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Abstract

This study critically and systematically reviews the state-of-the-art on UHI research in west
Africa region to identify and bridge the gap with other global literature. Focusing on 48 studies
extracted through a laid down protocol, we reviewed, integrated and analysed in detail the
causative factors of UHI, methods of measurement, the intensities, variabilities, impacts and
mitigation strategies while critiquing the methods and limitations of the studies. Of the 16
countries in the region, UHI-related research have been conducted in only 5 countries, indicating
a wide knowledge gap. Also, inconsistencies in the scale of study, data collection methods and
analysis were observed, indicating that studies have not used a universal and specific protocol

to define the choice of location for an urban and a rural area.
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1. Introduction

Due to its geographical location, background climate and recent large-scale urban
sprawl as well as high poverty level, west Africa is most susceptible to the impact of
climate change such as extreme heat [1]. A slight increase in temperature could trigger
the thermal condition to be above the heat-health threshold. For example, a recent
study by [2] in Kumasi, Ghana, found relatively higher Urban Heat Island
Intensity(UHII) than those experience in European cities during the 2016 heatwave
indicating the extent of Urban Heat Islands (UHI) in west Africa region. The problem
will become more intense and frequent in the future based on scientists' projections e.g
[3]-[5]. Although, the urban transition in west African cities offers tremendous social
and infrastructural development opportunities. This is however made possible at the
expense of the local climate. Even though human presence is part of nature, sustainable
cities will be made possible if human activities respect the ecological system. The
environmental equilibriums have recently been challenged with the pace of
urbanization in Africa that exceeds the critical value of population density.

Despite all these, unfortunately, the understanding of the dynamics of Urban Heat
Island (UHI) menace is still limited over this region [6]. This review article attempts to

collate existing knowledge on the subject within west Africa. The specific goal is to
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identify critical gaps in UHI studies and the state-of-the-art methodologies and define
some key research questions to accommodate future studies to achieve sustainable and
resilient cities. To achieve this, we exhaustively review various studies on UHI in west
Africa from 1985 to 2021 to understand the trend of existing studies with respect to the
determining factors, adopted methods of measurement, the intensity and variability,
impacts and mitigation strategies of UHI. The review will also tend to find topics and
gaps that need more attention from researchers to inspire proactive urban climate
actions in the future.

2. Geography and climate of the study area

2.1 Study Area
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Figure 1. Geographical map of west Africa.

The systematic review considers UHI studies written in English over 16 countries in
the region, covering a landmass of approximately 6 million km? and an estimated

population of 381 million people [7].

2.2 Literature search and screening

Different databases (Scopus, Google Scholar and web of science) were employed for
an intensive literature search. Search terms such as Urban climate, Urban Heat Island,
Heat stress, and Land surface temperature were separately combined with west
African country's names. Since this systematic review focuses on Urban Heat Island
over the west African domain, we limit the findings to cities within the domain and
also set a subfield category using the online database. The search result returned 244
articles.

After the initial online extraction, a rigorous manual check was performed by
reading the abstract and assessing whether the articles were relevant to the scope of
the review. For an article to be selected, it must address the research objectives stated
above; that is, it must address either of UHI development, measurements,
characteristics, causes and impacts and mitigation strategies and changes in land use
and surface composition in relation to Land Surface Temperature (LST. We however
selected only studies written in English. Even with this broader scope, only 48 articles

were selected and reviewed with case studies over 21 cities in west Africa.
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3. Results and Discussion 1

Whereas a Canopy Layer Urban Heat Island (CUHI) is based on the air temperature
anomaly in the urban area, a Surface Urban Heat Island (SUHI) is based on the Land
Surface Temperature (LST) anomaly in the urban areas in comparison to a rural area.
A surface review of the 48 selected articles showed that the articles could broadly be
classified into 3 groups defined by the type of UHI considered and focus of the study;
approximately 58.3% focused on SUHI, 35.4% considered CUHI and approximately
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12.5% focused on UHI mitigation potentials with green infrastructures.

]

For studies in the SUHI group, there are two sub-categories: those studies that really
investigated SUHI based on the traditional definition of differential LST between a 10
urban and a defined rural reference area. Only 7 (25%) of the 28 SUHI studies could be 11
classified into this category. Whereas 21 studies only used LST as a proxy for UHIL. 12
They either investigated Land Use Land Cover (LULC) dynamics using remotely 13
sensed data to establish the link between LULCC, LST, as well as variations in the 14
intensities on a spatial and temporal scale. This shows that 75% of the SUHI studies 15
did not intrinsically investigate the UHI effect but examined whether Spatio-temporal 16
factors are related to LST (figure 2a). For the CUHI group, studies were analyzed based 17
on data source and measurement approach such as the number of transect points and 18
instrument set up with respect to the height as well as justification for urban and rural 19
site selection. The analytical methods employed in estimating the Canopy Urban Heat 20
Island Intensity (CUHII) were also evaluated, 64.3% (n=9) of the CUHI study employed 21
fixed method of temperature, 20% (n=3) of the study utilized the mobile traverse 22
method, whereas 26.7% (n=4) used data from weather stations. Figure 2b shows the 23
variations of the mean maximum CUHII as reported in each study. Somehow, only 24
63.3% of the CUHI studies estimated the CUHII. Significant variations in the CUHII ~ 25
were observed in the studies. This variation may be associated with the size and scale, 26
measurement period and analytical method of the UHI study accordingly, as there is 27
no objective definition of urban areas, which gives rise to inconsistencies in the choice 28

of location for placing the instrument. 29
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Figure 2 (a) Classification of SUHI studies based on the intrinsic definition of Surface 32
Urban Heat Island Intensity (SUHII) (b) Variations of the maximum CUHII 33
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References

4. Conclusions

The reviewed studies have generally evident the abrupt increase in urbanization and
corresponding urban warming, particularly in the last two decades; A large proportion
of UHI studies reviewed focused on LST changes to evident SUHI powered by the
open-access Landsat data. The studies have, however, incorrectly presumed a vertical
homogeneity for impervious and built up areas. However, a smaller proportion of the
studies classified the urban area in terms of density variations (High density, medium
density and low density). This is a step toward evaluating an intra-UHI. To improve
the effectiveness of measuring the magnitude of the UHI effect in cities worldwide, a
uniform and standardized method of land use classification for easy inter-city
comparison, the Local Climate Zone(LCZ), is proposed over this region. This will
further support the Urban Canopy Parametrisation (UCP) needs of mesoscale and
microscale modeling.

Separately from inconsistencies and an awkward classification of urban and rural
sites, 3 other gaps were noticed from this systematic review; i. inconsistencies in the
relevant period of interest ii Inadequate cross-validation of spatial and temporal
variations in UHI and iii. the lagging effect of meteorological factors was not well
accounted for. Therefore, we propose the adoption of LCZ scheme with its robust UCP

for a sparse data region like West Africa in UHI Modelling.
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