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Abstract- The aim of this study is to assess urban cooling island
effects of Jabi Lake Reservoir, Abuja on its surrounding
microclimate using geospatial techniques. To achieve this, the
UCI effects of Jabi Lake Reservoir on surrounding microclimate
were analyzed by applying UCI indices such as UCI scale,
temperature difference, and UC! intensity. The thermal bands
10 and 11 of Lands at 8 OLY/TIRS satellite imageries acquired
on 29th November 2017 were utilized in retrieving LST data
while high resolution (0.7 m) QuickBird imagery acquired in
2017 was used to map Jabi Lake Reservoir. Five land use
categories were [dentified and classified within the study area
which showed that bare surface covered 607.33 sq.km, water
body, 1.32 sq.km; built-up, 281.47 sq.kmn, vegetation, 453.27
sq.kmy; and rock outcrop, 114.33 sq.km. It was shown that
NDVI and buffer distances from Lake boundary exhibited a
strong negative relationshijp with correlation coefficient,
R = -0.94. Jabi Lake Reservoir recorded the lowest surface
temperature with a mean value of 24.59°C. Further results show
that surface temperatures depicted an increasing trend from
27.86°C at 50m fo peak value of 30.96°C at 500m buffer zone.
Results also depicted that the Lake had the highest effect on
areas within the 50m buffer zone with an intensity value of
0.065°C/m while localities within 100m buffer zone and beyond
showed decreasing intensities from 0.042°C/m at 100m fo
0.013°C/m at 500m buffer zone. Regression analysis resulfs
depicted that UCI intensity had a strong negative relationship
with buffer distances from the Jabi Lake boundary with
correlation coefficient, H = -0.88.The findings of this study can
be adopted and applied to analyze priority areas within the
humid and tropical cities in Nigeria for the creation, design,
management or restoration of new water spaces.
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[. INTRODUCTION

ue to wurbanization and urban-population
Dexponential growth, urban heat island (UHI)

intensities are frequently occurring in urban
centers as a result of the conversion of green areas and
water spaces to impervious surfaces. One of the most
noticed consequences of land use/land cover changes
and global warming is the UHI which is one of the
straight representations of environmental issues. The
higher urbanized area leads to added distinct UHI with
enormous temperature differences between urban and
rural areas (Chibuike et al.,, 2018). Because this
phenomenon can result in heat-related diseases and
death, there is a global effort to mitigate it which is in the
form of urban water spaces restoration and green
infrastructure expansion. Observations have shown that
temperatures of urban centers can be up to 12 °C higher
than neighboring regions (Voogt, 2002).

Urban water spaces and green areas such as
parks, in particular, can provide conducive and
comfortable environments for the citizens which at the
same time help in controlling urban temperature (Taha,
1991). Contrary to UHI, areas within the urban centers
with low surface temperatures compared with their
environs are known as urban cooling islands (UCI) (Ca
et al., 1998). The urban cooling island effect is created
mainly by evapotranspiration effects by water spaces
and green areas as well as the shading effect of urban
trees (Rosenzweig et al., 2007). Several researchers
have proved that recreational parks have subduing
effect on urban thermal temperatures called the park
cooling island (PCI) effect which serves as an effective
approach to mitigate UHI phenomenon(Spronken-Smith
and Oke, 1998; Chang et al., 2007; Zhang et al., 2009;
Cao et al., 2010; Edward et al., 2012; Armson et al.,
2012; Mackey et al., 2012; Gago et al., 2013; Chibuike et
al., 2018; Balogun and Daramola, 2018).

In UCI, water spaces such as lakes are relatively
more efficient in mitigating UHI effect than green areas
due to a higher rate of evapotranspiration. Water
spaces, therefore serve as cooling islands in urban
centers due to the temperature difference of their
surrounding environment (Sun and Chen, 2012; Gober
et al., 2010; Hathway and Sharples, 2012).The aim of
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this study is to present management and planning
information on Jabi Lake Reservoir, Abuja to mitigate
UHI, by assessing the effects on the surrounding
microclimate due to the characteristics of the Lake.

[I.  STUuDY AREA AND DATA ACQUISITION

a) The study area

The study area is Jabi Lake Reservoir and its
environs located in the FCT, Abuja, Nigeria. It lies within
latitude 9.04°N - 9.12°N and longitude 7.38 °E -
749°E.The lake covers a total surface area of
approximately 1,316 hectares. The master plan for Abuja
and the FCT was developed by International Planning
Associates (IPA) with five consortiums (Eleh, 2001).
Being centrally located, the study area is blessed with a
mix of agricultural activities and produce such as tubers
and root crops of the south (yams, cassava, maize, and
plantains) and grain (sorghum, guinea corn, and rice) of
the north. The creation of the new Federal Capital
Territory (FCT) and its capital, Abuja, represents
perhaps the most important instrument for enhancing
the overall socio-economic development of the entire
middle belt of Nigeria (Abumere, 1984).

The influence of climate variability on lake water
recharge is envisaged especially during wet seasons.
The peculiarity of Jabi Lake and its environs as a
Savannah Zone vegetation of the West African sub-
region makes it unique for change pattern analysis as a
result of urbanization and population growth. The
temperature in the study area ranges between 28°C to
as high as 39 °C in the dry season. Rainfall is highest in
August (WMO, 2016). According to Koppen's climate
classification, the city exhibits rainy/wet and dry/hot
climate respectively. There is the presence of short
harmattan season characterized dry and dusty
northeasterly trade winds which blow from the Sahara
Desert over West Africa with the resultant cold and dry
weather conditions especially around November to early
March. The rainfall pattern in the city is affected by its
location at the windward side of Jos and located at the
zone of convergence receiving frequent rainfall during
the monsoon season (Touristlink, 2013).

© 2019 Global Journals
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Fig. 1: Map of the Study Area Showing Jabi Lake Reservoir and its Environs
b) Data which are the thermal bands of Landsat 8 OLI/TIRS
Cloud-free  Landsat 8 OLI/TIRS satellite mainly used for thermal studies (Rida et al., 2016) were

imageries for 29th November 2017 of Path 189 and Row
054 with less than 10% cloud cover was downloaded
from the United States Geological Survey (USGS) Earth
Explorer data website (http://earthexplorer.usgs.gov)
and this was used to classify the study area and its
environs into different landuse categories namely water
body, vegetation, rock outcrop, built-up and bare
surface using the Maximum Likelihood Classification
algorithm in ArcGIS 10.4.1 software. Bands 10 and 11

used to retrieve the land surface temperatures (LST) of
the Lake and its environs while bands 5 and 4 were
utilized in estimating the Normalized Difference
Vegetation Index (NDVI) for the area. The importance of
Landsat data in environmental studies, monitoring, and
climate issues cannot be over-emphasized (Alavipanah
et al., 2010; Mfondoum et al., 2016; Narayan et al.,
2016).
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Table 1: Band properties of Lands at 8 OLI/TIRS

Band Name Band Width (um) Resolution (m)
Band 1 Coastal 0.43-0.45 30
Band 2 Blue 0.45-0.51 30
Band 3 Green 0.53-0.59 30
Band 4 Red 0.64-0.67 30
Band 5 (NIR) 0.85-0.88 30
Band 6 SWIR 1 1.57-1.65 30
Band 7 SWIR 2 2.11-2.29 30
Band 8 Panchromatic 0.5-0.68 15
Band 9 Cirrus 1.36-1.38 30
Band 10 TIRS 1 10.6-11.19 100
Band 11 TIRS 2 11.5-12.51 100

Source: Landsat 8 User Handbook Manual, (2016)

[II.  METHODOLOGY

a) Generation of Normalized Differences Vegetation
Index (NDVI) Map

The Normalized Difference Vegetation Index
(NDVI) is a measure of the amount and vigor of
vegetation at the surface. The reason NDVI is related to
vegetation is that healthy vegetation reflects very well in
the near infrared part of the Electromagnetic Spectrum.
The index is defined by the equation below for Lands at
8 OLI/TIRS,

NDVI = Band 5—Band 4 (1)
Band 5+Band 4

Where band 5 and band 4 are the reflectance
bands in the near-infrared and red portion of the
Electromagnetic Spectrum of Operation Land Imager
(OLl) sensor of Lands at 8 respectively. The value is
normalized to -1<NDVI<1 to partially account for
differences in illumination and surface slope. Negative
values correspond to water, values close to zero, but
positive values correspond to soils and further, from 0.2
to 0.6 indicate the presence of surfaces vegetated with
maximum values around 0.8 for very dense vegetation.

b) Land Surface Temperature (LST) Retrieval

Land surface temperature is defined as the
radiative temperature of the land surface (Ghent et al.,
2010). It is influenced by albedo, soil moisture and
vegetation  cover  (http://land.copernicus.eu/global
/products/Ist). The surface can include ice, snow, bare
soil, grass, or the roofs of buildings. Usually, LST is
measured by remote sensing. LST using Lands at 8
OLI/TIRS can be calculated using the following steps:
Step 1: The Digital Numbers (DNs) of bands 10 and 11
from the Lands at 8 OLI/TIRS were first converted to
spectral radiance using:

Lands at 8 with header file data on Radiance
Multiplier (M) and Radiance Add (A), the thermal
infrared (TIR) band was converted into spectral radiance
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(Ly) using the approach provided by Chander and
Markhan (2003) and the Lands at 80LI science Data
Users Handbook:

Ly = M, X Qcal) + A, 2

Where L, = Top of Atmosphere (TOA) spectral

radiance (Wm=2srum™), M, = Band-specific
multiplicative rescaling factor from the metadata
(RADIANCE_MULT BAND x, where x is the band

number), A; = Band-specific additive rescaling factor
from the metadata (RADIANCE_ADD_ BAND_ x, where x
is the band number), and Q,y = Quantized and
calibrated standard product pixel values (DN).

Step 2: The effective at-sensor brightness temperature
(Tg) also known as black body temperature was
obtained from the spectral radiance using Plank’s
inverse function:

Spectral radiance values for bands10 and 11
were converted to radiant surface temperature under an
assumption of uniform emissivity using pre-launch
calibration constants for the Lands at 8 OLI/TIRS sensor
implemented into the following equation:

K2
K1
IH(H_H)

Where Ty = radiant surface temperature (in
Degree Celsius), L, = Top of Atmosphere (TOA) spectral
radiance (Wm?2sr'um™), K1 =Band-specific thermal
conversion constant from the metadata
(K1_CONSTANT BAND_x, where x is the thermal band
number), K2 = Band-specific thermal conversion
constant from the metadata (K2_CONSTANT BAND x,
where x is the thermal band number).All pre-launch
calibration constants used in the equation above were
supplied by the Lands at Project Science Office (2001).

Ts = —273.15 (3)



Table 2: Lands at 8 OLI/TIRS Calibration Constants

Data K1 (Wm2sr'pm™) K2 (Wm2sr'pm™)

Landsat 8 OLI TIRS-1 774.89 1321.08

Landsat 8 OLI TIRS-2 480.89 1201.14
Step 3: Land surface Emissivity Estimation: 350m, 400m, 450m, and 500m). The average
According to Sobrino et al., (2004), the temperature of each buffer zone was estimated, and the
emissivity is calculated using equation 4: buffer zone with the peak mean temperature is selected
as the UCI scale. Regression analysis was employed to
€=0.004 x Py, +0.986 (4)  determine the correlation between UCI intensity and a

Where Py is the vegetation proportion obtained using;

NDVI =NDVI i ]2
NDVI max —NDVI i

R = (5)

Where NDVI,,,, = maximum value of NDVI and
NDVI,,;, = minimum value of NDVI.

Step 4: The calculated radiant surface temperatures
were successively corrected for emissivity using the
equation:

Tp

LST = 1+(AxTg/p)XxIne (6)

Where LST is land surface temperature (in
Degree Celsius), Tg is radiant surface temperature (in
Degree Celsius), A is the wavelength of emitted radiance
(10.8um for band 10 and 12um for band 11
respectively), p is hxc/o (1.438x1072mK), h is Planck’s
constant (6.26x10°%%J s), ¢ is the velocity of light
(2.998x10® m/sec), o is Stefan Boltzmann's constant
(1.38x10%J K™, and ¢ is land surface emissivity.

c) Determination of Urban Cooling Island (UCI) Indices
and its Relationship with Distance from Lake
Boundary

i. Definition of Jabi Lake Reservoir in this study

Jabi Lake Reservoir is defined as natural
spaces that have significant accumulation of water
which serves as an area for storing water surrounded by
different land use types such as built-up. The Lake's
shape file was extracted and digitized from high-
resolution QuickBird Imagery of 2017.

ii. UCI Indices

UCI indices in this study are defined according
to Sun et al., (2012). The indices include UCI scale,
temperature difference, and UCI intensity. UCI scale is
defined as the distance from the boundary of water
spaces to a buffer zone which has the maximum
temperature. The temperature difference is the
difference between the temperature of water spaces and
the mean temperature on the UCI scale. UCI intensity is
the water temperature difference per unit distance
(equation 7). Increase in UCI gradient implies rising
temperature at buffer zones further away from the water
boundary. To identify UCI indices, ten (10) buffer zones
around the Jabi Lake Reservoir were created at 50m
intervals (i.e., 50m, 100m, 150m, 200m, 250m, 300m,

buffer distance.

Thuffer zone _T]abi Lake Reservoir ( )
distance of buffer zone from Jabi Lake Boundary

UCI Intensity =

Where Tyuerer zone = the surface temperature at buffer
zone and Tygp; Lake Reservoir = the surface temperature at
Jabi Lake Reservaorr.

IV.  RESULTS AND DISCUSSION

a) Landuse/Landcover Dynamics in the Study Area

Fig. 2 depicts the landuse/landcover categories
at Jabi Lake Reservoir and its environs for 2017. Five
land use classes were identified and classified within the
study area which includes water body, vegetation, rock
outcrop, built-up and bare surface. It was shown that in
the year 2017 in the area, bare surface covered the
highest area with 607.33 sg.km while Jabi Lake
Reservoir and other open water spaces cover
approximately 1.32 sg.km. The built-up had an area
coverage of 281.47 sqg.km, with the rock outcrop
covering 114.33 sqg.km respectively.
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Fig. 2: Landuse/Landcover categories at Jabi Lake Reservoir and its environs for year 2017

b) Relationship between Normalized Vegetation Index
(NDVI) and Buffer Distance from Jabi Lake Boundary

Fig. 3 depicts the NDVI distribution at Jabi Lake
Reservoir and its environs. It was observed that the
highest NDVI value is 0.45 while the lowest value is —
0.11. The built-up areas and Jabi Lake Reservoir
exhibited negative to near-zero NDVI values respectively
while vegetation had NDVI values greater than or equal

to 0.30. Fig. 5 shows that there exists a strong negative
relationship between NDVI and buffer distances from the
Lake boundary with correlation coefficient, R = -0.94.
This showed that away from the Lake boundary, there is
a rapid conversion of vegetal cover to non-vegetated
surfaces such as the built-up and bare surfaces which is
attributed to urbanization taking place in the area.
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Fig. 3: NDVI distribution at Jabi Lake Reservoir and its environs

© 2019 Global Journals



0.25

0.2 S
--..---‘--__‘___ ———
S 0.15 I, .- .----.--—-.---_.
a) /)
Z 01 7
0.05 /’
S,
0 é
Jabi Lake 50 100 150 200 250 300 350 400 450 500
Reservoir
Buffer Zones in 50 m intervals
Fig. 4: Normalized Difference Vegetation Index distribution at various buffer distances
0.25
0.2 . ........ ®........_..
. ...... ' ......... ' ......... . ........ '. ’
S e D . R AASMILLLY TSI SR 8........
S 015 o
[a)
Zz 01 -
NDVI = -0.0001(Buffer Distance) + 0.2065
0.05 R?=0.8893
0
0 100 200 300 400 500 600

Buffer Distance (m)

Fig. 5: Correlation between NDVI and buffer distances from the Lake boundary

c) Surface Temperature Distribution Across Various
Buffer Distances from Jabi Lake Boundary

Fig. 7 shows the surface temperature
distribution at Jabi Lake Reservoir and its environs
across various buffer zones from the outer boundaries
of the Lake. It was shown that Jabi Lake Reservoir
recorded the lowest surface temperature with a mean
value of 24.59°C. However, it was depicted that surface
temperatures exhibited an increasing trend from 27.86°C
at 50 m to peak mean value of 30.96°C at 500 m buffer
zZones respectively.
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d) Urban Cooling Effect Intensityand lts Correlation with
buffer range at Jabi Lake Reservoir, Abuja

Fig. 8 shows the UCI intensity distribution at
various buffer distances. The UCI intensity values depict
the impact of Jabi Lake Reservoir on its surrounding
environs which were sectioned into different buffer
zones from the Lake boundary (50m, 100m, 150m,
200m, 250m, 300m, 350m, 400m, 450m, and 500m). It
was shown that the Lake had the highest effect on areas
within the 50m buffer zone with an intensity value of
0.065°C/m. There were noticeable decreasing effects on
areas within 100mbuffer zone (0.042°C/m), with the least
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effect on the 500m buffer
(0.013°C/m).

Fig. 9 shows the relationship between UCI
intensity and buffer range at Jabi Lake Reservoir, Abuja.
Regression analysis results depicted that UCI intensity
had a strong negative relationship with buffer distances
from the Jabi Lake boundary with correlation coefficient,
R = -0.88 which implies that locations very close to Jabi
Lake felt more cooling effect than areas further apart

from the lake boundary.
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Table 3. Descriptive Statistics of UCI Indices

UCI Scale (m) LST(°C) Temperature Difference (°C) UCI Intensity (°C/m)
Max. 500 30.96 6.37 0.065
Min. 50 27.86 3.27 0.013
Avg. 275 4.84 0.024
SD 151.38 1.86 0.017

V. (CONCLUSIONS

This study has proved that urban cooling
intensity of Jabi Lake has a direct effect on its
surrounding developed built-up microclimate. The
results obtained from this study show that urban water
spaces are capable of reducing the high surface
temperature of the surrounding built-up areas. The
management and sustenance of urban water spaces
are very critical in mitigating UHI in urban cities.
Understanding the correlation between UCI intensity and
buffer zones from the Jabi Lake boundary is very crucial
for urban planners, environmental decision makers and

Government Authorities to design and maintain water
spaces within cities and its environs to mitigate UHI
effects especially in a hot and humid tropical cities in
Nigeria. The findings from this study have proved that
urban water spaces such as Jabi Lake Reservoir can
create UCI effects on Abuja microclimate. Moreover,
other methods of data acquisition such as the use of
ground-based air temperature sensors may be adopted
for air temperature measurements to obtain more
quantitative results which will serve as a yardstick to
validating LSTs retrieved from Lands at 8 OLI/TIRS
satellite imageries. Lastly, wind speed and wind
direction prevalent within the study area may likely

© 2019 Global Journals

Global Journal of Science Frontier Research (A) Volume XIX Issue II Version I E Year 2019



Volume XIX Issue II Version I

(A)

Research

Frontier

Global Journal of Science

influence the cooling effect, and this should be the focus
of future research.
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