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Impact of urban land cover change on the
garden city status and land surface temperature

of Kumasi

Caleb Mensah®?*, Julia Atayi®, Amos T. Kabo-Bah?, Marian Svik?, Daniel Acheampong®,
Richard Kyere-Boateng®®, Nana Agyemang Prempeh® and Michal V. Marek?

Abstract: Rapid urban expansion and development have resulted in the conversion
of many natural green surfaces within cities to non-transpiring built-up surfaces,
such as concrete and asphalt. These artificial urban surfaces cause substantial
variation in land surface temperatures that affect the urban microclimate. Thus,
there is the need to substantially quantify the extent of green cover loss within
growing cities and its impact on surface temperatures. This study used LANDSAT
data to spatially assess the extent of urban expansion and its effect on land surface
temperature within Kumasi, Ghana. Subsequently, the results showed significant
changes in the land cover, which had an effect on the observed land surface
temperatures from 1986 to 2015. Generally, there was an overall increase in the
built-up areas by 24.13% (55.81 km?) from 1986 to 2015, with a corresponding
increase in the mean land surface temperature by 4.16°C. As such, there is the need
for the adoption of sustainable urban planning strategies with green vegetation
conservation initiatives for modern city planners. This would help reduce urban land
surface temperatures while promoting clean air circulation within the city.

Subjects: Environmental Studies & Management; Urban Studies; Built Environment

ABOUT THE AUTHOR

We are a group of Climate Scientists with a
common research interest in the tropical climate
systems. Our current research work was con-
ducted to assess the extent of the decline in the
green vegetation land cover over Kumasi in
recent times and investigate the effect on land
surface temperature. We are of the firm belief
that these findings will inform city planners in
designing sustainable urban planning strategies
with green vegetation conservation initiatives
across developing cities within the tropical
region. Not only will such beautiful physical
landscapes with green spaces ease the thermal
discomfort within these cities but also fulfil the
recreational needs of inhabitants while promot-
ing clean air circulation.

PUBLIC INTEREST STATEMENT

This work seeks to address the effect of the
changes in land use and land cover on land sur-
face temperatures by using satellite imagery for
three different years from remote sensing tech-
niques. The study is a contribution to urban
environmental science on the adoption of sound
sustainable urban planning strategies with green
vegetation conservation initiatives across devel-
oping cities within Africa. Inasmuch as we need to
clear more urban spaces for developmental pro-
jects, there is the urgent need to interspace these
built-up environments with large beautiful green
parks/gardens that may cool the urban environ-
ment, promote clean air circulation and also pro-
vide recreational services for both inhabitants and
visitors. This was the original city plan for Kumasi
until rapid urbanization led to the destruction of
most of these green areas to meet the emergent
needs of the rising population within the city,
thereby losing its ‘Garden city’ status.
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1. Introduction

Urbanization continues to create more economic growth opportunities for many countries by
ensuring the provision of social services such as education, basic healthcare, reliable access to
good drinking water, sanitation services, electricity, massive industrial infrastructures and quality
transportation hubs that are necessary for commercial development (Desa, 2014). However,
studies have shown that such recent developmental patterns in these urban cities lead to the
destruction of natural surfaces (green vegetation, water and soil) to make way for built-up
surfaces in meeting the demands of the increasing population (Gillis et al.,, 2001; Le Quéré et al,,
2013). Thus, a projected 20% increase in the population by 2050 of about 472 million people living
in over 143 cities across West Africa will further enhance the destruction of more green vegetation
within the region (Rodriguez et al., 2007; Saghir, 2018).

The resultant expansion of modern cities through changes in urban land cover to artificial
surfaces is a key factor that increases the Land surface temperature (LST) of the urban environ-
ment than its surrounding communities (Christen & Vogt, 2004; Grimmond & Oke, 2002). These
built-up surfaces such as concrete, metallic and asphalt surfaces change the land surface energy
balance and contribute to urban heat islands (Moonen et al., 2012; Stull, 2012). The urban heat
islands (UHIs), which are quite noticeable at night and during the summer periods, will lead to
thermal discomfort within the urban areas and have severe consequences on human, animal and
plant health, consumption and even productivity (Demuzere et al., 2014). However, with the tropics
expected to experience extreme heat conditions under a moderate temperature of 2.0°C increase
in global mean air temperatures, the heat stress within these West African cities will be enhanced
(Schellnhuber et al., 2014). Since these expanding tropical urban areas remain ill-equipped to
manage the possible risks associated with thermal discomfort, there is the growing need to assess
the impact of urban land cover changes on urban surface temperatures (Burkart et al., 2011),
thereby identifying areas within these tropical cities, where immediate mitigation measures could
be introduced (Emmanuel & Loconsole, 2015; Jim & Chan, 2016). This urban climate research
requires good information on the land cover, which incorporates data on the urban land cover
changes and its associated surface energetic signature (Li et al., 2011; Matthews et al., 2015).
Thus, the application of remote sensing tools will provide a more reliable and consistent way of
monitoring land cover changes associated with urbanization for large areas of tens of kilometers
(Lu et al., 2010). Many studies have been conducted to determine the effect of the changes in the
urban land cover types on the variability of the LST, using remote sensing application techniques
(Amiri et al., 2009; Chen et al., 2013; Hu et al., 2015; Igun & Williams, 2018; Karlessi et al., 2011;
Larsen, 2015; Zhibin et al., 2015).

Kumasi is an important study area because of its location in a hot climatic zone within the sub-
Saharan region of Africa. It is the second largest city in Ghana and has been the commercial,
industrial and cultural capital of the Ashanti Kingdom since 1695 (McCaskie, 2007). Kumasi was
also one of the few cities in Africa to have enjoyed the implementation of the garden city model
from its colonial masters who were the British (Corovic, 2009; Howard, 2014). Following the defeat
of the Ashanti tribe (occupants of Kumasi) in a war with the British in 1896, the city was razed to
the ground and re-built based on the garden city architectural design proposed by Maxwell Fry and
Jane Drew in 1945 (Clark, 2003; Quagraine, 2011). The city was marked with significant greenery
spaces including urban parks, greenhouses, trees, forests and green belts that cooled the air
temperature within the city (Eduful, 2014; Schmidt, 2005). Currently, the city has lost its garden
city status to growing demands associated with urbanization (Cobbinah & Amoako, 2012; Yuan &
Ng, 2012). Other research works have assessed the effect of such changes in land cover on the
main sources of drinking water in the Kumasi metropolis (Gal & Unger, 2009). Manu et al. (2006)
also investigated the effect of global warming on air temperatures within Kumasi and Accra, while
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Nero et al. (2017) also quantified the variability in the distribution of vegetation, soil and ecosys-
tem carbon storage in Kumasi due to recent urbanization.

Against the above background, this study seeks to spatially assess the extent and rate in
changes of the land cover pattern in Kumasi and its effect on land surface temperatures from
1986 to 2015 using remote sensing application techniques. Landsat (4, 7 and 8) data obtained
from the archives of the US Geological Survey (USGS) were used to assess the extent of green cover
(land cover) depletion of the city. A thermal map over the study period was also generated from
Landsat 8 to determine the changes in land surface temperatures since 1986. The findings of this
study will provide valuable information to modern city planners on the adoption of more sustain-
able urban planning strategies that include green vegetation conservation initiatives and have the
tendency to regulate urban surface temperatures. This information will not only be important to
the study area but to other similar growing tropical cities around Africa and the world.

2. Materials and Methods

2.1. Site Description

Kumasi is approximately 500 km (300 mi) north of the Equator and 200 km north of the Gulf of
Guinea and strategically located in south-central Ghana with all major roads converging at the city
center (Figure 1). The city is geographically located in the moist semi-deciduous part of the South-
East ecological zone of Ghana and within the tropical rain forest belt of West Africa, with an
average elevation of about 260 m above the mean sea level (Arhin & Afari-Gyan, 1992). The city
has an aggregate area of roughly 254 km? and comprises 10 sub-metropolitan areas, namely:
Manhyia, Tafo, Suame, Asokwa, Oforikrom, Asawase, Bantama, Kwadaso, Nhyiaeso and Subin
(Maoulidi, 2010).

2.2. Input Data

2.2.1. Satellite Data

The study applied remote sensing techniques for quantifying the land cover changes and its
influence on the land surface temperature (land surface estimation and land cover classification)
using freely available Landsat images for 1986, 2007 and 2015. These imageries were further
classified into forested, built-up and water areas within the study area. Three cloud-free images
were downloaded from the archives of the United States Geological Survey (USGS) Earth Explorer
and used for the study (Table 1). Landsat data were used to quantify (i) land cover changes with
the main focus on urban images and (ii) land surface temperature changes in the Kumasi study
area.

2.2.2. Meteorological Data

Mean daily temperature data were obtained from the Ghana Meteorological Agency (GMet) for
Kumasi over the study period (1 January 1986-31 December 2015). GMet, like any other meteor-
ological agencies under the World Meteorological Organization (WMO), uses WMO’s standards in
its weather measurements. However, minor inconsistencies in the weather measurements due to
instrumental or observational error could be introduced in the climate data analysis, which are
quite negligible (Mensah et al., 2016).

Statistical analyses were performed using Microsoft Office Excel (Microsoft, 2016) and R statis-
tical software (R Development Core Team, 2018).

2.3. Landsat Data Processing and Analysis

Analysis of the land cover changes was done by processing the three Landsat images geometri-
cally to its local coordinate system. This was done by geo-referencing the images to its local
coordinate system using the Universal Transverse Mercator (UTM) projection (WGS 1984 UTM Zone
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30 N) in ArcMap 10.4.1. These images were pre-processed including radiometric and atmospheric
corrections which are very essential in every remote sensing analysis due to distortions that the
images may contain (Atayi et al., 2016). The radiometric correction reduces the degree of spectral
differences from distorted images with atmospheric haze, scan lines and stripping (Atayi et al.,
2016). Also, the Landsat 7 TM developed a faulty scan line corrector on May 2003 which led to the
seen scan lines in the 2007 imageries (Figure 2). This fault was corrected and updated to Landsat
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Figure 2. Presence of scan-line
and without scan line.

Table 1. Summary of the Landsat data sets used in the analysis

Satellite WRS path/ Date of Spatial Spectral Source

sensor row acquisition resolution resolution

Landsat 4-5 T™ 195/055 20 January 30 m 8 bands Earthexplorer.org
1986

Landsat 7 ETM+ 195/055 31 January 30m 8 bands Earthexplorer.org
2007

Landsat 8 OLI 195/055 15 January 30m 11 bands Earthexplorer.org
2015
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8. As such, images from the period as detected in 2014 had some scan lines in them. These scan
lines were removed using the Landsat Gap-fill extension in ENVI 4.7. Atmospheric correction was
also performed to remove the atmospheric haze such as clouds, caused by the variations in the
atmospheric conditions between the dates of images, through the use of a Quick Atmospheric
Correction function tool in ENVI 4.7.

Remotely sensed data were used to obtain information by assessing the ecosystems’ conditions
through land cover mapping (Assessment, M. E., 2005). Land cover mapping mimicked the Earth's
surface by delineating the different features that exist in their natural environment, using the
image classification technique. For the purpose of this study, forest refers to areas covered with
trees either deciduous or evergreen, built-up refers to areas with residential or commercial
structures and waterbodies are areas covered by rivers, ponds, dam, etc.

Image Classification method was done for the three images using supervised classification
techniques in ArcMap 10.4.1. In this case, the training samples were selected based on the
reflectance or the spectral characteristics of the classes. This technique gives more accurate
results with a higher accuracy than the unsupervised technique (Tso & Mather, 2009). The
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supervised classification was carried out using the Maximum Likelihood Algorithm in ArcMap, and
the selection of the training areas was based on the ground truth points obtained from Google
Earth.

An accuracy assessment was further carried out to determine the feasibility of the classified images
depending on the level of acceptance of error in the images. This is very essential for any classified
image since all classified images are assumed to be inaccurate to only be used as a decision-based
tool. This also served as a guide for the map’s quality and reliability. Hence, the accuracy assessment
of these classified images was calculated using the Kappa coefficient statistics, K, and the error
matrix. This was analyzed using ArcMap and later exported to Microsoft Excel for further analysis.
Thus, a K > 0.80 indicates a strong agreement of the class assessed. Whiles a K between 0.40 and 0.80
showed a good agreement, and K < 0.40 showed a poor agreement (J. Jensen, 2005).

In this study, reference data consisting of 90 text pixels were generated based on a rule of
thumb for all the three classes (Atayi et al., 2016). This was done in ArcMap 10.4.1 and later
exported to MS Excel to further determine the kappa matrix (k), the overall accuracy, commission
error (user’s accuracy) and omission error (producer’s accuracy) as stated in Lillesand et al. (2015).
The kappa coefficient (K) was determined as shown in Equation (1):

r
N xi— 2;:1(Xi+~x+l)
i=1
r

NZ — ¥ (Xis-X41)
i=1

K= (1)

where
N is the total number of observations in the matrix
r is the number of rows in the matrix
xjiis the number of observations in row i and column i
x.j is the total for row i

Xi,is the total for column I (J. R. Jensen, 2014).

2.3.1. Land Surface Temperature or Thermal Map
The thermal map was generated using Landsat 7 & 8 images (i.e. band 6, 10 and 11) in ArcMap.
This was obtained through the following steps:

(i) Conversion of Landsat 8 image to Top of Atmosphere (ToA) Radiance

The Operations Land Image (OLI) and Thermal Infrared Sensor (TIRS) were converted to ToA
spectral radiance using radiance rescaling factors provided in Landsat 7 & 8 metadata. This was
achieved using the formula below:

LA = MLQcal +AL
where
L, = ToA spectral radiance (Watts/(m,*srad*um))
M, = Band-specific multiplicative rescaling factor from the metadata (RADIANCE_MULT_BAND_x,

where x is the band number (i.e. band 6, 10, 11, given as 0.055375, 0.067087, 0.037205 and
0003342, respectively)
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A, = Band-specific additive rescaling factor from the metadata (RADIANCE_ADD_BAND_x, where
x is the band number (band 6, 10, 11 given as —0.06709, 3.16280, 0.1000, respectively)

Qca = Quantized and calibrated standard product pixel values (DN) (the band imagery used for
the analysis; band 6, 10, 11).

(i) Conversion to Top of Atmosphere Brightness Temperature

TIRS band data was converted from spectral radiance to top of atmosphere brightness tem-
perature using the thermal constants provided in the metadata file;

—273.15 (2)

T = Top of atmosphere brightness temperature (K)
L, = ToA spectral radiance (Watts/(my*srad*um))

K1 = Band-specific thermal conversion constant from the metadata (K;_CONSTANT_BAND_x,
where x is the thermal band number

K, = Band-specific thermal conversion constant from the metadata (K,_CONSTANT_BAND_x,
where x is the thermal band number

(iii) Conversion from At-satellite Temperature to Land Surface Temperature.
In this case, the satellite temperature was converted to land surface temperature using the

following equation;

B

"= A5 (8 cin(e)] 3)

where

2 = wavelength of emitted radiance (centre wavelength of Landsat bands; for Landsat
8 A(um)is10.8)

€2 = h*c/s = 1.4388*102 m K = 14388 ym K

h = Planck’s constant = 6.626*1073*Js

c = velocity of light = 2.998*10% m/s

s = Boltzmann constant = 1.38*1072% J/K

e = Emissivity = 0.004*Pv + 0.986

Pv = ((NDVI — NDVIin)/ (NDVImax — NDVIpin))?

Band 4, 5 was used to obtain NDVI by (Tech, 2018).
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Figure 3. Classified land cover
maps for 1986, 2007 and 2015.

2.4. Change Detection

In order to determine the rate of increase or decrease in the land cover over Kumasi, a change
detection technique was used to determine the land surface changes that had occurred from 1986
to 2015 (Lu et al,, 2010). To better understand the rate of changes within this 30-year period, the
annual rate of change from 1986 to 2007, 2007 to 2015 and 1986 to 2015 as was applied in
Kaishaigili & Majaliwa (2010) was also determined for Kumasi. Additionally, the generated land
surface temperature maps for 1986, 2007 and 2015 were compared with the classified land cover
images to assess the effect of changes in land cover on temperature within the city.

3. RESULTS AND DISCUSSION

3.1. Land Use Change Analysis

The classified land cover maps (Figure 3) were used to determine the land use and land cover
changes that occurred between 1986, 2007 and 2015, respectively, within Kumasi, with well-
defined land cover classes (forest, built-up areas and waterbody). In comparison to the adjacent
years, 2015 recorded the least overall accuracy (85.56%) and the least kappa coefficient (0.78),
though these two values fall within the accepted range (a good comparison between the classified
image and ground truth). This may be due to the dominance in the built-up areas with higher
reflectance within Kumasi. The overall accuracy for this study was not 100% because of some few
misclassifications of pixels which occurred in nearly all the classes due to the nature of the image
used in terms of clouds and scan lines. Also, there was some difficulty in the differentiation of the
spectral reflectance between the waterbody and forest (trees). Using Landsat images with low
resolutions makes land cover analysis difficult as compared to the high-resolution images which
are but are not freely accessed by the public.

The spatial analysis of the LULC images shows that the built-up areas significantly increased
from 1986 to 2015 (Figure 3). These forest areas in Kumasi had the greatest loss, while the
waterbodies exhibited very little change between 1986 and 2015 (Tables 2-4). The observed

1986 LULC 2007 LULC 2015 LULC
i Legend B
-WalerBody )
0 5 {0 20 Kilometers I Forest
| I 5uit-Up Areas

T | P T T T T T
T1gow zoow vsgow ragow agow 200w r1gow rovw
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Table 2. LULC change analysis from 1986 to 2007

LULC 1986 LULC 2007 LULC 1986-2007
Class names Area Cover Area Cover Area Cover | Annual | Annual
(km?) (%) (km?) (%) change | change | rate of | rate of
(km?) (%) change = change
(km?/
year)
(%l/year)
Waterbody 2.62 1.13 4.31 1.87 1.70 0.73 0.08 0.03
Forest 218.84 94.63 170.42 73.69 -48.42 -20.94 -2.31 -1.00
Built-up areas 9.81 424 56.54 24.45 46.73 20.20 2.23 0.96
Total 231.27 100.00 231.27 100.00

Table 3. LULC change analysis from 2007 to 2015

LULC 2007 LULC 2015 LULC 2007-2015
Class names Area Cover Area Cover Area Cover | Annual | Annual
(km?) (%) (km?) (%) change | change | rate of | rate of
(km?) (%) change | change
(km?/
year)
(%/year)
Waterbody 4.31 1.87 2.61 1.13 -1.71 0.74 -0.21 -0.09
Forest 170.42 73.69 163.04 70.50 -7.38 -3.19 -0.92 -0.40
Built-up areas 56.54 24.45 65.63 28.38 9.08 3.93 1.14 0.49
Total 231.27 100.00 231.27 100.00

Table 4. LULC change analysis from 1986 to 2015

LULC 1986 LULC 2015 LULC 1986-2015
Class names Area Cover Area Cover Area Cover | Annual | Annual
(km?) (%) (km?) (%) change | change | rate of | rate of
(km?) (%) change | change
(km?/
year)
(%/year)
Waterbody 2.62 1.13 2.61 1.13 0.00 0.00 -0.21 0.00
Forest 218.84 94.63 163.04 70.50 -55.80 -24.13 -1.92 -0.83
Built-up areas 9.81 4.24 65.63 28.38 55.81 24.13 1.92 0.83
Total 231.27 100.00 231.27 100.00

decline in forest cover was mainly attributed to the increase in commercial and mechanized
agricultural activities to meet the emergent needs for accommodation, provision of energy, food
supply and creation of employment within such a developing city as Kumasi. The significant
population growth rate of 331.56% for Kumasi from 1984 to 2015 (Figure 4) explains this observed
24.13% increase (representing 55.81 km? of the total land area of Kumasi) in the built-up environ-
ment between 1986 and 2015 (Table 4). This finding is consistent with earlier studies by Koranteng
(2007) and Asare (2014) who all reported that such extensive growth period in the built-up
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Figure 4. Population pattern in
Kumasi since 1984 (Source:
Kumasi metropolitan assembly,
2016).
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environments of developing cities such as Kumasi during the same study period was associated
with the rapid population growth in many urban areas within Ghana. These changes in the land
cover surface mainly arose due to the major architectural changes that also took place in Kumasi
in response to the massive boost in the housing sector, as more people preferred semi-detached
houses to the already existing compound houses (Poku-Boansi & Inkoom, 2011; Tontoh, 2011).

Additionally, with more people migrating into Kumasi (especially at the central business part of
the city) as a result of urbanization, the acquisition of land now becomes very competitive. Thus,
the increase in the purchase of many customary or government lands (formerly owned by tradi-
tional leaders or government) to private investors for building and construction purposes, without
proper urban planning policies and corruption will further lead to the mismanagement of these
lands and subsequently the uncontrolled deterioration of the green environment within the city
(Fiadzigbey, 2006; Grant, 2009). According to Dinye et al. (1987), most parts of Kumasi had
beautiful physical landscape with green parks and waterway tributaries that transected the city
through its neighbourhoods (Atonsu, Kaase, Bantama and Aboabo). However, these parks and
gardens (Adehyeman Gardens, Suntreso Park, Kumasi Children’s Park, the Kumasi Zoological
Gardens, Fante Newtown Park, Abbey’s Park, Jackson Park, Prince of Wales Park, Para Gardens,
Kumasi Race Course, Kotoko Park, etc.) that fulfilled the recreational needs of the individuals and
further beautified the city have all been encroached upon or developed into built-up environments
(Figure 5), thereby casting a negative image on the ‘Garden City’ of Kumasi (Mensah, 2014a).

3.1.1. Relationship between the land surface temperature and the land cover type

The mean land surface temperature (LST) increased across all the nine governmental adminis-
trative areas from 1986 to 2015 (Figure 6 and Table 5). The highest increase in the mean LST (4.16°
C) was observed within the Kumasi Metropolitan Assembly (central business area of Kumasi), with
the lowest increase in the mean LST (0.46°C) also seen within the Atwima Kwanwoma District.
Moreover, to better understand the effect of the land cover changes on LST, a ground validation
technique was used to assess the areas with a significant increase in LST. It was evident that these
areas which were characterized by an increase in LST (such as the Kumasi Metropolitan Assembly,
Asokore Mampong and Ejisu Juaben) had undergone significant land cover changes over the 30-
year period. These districts which used to be mostly vegetated had been replaced by built-up/
artificial surfaces that comprised impervious layers like concrete, black asphalt, bricks and stones
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Figure 5. Parts of Fante new-
town park destroyed for com-
mercial activities (Source:
Mensah, 2014b).

Figure 6. Thermal map of
Kumasi in January of 1986,
2007 and 2015. Where KMA
refers to the Kumasi metropo-
litan assembly and AMM also
refers to the Asokore Mampong
Municipal.
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(Mensah, 2014b). The absorption and release of heat by these built-up areas contributed to the
warming of the surrounding environment as recorded from 1986 to 2015 within the city
(Mahmoud, 2011; Wang et al,, 2017). To further appreciate the relationship between the land
cover types and the LST, the mean values of the LST for 1986, 2007 and 2015 with their
corresponding percentage annual rate of change in land cover were correlated. The results showed
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Table 5. Mean LST for each governmental administrative district across Kumasi (1986-2015)

Administrative 1986 2007 2015
district LST (°C) LST (°C) LST (°C)
Afigya Sekyere 23.32 23.77 23.32
Afigya Kwabre 24.23 24.64 24.23
Asokore Mampong 24.64 24.64 27.94
Atwima Kwanwoma 23.77 24.23 24.23
Atwima Nwabiagya 21.98 24.23 23.32
Bosomtwe 21.98 23.34 23.32
Ejisu Juaben 21.98 23.34 24.23
Kumasi Metropolitan 24.64 25.07 28.36
Assembly

Kwabre 22.43 24.64 24.23

Table 6. The maximum, minimum and mean LST for Kumasi (1986-2015)

Year Maximum Minimum Mean
temperature (°C) temperature (°C) temperature (°C)

1986 27.10 19.73 21.73

2007 31.23 20.23 23.53

2015 35.68 20.67 25.89

a strong positive correlation between the mean LST and percentage annual rate of change in land
cover across all the nine governmental administrative districts within Kumasi (p <0.00001). This
supports the finding from this study on the increase in the mean LST at places characterized by an
increase in built-up surfaces. The results also agree with other findings from Hu et al. (2015);
Connors et al. (2013) and Igun and Williams (2018) that shows how an increase in the built-up
areas within some big cities like JingjinTang (China), Phoenix (US) and Lagos (Nigeria) led to a rise
in LST.

Consequently, since minimum temperatures often occur at night, a high rate of increase in the
mean annual minimum temperatures (0.02°C/year) as compared to the rate of increase in the
mean annual maximum temperature (0.01°C/year) as observed in Figures 7 and 8 over the 30-year
study period suggests an associated thermal discomfort at night-time within the Kumasi metro-
polis (Morini et al., 2018; Ongoma et al., 2016).

The World Health Organization in their recent report in 2018 predicted that such thermal discomfort
as experienced by developing urban areas, as a consequence of rising minimum temperatures may
lead to the frequent occurrence and spread of respiratory diseases in many overcrowded areas within
such cities (Hall & Tewdwr-Jones, 2010; McGrane, 2016). Therefore, there is the need for both the
government and the Kumasi city planners to incorporate environmentally sustainable strategies that
also cools the city in future urban planning measures. The planting of deciduous trees and creation of
green parks around the city will also decrease the heat stress and cool the environment.

3.2. CONCLUSION AND RECOMMENDATIONS

This study utilized remote sensing data and GIS technique as valuable tools in assessing the effect
of the land cover change due to urban growth on the microclimate within Kumasi, especially the
land surface temperature from 1986 to 2015. The changes in land cover from a green vegetated
surface to a more non-transpiring and reduced evaporative built-up or artificial surface cover over
the most central part of Kumasi were mainly due to the development of large areas within the city
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Figure 7. The trend of the mean
annual minimum temperature
from 1986-2015 for Kumasi.

Figure 8. The trend of the mean
annual maximum temperature
from 1986-2015 for Kumasi.
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into housing and commercial centres to meet the needs of the ever-increasing number in popula-
tion since 2000. Such urban growth activities contributed to the overall increase in the LST over
most areas within the city as observed from the 2007 and 2015 Landsat thermal images.

From this study, we reiterate the need for proper mitigation and adaptive policies in modern city
planning, to minimize the effects of the heat stress, while improving upon the air quality flow within the
city. Most urban cities in Africa continue to grow at a rate of 4.87% per annum, as such, there is the need
to integrate some innovative urban sustainability practices such as green walls, green roofs, green
spaces, white or reflective materials in the construction of buildings, roofs, pavements and roads to
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increase the overall albedo effect of the city. The application of such cool roofs (made from reflective
materials), reflective glass, green roofs and light coloured concrete will aid in reflecting up to about 50%
more light and reduce or regulate surface temperature. Green roofs will also be excellent insulators
during warmer months to cool the surrounding environment. With the right siting of buildings to improve
ventilation, air quality will be enhanced as free movement of air flows within the city.

Finally, the use of other renewable energy sources such as solar or biofuel technologies to meet
the energy demand of urban cities like Kumasi will limit the combustion of fossil fuels and reduce

its harmful effects on the environment.
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