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ABSTRACT

This study investigates the thermal spatial expanse of green space and its cooling influence on
the surrounding Land Surface Temperature (LST) of a densely urbanized area in Calabar
Municipality, Nigeria using the Operational Land Imager (OLI) and Thermal Infrared Sensor
(TIRS) of Landsat 8 satellite remotely sensed data. Image pre-processing and analyses were
implemented using the Environment for Visualizing Images (ENVI) and the Aeronautical
Reconnaissance Coverage Geographic Information System (ArcGIS) application software
respectively. Further statistical analysis using the Statistical Package for Social Sciences
(SPSS) was performed. In addition, the Split Window temperature algorithm was applied to
retrieve the LST. It was observed that Urban Green Space has a positive impact on the ambient
environment. Statistical analysis reveals that there is a strong positive correlation between
distance from the green space outer boundary and surrounding temperature, with a value of
0.935 at < 0.1 significance. This implies that as the distance increases from the green space
outer boundary, the temperature difference increases progressively.

Keywords: Satellite Remote Sensing, Geographic Information System, Land Surface
Temperature, Urban Heat Islands, Split Window Temperature Algorithm.

1.0 INTRODUCTION

Globally, the quest for urbanization has been the prime driver of the transformation of
vegetated expanses into impervious surfaces (Qihao, 2012). This anthropogenic activity,
although beneficial to man, introduces an environmental phenomenon termed Urban Heat
Islands (UHI) effects (Oke, 1982; Nnah, et al., 2021). UHI occurs when surface temperature
and air are hotter compared to their rural surroundings (Gartland, 2008). In addition, UHI
develops due to the radiative, thermal, and moisture properties of urban constructs such as
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rooftops and roads that make it possible to take in heat at the surface (Oke, et al., 2017). In
cities, research shows that land surface temperatures and air temperatures have the same pattern
of expressions (Long & Yong, 2019). The associated UHI heatwave effect could pose bizarre
heat stress on urban organisms (Sharon, et al., 2006) and trigger significant heat-related health
risks for the residents (Jianquan, et al., 2020). Additionally, there is a negative correlative
relationship between vegetation and land surface temperature: this implies that, as the
vegetation cover of the land surface increases, the land surface temperature decreases
(Oloyede, et al., 2021).

Studies show that vegetation or urban green space (UGS) has been widely used to mitigate the
UHI effect due to its cooling counter effect via evapotranspiration and shading (Ranhao &
Liding, 2017). Research suggests that the UHI phenomenon is broadly the result of less
evapotranspiration—that is when water evaporates from plants or soil into the atmosphere,
cooling the air, compared with their surrounding environments. However, other influencers
such as the density of the city, the types of building materials and the urban designs
incorporated can also play a role (Harvey, 2019). Further, heat exchange and air movement
permit green spaces to cool their surroundings (Gémez-Baggethun & Barton, 2013). Global
average data predicts that UHI warming will probably be equivalent to about half the warming
caused by climate change by the year 2050. Therefore, cities that experience 2 degrees of
warming from climate change, would incur an extra degree of warming (Mukul Tewari, 2019).
In addition, an upsurge in UHI effects disturbs water-stressed areas as occupants request more
water to address outdoor needs (Gober, et al., 2012).

Different degrees (1-7°C) of cooling effects by UGS were reported by various studies using
ground truth temperature measurements (Oliveira, et al., 2011; Shashua-Bar, et al., 2009). This
ground-based retrieval of temperature data could limit the size of the study area and also
increase the design cost (Feyisa, et al., 2014). However, earth observation satellite-based
remote sensors data provide high-resolution imagery that covers a huge expanse of land thereby
reducing the time and cost of manual temperature retrieval. Also, satellite imagery provides a
holistic view of the study area and ensures proper identification of suitable UGS and further
analysis.

In this research, we assessed the cooling spatial expanse of urban green space vis-a-vis land
surface temperature (LST) in Calabar Municipality, Cross River State, Nigeria. Using 2021
Landsat 8-Operational Land Imager & Thermal Infrared Sensor (OLI & TIRS) satellite data,
maps were produced that identified suitable urban green space and its spatial cooling extent.
LST and vegetation data were used to assess the green space cooling effects. Although weather
data from the National Aeronautics and Space Administration (NASA) repository is readily
available, research shows that they are not precise (Oloyede, et al., 2022) therefore; ground
truth data from the Nigerian Meteorological Agency (NiMet), Calabar Airport station was used
in the Split Window temperature retrieval algorithm. Section 2 of this work gives details of the
study area considered, while section 3 is the methodology employed. Results and discussion of
the results obtained are presented in section 4, accordingly, the conclusion and
recommendation are contained in section 5.

2.0 STUDY AREA
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The study area includes the area within the boundary of Calabar Municipality, a local
government area located in the Southern Senatorial district of Cross River State, Nigeria. It is
in the tropical rainforest belt of Nigeria, between latitude 4° 55' 22.16"N and 5° 5' 1.03"N,
longitude 8° 15' 5.03"E and 8° 23' 31.82"E. It has a land coverage area of 158.87 sq.km. This
cosmopolitan city is selected due to rapid urbanization and the presence of urban green spaces,
which are requirements for this analysis. It is important to note also that the study area houses
the Nigerian Meteorological Agency (NiMet) and Calabar Airport, which was where ground
truth meteorological data was obtained. Under Kdppen's climate classification, Calabar
features a tropical monsoon climate, with average high air temperatures ranging from 25°C to
28°C. Figure 1 depicts the map of the study area, Calabar Municipality, Cross River State, and
Nigeria at large.
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Figure 1: Map Showing Location of the Study Area
3.0 METHODOLOGY

Methods employed for this study are grouped into four stages: 1) Generation of land use/land
cover map, 2) Generation of urban green space map, 3) Generation of land surface temperature
map, 4) Determination of green space cooling effect distribution.

Remote Sensing Imagery used for this study is the Landsat 8 Operational Land Imager (OLI)
and Thermal Infrared (TIRS) sensor data dated 18th February 2021, retrieved from the United
State Geological Survey (USGS) repository. Image pre-processing and analyses were
implemented using the Environment for Visualizing Images (ENVI) and the Aeronautical
Reconnaissance Coverage Geographic Information System (ArcGIS) respectively. Further
statistical analyses were done using the Statistical Package for Social Sciences (SPSS).

3.1 Generation of Land Use/Land Cover (LULC) Map

ENVI Support Vector Machine algorithm for supervised classification (Arun, et al., 2012;
Mahmoud, 2017) was used to generate the land use/land cover map of Calabar Municipality.

www.ijrehc.com Copyright © IJREHC 2023, All right reserved Page 296



http://www.ijrehc.com/

International Journal of Research in Education Humanities and Commerce
Volume 04, Issue 03 "May - June 2023"
ISSN 2583-0333

Each pixel was classified into one of four land use/land cover categories — vegetation, built-up,
water bodies, and bare land as shown in Figure 2.

8°15|'0"E 8°18|'0"E 8°21"0"E 8°24.'0"E
Calabar }N\
£ £
o Lo
o s
2] 0
Legend
- Water Bodies
- Vegetation
z Z
o] - Baredland | ©
o o
o B suit-up o
£ re
2 o
~ - -~
n wn
< <
0051 2 3 Miles
S
) J |} 1
8°15'0"E 8°18'0"E 8°21'0"E 8°24'0"E

Figure 2: Land Use/Land Cover Map of the Calabar Municipality
3.2 Retrieval of Land Surface Temperature (LST)

The Split-Window Algorithm (SWA) by Tasya et al. (2018) was used to retrieve the LST of
the study area. The SWA uses the difference in the atmospheric absorbance of two adjacent
long wave infra-red bands to accurately retrieve the LST (Jiménez-Mufioz, et al., 2014).
Utilization of two separate thermal bands has been demonstrated to minimize error in the
retrieval of LST (Caselles, et al., 1998). TIRS measures the land surface temperature at 2100m
resolution using Band 10 and 11 located in the atmospheric window between 10 - 12um (Irons,
et al., 2012). The crux of the technique is that the radiance offset for atmospheric absorption is
proportional to the radiance difference of simultaneous measurements at two different
wavelengths, each of them being subject to different amounts of atmospheric absorption
(Sobrino, et al., 2008). The LST was retrieved using the mathematical equation presented in
Equation 1 (Jiménez-Mufioz, et al., 2014), proposed by Sobrino et al. (1996).

LST=TB10+C1 (TB10-TB11) +C2 (TB10-TB11)2+C0 (C3+C4W) (1- &) + (C5+C6W) Ae
(Equation 1)

Where;
LST is Land Surface Temperature (K),

CO0 to C6 are Split-Window Coefficient values, as shown in Table 1,
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TB10 and TB11 are the brightness temperatures of band 10 and band 11 (K),
¢ 1s the mean LSE of TIR bands,

W is the atmospheric water vapor content,

Ag is the difference in LSE

An important parameter in the SWA algorithm is the atmospheric water vapor content (W) of
the study area, which can be calculated using air humidity and air temperature from a weather
station. The input data used was obtained from the NiMet Calabar Airport Station (Lat. 04°58°,
Long. 08°21”) (NiMet, 2022). The meteorological data obtained from NiMet is such that, it has
corresponding spatio-temporal resolution with that of the satellite imagery used. Thus, W in
the atmosphere column up to satellite altitude can be estimated as presented in Equation 2 (Fei,
etal., 2015):

_ w©) .
= ) (Equation 2)

Where;

W is the water vapor content (g/cm-2) in the atmospheric column up to the sensor,
w (0) is the water vapor content (g/cm-2) at the ground of the atmosphere,

R_w (0) is the ratio of water vapor content at the first layer to the total,

Tropical atmosphere has a water vapor ratio R_w (0) = 0.6834 (Qin, et al., 2001)

The water vapor content at the ground level is computed as shown in Equation 3.

H XEXA
1000

w(0) = (Equation 3)

Where;

H is Air Humidity (%),

E is the saturation mix ratio (g/kg) of water vapor and air for a specific air temperature,
A is the Air Density (kg/m3) at the specific temperature

Table 1 shows the Split-Window coefficient values.

Table 1: SW Coefficient Values

Constant Value
Co -0.268
C1 1.378
C2 0.183
C3 54.300

www.ijrehc.com Copyright © IJREHC 2023, All right reserved Page 298



http://www.ijrehc.com/

International Journal of Research in Education Humanities and Commerce
Volume 04, Issue 03 "May - June 2023"
ISSN 2583-0333

C4 -2.238
C5 -129.200
C6 16.400

3.2.1 Brightness Temperature (TB)

The brightness temperature for both TIRs bands was calculated using the formula presented in
Equation 4 (Ogunode & Akombelwa, 2017).

TB = K2/In(K1/ LA+1) (Equation 4)
Where;

K1 and K2 are thermal conversion constant that varies for the TIR Band 10 and Band 11, as
shown in Table 2,

LA is the Top of Atmospheric spectral radiance
Table 2 shows the K1 and K2 thermal constants.

Table 2: K1 and K2 Values

Thermal Constant Band 10 Band 11
K1 774.8853 480.8883
K2 1321.0789 1201.1442

3.2.2 Top of Atmospheric Spectral Radiance (TOA)

The value of Top of Atmospheric (TOA) spectral radiance (LA) was determined using the
mathematical expression presented in Equation 5 (Fei, et al., 2015).

LA =ML* Qcal + AL (Equation 5)
Where;
LA 1s TOA spectral radiance
ML is Radiance multiplicative Band
AL is Radiance Add Band
Qcal is quantized and calibrated standard product pixel values (DN)
The metadata of the satellite imagery is presented in Table 3.

Table 3: Rescaling Factor

Rescaling factor Band 10 Band 11
ML 0.0003342 0.0003342
AL 0.1 0.1
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3.2.3 Land Surface Emissivity (LSE)

Computation of Land Surface Emissivity (LSE) is requisite to estimate Land Surface
Temperature. LSE is the average emissivity of an element of the surface of the Earth (Ugur &
Gordana, 2016) calculated from the Normalized Difference Vegetation Index (NDVI). LSE is
largely dependent on the surface roughness, and the nature of vegetation cover (Javed, et al.,
2008). LSE was estimated using the NDV1 threshold method, as shown in Equation 6 (Jiménez-
Mufioz, et al., 2014).

LSE=¢es * (1-FVC) + (ev * FVC) (Equation 6)
Where;
FVC is Fractional Vegetation Cover,

es And ev are the Soil and Vegetation Emissivity constants for the TIR Band 10 and Band 11
respectively, as shown in Table 4.

Table 4 shows the emissivity constants of Band 10 and Band 11.

Table 4: Emissivity Constants

Emissivity Band 10 Band 11
&s 0.971 0.977
&v 0.987 0.989

To calculate Fractional Vegetation Cover, we have to calculate the Normalized Difference
Vegetation Index. Equation 7 is used to compute the Fractional Vegetation Cover (Qingin, et
al., 2014).

FVC= [ ((NDVI-NDVImin)/ (NDVImax-NDVImin)) ] 22 (7)
Where;
NDVI is the Normalized Difference Vegetation Index,
NDVImin is the Minimum Normalized Difference Vegetation Index,
NDVImax is the Maximum Normalized Difference Vegetation Index
3.2.4 Normalized Differences Vegetation Index (NDVI)

This indicator serves as a gauge for lush, healthy vegetation. NDVI is computed on per-pixel
basis as the normalized difference between the near-infrared band (NIR) and red band (RED)
of the images using the formula, as shown in Equation 8 (Zaitunah, et al., 2018).

NDVI= (NIR-RED)/ (NIR+RED) (Equation 8)

Where;
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NIR is a pixel's near-infrared band value,
RED is the same pixel's red band value

Estimating NDVI is essential since the amount of vegetation present is a factor for LST
retrieval (Weng, et al., 2014).

3.2.5 Mean and Difference LSE

Haven generated the LSE for both bands of the TIR, the mean and difference LSE of both
bands combined was calculated using Equation 9 (Shaohua, et al., 2009) and Equation 10
(Skokovic, et al., 2014).

¢ = (LSE10+LSE11)/ 2 (Equation 9)
Where;
LSE10 is Band 10 Land Surface Emissivity
LSE11 is Band 10 Land Surface Emissivity

Ae=LSE10-LSE11 (Equation 10)
Where;
¢ isthe Mean LSE
A ¢ isthe LSE difference

Finally, the LST in kelvin was determined using SW algorithm and further converted to degree
Celsius. Figure 3 depicts the flowchart of LST retrieval.
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Figure 3: Flowchart for LST Retrieval
3.2.6 Green Space Cooling Spatial Extent

Park Cooling Intensity (PCI) method is used to explore the impact of green space cooling effect
on the surrounding environment. PCI calculates the temperature difference between the inside
and outside of the park. It could be air temperature or land surface temperature. In this study,
the PCI was defined as the mean LST difference (Xin, et al., 2010) as shown in Equation 11.

PCI=Tu-Tp (Equation 11)
Where;
Tu is the mean LST of urban area,
Tp is the mean LST inside the park

To calculate the cooling effect of the green space, we create a series of 30m concentric buffer
rings up to 300m originating from the boundary of the green space. Next, calculate the mean
LST within each buffer ring and analyse the urban green space cooling effects. Figure 4 shows
the selected green space and surrounding area, while Figure 5 shows the LST layer over the
green space overlay with the multiple ring buffers. Table 5 is a chart of PCI calculation.

4.0 RESULTS AND DISCUSSION

The 30m buffer interval is considered as suitable distance as it is the size of the pixel of the
LST layer, which is 30m. The effective cooling spatial extent of the green space is computed.
Green space cooling extent is correlated with the buffer distance to determine the relationship
between these two attributes.
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Figure 4: (a) Urban Green Space (b) Google Earth Aerial View of the Suitable Green
Space and Surrounding Area with 30m Concentric Multiple Buffer Rings
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Figure 5: Multiple Buffer Rings Overlay onto LST Layer to Calculate the Green Space
Cooling Intensity

Table 5: PCI Chart
Tu (°C) Tp (°C) PCI (°C) Distance From Green

Space Boundary (m)

32.75 1.43 30

33.32 2 60

33.93 2.61 90

34.47 3.15 120
34.78 31.32 3.46 150
34.97 3.65 180
35 3.68 210
35.16 3.84 240
35.3 3.98 270
35.43 411 300

The study area, which is Calabar Municipality, Cross River State, Nigeria is shown in Figure
1. Satellite imagery (LandSat 8 data of 2021-02-18; Path/Row: 188/56) was downloaded from
USGS website and used for this study. The features of the study area chosen includes vegetation
cover, water body, built-up area and bare land as shown in Figure 2. After image pre-
processing, supervised classification, NDVI and LST analysis were carried out and maps were
composed and presented. Figure 5 shows the LST over the study area. Green space located in
a densely populated area was mask out of the NDV1 as depicted in Figure 4a. The green space
has an area of 4.68Ha. The mean temperature within the urban green space boundary is
31.32°C.

4.1 Retrieval of LST Values of green space and surroundings
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The LST layer is converted to point values (each raster pixel is represented with a point that
averages the raster value). Multiple buffer rings of an interval of 30m distance were generated
around the outer boundary of the green space and selection by location was carried out to
retrieve the LST point’s values within each buffer zone and the mean value of each zone was
obtained. Further statistical analysis shows that there is a strong positive correlation value of
0.935 at < 0.1 significance between distance from the green space outer boundary and
surrounding temperature, as presented in Figure 6. This implies that as the distance increase
from the green space outer boundary, the temperature difference increases progressively.
Therefore, the cooling intensity of the green space decreases with increasing distance from its
boundary and eventually equilibrate with the surrounding, although with temperature spikes in
some areas. This is presented in Figure 7.

Park Cooling
Distance(m) Intensity

Distance(m) Pearson Correlation 1 CER

Sig. (2-tailed) 000

M 10 10
Park Cooling Intensity  Pearson Correlation 935 1

Sig. (2-tailed) 000

il 10 10

** Correlation is significant atthe 0.01 level (2-tailed).

Figure 6: Screenshot of Correlation between PCI and Distance
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Figure 7: PCI vs Distance
5.0 CONCLUSION AND RECOMMENDATION

It is postulated that urban heat island heatwave poses bizarre heat stress on organisms and by
extension triggers significant heat-related health hazards for the residents and the environment.
This study has shown that vegetation has an impact on the land surface temperature of the
environment, especially urban green spaces, which have a positive impact on the ambient
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environment. Urban green spaces should be the new normal in our environs, as their presence
will ease the impact of increased land surface temperature in non-vegetated (built-up) urban
areas and this will trickle down to improve public health well-being. Further ground truth
assessment is required to validate the results acquired from satellite imagery.
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