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Abstract
Land surface temperature (LST) fluctuation is a global problem that is responsible for regional and
global climate change. Abnormal LST causes drought, depletion of ozone layers, skin and lung
diseases and also affect crops production. Spatial distribution of surface temperature has become
an issue especially to less developed countries with little or absent of temperature stations to report
daily or monthly temperature of the area. This study utilized remote sensing approach to estimate
land surface temperature, NDVI and GNDVI of Port Harcourt, Rivers State, Nigeria. The study
was conducted using Landsat imageries of two epochs (1990 and 2017) which was downloaded
using path 188 and row 57. The images were converted from DN to TOA radiance using algorithm
specified in the Landsat user’s guide. The highest estimated LST in 1990 and 2017 map was
28.77°C and 29.37°C. Also, in 1990 the highest LST was recorded in Diobu and part of Old Port
Harcourt Township while in 2017 maximum temperature extended from Diobu to Trans-amadi.
The increase LST was due to urbanization and industrialization in the city. The study observed
mean difference between estimated LST of 1990 and 2017 and that observed by NIMET as 1.24°C
and 2.91°C respectively. There was positive correlation coefficient of 0.09 and 0.4 between LST
against NDVI in 1990 and in 2017 and between LST against GNDVI of 0.19 and 0.30 was also
observed in both years. This study justified that remote sensing and GIS can be used to derive LST
which can be used for environmental studies and research purposes. For further study, LST should
be estimated in all the state and their values validate with in-situ observations.
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1. Introduction
Land surface temperature (LST) is defined as the temperature at a particular location on the earth’s
surface [1]. It is synonymous with global temperature (GT), sea surface temperature (SST), and
land surface air temperature (LSAT) [2]. The estimation of surface temperature has been extended
from the in-situ-based observations to the remote sensing-based methods. The remote sensing
method of estimating surface temperature has the following advantages; large area coverage,
ability to estimate temperature in accessible areas, very efficient and effective method, and above
all, is cost effective. Remote sensing has been used in the field of meteorology and climatology in
the estimation of surface temperature [3]; [4].
The estimation of LST over the earth’s surface is very important for the understanding of the
relationship between biotic and abiotic components of the environment. LST has direct impacts on
crop productivity [5]; [6]; [7]. Surface temperature affects ground water quality [8], groundwater
temperature [9]; [10]. Of great concern globally is the problem of climate change due to
temperature fluctuations [11]; [12]. Climate change has affected crops productivity [13], causes
severe urban flooding [14]; [15]; [16]. Global temperature fluctuations started since 1850 due to
accumulation of greenhouse gases (CO2, N2O, and CH4) in the atmosphere [17]. The main driver
of greenhouse gas in the atmosphere is CO2 [18].
Land surface temperature is directly related to vegetation indices (VIs). VI is aimed at displaying
and inventorying image pixel with green vegetation [19]. Vegetation indices are useful in forest
management for the determination of the presence of green vegetation, health and vegetation
abundance. Green vegetation cover has very distinctive interactions with the energy in the visible
(band 1-3) and near-infrared region of the electromagnetic spectrum from satellite sensor. Hence,
the development of several algorithms to computes the interactions between green vegetation and
electromagnetic spectrum in the field of remote sensing. The algorithms for computing VIs were
first developed in the 1970s for assessing vegetation health [20]. Some of these vegetation indices
are used in the estimation of urban heat island and urban microclimate studies [21].
Several datasets have been used by many researchers to estimate surface temperature and compare
the relationship with VIs using regression analysis in many urban areas. Landsat and AVHRR
data were used to estimate surface temperature from 1986 – 1996 in the central coast of Maine
[22]. [23] used Landsat data to derived surface temperature and compared the results with NDVI.
Similarly, [24], [25]) used split-window algorithm to estimate surface temperature from AHVRR
image and compare the relationship with in-situ temperature. In the study area, there were no
spatially distributed temperature stations that will report at least monthly LST at selected locations,
except the only station in Port Harcourt international airport Omagwa that only reported one LST
for the entire city. This situation has been a concern to many researchers, especially, in the
environmental management. This study utilized Landsat imagery of 1990 and 2017 to derive LST
and the vegetation indices (namely; NDVI and GNDVI) and compute the correlation coefficient
using sample points of LST and vegetation indices values.
1.1. Study Area
Port Harcourt Local Government Area, Rivers State, Nigeria is situated on 286867mE –
273040mE and 533530mN – 521228mN in WGS84, Zone 32N. It has an approximate area of
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11048.9ha, covered by different land use/ land cover with a total population of 541,115 people
[26]. Available land use/ land cover in the area include; (a) water body (b) Built-up areas (c)
Mangrove vegetation along rivers and creeks shorelines (d) Vegetation and wetland. The mean
temperature ranges between 30.0°C - 33.0°C and annual rainfall ranges between 2100 mm –
4600mm [27]. The study area is without spatially distributed temperature stations except the only
station in Port Harcourt International Airport Omagwa. It was selected because (a) there was no
spatially distributed temperature stations that can provide researchers, professionals and
government agencies with temperature data (b) of the abnormal temperature observed in the city
in 2017 and in the first quarter of 2018, resulting in urban flooding in 2017 [28]. This study
evaluates the trend of land surface temperature in the city between 1990 and 2017 using Landsat
satellite imageries. Figure 1 is the map of the study area produced from ESRI’s ArcGIS 10.1
software.

Figure 1: Map of the study area produced from SPOT imagery.
2. Materials and Software
The software used in this study is ESRI’s ArcGIS 10.1: The software strength is in vector data
processing. It was used to perform image clipping, conversion of DN to TOA radiance, estimation
of LST, derivation of vegetation indices and for the compilations of maps. ArcGIS software was
selected because it contained tool for raster calculations and produce satisfactory results. LST can
also be derived using Environment for Visualizing Images (ENVI) software [29] and
PANCROMATM [30]. PANCROMATM can be purchase at subsidized rate from the web link
www.PANCROMA.com.
The estimation of land surface temperature was carried out using Landsat imageries of two epochs.
The Landsat imageries were downloaded from its website (http://glovis.usgs.gov/) using path 188
and row 57 in zip file format which also contained the header file. The Landsat imageries selected
for download was the precision orth-corrected product (LIT) that has been corrected for
radiometric and geometric distortions [31]. The image was acquired in GMT which was converted
to local time and Nigeria is one hour ahead of GMT. The processing was based on the local time
of Nigeria. In addition, shape file of Port Harcourt used to clip the extent of the study area and the
settlement shape file was obtained from OSGRV on application. Table 1 shows the characteristics
of the Landsat data used in the derivation of land surface temperature and vegetation indices.
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Table 1: Properties of Landsat satellite image used for the study.
Sensor
Acqui. Date Acqui. Time Band and Range (µm)
Resolution (m)
Landsat TM 12/22/1990 10: 04: 09
B2= GREEN = 0.52 – 0.60 30 x 30
B3= RED =
0.63 – 0.69 ,,
B4= NIR =
0.76 – 0.90
,,
B6= TIR=
10.40 – 12.50 Resample
Landsat OLI 1/6/2017
10: 45: 23
B3= GREEN= 0.53 – 0.59 30 x 30
B4= RED=
0.64 – 0.67 ,,
B5= NIR=
0.85 – 0.88
,,
B10= TIR-1= 10.60 – 11.19 Resample
2.1. Data Processing
The shape file of Port Harcourt Local Government Area was used to clip Landsat satellite
imageries band by band in ESRI’s ArcGIS 10.1. Image clipping using shape file defines the extent
of the area [32]. Clipping operations were performed from the raster processing tools in data
management of the Arc Toolbox. The Landsat band selected for the 1990 image are band 2, 3, 4,
6, while for the 2017 image, the bands selected are band 3, 4, 5 and 10 respectively. These bands
were selected because band 3 is used in distinguishing vegetation from soil while band 6 is the
thermal band for Landsat TM [33] and also band 10 is the thermal band for Landsat OLI [34].
Band 2, 3 and 4 for TM and band 3, 4, and 5 for OLI images have 30m x 30m spatial resolutions.
Accordingly, band 6 of TM has 120m x 120m spatial resolution [35]; [36] while band 10 of OLI
image has 100m x 100m resolution [34]. But these bands (band 6 and 10) were resampled to 30m
x 30m resolution by the data provider prior to the data download. This has not only enhanced
processing speed but also allows uniformity in the data during analysis, especially, the sampling
of LST and VIs values from the maps on pixel base. Generally, Landsat data have been geo
refenced to WRS-1 & 2 during processing at the base station. The WRS-2 was used to reference
all Landsat OLI, TM and ETM+ [34]; [37]. This study was based on these referenced images. The
images were radiometrically corrected by the data provider. However, before computing surface
temperature, the images were converted from digital number (digital count or gray value) to Top
of atmosphere (TOA) radiance which represents the actual reflectance from the earth’s surface.
The DN is a dimensionless unit and does not represent any physical quantity [38], hence, the need
for its conversion. The conversion and computation of surface temperature follows the formulae
quoted in the Landsat user’s guide.
For Landsat OLI, TOA radiance is computed using the formula
Lλ = ML x Qcal + AL ------------------------------------------------------------------------------------------ 1
Where, Lλ is the spectral radiance in Wm-2Sr-1, ML is the radiance multiplicative scaling factor for
the band, Qcal is the L1 pixel value in DN and AL is the radiance additive scaling factor for the
band [34].
The surface temperature was computed from the TOA radiance image using the formula,
T = K2/ In (K1/ Lλ + 1) -------------------------------------------------------------------------------------- 2
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Where, T is the TOA brightness temperature in Kelvin, Lλ is the spectral radiance in Wm-2Sr-1, K1
and K2 are the thermal constant for band 10. The parameters ML, AL, K1, and K2 are obtained
from the Landsat header file.
Similarly, for Landsat TM, TOA radiance in Wm -2Sr-1, was computed using the formula,
Lλ = (LMAXλ – LMINλ)/ QCALMAX – QCALMIN x (DN – QCALMIN) + LMINλ ------------ 3
Where, LMAXλ, and LMINλ are the maximum and minimum spectral radiance for the band,
QCALMAX and QCALMIN are the maximum and minimum quantize calculated for the band,
and DN is the pixel DN value [38].
While the surface temperature from the computed radiance is given by,
T = K2/ In(K1/ Lλ + 1) -------------------------------------------------------------------------------------- 4
Where, T is the TOA brightness temperature in Kelvin, Lλ is the spectral radiance in Wm-2Sr-1, K1
and K2 are the thermal constant for band 6. For Landsat TM, the value of K1 and K2 are 607.74K
and 1260.56K respectively. The computed temperature in Kelvin scale was converted to Celsius
scale using the relationship,
C = T – 273.15

-------------------------------------------------------------------------------------------- 5

Where, T is the Kelvin temperature, and C is the Celsius temperature. The value 273.15°C is the
absolute zero temperature for converting Kelvin scale to Celsius scale. This conversion was
necessary in other to compare in-situ land surface temperature broadcast by NIMET on daily basis
to the satellite derived values. The temperature maps in Celsius were reclassified into five classes
of equal interval ranging from very low temperature to very high temperature.
Similarly, the Celsius temperature values was extracted using sample tool as points in x, y, z
(where x and y is the easting and northing coordinate and z is the Celsius temperature of that point)
from each pixel and was used to plot isotherm map of the area. Isotherm is a map showing locations
of equal surface temperature represented by smooth spline lines. Isotherm map was produced using
3D Analyst Tools from ArcGIS 10.1 software. [39] Produced isotherm map of Ahmedabad city
India from QGIS. A total of 122,772 points (x, y, and z) was extracted from the LST maps (1990
and 2017 map) and was used to generate isotherm maps for the two years.
Vegetation Indices: Two vegetation indices were computed from the Landsat imageries and their
values correlated with the estimated surface temperature map. Normalized difference vegetation
index (NDVI) and green normalized difference vegetation index (GNDVI) were selected due to
their ability in representing green and health of vegetation. NDVI was first proposed by Reuse et
al, 1974 [40] and is computed according to [35] by the equation,
NDVI = (Near infrared – Red)/ (Near infrared + Red) ------------------------------------------------ 6
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For OLI data, near infrared band is the band 5 and red band is the band 4. Similarly, for the TM,
near infrared is the band 4 and red band is the band 3. These bands were carefully selected in the
map algebra.
The values of NDVI map ranges from -1 to 1 which indicates the variations of green and healthy
vegetation type in the given area. The higher the NDVI value the denser the vegetation and the
lower the NDVI the less dense or absent of vegetation cover.
Similarly, GNDVI is given by the equation,
GNDVI = (Near infrared – Green)/ (Near infrared + Green) ---------------------------------------- 7
Where, near infrared is the band 4 for TM and band 5 for OLI data and green band is the band 2
and band 3 for Landsat TM and OLI data respectively.
GNDVI is a modification of NDVI by replacing red band with green band in the equation of NDVI.
Correlation Analysis: Correlation analysis provides a means of measuring the strength of
relationship between variables (dependent and independent) that are quantitative, in this case,
surface temperature as dependent and VIs indices as independent variables. This relationship is
tested using correlation coefficient (r) which provides standardized measure of linear association
between variables [41]. The degree of the relationship ranges from -1 (indicating perfect negative
correlation) to +1 (indicating perfect positive correlation) between variables [42]. Correlation
analysis may be computed using SPPS, excel spread sheet, IDRISI software etc. The surface
temperature for the two epochs was sample at 30m grid interval (corresponding to raster grid cell)
in the spatial analyst tools into excel spreadsheets. Similarly, the VIs values were extracted and
merge with the estimated surface temperature for the correlation analysis to be performed. A total
of 122,772 points (x, y, and z) was sampled from the LST maps (1990 and 2017 map) and the
vegetation indices covering the entire area into excel spread sheet. In this analysis, estimated
surface temperature was chosen as dependent (y-axis) variable while VIs (NDVI or GNDVI) was
taken as independent (x-axis) variable. The correlation coefficient (r) was given by the model,
𝑟 = ∑(𝑥 − 𝑥)(𝑦 − 𝑦) /(𝑛 − 1)𝑆𝑥𝑆𝑦

------------------------------------------------------------- 8

Where, x is the independent variable, y is the dependent variable, n is the number of sample, Sx
and Sy are the sample standard deviation of measured variable x and y [41].
3. Results and Discussion
The estimated surface temperature map of the study area was shown in figure 2a and 2b for the
two epochs (1990 and 2017). The derived surface temperature for the two years was assigned equal
class and colour and the temperature calculated in Celsius degrees. Figure 2a is the estimated
surface temperature in 1990 with the very low values in the range 17.90°C – 20.10°C. The very
low temperature areas occurs at two isolated locations with one location in Tere-Ama water body
adjourning wetland and another location in the river south of Borokiri in the Old Port Harcourt
Township. Very low surface temperature areas were represented on the map in Cretan blue colour.
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The very low temperature was followed by low temperature region ranging from 20.10°C –
22.27°C. It was represented by Fuchsia pink colour and predominantly located partly in the
mangrove vegetation, shoreline and water body. It is mostly located in the south and followed the
water channel to the northern part of the city. The moderately high surface temperature values
ranges from 22.27°C – 24.43°C, represented by Cantaloupe colour located in the light vegetation
and mangrove vegetation in the east of Eagle Island, south of Abuloma, east of Amadi-ama road
towards Dr Peter Odili road and in the fringes of built-up and mangrove swamp in the southern
part of Borokiri. It is the largest land use/ land cover with this temperature range. The high land
surface temperature zones which was represented on the map with Ginger pink ranges from
24.43°C – 26.60°C. These regions are located within buffer zones of densely built-up and less
dense built-up areas, for example, Eagle Island, Old G.R.A, Orogbum, part of Elekahia, and
Oginigba slaughter areas. Very high land surface temperature zones with values ranging from
26.60°C – 28.77°C was shown on the map with Mar red colour. These zones are located in the
densely built-up areas like Diobu, from Station Road to Kolokuma Street in the Old Port Harcourt
Township, a location in Azubie and three locations in Abuloma including a location in Okilo
Street.
Similarly, for the 2017 estimated surface temperature as shown in figure 2b, the very low surface
temperature ranges from 20.38°C – 22.18°C. It was represented by Cretan blue and was found in
eighteen locations south of Borokiri and five locations east of Eagle Island, mostly in the water
body. Low land surface temperature ranges from 22.18°C – 23.97°C was located in the mangrove
and wetlands of Borokiri and Eagle Island and transited the water course of the area to the wetland
of Ogbunabali and Nkpogu. It was represented on the map by Fushia pink colour. The moderately
high surface temperature with values ranges from 23.97 – 25.77°C as represented by Cantaloupe
was located in the riparian vegetation which is the boundary of built-up and the swamp. It is a zone
of moderate temperature. The high surface temperature zones with values ranges from 25.77°C –
27.57 °C was represented on the map by Ginger pink. These zones are located within the built-up
areas, mostly in the settlements along water source with moderate land surface temperature, such
areas are; Eagle Island, RSU and the adjourning streets in Diobu near river bank, Old G.R.A.,
Borokiri, Nkpogu, Tere-ama and Abuloma. The last zone was the very high surface temperature
values ranges from 27.57°C – 29.37°C. It is the hottest zones on the map and was shaded with Mar
red colour. These zones are found in Diobu, Orogbum, Rumuokalagbor, Elekahia, Slaughter,
Trans-amadi, Azubie, five isolated locations in Old Port Harcourt Township and three locations in
Abuloma.

Figure 2: Estimated land surface temperature (LST) map, (2a) LST in 1990 left and (2b) LST in
2017 right.
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Table 2 shows the minimum, maximum and mean surface temperatures on 1/6/1990 and on the
12/22/2017 obtained from Landsat satellite image. The derived mean temperature was compared
with the in-situ measurement obtained from NIMET. The mean estimated LST in 1990 was
23.74°C while the NIMET reported in the same month with the estimated was 22.50°C. Similarly
in 2017 the mean LST was 25.08°C and NIMET broadcast was 27.99°C in same month.
Table 2: The comparison of estimated land surface temperature and the in-situ temperature
observe by NIMET for the 1990 and 2017.
Satellite
Estimated lst
Nimet lst (°c)
Min. Lst (°c) Max. Lst (°c) Mean lst (°c) Min. Mean Max.
Landsat 1990 17.93
28.77
23.74
22.40 22.50 24.40
Landsat 2017 20.38
29.37
25.08
22.20 27.99 23.64
Figure 3a – b was the isotherm map of 1990 and 2017 produced from the sample points over the
LST map. The isotherm was produced using ArcGIS 10.1 software and brown colour was chosen
to represents LST location on the earth as in the case of contour line. Since the temperature range
in 1990 was 10.84°C and that of 2017 was 8. 99°C, the isotherm was plotted from the 3D Analyst
Tools at an interval of one (1) degree Celsius.

Figure 3: Derived isotherm for the area, (3a) isotherm in 1990 left and (2b) isotherm in 2017
right.
Figure 4a and 4b was the NDVI map of 1990 and 2017 of the study area. In 1990 map, the very
low green vegetation ranges from -0.30 - -0.13 located in the water body. The values indicate
absence of vegetation in the water body. The second class is the low vegetation zones ranges from
-0.13 – 0.04 located on the map within the built-up areas. The moderately high zones ranges from
0.04 – 0.22 and was found along the water course and wetland. The high vegetation zones ranges
from 0.22 – 0.39 located in the mangrove vegetation and light vegetation within built-up areas.
Finally, the very high vegetation with NDVI values ranges from 0.39 – 0.56 indicated the presence
of healthy vegetation. They are located in the eastern part of Eagle Island, Okuru and some isolated
areas in the north of Orogbum.
For the 2017 NDVI map in figure 4b, the values of NDVI changes dramatically with the very low
values ranges from -0.28 - -0.20 and these zones cover the water body and part of the wetland in
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the south of Borokiri. The very high NDVI values ranges from 0.03 - 0.11 in an isolated areas on
the map, mostly south of Eagle Island and Borokiri. It indicates the presence of scanty vegetation.

Figure 4: Derived NDVI map, (4a) NDVI in 1990 left and (4b) NDVI in 2017 right.
Figure 5a – b presented the results of GNDVI of 1990 and 2017 map respectively. In figure 5a the
GNDVI of 1990 map shows very low green vegetation areas with values ranges from -0.49 - -0.49,
mostly in the water body. The values indicated absence of green vegetation in those areas. Also
the very high green vegetation was observed in the western part of Eagle Island, Okuru, and partly
in the northern part of Orogbum. It ranges from 0.22 – 0.39 as shown on the GNDVI map of 1990.
Similarly, for the GNDVI of 2017 map, the very low green zones ranges from -0.41 - -0.34 and
was located in the water body. These zones was followed by the low green ranges from -0.34 - 0.26 as shown with Quetzal green colour. The very high green zones ranges from -0.11 – -0.0
which was located in some isolated areas in the east of Eagle Island.

Figure 5: Derived GNDVI map, (5a) GNDVI in 1990 left and (5b) GNDVI in 2017 right.
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Table 3 summarizes the computed NDVI and GNDVI for the 1990 and 2017 maps. In 1990 map,
the calculated NDVI minimum and maximum values are -0.30 and 0.56 respectively, while the
computed minimum and maximum values of GNDVI are -0.49 and 0.39 respectively. Similarly,
the calculated minimum and maximum NDVI values for the 2017 map are -0.16 and -0.03
respectively. The Pearson coefficient of correlation (r) between LST against NDVI in 1990 sample
points was 0.09 and that of LST versus NDVI in 2017 data was 0.40.
Table 3: Result of correlation analysis of 1990 and 2017 of LST against NDVI and GNDVI.
IMAGE
NDVI
GNDVI
r = LST VS NDVI r= LST VS GNDVI
Landsat 1990 MIN. = -0.30
MIN. = -0.49
0.09
0.19
MAX. = 0.56
MAX. = 0.39
MEAN = 0.13 MEAN = -0.01
Landsat 2017 MIN. = -0.28
MIN. = -0.41
0.40
0.30
MAX. = 0.11
MAX. = -0.03
MEAN = -0.16 MEAN = -0.27
3.1. Discussion
Land surface temperature for the two epochs corresponds to the land use/ land cover of the area.
In 1990, the urban temperature was highest in the built-up areas with mean temperature of 27.69°C.
But in 2017 map, LST extended in area to the north and east of the city. This increase may be due
to combine temperature from solar radiation and those radiated from the man-made structures like
road, building, and those from industrial and residential areas [43]. The land surface temperature
corresponds to the city growth, that is, as the city expands the higher the temperature in these
locations. Special case study was Diobu in 1990 map with very high LST but as at 2017 the very
high LST increase towards Orogbum, Trans-amadi and Elekahia due to urbanization and industrial
activities in Trans-amadi. Trans-amadi is the industrial hub of Port Harcourt which is capable of
generating heat that will increase LST.
As one move away from the built-up areas, LST decreases from high to moderately high
temperature. As noted in the mangrove wetland, the LST was moderately high to low value. This
was due to the regulative ability of wetland to shade water in the wetland from the hot day
temperature [44] and from the anthropogenic radiation from urban areas. The very low LST
observed in the water body may be due to the ability of water body to absorb heat in the day and
release them in the night.
The difference between the mean and minimum temperature of 2017 and 1990 was computed as
1.34°C and 2.45°C. These differences are indication that LST in the study area have increase due
to climate change. Using the mean LST as base, the rate of increase of the LST was computed as
0.05°C, which implies that in every year the surface temperature increase by that value.
LST is directly related to vegetation indices. As the LST increases, NDVI and GNDVI value
decreases. For example, in 1990 at pixel location with coordinate 276570mE, 531930mN LST was
27.10°C and the NDVI -0.07 was recorded. Similarly, at location with coordinate 281220mE,
529170mN LST was 18.38°C and the NDVI value of 0.27 was recorded. The increase LST and
the corresponding decrease in NDVI and GNDVI in 1990 map produced Pearson correlation
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coefficient of 0.09 and 0.19 respectively. But in the 2017 map, the Pearson correlation coefficient
of LST against NDVI and GNDVI of 0.40 and 0.30 respectively were recorded. These values
suggest that there exist week relationship between LST and vegetation indices in the area.
However, moderately strong correlation coefficient was observed in 2017 map than that of 1990
map, this was due to continuous increase in urban temperature. Land temperature continuously
increase in response to multiple anthropogenic activities taking place in the urban area [45]. While
in the water body and vegetation none of these activities occur. The water body serves as reservoir
for LST, especially, in the day time and releases it in the night.
4. Conclusion
LST is directly link to climate change. It is never constant but fluctuates from one location to
another. LST affected both biotic and abiotic component of the ecosystem. Obtaining spatial
distribution of LST is a serious concern to researchers especially in less developed nations like
ours. This study was carried out for the purpose of estimating LST of Port Harcourt city using OLI
Landsat 8 of 2017 and TM Landsat 5 of 1990 downloaded from its website using path 188 and
row 57. The image was clipped in ArcGIS 10.1 software from the clip tool in the raster processing
tool in Arc Toolbox. The analysis was based on the converted image from DN to TOA radiance.
The study observed mean LST difference between 2017 and 1990 as 1.34°C, indicating an increase
in LST in the study area. Also mean difference of the estimated LST from images were close to
the values obtained by NIMET in 1990 and 2007. Finally, both NDVI and GNDVI produced
positive correlation coefficient with LST. However, a strong correlation was obtained between
NDVI and GNDVI in 2017 maps, this may be due to increase in LST of the area. It is therefore
recommended that temperature stations should be established at strategic locations in the city for
the purpose of observing LST and making such data available for government, researchers and
institutions. For further study, LST should be obtained from other remote sensing data on monthly
base and compare the results with the in-situ observations at various locations.
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