city.
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