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Abstract

Land surface temperature and the vegetation cover of the study area were
investigated using landsat imagery which is a form of remote sensing. The study
area covers Abia State and parts of Enugu, Ebonyi and Benue states. It has an area
about 48,400 km? and lies between latitude 5° 0°’Nto 7°0°N and 7°0’E to 8°0’E. The
Enhanced Thematic Mapper Plus (ETM+) of the Landsat 8 was used. A scene size
of 220km NS by 110km EW was obtained from the United States Geologic Survey
database and was analyzed. Results show that the study area has two forms of
vegetation cover. The rainforest and the Guinea Savannah were noticed in the
South-Eastern and North-Eastern parts respectively. Bende, Arochukwu and Uturu
are observed to have thick vegetation cover while Umuahia, Aba, Enugu, Owerri
and Ohafia all have sparse vegetation and open lands. The LST on ther hand ranges
from 20 — 34 °C with the North-Eastern relatively warmer than South-Eastern sides.
Built up areas like Umuahia, Aba, Owerri, Enugu and Ohafia are relatively warmer
with temperature of about 34 °C which is relatively higher than other parts of the
study area. There is therefore a negative correlation between LST and vegetation
cover because areas with high LST have sparse vegetation cover. The relative high
temperature experienced in such areas is attributed to civilization, development,
human activities, burning of fossil fuels, increase in population and deforestation.
There is therefore a pertinent need to check these activities and embark on
environmentally friendly activities in order to mitigate the potential of adverse

climate change in such areas.
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INTRODUCTION

Land Surface Temperature (LST) is the thermal emission from the landscape surface including soils and top of vegetated
surfaces. It controls the surface heat and water exchanges with the atmosphere [1]. Earth’s chemical, physical and
biological processes are chiefly controlled by LST and as such, it has become fundamental information in studying
environmental resources [2]. Numerous studies in climate modeling, heat balance and global change monitoring have been
done using LST obtained from satellite borne sensors [3-5]. LST is also vital in modeling meteorological, agricultural,
ecological and hydrological processes on the earth’s surface [6-7].

Variations in LST is found to be spatially correlated with land use and land cover [8]. Land Use and Land Cover Changes
(LUCC) though affected by climate change are the main drivers of environmental changes [9]. There is therefore a strong
correlation between LST and land use types as confirmed by [10-12]. It has also been established in [13] and [14] that
vegetation cover affects LST and the land-air exchange of energy and water.

The relationship between LST and different vegetation parameters like; Soil Adjusted Vegetation index (SAVI), Vegetation
Indices (VIs), Ratio Vegetation Index (RVI) and Normalized Difference Vegetation Index (NDVI) have been widely
studied. Some of them can be seen in the works of [15-19]. Lowest LST are mostly found in densely vegetated areas though
it can vary with time, place and type of vegetation distribution [20]. Furthermore, LST increase is associated with decrease
in vegetation and water-pervious surfaces as well as with increase in anthropogenic heat discharge due to energy
consumption [7].
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Remote sensing (RS) which is also called earth observation refers to the process of obtaining information about objects or
areas at the Earth’s surface without being in direct contact with the object or area. It allows images of the earth surface to be
taken in various wavelength regions of the electromagnetic spectrum (EMS) [21]. It also involves the use of a remote
sensor to acquire thermal signal at the Top of Atmosphere (TOA) [7]. Though point estimates of LST can be estimated
from land based observation stations, remote sensing method produces actual values. There is also reliable, high resolution,
repetitive coverage and proficiency of measurements of the conditions of the earth surface in remotely sensed data [22].
Analysis of Spatio-temporal dynamics of the earth’s surface which helps in managing natural resources like forests and
water bodies as well as the assessment of environmental changes can be achieved by space borne remotely sensed data
together with Geographic Information System (GIS) [23].

Surface temperature and land surface emissivity reflecting energy in the red and near infrared portions of the EM spectrum
are recorded by the sensor and are used to examine various changes in the conditions of vegetation [15]. Earth’s surface
thermal emissions give rise to the energy in thermal infrared band with a wavelength range of 3 -14pum and the thermal
emission of the earth’s surface at 300K has a peak wavelength of 10um [24].

THE STUDY AREA

The study area covers Abia State, Southeastern Nigeria and parts of its surrounding states; Imo, Enugu, Ebonyi and Benue
states. It lies between latitude 5° 0’N to 7°0°N and 7°0’E to 8°0’E and has an area of about 48,400 km?. The topography is
undulating with an elevation range of 100m to 600m above the sea level. There is however a relatively even topography in
the Southern parts. Geologically, the study area forms part of the Southern Benue Trough as discussed by [25] and [26].
Figure 1 shows the location map of the study area.

Legend

m
en |

Elevation (m)
ol N W
89888
888888

Figure 1.: The Location Map of the Study Area Showing the Elevation [26].

MATERIALS AND METHOD

In order to determine the LST and vegetation cover of the study area, the landsat imagery for the study area was obtained
from the United States Geological Survey (USGS) database. Though there are other remote sensing data sources used in
studying the earth’s surface, landsat has a relatively high spatial resolution and more detailed land surface temperature
pattern can be obtained easily [27]. It affords more possibility to study the relationship between land surface temperature
and different land use types. It also enables the detection of single sources of the highest heat emission, subtle variation in
soil moisture, soil type, mineral and vegetation distribution [28].

Data source was from the Enhanced Thematic Mapper plus (ETM+) of Landsat 8 which orbits the earth at an altitude of
705 km in a 185 km swath in a North-South direction over the sunlit side of the earth. It makes a complete orbit every 98.8
minute [29]. The data was collected at a resolution of 100m with an approximate scene size of 220 km North-South by 110
km East-West and the wavelength of the spectral band 10 ranges from 10.6 — 11.19um.

The data was thereafter digitized and was subjected to various image enhancements to obtain the vegetation and analytical processes
were undertaken to obtain the land surface temperature. The LST was obtained by converting the digital number (DN) of image pixels
into spectral radiance (L.) using the sensor calibrated data as explained by [30].

The spectral radiance was thereafter converted to surface temperature in Celsius using equation 1 as defined by [30] and thereafter
mapped.
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where T = At-Satellite Brightness Temperature

L, = Top of Atmosphere (TOA) spectral radiance

Kz = Caliberation constant 2 (Kelvin)

K1 = Caliberation constant 1 (Wm-2srtum™)
K:and K; are coefficients which are determined by the effective wavelength of a satellite sensor. For landsat 8, thermal
band 10, Ky = 774.89 Wm2srlum?, K, = 1321.08K..
The spectral radiance (L,) is defined in equation 2.

L, =M Q. +A @
where M. = Band-specific multiplicative rescaling factor from metadata

Qca = Quantised and calibrated standard product pixel value DN
A = Band specific addictive rescaling factor from metadata

For spectral band 10, M_and A have identical values of 3.34x10.

RESULTS AND DISCUSSION

The LST map and the vegetation map of the study area are shown in Figures 2 and 3. From the land surface temperature obtained, the
study area has temperature range of 20 — 34 °C with the south-Eastern areas predominantly cooler than the North-Eastern sides. Umuahia,
Aba, Ohafia, Enugu and Owerri have a temperature of about 34 °C while Arochukwu, Bende, Itu and Ikot-Ekpene are relatively cooler
with a surface temperature of about 20 °C.

Similarly, the vegetation map reveals two forms of vegetation which is the Rainforest and Guinea Savannah. The rainforest vegetation
forms a dense canopy cover while the Guinea Savannah is covered mostly by grasses in flat and open areas [31]. The South-Eastern parts
of the study area are mainly covered by thick canopy unlike the North-Eastern parts which predominantly have open lands and
grasslands. Areas like Bende, Arochukwu and Uturu are good examples of the areas with the rainforest type of vegetation. They have tall
trees like iroko, oil palm, mahogany, rubber, cashew and walnut. Conversely, Umuahia, Owerri, Enugu, Aba, Aka-Eze, Afikpo, Ikot-
Ekpene and Nkwere all have open and grass lands filled with natural grasses and sparse trees. However, the built up areas have
insignificant vegetation cover due to civilization and human activities.

Furthermore, we discovered from a closer observation at the two maps that they have an identical trend with negative correlation because
areas with high temperature have sparse vegetation while cooler areas have thick vegetation cover. This agrees with the findings in [7-13,
20]. The urban areas and state capitals are relatively warmer due to dense population, deforestation, construction activities where
concrete and asphalt which do not allow water to absorb large amount of heat leading to Urban Heat Island (UHI) [32]. Since Vegetation
absorbs carbon dioxide and releases oxygen. Vegetation degradation therefore leads to greenhouse effect and subsequently increases
atmospheric and Land Surface Temperatures [33].This undoubtedly poses a potential danger of climatic, environmental and health
challenges to inhabitants of such areas.

Figure 2: Land Surface Temperature of the study area Figure. 3: Vegetation of the Study Area

CONCLUSION

Remote sensing is an invaluable tool in geospatial and geological studies. Satellite imagery data over the study area was acquired from Landsat 8. The
study area has an area of 48,400km?2. The LST temperature varies from 20 — 34 °C with the urban areas having higher temperature values. The vegetation is
of two types; the rainforest type and the Guinea Savannah. The rainforest type has thick canopy covers due to the presence of tall trees while the Guinea
Savannah has grasses and sparsely distributed tree.

It is also established that there is a negative correlation between LST and the vegetation of the study area. Areas with high surface temperature have sparse
vegetation whereas areas with low temperature values have high vegetation cover. The urban areas and State Capitals like Umuahia, Enugu, Aba, Ohafia
and Owerri have high average LST of 34 °C resulting to UHI whereas areas like Arochukwu, Bende and Uturu are relatively cooler due to thick vegetation
cover.
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The warm temperature in the built up areas is as a result of human activities like construction, burning of fuels and green house gas emission, deforestation
and increase in population due to rural-urban migration. Since climate change and their adverse effects are connected to increase in surface and
atmospheric temperature, there is need to check the activities in the urban areas in order to mitigate the effects of climate change while embarking on
environmentally friendly activities.
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