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This study assessed slum growth and its impact on climatic elements in Kuje urban area of Nigeria. Multi-criteria and
quantitative research design were adopted in this study. This study adopted the supervised classification method that
uses the spectral signatures obtained from training samples to classify an image. With the aid of ground truth, a
signature file was created by training samples cells, which was used for the multivariate classification tools to classify
the image. The climatic data were subjected to time series analysis, coefficient of determination (R?) was carried out
from the trend line equations. One-Way Analysis of Variance (ANOVA) Test was used to test variation of climatic
elements from the land use/land cover in Kuje urban slum over study period. Between 2012-2022 agricultural land
use, bare surfaces and vegetal land cover were loss to urban slums. Bare surface and built up area had the highest
temperature values compared to that from vegetal cover and agricultural land uses. Relative humidity is higher on
vegetal covered areas and agricultural land used areas and slum growth negatively affects relative humidity in the
Kuje slum area. There is less difference in the mean values of surface soil moisture over the land use/land cover but
the soil moisture is higher in vegetated area and agricultural land use area but lower at built up slum areas and bare
surfaces with a significance rise over study period of 2002 to 2022. ANOVA result shows that earth's surface
temperature is not significantly different across the four land uses. It was recommended that slum need to be
incorporated into Kuje urban area planning through gentrification of buildings since demolition is not an option due
to large concentration of indigenous people within the slum.
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Introduction Territory of Nigeria 40 years ago which led to the
A slum is usually a highly populated urban residential development of the city, is now having emerging slum
area consisting mostly of closely packed, decrepit problem. Most of the slums are not far away from the
housing units in a situation of deteriorated or incomplete city centres with a substantial number of people
infrastructure, inhabited primarily by impoverished residing. As a result of housing deficit in the Nigeria
persons (UN-Habitat, 2013). UNPD-DESA (2011) capital city, many people live in slums but work in the
observed that the absolute number of people living in Abuja city.

slums or informal settlements grew to over 1 billion, Largely local climate is determined by location and
with 80% attributed to three regions; Eastern and South- exposure of the area and surface conditions such as heat
Eastern Asia (370 million), Sub-Saharan Africa (238 capacity, moisture content, vegetation cover, albedo and
million) and Central and Southern Asia (227 million). In roughness of the ground surface (Babatola, 2013;
the sub-Saharan Africa’s projection, it was estimated Huimin et al., 2021). A major cooling factor in a natural
that in the next thirty years, the global number of slum environment is the evapo-transpiration process, which
dwellers would have increased to about two billion. In occurs in areas with vegetation and access to water and
the developing, informal or slum settlements are acts cooling due to the energy consumed in the process.
absorbing an increasing number of the expanding urban Reduction of natural vegetation in an area lessen the
population and are home to the vast majority of the possibilities for the evapo-transpiration process and
urban poor (World Bank, 2019). In some cities in thereby possibly reduces the natural cooling effect
developing countries, slums are so pervasive that it is the where vegetation is scarce (Babatola, 2013). Due to
rich who segregate themselves behind small gated paved surfaces and growing structures urban slum areas
enclaves. In the developing countries the number of have a much faster run-off of excessive water, which
slum dwellers was estimated to be 1.43 billion by 2020 may further reduce the natural cooling due to the shorter
(Middel et al., 2022). Slum formation in Nigeria and in time the water is available for evaporation (Huimin, et
Africa is on the increase as the world rapidly urbanizes al., 2021).

(Adewale, 2019). Over the years, the link between urban sprawl and
The urbanisation rate in Nigeria is 5.5%, almost twice climate change has gained global attention in recent
the population growth rate of the country (Adewale, decades due to high rise in urban population (Saghir &
2019) and this comes with the growth of slums. The Santoro, 2018; Feng & Gauthier, 2021). Urban slum
development out of Abuja as the Federal Capital growth leads to distortion in surface temperature, wind

10


mailto:sunday.ishaya@uniabuja.edu.ng
https://dx.doi.org/10.4314/etsj.v15i2.2
https://en.wikipedia.org/wiki/Urban_area
https://en.wikipedia.org/wiki/Residential_area
https://en.wikipedia.org/wiki/Residential_area

speed, humidity, rainfall and surface soil moisture.
Urban thermal environment dynamics were associated
with land use and land cover (LULC) changes as well as
seasonal variations (Xuegin et al., 2022). Urban slums
are particularly more vulnerable to changing climatic
elements due to their high poverty level (IPCC, 2022).
Remote sensing provides various data for investigating
urban structures, land cover, and biophysical
characteristics (Middel et al., 2022). These urban
characteristics are extremely important in understanding
the urban thermal environment, especially the
relationships between LULC and vegetation indices
(Xueqin et al., 2022). Existing remote sensing-based
data enable the investigation of temporal and spatial
patterns, as well as thermal characteristics, although
observations in specific areas can remain challenging.

In recent years, studies on urban land use/land covers
changes abound but studies that characterize and
assesses climatic variables under different land use/land
cover are lacking except LST studies. Studies with
geospatial techniques in assessing urban expansion,
sprawls and slums in Nigeria include the studies of
Ishaya et al. (2008), Opeyemi et al. (2015), Akpu et al.
(2017), Williams and Innocent (2017), Mbaya et al.
(2019), Wizor et al. (2020) and other studies evaluate
slums development and their effects on inhabitant’s
environment and living conditions (Ayeni et al., 2019).
Adepoju et. al. (2013) attempted mapping and
monitoring of slum development in Abuja using
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Figure 1: Area Councils in the FCT

At the fringes of the town, the suitability of the soil for
agriculture influenced the major economic activity in the
study area which is farming. The major ethnic groups
are the Gbagyi and Gwandara who are mostly farmers
engaged in farming of yams, cassava, cocoyam, sweet
potatoes, groundnuts, rice, maize, guinea corn, rice,
melon. Cat fish farming, cattle are reared by the nomadic
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remotely sensed imageries and geographical
information system but the temporal scope was between
2005 to 2012 in the FCT. Other researchers (Babatola,
2013; Yitong et al., 2015; Chapman et al., 2017; Huimin
etal., 2021; Kwasi et al., 2022; Xueqin et al., 2022; Bei
etal., 2019; Xiaolin et al., 2022) applied remote sensing
and GIS first in classifying land use/land cover and
subsequently assessed climatic variables under the
classified land use/land cover. Despite wide coverage of
such researches no study was identified that assessed
urban slum growth impact on climatic elements under
different land use/land cover in Kuje urban area of the
Federal Capital Territory of Nigeria.

Study Area

The study area (Kuje slum) is located within Kuje town
which is the headquarters of Kuje Area Council that lies
between latitude 8°27'43" to 8° 56'32" North of the
equator and longitude 6° 58'13" to 7°33'11" East (Figure
1) while the urban slum in cover 609.066 hectares
(Figure 2). The Kuje slum area is void of vegetation with
distinct wet and dry season climatic condition. The wet
season falls between the months of April to October
while dry season is between November and March with
average rainfall of 1555mm and mean temperature
during the dry season ranges between 30.4 and 35.1°C
while the temperature ranges between 25.8 and 30.2°C
in the raining season (Ishaya & Mashi, 2008).

Figure 2: Image of Kuje Town Showing Slum Area

Fulanis, sheep, goats and poultry are kept mostly on free
range system mostly by other tribes other than the
Gbagyi and Gwandaras who have come to settle there.
Due to its proximity to the city, Kuje town has been
experiencing  rapid expansion buildings and
spontaneous increase in human activities over the years
as the population continued to increase in the area, the
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urban renewal exercise witnessed between 2003 and
2005 has forced many people to settle in the satellite
towns of Kuje, Gwagwalada, Kubwa, Zuba and Bwari
which is one of the major causes of slums growth in the
satellites towns in the FCT (Ishaya & Hassan, 2013).

Research Methodology

Multi-Criteria Remote Sensing, GIS techniques and
quantitative research design were adopted in this study.
The output of the multi-criteria Remote Sensing, GIS
techniques design was for the land use/land cover and
change detection of the Kuje Urban slum. The
quantitative design allowed the manipulation of
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Data used

Moderate satellite images of the study area were
obtained from Google Earth Pro for period of 2002 and
2012, and the high-resolution satellite image was
acquired from SAS Planet for the period of 2022 (See
Table 1). Location data for verification of Land
use/Land cover characteristics were sourced using hand
held GPS 60cx. Climatic data (earth surface
temperature, relative humidity and surface soil wetness)
from different land use/land cover (vegetation, slum
built up area and bare surface) in Kuje urban slum was
obtained from the National Centres for Environmental
Prediction (NCEP) Climate Forecast System Reanalysis

temporal temperature, surface soil wetness and relative (CFSR) and NASA  Climatic data from
humidity data to ascertain trend and anomalies under https://power.larc.nasa.gov/data-access-viewer/  was
different land use/land cover in the Kuje Urban slum. compiled for 20 years (2002 to 2022).
Table 1: Satellite Images Utilized
S/IN  Data Type Year Format Resolution Source Relevance
i Delineated slum Secondary Shape Field observation  To define the spatial
boundary file and Google Earth  boundary
ii Moderate resolution  Secondary 2002 & TIFF 30m Google Earth Pro  For object-based image
aerial imagery 2012 analysis
iii High resolution Secondary 2022 TIFF 0.5m SAS Planet For image

aerial imagery classification analysis

Source: Researchers Compilation, 2023

Method of data analysis

Pre-processing of satellite image

Object based image analysis was used in obtaining a
remotely sensed data via satellite feeds, the process
involves launching of the Google Earth Pro software,
navigated to the area of interest, the north arrow toggle
was aligned to fitting the satellite imagery to be
captured. The time slider tool was used to back date the

Table 2: Coordinates/Points for Geo-referencing

time for historical imageries, afterward the four point
were indicated on the four-cardinal point of the
imageries using point tool and their ground coordinate
points were obtained to enable geo-referencing. The
satellite imageries were saved and map option was
adjusted and maximum resolution was selected, and
save image to download to the satellite imagery (See
Table 2).

SIN Point ID Easting Northing

1 P1 304337.166 982670.115
2 P2 306266.366 982483.616
3 P3 305648.751 981172.886
4 P4 304955.773 981327.334

Source: Researchers Compilation, 2023

Four geographic coordinates were obtained in the study
area for geo-referencing the Kuje urban slum. Image
pre-processing involved image geometric correction to
normalize the imageries as expected for classification
from sensors and image enhancement was for
ratification during pre-processing which includes the
resolution of the spectral bands of the imagery, year of
acquisition, the features shown, data evaluation and geo-
referencing and the projection of the imagery itself for
the imageries were used in this study.
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Land use/land cover analysis

Three bands combinations of 4, 3, 2 (Red, Green and
Blue bands) were used for all the imageries. This study
adopted the supervised classification method that uses
the spectral signatures obtained from training samples to
classify an image. With the aid of ground truth, a
signature file was created by training samples cells,
which was used for the multivariate classification tools
to classify the image (See Table 3).
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Table 3: Land Use/Land Cover Classes considered
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Classes Description

Bare Surface Fallow fields/Lands
Slum Built-up areas
Agricultural Land Use
Vegetation cover

Paved surfaces, settlements, developed infrastructures and tarred roads
This include cultivated fields
Vegetation, in form of trees, shrubs of different height and density

Source: Researchers Generated Classification Schemes, 2023

The results of the land use/land cover types were
produced in hectares to enable evaluation of land
use/land cover changes. The statistical results were
generated using version 15 of ERDAS Imagine
software. The land use/land cover statistics were
extracted using ArcGIS 10.1 while assessment of
changes over the four satellite epochs were carried out
from one class to the other. Using the land use/land
cover maps, the change magnitude, change trend and
annual rate change were generated using the formulas
thus;

Magnitude = Magnitude of the new year - Magnitude of
the previous year......... |

The percentage change for each land use/land cover
classes were calculated by dividing magnitude change
by sum of the observed changes between the years
concerned and multiplied by 100 as presented in the
equation thus:

Trend =
Magnitude of Change x 100

... Equation 2
Sum of Change

In ascertaining the annual rate of land use/land cover
classes, the trend multiply by number of study years
divided by 1000 periods, for example 1988 — 1998,
1998-2008 as shown in equation:

Annual Rate of Change =

Trend X number of study years in between
100
Graphs representing spectral signatures for each of the

land use/land cover characteristics were generated and
plotted using the statistical results of classified
imageries of the three studied years.

...... Equation 3

Method of climatic data analysis

Several statistical techniques were used in analysing the
climatic data (earth surface temperature, relative
humidity and surface soil wetness). The preparatory
level of the secondary data analysis involved simple
statistical computation of totals, means, and standard
deviation of earth surface temperature, relative humidity
and surface soil wetness from the land use/land cover
from Kuje urban slum. The earth surface temperature,
relative humidity and surface soil wetness from the land
use/land cover data from Kuje urban slum were
subjected to time series analysis. Time series analysis is
the arrangement of statistical data in respect to the time
of occurrence. This was shown in line graph as it does
remain the most popular method of time series
presentation. This study adopted the line graph because
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it helps explain the nature of fluctuation of rainfall
characteristics in the study area over years. The data on
rainfall were plotted on the y-axis and the time (years
2002-2022) were presented on the x-axis.
A simple linear regression analysis technique was used
for determining trend analysis for rainfall. The formula
for trend analysis is presented below:
Y=a+bx
b=Y(x - x)(y-y)
Equation 4.
2 (x-X)

a =y-bx
Where; a = the base intercept
b = the regression coefficient or

slope

x = rainfall/temperature values

y = months/years
Coefficient of determination (R2) was carried for the
regression result of earth surface temperature, relative
humidity and surface soil wetness trend line equation
from the land use/land cover from Kuje urban slum.
One-Way Analysis of Variance (ANOVA) Test was
used to test variation in earth surface temperature,
relative humidity and surface soil wetness for the land
use/land cover over the study period in Kuje Urban
slum. The formula for Analysis of Variance is thus:
ANOVA coefficient, F= Mean sum of squares between
the groups (MSB)/ Mean squares of errors (MSE).
Degrees of freedom of errors, N — k = df2
Where, N is the total number of observations throughout

k groups.
~ MST
~ MSE
k
ST /) G2/
i—1
MST = P
koon k
oY YE (T2 /)
MSE — i-1 j-1 i—1
n—k
..................... Equation 5

Where F is the variance ratio for the overall test, MST is
the mean square due to treatments/groups (between
groups), MSE is the mean square due to error (within



groups, residual mean square), Yijis an observation,
Tiis a group total, G is the grand total of all
observations, n; is the number in group i and n is the total
number of observations.

Hypotheses

Two hypotheses were tested at 0.05 Alpha level. These

hypotheses are;

i.  Ho: There is no significant changes/variation in
land use/land cover classes over the study period.

ii. Ho: There is no significant variation in the
characteristics of climatic elements (earth surface
temperature, relative humidity and surface soil
moisture) over the land use/land cover (vegetation,
agricultural land, bare surface and slum built up
area in Kuje urban area between 2002-2022.

Results and Discussion

In line with the objectives of this study, the results are
presented into two sections. The first presentation and
discussion of results is on Kuje urban slum land use/land
cover categorization and change detection from 2002 to
2022. The second objective is on Kuje slum land
use/land cover climatic elements characterization from
2002 to 2022.
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Kuje urban slum area land use/land cover
categorization between 2002-2022

The categorization of slum land cover/land uses
(agricultural land, bare surface, vegetation and
residential buildings) in the Kuje urban slum area
(Kayarda Kuje and Central Pasali Kuje) of Federal
Capital Territory in the year 2002 depicts that vegetation
area coverage was the highest with 292.186 hectares
(47.97%), agricultural land covered 220.28 hectares
(36.17%), urban slum covered 78.21 hectares (12.84%)
and the least was bare surface with an area coverage of
18.39 hectares (3.01%) (See Table 4 and Figure 3).

In 2012, Kuje urban slum area shows that land use/land
cover with the highest area coverage was agricultural
land with 238.02 hectares (39.08%), built up area with
193.88 hectares (31.83%), bare surface having 166.28
hectares (27.3%) while had an area coverage of 9.99
hectares (1.64%) in the years 2012. In 2012, the
dominated land use/land cover were agricultural land
cover against the vegetated covered area in 2002 (See
Table 4 and Figure 4). From the classified image (Figure
5 and Table 4) it was revealed that in 2022 vegetation
covered an area of 1.71 hectares (0.28%) in 2022, bare
surface covered an area of 11.47 hectares (1.88%),
agricultural land occupied 130.18 hectares (21.37%),
while built up area covered 465.7 hectares (76.46%)
being the highest in 2022.

Table 4: Land use Characterization of Kuje Urban Slum from 2002 and 2022

SIN  Land Use Classes 2002 2012 2022

Area (Ha) % Area (Ha) % Area (Ha) %
i Agricultural land 220.28 36.17 238.02 39.08 130.18 21.37
ii Bare surface 18.39 3.01 166.28 27.3 11.47 1.88
iii Urban slum 78.21 12.84 193.88 31.83  465.7 76.46
iv Vegetation 292.186 47.97 9.99 1.64 1.71 0.28
Total 609.066 100 609.066 100 609.066 100
Overall accuracy 79% 71%, 82%, 1.2
Kappa accuracy 1.12 1.07
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Figure 5: Classified Kuje Urban Area Slum in 2022

Slum land use/land cover changes in Kuje urban

area from 2002 to 2022

Findings shows that between the year 2002 to 2012,
there was an increase in agricultural land use with 17.74
hectares, bare surface increased with 147.89 hectares,
urban slum area increased with 115.67 hectares while
vegetation had the largest change in area with a decrease
of area coverage with -282.196 hectares. Between 2002
to 2012 vegetation lands cover changed to agricultural
land use, bare surface and built up land use. The large
increase of bare surface area between 2002-2012 was
highly related to the clearing of vegetated land for

fuelwood and for slum buildings (See Figure 6).

It was observed that between 2012-2022 there was a loss
in agricultural land use area coverage with -107.84
hectares, bare surface declined with -154.81 hectares,

vegetation land cover also declined with -8.28 hectares
while there was a massive increase in urban slum area
with 271.82 hectares. It was obvious that between 2012-

2022 agricultural land use, bare surfaces and vegetal

s
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Figure 4: Classified Kuje Urban Area Slum in 2012

land cover were loss to urban slums (See Figure 6). The
null hypothesis that state there is no significant changes
in land use/land cover classes over study period clearly
is in dispute as findings from this study shows a
reduction in agricultural land use area, bare surface and
vegetal cover but with consistent increase in the urban
slum built up area as shown in Figure 6. This result
coincided with findings by Qurratulain and Umair
(2019), Fasona and Omojola (2004), Jibrin et al. (2012)
and Sheriff (2021) where they observed that agricultural
land and vegetal covers were loss to urban/slum growth.
Rikko and Laka (2013) had similar findings in Greater
Karu Urban Area where a large influx of population
leading to significant dynamic changes in the growth of
the settlements in the area over the past two decades
which is as a result of risen cost of accommodation in
the Federal Capital City of Abuja. Just as observed in
this study a discontinuous spread of urban leap-frogging
into other land uses and land covers, fast spreading and
converting viable agricultural lands, vegetal land and
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bare surfaces into slums are evidence of rapid sprawl.
This also is in agreement with Atiqur et al. (2011)
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findings on urban slums having resultant impacts on loss
of productive agricultural lands and open green spaces

271.82
115.67
Urban slum tation 828
-282.196

W 2012-2022 Change in Ha

Figure 6: Slum Land Use/Land Cover Changes in Kuje Urban Area from 2002 to 2022

Kuje slum land use/land climatic
characterization from 2002 to 2022

The interaction between LULC and climate is complex,
and it can be viewed from three dimensions. First, the
interaction of LULC (more specifically vegetation) on
climate LULC induce changes in climate of a region as
it is a factor of climate. The interaction of climate on
LULC or vegetation change in climate induced LULC
change due to settlement expansion and other LULC of
a place stimulates effects of local climate (Kwasi et al.,
2022).

cover

Trend of Kuje slum land use/land cover earth surface
temperature from 2002 to 2022

The earth surface temperature from 2002 to 2022 in
Kuje slum depict that area with vegetation cover had a
mean temperature value of 25.92°C, maximum value of
27.41°C in 2006 and minimum value of 24.59°C in 2002.
Agricultural land use depicts mean earth surface
temperature value of 26.018°C, highest mean
temperature value (27.66°C) was recorded in 2006 and
the minimum mean temperature value recorded in 2002.
Bare surface had a mean earth surface temperature value
of 26.068°C, the maximum value of 27.69°C was
recorded in the year 2006 and the minimum value
(24.17°C) was recorded in 2009. Observation shows that
mean earth surface temperature of the built-up area
within the slum is 26.265°C having a maximum
temperature (27.72°C) recorded in 2006 and the
minimum earth surface temperature (24.78°C) recorded
in 2009 (See Table 6 and Figure 7). From 2002-2022
within Kuje slum area, the highest mean earth surface
temperature among land use/land cover was recorded at
the built-up slum area with a temperature value of
26.265°C followed by 26.068°C with the lowest earth
surface temperature recorded at vegetal covered area

16

with 25.92°C follow by 26.018°C recorded within the
agricultural land use area.

The trend of temperature over the different land use/land
cover within Kuje slum from 2002 to 2022 shows that
the vegetal land cover had temperature trend line
equation of y = 0.0204x +25.697 which clearly depicts
a positive trend in temperature with R? = 0.0267
(2.67%). This mean a 2.67% certainty in the predictions
of rise in future skin temperature in vegetal covered area
in Kuje Urban slum. Between 2002-2022, the bare
surface trend of temperature over the years within Kuje
slum depicts a temperature trend line equation of y =
0.0184x +25.866 which clearly depicts a positive trend
in temperature with R2 = 0.0207 (2.07%). This means a
2.07% certainty in the predictions of rise in future skin
temperature in bare surface covered area in Kuje urban
slum (See Figure 7). It was observed that between 2002-
2020, the built-up slum land use trend of temperature
over the years depicts a temperature trend line equation
of y 0.0089x +26.116 which clearly shows an
insignificant positive trend in temperature with R? =
0.0045 (0.45%). This means a 0.45% certainty in the
predictions of rise in future skin temperature in built-up
slum area in Kuje urban slum. From 2002-2020, the
agricultural land use cover trend of temperature over the
years within Kuje urban slum depicts a temperature
trend line equation of y = 0.0191x +25.808 which clearly
shows an insignificant positive trend in temperature with
R2 = 0.0216 (2.16%). This means a 2.16% certainty in
the predictions of rise in future skin temperature in
agricultural land use area in Kuje urban slum (See
Figure 7).

As observed in Figure 7, bare surface and built up area
had the highest temperature values compared to
temperature from vegetal cover and agricultural land use.
This finding is not far-fetched from the findings of
Kwasi et al. (2022) with results indicating that rapid



urban sprawl in recent times has significantly
undermined the local climate through land use and land
cover changes. Kwasi et al. (2022) observed that there
was strong statistical relationship between temperature-
up areas (p <0.05), grass/shrub cover (p < 0.04) and all
vegetation cover (p < 0.03). There was also strong
statistical relationship between rainfall and built-up
areas (p < 0.03), grass/shrub cover (p < 0.04) and all
vegetation (p <0.02). They observed also that expansion
in built up areas and reduced grass/shrub cover led to

Temperature in Degree Celcius

Bare Surface: y=0.
R2= 0.0207

R*=002

23.5

Vegetation Agricuttural Land Bare Surface Slum Areas
23
y2002 | y2003 | y2004 | y2005 2006 | y2007 | y2008 | y2009 | y2010
Vegetation 2459 | 2573 | 25.95 | 2677 | 2741 | 26,62 | 2554 | 2465 | 25.26
Agricultural Land| 24.64 2578 | 25.98 2688 27.66 2673 25.64 | 2467 | 2537
Bare Surface 2473 | 258 | 2599 | 2691 | 27.69 | 2678 | 25.68 | 2471 | 2552
Slum Areas 2481 | 25592 | 267 | 2698 | 27.72 | 2683 | 2571 | 2478 | 25.67 | 157

D1B4x =

y2011 2012
254
25.47

Linear (Agricufttural Land )
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increases in temperature, rainfall and surface soil
moisture.

The findings in this study is also in affirmation with that
of Shahmohamadi (2015) and Chapman (2017) where
the studies observed that urban growth was found to
have a large impact on local temperatures, in some cases
by up to 5°C in North-east USA. Yitong et al. (2015),
Huimin et al. (2021) and Karol and Jarostaw (2023) also
affirm temperature rise over all land use/land cover.

25.866

Agricultural Land y = 0.0191x + 25.80/

Linear (Bare Surface ) Linear (Slum Areas)

y2013 | y2014 | v2015 y2016 | v2017  y201B | y2015 | v2020 | y2021 | y2022

2495 2543 | 157 | 2665 27.09  126.3% 2593 263 | 2668 12546 2584

2525 | 2552 | 25.78 | 26.68 2745 2641 2603 | 2635 2670 | 2549% | 2589

2536 | 2558 | 2581 | 2671 27.50 | 2646 2613 | 2638 | 2672 | 2551 | 25.90

2574 2755 | 15.62 | 25.87 | 26.82 | 27.52 | 26.51 | 26.22 | 2641 | 2673 | 25.53 | 25.52

Figure 7: Kuje Slum Land Use/Land Cover Earth Surface Temperature from 2002 to 2022

Trend of Kuje urban slum land use/land cover relative
humidity from 2002 to 2022

The relative humidity from 2002 to 2022 in Kuje urban
slum shows that area with vegetation cover had a mean
relative humidity value of 69.14%, maximum value of
73.68% in 2010 and minimum value of 61.75% in 2002.
Agricultural land use depicts mean relative humidity
value of 69.22%, maximum relative humidity value of
73.62% recorded in 2010 and the minimum relative
humidity value (64.19%) was recorded in 2015. Bare
surface had a mean relative humidity of 69.19%,
maximum relative humidity value of 73.58% in 2010
and the minimum value of relative humidity (64.1%)
was recorded in 2005. In the built-up slum area, between
2002-2022 had mean relative humidity of 68.82%,
maximum relative humidity of 73.5% was observed in
2010 and the minimum relative humidity value of
61.75% recorded in 2016. Between 2002-2022 within
Kuje urban slum area, the highest mean relative
humidity among land use/land cover was recorded at the
agricultural land use cover with a value of 69.22%
followed by 69.19% the value recorded on bare surface.
The lowest relative humidity (68.82%) was recorded in
built up slum area (See Figure 8).
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The trend of relative humidity over the different land
use/land cover within Kuje slum from 2002 to 2022
shows vegetal land cover relative humidity trend line
equation of y = -0.0306x +69.474 which clearly depicts
an insignificant negative trend in relative humidity with
R2=0.0036 (0.36%). This mean a 0.36% certainty in the
predictions of decrease in relative humidity in vegetal
covered area in Kuje urban slum (See Table 6 and Figure
8). Between 2002-2020, the agricultural land cover trend
of relative humidity over the years within Kuje slum
depicts a trend line equation of y = -0.0161x +69.396
which clearly shows an insignificant negative trend in
relative with R? = 0.0012 (0.12%). This mean a 0.12%
certainty in the predictions of decrease in future relative
humidity in agricultural land covered area in Kuje Urban
slum (See Figure 8).

It was observed that between 2002-2020, the bare
surface area trend of relative humidity over the years
within Kuje slum depicts a trend line equation of y = -
0.0099x +69.303 which clearly portrays an insignificant
negative trend in temperature with R2=0.0005 (0.05%).
This mean a 0.05% certainty in the predictions of
decrease in future relative humidity in bare surface area
in Kuje Urban slum. From 2002-2020, the built- up slum



area trend of relative humidity over the years within
Kuje slum depicts a trend line equation of y = -0.0432x
+69.296 which clearly portrays an insignificant negative
trend in relative humidity with R2 = 0.0073 (0.073%).
This mean a 0.073% certainty in the predictions of
decrease in future relative humidity in built up slum area
in Kuje urban slum (Figure 8).

It obvious that relative humidity is higher on vegetal
covered areas and agricultural land used areas and slum
growth negatively affects relative humidity in the Kuje
slum area. Roshan, et. al., (2009) also identified the
relationship between urban sprawl components with
changes in climate variables with depreciating relative
humidity. Over the entire land use/land cover there have
decrease in relative humidity all over the study period.
The findings of this study affirm that of Huimin et al.
(2021), that increase trends of temperature and built-up
area indicated leads to decrease in relative humidity
meaning that there is an inverse relationship between
humidity earth skin temperature rise and relative
humidity. Figure 8 depicts that the mean value of
relative humidity from the four land use/land cover
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assessed shows that relative humidity is lower in bare
surface and built up slum areas but high in vegetated
areas and agricultural land use areas. Though there is a
general decrease in relative humidity as observed over
all land use/land cover as shown in Figure 9 as observed
by Roshan et al. (2010). Babatola (2013) also affirmed
that urbanization is one serious process that transforms
natural environment into various surfaces that have long
run pronounced effects on the whole atmospheric
system. Converting one-time thick forest surface into
concrete and asphalt surfaces greatly altered
aerodynamic processes in the area, water balance system
as well as evapotranspiration process which reduces the
concentration of relative humidity in the atmosphere in
this study and Babatola (2013). In the long run, this will
technically decrease trend of rainfall in the study area.
Xiaolin et al. (2022) stated that large-scale conversion
of vegetated land to urban use leads to a significant
reduction in evapotranspiration (ET) hence depreciating
relative humidity due to the lack of vegetation, which
may aggravate relative humidity loss and Urban Dry
Island (UDI) effect.

68.23
543 | 67.18  6&B.14 6&7.71 | 7.2 .14
5 6712 (=] 67.6% &7.06 V0.0

71.1% 7112 | 729
Bare Surface Slum Areas

Linear (Bare Surface ) Linear (Slum Areas)

Figure 8: Kuje Slum Land Use/Land Cover Relative Humidity from 2002 to 2022

Trend of Kuje slum land use/land cover surface soil
moisture from 2002 to 2022

The surface soil moisture from 2002 to 2022 in Kuje
slum shows that area with vegetation cover had a mean
surface soil moisture value of 0.586, maximum surface
soil moisture value of 0.67 recorded in 2009 and
minimum value of 0.48 recorded in 2006. Agricultural
land use depicts mean surface soil moisture value of
0.575, maximum surface soil moisture value of 0.65
recorded in 2009 and the minimum surface soil moisture
value (0.46) recorded in 2006. Bare surface had a mean
surface soil moisture of maximum surface soil moisture
value of 0.552 in 2009 and the minimum value of
surface soil moisture (0.44) was recorded in 2006. In the
slum built-up area between 2002-2022 had mean surface
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soil moisture of 0.548, maximum surface soil moisture
of 0.63 was observed in 2010 and the minimum surface
soil moisture value of 0.44 was recorded in 2006. From
2002-2022 within Kuje slum area, the highest mean
surface soil moisture among land use/land cover was
recorded at the vegetal land cover with a mean surface
soil moisture value of 0.586 followed by 0.575 recorded
on agricultural land use cover with the lowest surface
soil moisture recorded at bare surface and built up slum
areas (See Figure 9).

As shown in Figure 9, the trend of surface soil moisture
over the different land use/land cover within Kuje slum
from 2002 to 2022 depicts vegetal land cover surface
soil moisture trend line equation of y = 0.0008x +0.5771
which clearly depicts a positive trend in surface soil

_____
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moisture of R2 = 0.0069 (0.69%). This mean a 0.69%
certainty in the predictions of insignificant rise in future
surface soil moisture in vegetal covered area in Kuje
Urban slum. Within the study period, the agricultural
land use cover trend of surface soil moisture over the
years in Kuje slum depicts a surface soil moisture trend
line equation of y =0.001x +0.5633 which clearly shows
an insignificant positive trend in surface with R2 = 0.015
(1.50%). This mean a 1.50% certainty in the predicted
rise in future surface soil moisture in agricultural land
use area in Kuje Urban slum (See Figure 9). It was
observed that bare surface trend of surface soil moisture
over the years within Kuje slum portrays a trend line
equation of y = 0.0012x +0.539 which clearly depicts an
insignificant positive trend in surface soil moisture with
R2=0.0188 (1.88%). This mean a 1.88% certainty in the
predictions of rise in future surface soil moisture in bare
surface covered area in Kuje Urban slum. It was
observed that between 2002-2020, the built-up slum
land use trend of surface soil moisture over the years
depicts a trend line equation of y = 0.0017x +0.5297
which clearly expressed an insignificant positive trend
in surface soil moisture with Rz = 0.0329 (3.29%). This

Bare Surface:
R*

Slum Areay =0.0017x+

Agricultural land -y ¥1x + 0.5633
- R==1D Rz =0.0329

Surface Soil Maisture in %

Vegetation Agricultural Land
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Source: Researcher Analysis, 2023

Test of hypotheses of variation of climatic elements from
the different land use/land cover classes over the study
period

The null hypothesis of this study state that “there is no
significant variation in the characteristics of climatic
elements from the different land use/land cover classes
over the study period was tasted at 0.05 Alpha level for
earth surface temperature, relative humidity and surface
soil moisture”.

The ANOVA findings expressed the variations in earth
surface temperature (EST), relative humidity (RH), and
surface soil moisture among the four distinct land uses

Linear {Agricultural Land )
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mean a 3.29% certainty in the predictions of rise in
future surface soil moisture in built-up slum area in Kuje
Urban slum (See Figure 9).

It was obvious that there is less difference in the mean
values of surface soil moisture, but the soil moisture is
higher in vegetated area and agricultural land use area
but lower at built up slum areas and bare surfaces with a
significance rise in the trend of the land use/land cover
in the Kuje urban slum area within the study period of
2002 to 2022. The findings agree with that of Roshan et
al. (2009) who observed a relationship between urban
sprawl components with soil atmospheric and soil
moisture. The increase in surface soil moisture in
vegetated area and agricultural land use area is against
the findings of Xiaolin et al. (2022) that observed that
large-scale conversion of vegetated land to urban use
leads to a significant reduction in surface soil moisture
over the years. The findings of this study is also agree
with that of Park and Kim (2017), Syed et al. (2013) and
Babatola (2013) who observed loss of moisture due to
loss of water retention surfaces and as such intercepting
water balance system on bare surface and built up areas.

Bare Surface Slum Areas

Linear (Bare Surface) Linear {Slum Areas)

_____
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(vegetation, agricultural land use, bare surface, and
urban slum over a period between 2002 and 2022.
Findings show that the earth's surface temperature is not
significantly different across the four land uses, with an
F-value of 0.689 and a p-value of 0.562. Though the
mean values depict variation in the earth surface
temperature, but the ANOVA result did not depict any
significant variation in the earth surface temperature
over the period 2002- 2022 over different land use/land
cover (Vegetal cover, agricultural land use, bare
surfaces and built up area). Though the findings went
contrary with the observation of Shahmohamadi (2015)


http://doi.or.kr/10.PSN/ADPER0000139741
http://doi.or.kr/10.PSN/ADPER0000084832
http://nl.go.kr/isni/0000000465033778

and Chapman (2017) where they observed that urban
land use/land cover depicts variation in the values of
surface temperature. It is obvious that LST analysis has
the capacity to bring out the spatial variation even
though it may not be significant (Zhang et al., 2013;
Zhou & Wang, 2017).

It was observed that the relative humidity across the four
land cover/land uses has F-value of 0.080 and p-value of
0.971, showing that there is no discernible difference.
Roshan et al. (2009) identified variation in the levels of
relative humidity over different land uses/land cover
components with equally temporal changes relative
humidity. In this study, relative humidity over the entire
land use/land cover though differences exist but not
significant as observed in study a study by Huimin et al.
(2021). The likely tendency for such result is due to
small area coverage of the Kuje urban slum.

In contrast, the F-value for surface soil moisture is 2.173
and the p-value is 0.098, indicating that there is only a
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little variation in the amount of surface soil moisture
among the four land cover/land uses. The p-value is
higher than the usual significance level of 0.05, hence it
can be said that there is no statistically significant
variation in the amount in surface soil moisture across
the four various land cover/land uses. This is in line with
the findings of Xiaolin et al. (2022) that observed that
large-scale conversion of vegetated land to urban use
leads to a significant variation in surface soil moisture
over different land use/land covers. Similarly, Park and
Kim (2017), Syed et al. (2013) and Babatola (2013) also
had similar observations.

The ANOVA findings show that during the time span
from 2002 to 2022, there are no statistically significant
variations in the earth's surface temperature, relative
humidity, and soil moisture across the four land
cover/land uses (See Table 7).

Table 7: Test of Hypotheses of Variation of Climatic Elements from the Different Land

use/Land Cover Classes Over the study period.

Sum of Squares df Mean Square F Sig.
EST Between Groups 1.320 3 440 .689 .562
Within Groups 51.122 80 .639
Total 52.442 83
RH Between Groups 2.138 3 713 .080 971
Within Groups 712.118 80 8.901
Total 714.256 83
SSM Between Groups .020 3 .007 2.173 .098
Within Groups .250 80 .003
Total .270 83

** Anova is significant at the 0.05 level

Ts = Earth Surface Temperature, RH = Relative Humidity and SSM = Surface Soil Moisture

Conclusion

This study assessed slum growth impact on climatic
elements in Kuje urban slum area of the Federal Capital
Territory of Nigeria. There is serious decrease in
agricultural land use area, bare surface and vegetal cover
but with consistent increase in the, urban slum built up
area. The vegetal land cover, agricultural land use, bare
surface and built up area from 2002 to 2022 had a steady
but insignificant rise in earth surface temperature. The
vegetal land cover, agricultural land use, bare surface
and built up area from 2002 to 2022 had a steady but
insignificant decrease of relative humidity. The study
also concluded that there is an insignificant increase in
soil surface moisture from over the period of study.
There is no significant variation in the value of earth
surface temperature, relative humidity and surface soil
moisture over the different land use/land cover in Kuje
urban slum are from 2002 to 2022.

Based on the outcomes of this study, it was
recommended that slum need to be incorporated into
Kuje urban area planning through gentrification of
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buildings since demolition is not an option due to large
concentration of indigenous people within the slum.
Though there is no significant variation in climatic
elements as a result of changing land use/land cover in
the Kuje urban slum yet there is need for consistent
monitoring of slum growth and climatic element
anomalies over different land use/land cover.

References

Adepoju M.O, Halilu, S.A, Ozigis, S.M., Mohammed,
S.0., Idris, 1., Adeluyi, S.A. & Eta, J. (2013).
Mapping and Monitoring of Slum Development in Abuja,
Nigeria with Satellite Remote Sensing and Geographical
Information  System.  International Journal of
Geosciences and Geomatics, 1(2), 69-76.

Adewale, Y. (2019). Challenges of Slum Upgrading in
Port Harcourt, River State, Nigeria. The
Indonesian  Journal of Planning and
Development, 5(1),11-20.

Akpu, B., Tanko, A.l., David, J. & Bala, D. (2017).
Geospatial Analysis of Urban Expansion and Its


http://doi.or.kr/10.PSN/ADPER0000139741
http://doi.or.kr/10.PSN/ADPER0000139741
http://doi.or.kr/10.PSN/ADPER0000084832
http://nl.go.kr/isni/0000000465033778
https://www.researchgate.net/journal/The-Indonesian-Journal-of-Planning-and-Development-2442-983X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/The-Indonesian-Journal-of-Planning-and-Development-2442-983X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/The-Indonesian-Journal-of-Planning-and-Development-2442-983X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Benedine-Akpu?_sg%5B0%5D=YQULjkJ6j-sx5r5hVtNB4IeKEh1jajfSlnqgVf6ExAt-KlpBPxhZYAPHcF6gAqo7eMy-ag0.kjGWUukkYNuQgkcwYZgRUryvBcSmpNRVN4VrKi7yg6x0q7EMfrdcMoV8tJEUeXHprDKpgnKkUbTqLzgbbxNzhQ&_sg%5B1%5D=DETN4YrtarI67qRDofDm3sUkhMOnhBE0p7tunXG-v6ZdLCLpTBH6LNOR7UErkD0oWgVIgKk.9RVo0GHWOsECZ2DbYRt8mpe2ONmnLs5e-g-YHPUrzauuYzG_KZXwBgCmIp-QQ_gutgeg3XJS7tGEZS7e0lfGTA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/A-Tanko-2?_sg%5B0%5D=YQULjkJ6j-sx5r5hVtNB4IeKEh1jajfSlnqgVf6ExAt-KlpBPxhZYAPHcF6gAqo7eMy-ag0.kjGWUukkYNuQgkcwYZgRUryvBcSmpNRVN4VrKi7yg6x0q7EMfrdcMoV8tJEUeXHprDKpgnKkUbTqLzgbbxNzhQ&_sg%5B1%5D=DETN4YrtarI67qRDofDm3sUkhMOnhBE0p7tunXG-v6ZdLCLpTBH6LNOR7UErkD0oWgVIgKk.9RVo0GHWOsECZ2DbYRt8mpe2ONmnLs5e-g-YHPUrzauuYzG_KZXwBgCmIp-QQ_gutgeg3XJS7tGEZS7e0lfGTA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/David-Jeb-2204678515?_sg%5B0%5D=YQULjkJ6j-sx5r5hVtNB4IeKEh1jajfSlnqgVf6ExAt-KlpBPxhZYAPHcF6gAqo7eMy-ag0.kjGWUukkYNuQgkcwYZgRUryvBcSmpNRVN4VrKi7yg6x0q7EMfrdcMoV8tJEUeXHprDKpgnKkUbTqLzgbbxNzhQ&_sg%5B1%5D=DETN4YrtarI67qRDofDm3sUkhMOnhBE0p7tunXG-v6ZdLCLpTBH6LNOR7UErkD0oWgVIgKk.9RVo0GHWOsECZ2DbYRt8mpe2ONmnLs5e-g-YHPUrzauuYzG_KZXwBgCmIp-QQ_gutgeg3XJS7tGEZS7e0lfGTA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Bala-Dogo?_sg%5B0%5D=YQULjkJ6j-sx5r5hVtNB4IeKEh1jajfSlnqgVf6ExAt-KlpBPxhZYAPHcF6gAqo7eMy-ag0.kjGWUukkYNuQgkcwYZgRUryvBcSmpNRVN4VrKi7yg6x0q7EMfrdcMoV8tJEUeXHprDKpgnKkUbTqLzgbbxNzhQ&_sg%5B1%5D=DETN4YrtarI67qRDofDm3sUkhMOnhBE0p7tunXG-v6ZdLCLpTBH6LNOR7UErkD0oWgVIgKk.9RVo0GHWOsECZ2DbYRt8mpe2ONmnLs5e-g-YHPUrzauuYzG_KZXwBgCmIp-QQ_gutgeg3XJS7tGEZS7e0lfGTA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

Impact on Vegetation Cover in Kaduna
Metropolis, Nigeria. Asian  Journal of
Environment & Ecology, 3(2),1-11.

Atiqur, R., Shiv, P. A,, Maik, N. & Shahab, F. (2011).
Monitoring Urban Sprawl Using Remote Sensing
and GIS Techniques of a Fast Growing Urban
Centre, India. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing,
4(1), 56-64.

Ayeni, E.,, Usman, D. F. & Osu, D. J. (2019). An
Evaluation of Slum Development and Its Effects
on Housing Quality in Lafia Metropolis. African
Journal of Economics and Sustainable
Development, 2(2), 94-102.

Babatola, E.B. (2013). Urban Influence on Relative-
Humidity and its Corresponding Effects on
Rainfall, a Case Study of Ibadan, Nigeria.
Mediterranean Journal of Social Sciences, 4(4),
343-352.

Bankole, M.O. & Bakare, H.O. (2011).
Dynamics of urban land use changes with remote
sensing: Case of Ibadan, Nigeria. Journal of
Geography and Regional Planning, 4(11), 632-
643.

Bei, H., Guang-heng N., & Grimmond, C.S.B.
(2019). Impacts of Urban Expansion on
Relatively Smaller Surrounding Cities during
Heat  Waves. Atmosphere, 10, 364
d0i:10.3390/atmos10070364.

Chapman, S., James, E.M., Watson, A.S., Marcus,
T. & Clive, AM. (2017). The impact of
urbanization and climate change on urban
temperatures: a systematic review. Landscape
Ecol. DOI 10.1007/s10980-017-0561-4/

Fasona, M.J. & Omojola, A.S. (2004). GIS and Remote
Sensing for Urban Planning: A Case of Festac
Town, Lagos, Nigeria. Proceedings of 12th
International Conference on Geoinformatics —
Geospatial Information Research: Bridging the
Pacific and Atlantic University of Gavle, Sweden,
7-9 June 2004.

Feng, Q. & Gauthier, P. (2021). Untangling Urban
Sprawl and Climate Change: A Review of the
Literature on  Physical  Planning and
Transportation  Drivers.  Atmosphere, 12(5),
547 https://doi.org/10.3390/atmos12050547

Huimin, L., Bo, H., Sihang, G., Jiong, W., Chen, Y. &
Rongrong, L. (2021). Impacts of the evolving
urban development on intra-urban surface
thermal environment: Evidence from 323
Chinese cities. Science of the Total Environment,
771

IPCC (2022). NOC contributes to latest IPCC report
assessing impacts of climate change.

Ishaya, S. & Hassan S.M (2013). Analysis of Growing
Season Rainfall and Temperature Variability in

21

ETSJ 15(2) Dec 2024
Impact of Slum Growth on Climatic Elements
Ishaya S., Yusuf S. & Tochukwu I.

the Federal Capital Territory of Nigeria. Nigeria
Journal of Tropical Geography, 4(2), 471-490

Ishaya, S., Ifatimehin, O.0. & Okafor C. (2008). Remote
sensing and GIS applications in urban expansion
and loss of vegetation cover in Kaduna town,
Northern Nigeria. Journal of Geography and
Planning  Sciences. 2(1), 33-40 http:/
www.cabdirect.org/cabdirect.

Ishaya, S. & Mashi, S.A. (2008). Using GIS to Map
Fadama Areas in the Central Abuja, Nigeria.
Journal of Sustainable Development in
Agriculture and Environment, 3(2), 110-118

Karol, P. & Jarostaw, Z. (2023). Impact of the
Variability of Vegetation, Soil Moisture, and
Building Density between City Districts on Land
Surface  Temperature, Warsaw, Poland.
Sustainability, 15, 1274,
https://doi.org/10.3390/su15021274.

Kwasi, F., Darko, E., Atiemo, E.J. & Van, E. (2022).
Urban sprawl and microclimate in the Ga East
municipality  of  Ghana.  Heliyon, 8
https://doi.org/10.1016/j.heliyon.2022.e09791.

Mbaya L, A., Gideon O. A, Yila C. & Umar D. M.
(2019). Effect of Urbanization on Land use Land
Cover in Gombe Metropolis. International
Journal on Research in STEM Education, 1(1),
22-29.

Middel A., Nazarian N., Matthias D., Benjamin B.
(2022). Urban Climate Informatics: An Emerging
Research Field. Front. Environ. Sci., 02 (10)
2022. https://doi.org/10.3389/fenvs.2022.867434

Opeyemi, Z., Lazarus, O. & Richard, A.M. (2015).
(Urbanization: A Catalyst for the Emergence of
Squatter Settlements and Squalor in the Vicinities
of the Federal Capital City of Nigeria. Journal of
Sustainable Development, 8(2), 134-147.

Qurratulain, S. & Umair, B. (2019). Assessment of
Urbanization and Urban Sprawl Analysis through
Remote Sensing and GIS: A Case Study of
Faisalabad, Punjab Pakistan. International
Journal of Academic Research in Business and
Social Sciences, 9(4), 16 — 36.

Park, S. & Kim, J. (2017). Simulating Land Use Change
in the Seoul Metropolitan Area after Greenbelt
Elimination Using the SLEUTH Model. Journal
of Sensors, 1-18.
https://doi.org/10.1155/2017/4012929

Rikko, S. L & Laka I. S. (2013). Monitoring Urban
Sprawl in Greater Karu Urban Area (GKUA),
Nasarawa State, Nigeria. Journal of Environment
and Earth Science, 13(3), 1-9.

Roshan, G.H.R., Zanganeh, S., Sauri, D. & Borna R.
(2010). Urban Sprawl and Climatic Changes in
Tehran. Iran. J. Environ. Health. Sci. Eng., 7(1),
43-52.


https://www.researchgate.net/journal/Asian-Journal-of-Environment-Ecology-2456-690X
https://www.researchgate.net/journal/Asian-Journal-of-Environment-Ecology-2456-690X
https://sciprofiles.com/profile/1573190?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://sciprofiles.com/profile/author/VG5Yb1J4Y2RnU2dBd255dDRoN1doME9xOEc1TGtscDl0eitTKy9kNjFPTT0=?utm_source=mdpi.com&utm_medium=website&utm_campaign=avatar_name
https://doi.org/10.3390/atmos12050547
http://www.cabdirect.org/cabdirect
https://doi.org/10.3390/su15021274.
https://doi.org/10.1016/j.heliyon.2022.e09791.
https://www.researchgate.net/profile/Lazarus-Mbaya?_sg%5B0%5D=a8MXrcXOGoFWa6HFcD-gz5SWBegF88Dsf8hWxHjmsrTyIC7TjrmKWXWvDNQprkfvQItAxpY.9P5dcEqWi3282LKjbYPaPDmsVvQTP-Bdat1liPOlqqvbwixgptODrG6n4y9opFl29gIcAK03cxjWXojjmeZkbQ&_sg%5B1%5D=kOiAzgYW97rm0lYrwoMcZV9mNp6oIlynTidjmgVVhYex4JiOZnzWLW4RHmPif6yDgPSGU9s.WFcNas9JHgPt9ppfhNjrBG9-FA-gdQUaOkKPS0Y4Hj0IjqHVncqkrDBcE1j8BzlzaJiVzzjH2N1NzCdn_7C2pw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/D-M-Umar-2179654376?_sg%5B0%5D=a8MXrcXOGoFWa6HFcD-gz5SWBegF88Dsf8hWxHjmsrTyIC7TjrmKWXWvDNQprkfvQItAxpY.9P5dcEqWi3282LKjbYPaPDmsVvQTP-Bdat1liPOlqqvbwixgptODrG6n4y9opFl29gIcAK03cxjWXojjmeZkbQ&_sg%5B1%5D=kOiAzgYW97rm0lYrwoMcZV9mNp6oIlynTidjmgVVhYex4JiOZnzWLW4RHmPif6yDgPSGU9s.WFcNas9JHgPt9ppfhNjrBG9-FA-gdQUaOkKPS0Y4Hj0IjqHVncqkrDBcE1j8BzlzaJiVzzjH2N1NzCdn_7C2pw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-on-Research-in-STEM-Education-2721-2904?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/International-Journal-on-Research-in-STEM-Education-2721-2904?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.frontiersin.org/people/u/890707
https://www.frontiersin.org/people/u/941406
https://www.frontiersin.org/people/u/811094
https://doi.org/10.3389/fenvs.2022.867434
https://doi.org/10.3389/fenvs.2022.867434
https://www.researchgate.net/profile/Opeyemi-Zubair?_sg%5B0%5D=B-en7GKRom7RGmHHwf9eXMZzH4ePAqdacSPCDnPWfINarnCvspXygjpzcBmk1Mi3GCqP51w.XQQaTBbZ55Xv5EPvnT8irpwgS62z9suDrJVCYiJ7fHkU1lGizYnFlK0DbzYorQPgeNa0TXK5916fP2MfMMkBdw&_sg%5B1%5D=oWvzzY94b8zX55HLuTzuXhOnMTfHOF-MKbcNo7Xk-9POjY1jXeWxP2KglmrR53QCaGgBv-c.N9_tqGBA_L1zu8d4TCMsV0BIVLWwLoponNTCQ1ITSG_dCInXiQ4kec3hmqcgARXIkGT7GWXWti1a733aU6uTlA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Sustainable-Development-1913-9071?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Sustainable-Development-1913-9071?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

Saghir, J., & Santoro, J. (2018). Urbanization in Sub-
Saharan Africa. Meeting Challenges by Bridging
Stakeholders. Washington DC: Center for
Strategic & International Studies.

Shahmohamadi, P, Che-Ani, A.l, Abdullah, N.A.G.,
Tahir, M.M, Maulud, K.N.A. & Mohd-Nor, M.
F.I. (2010). The Link between Urbanization and
Climatic Factors: A Concept on Formation of
Urban Heat Island. WSEAS Transactions on
Environment and Development, 11(6), 754-768.

Sheriff, 0.J. (2021). Mapping and Monitoring Slums
Using Geoinformation Technologies.
Unpublished thesis, Paris Lodron University
Salzburg

Syed, Z.H., Ste’Phane B. & Sylvie, L. (2014). Influence
of Soil Moisture on Urban Microclimate and
Surface-Layer Meteorology in Oklahoma City.

Journal of Applied Meteorology and Climatology.

53, 83-98.

UN-Habitat (2013). The Challenge of Slums: Global
Report on Human Settlements. London: UN-
Habitat

UNPD-DESA (2011).
Urbanization Prospects.
Nations

Williams, E. & Innocent, E.B. (2017). Remote Sensing
and GIS Assessment of a Typical African Urban
City: A Case Study of Ibadan, Nigeria. American
Journal of Geographical Research and Reviews,
1(2), 1-9.

Wizor, C.H. & Chike, A.E. (2020). Perceived Impact of
Urban Waterfront Dwellers’ Forced Eviction on
Housing, Security and Social Support System in

Revision of the World
New York: United

22

ETSJ 15(2) Dec 2024
Impact of Slum Growth on Climatic Elements
Ishaya S., Yusuf S. & Tochukwu I.

Njemanze and  Otodo-Gbame  Informal
Settlements, Nigeria. Asian Research Journal of
Arts & Social Sciences, 10(2), 43-56

World Bank (2019). Upgrading Low Income Urban
Settlements Country Assessment Report. Accra:
Ghana Publishing Corporation.

Xiaolin, H., Kailun, J., Dongxu, C., Qingzhou, Z. & Lu,
H. (2022). Urbanization altered atmospheric
humidity diurnally and seasonally through
ecohydrological processes in five urban
agglomerations in China. Environ. Res. Lett., 17
https://doi.org/10.1088/1748-9326/ac849a.

Xueqin, L., Lindsay, C.S. & Martin, D. (2022). The
Impacts of Urbanisation and Climate Change on
the Urban Thermal Environment in Africa.
Climate, 10, 1-21.

Yitong, J., Peng, F. & Qihao, W. (2015). Assessing the
Impacts of Urbanization-Associated Land
Use/Cover Change on Land Surface Temperature
and Surface Moisture: A Case Study in the
Midwestern United States. Remote Sensing, 7,
4880-4898; doi:10.3390/rs70404880.

Zhang, Y., Odeh, 1.0. & Ramadan, E. (2013).
Assessment of land surface temperature in
relation to landscape metrics and fractional
vegetation cover in an urban/ peri-urban region
using Landsat data. International Journal of
Remote Sensing, 34(1), 168-189.

Zhou, X., & Wang, Y.-C. (2017). Dynamics of Land
Surface Temperature in Response to Land-
Use/Cover Change. Geographical Research,
49(1), 23-36.



https://doi.org/10.1088/1748-9326/ac849a.



