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Abstract 13 

This study conducts a semi-systematic assessment of scientific literature published between 2015 and 14 

2025 to examine the current state of knowledge on climate hazards in African cities. A broad 15 

literature search yielded 1,832 records, which were conservatively screened to a final sample of 272 16 

articles. The corpus was analysed using quantitative mapping and a qualitative hazard-based expert 17 

review. The analysis reveals a rapidly expanding but uneven knowledge base. Research is 18 

geographically concentrated, with Central Africa and small and fast-growing secondary cities 19 

underrepresented. Flooding and heat-related topics dominate the literature, whereas sea-level rise, 20 

windstorms and urban water stress receive comparatively limited attention. Consideration of multiple 21 

hazards remains limited and uneven, while explicit analysis of interactions between hazards is rare. 22 

Earth Observation is widely used, but its broader potential remains underexploited, while high-23 

resolution urban climate modelling and observations remain limited. Most studies focus on historical 24 

or present-day conditions, and few combine future climate scenarios with projected urban growth. 25 

Overall, broader geographic and thematic coverage, improved high-resolution observations and 26 

urban-scale modelling, and stronger integration of future climate and urban development are needed 27 

to provide a more representative evidence base for adaptation and resilience planning in African 28 

cities.  29 
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1 Introduction  30 

Although the African continent has played only a modest role in driving global warming, it remains 31 

among the regions most exposed and vulnerable to climate change impacts (Ayompe et al., 2020). 32 

This imbalance raises fundamental issues of climate justice, as populations that have contributed 33 

least to the problem face some of its most severe consequences. Under continued global warming, 34 

climate-related hazards are projected to intensify markedly across the continent (IPCC, 2023). 35 

Cities are at the centre of this challenge. Urban areas concentrate people and assets, while local 36 

characteristics such as impervious surfaces and anthropogenic materials aggravate heat and flood 37 

hazard. Rising temperatures also interact with health issues, for example by expanding the habitat of 38 

malaria-carrying mosquitoes (Sinka et al., 2020). At the same time, floods and storms continue to 39 

expose the fragility of urban infrastructure, particularly in informal settlements, where homes may 40 

easily overheat, collapse in storms, or be swept away in floods (UN-Habitat, 2022). More than half of 41 

Africa’s urban residents, around 230 million people, live in such settlements, and their number is 42 

rising. 43 

The speed of urbanisation adds another layer of urgency, as can be seen from Figure 1. Africa is 44 

projected to host some of the world’s largest megacities by the end of this century (Hoornweg and 45 

Pope, 2017). Much of this growth is informal and unplanned, which increases exposure to hazards 46 

and limits adaptive capacity (Mukim and Roberts, 2023). This creates a triple risk: (1) the 47 

concentration of resources and people in cities, (2) structural vulnerability and limited adaptation 48 

options, and (3) urban features that amplify climate impacts. Despite these realities, fast-growing 49 

secondary cities in Africa remain substantially underrepresented in urban climate studies (Montfort 50 

et al., 2025). 51 
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 52 

Figure 1. Land-use maps of Niamey, Niger, for 2005 (left) and 2020 (right) at 300 m resolution, generated by 53 

integrating ESA CCI Land Cover, Global Human Settlement Layer built-up fractions, ESA WorldCover, and 54 

OpenStreetMap data. The comparison illustrates the urban growth of Niamey over just 15 years, which is 55 

exemplary of the rapid expansion seen in many African cities. (Contains modified Copernicus data 2020. © 56 

European Union, 1995–2024. Contains modified Copernicus data 2020. © OpenStreetMap contributors.) 57 

Climate research in Africa has traditionally focused more on rural concerns, such as agriculture and 58 

water resources, than on urban challenges (Carr et al., 2020). Funding flows are also skewed, with 59 

most climate research funds directed to institutions outside Africa, leaving African researchers with 60 

limited resources to generate locally relevant knowledge (Overland et al., 2022). As a result, decision-61 

relevant climate information at the city scale remains scarce, undermining efforts to support 62 

adaptation and limiting access to international climate finance.  63 

Model-based climate information at the urban scale also remains limited. Global and regional climate 64 

models typically operate at spatial resolutions too coarse to capture city-level processes, creating a 65 

mismatch between research outputs and local adaptation needs (Graça et al., 2022; Hamdi et al., 66 

2020).  67 

Earth Observation (EO) provides an important complementary source of climate-relevant 68 

information, particularly in regions where ground-based monitoring networks are sparse, as in much 69 

of Africa. Satellite observations offer spatially consistent measurements of environmental conditions 70 
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over large areas and multi-decadal time periods, enabling the analysis of land-cover change, urban 71 

expansion and surface temperature patterns at spatial resolutions of tens of metres (Li et al., 2022a; 72 

Wulder et al., 2019). Satellite-derived land surface temperature provides spatially distributed 73 

information on urban thermal patterns, with observations at different spatial and temporal 74 

resolutions offering complementary insights into urban thermal dynamics (Keramitsoglou et al., 75 

2012). In recent years, the European Space Agency (ESA) and the Copernicus programme have 76 

substantially expanded the availability of such datasets through missions such as Sentinel and 77 

initiatives including the Climate Change Initiative (CCI) and the Global Human Settlement Layer 78 

(GHSL), which provide harmonised global information on land cover and urbanisation (Buchhorn et 79 

al., 2020; Melchiorri, 2022). 80 

While these advances have improved the availability of climate-relevant data, important knowledge 81 

gaps remain regarding climate risks in African cities. African cities are growing rapidly while facing 82 

intensifying climate risks, but the knowledge base needed to support adaptation planning and 83 

financing remains underdeveloped.  84 

Despite a growing body of literature on climate change in African cities, existing reviews have 85 

generally addressed specific aspects, including adaptation (Hunter et al., 2020), research trends 86 

(Mhedhbi et al., 2023), multi-risk perspectives (Fekete and Subramanian, 2024), or climate 87 

vulnerability and adaptation (Ansah et al., 2024). To the best of our knowledge, a broad, quantitative, 88 

hazard-centred synthesis across African cities remains lacking. 89 

This study addresses this gap by synthesising what is currently known and unknown about climate 90 

risks in African cities. This is addressed through both quantitative and qualitative analyses of a sample 91 

of scientific publications on urban climate in Africa. The assessment follows a semi-systematic 92 

approach, combining automated procedures with expert evaluation of the literature. An overview of 93 

the data and methods is provided next, including the method used to establish the sample of 94 
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scientific articles. Subsequently, results are presented stemming from quantitative and qualitative 95 

assessments, which are followed by the conclusions.  96 

2 Data and methods 97 

2.1 Selection of articles 98 

Given the broad scope of the research question, the study was designed as a semi-systematic review 99 

(Snyder, 2019), combining quantitative mapping of the literature with qualitative thematic synthesis. 100 

The initial step consisted of a selection of scientific articles in the Web of Science (WoS) archive 101 

records, using the set of keywords provided in Table 1. A final search update was conducted on 17 102 

February 2026, focusing on the period 2015-2025, possibly entailing that some articles with a 103 

publication date in late 2025 might not be included yet.  104 

The aim was to choose keywords in such a way as to keep as many avenues open as possible, i.e., 105 

keeping the restrictions limited to not miss potentially relevant articles. Still, in order to keep a 106 

sufficient and necessary focus, we demanded that variants of ‘urban’ appear as a part of the title. The 107 

only topical keyword specified was ‘climat*’ (to cover ‘climate’, ‘climatic’, ‘climatological’, etc.), i.e., we 108 

refrained from pre-defining topical terms referring explicitly to hazards such as heat, flooding, 109 

drought – or to methods, such as modelling, remote sensing – in order to avoid creating a bias from 110 

the start. Conversely, we specified the geographic context as completely as possible, both at the 111 

continental level (“Africa*”) and at the national level by including all 54 African country names, 112 

following the United Nations Department for General Assembly and Conference Management, 113 

according to which 54 countries belong to the African Group and are Members of the United Nations. 114 
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Table 1. Keywords used for the selection of articles in the Web of Science records. The asterisk (‘*’) denotes a 115 

wildcard. The ‘Topic’ category contains the Title, Abstract, and Keywords.  116 

 Keyword In 

 urban* OR city OR cities OR metropol* Title 

AND climat* Topic 

AND Africa* OR Algeria* OR Angola* OR Benin* OR Botswana* OR "Burkina Faso" OR Burkinabé 

OR Burundi* OR "Cabo Verde" OR "Cape Verdean" OR Cameroon* OR "Central Africa*" OR 

Chad* OR Comoros OR Comorian* OR Congo* OR DRC OR Djibouti* OR Egypt* OR 

"Equatorial Guinea" OR Eritrea* OR Eswatini OR Swazi* OR Ethiopia* OR Gabon* OR 

Gambia* OR Ghana* OR Guinea* OR "Guinea-Bissau" OR "Ivory Coast" OR Ivorian OR 

Kenya* OR Lesotho OR Basotho OR Liberia* OR Libya* OR Madagascar OR Malagasy OR 

Malawi* OR Mali* OR Mauritania* OR Mauritius OR Mauritian* OR Morocc* OR 

Mozambique* OR Namibia* OR Niger* OR Nigeria* OR Rwanda* OR "São Tomé and 

Príncipe" OR “São Toméan” OR Senegal* OR Seychell* OR "Sierra Leone*" OR Somalia* OR 

"South Africa*" OR Sudan* OR Tanzania* OR Togo* OR Tunisia* OR Uganda* OR Zambia* OR 

Zimbabwe* 

Topic 

AND years 2015-2025 Date 

 117 

No explicit hazard-related terms (e.g. heat, flooding or drought) or methodological terms (e.g. 118 

modelling or remote sensing) were prescribed in advance. This was deliberate, as the hazards and 119 

methodological approaches represented in the literature were intended to be outcomes of the 120 

analysis. Prescribing such terms at the search stage would have required defining these categories a 121 

priori and could have biased their observed representation in the resulting corpus. A consequence of 122 

requiring climat* as a search term is that studies addressing individual urban hazards without 123 

explicitly referring to climate may not be retrieved. The resulting corpus therefore represents 124 
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literature that explicitly connects hazards affecting African cities to a climate context, rather than the 125 

complete literature on urban hazards. 126 

The literature search was conducted using the Web of Science Core Collection (state of 17 February 127 

2026) and was restricted to English-language records published between 2015 and 2025. No 128 

restrictions were applied by Web of Science Category, and all document types were considered 129 

except books, book chapters and book reviews. The search returned a list containing 1,832 records, 130 

which was subjected to manual relevance screening. Because the broad search deliberately omitted 131 

hazard-specific terms, a large proportion of the retrieved records were clearly outside the scope of 132 

the review, and the screening consisted primarily of removing these records (Figure 2).  133 

All titles were screened first, and where relevance could not be established from the title alone, the 134 

abstract was consulted. Records were retained where a climate hazard affecting an African urban 135 

setting constituted a substantive focus of the study. Records were excluded where the African or 136 

urban context was incidental, or where climate change or climatic hazards primarily provided context 137 

for another research topic without substantive analysis of the underlying hazard. Examples include 138 

studies focusing on urban crime or conflict following climatic shocks, climate-induced migration, 139 

adaptation planning and governance, greenhouse-gas mitigation, urban agriculture, building energy 140 

performance, and environmental issues such as pollution or waste management.  141 

Screening was conducted by a single author. We considered this appropriate for our semi-systematic 142 

review because the broad search retrieved a large proportion of clearly out-of-scope records, making 143 

most exclusion decisions straightforward. Where relevance could not be established from the title 144 

alone, the abstract was consulted, and where uncertainty remained after consulting the abstract, the 145 

record was retained, this conservative approach being intended to minimize the risk of excluding 146 

potentially relevant studies. This screening procedure resulted in a final corpus of 272 articles. The 147 

bibliographic details of the articles constituting the final review corpus are provided as 148 
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Supplementary Material S1. Full-text PDFs were obtained for all papers retained in the final corpus, 149 

including through institutional subscriptions where articles were not openly accessible.  150 

 151 

Figure 2. Literature search and screening process used to identify the final review corpus. Records were 152 

identified through the Web of Science Core Collection and screened for title and abstract relevance according to 153 

the predefined inclusion and exclusion criteria. Of the 1,832 records identified, 1,560 were excluded, resulting in 154 

a final review corpus of 272 publications. 155 

Applying the WoS ‘Analyse’ function to the selected body of articles revealed that authors with an 156 

African affiliation account for 48.1% in the sample. The countries contributing most to the publication 157 

record were found to be non-African (UK and US). The highest-ranking African countries in the sample 158 

were, in order, South Africa, Nigeria, Ethiopia and Ghana.  159 
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2.2 Brief overview of analysis steps 160 

The method to conduct the analysis of the 272 selected articles is outlined in Figure 3. The upper row 161 

of the figure shows, from left to right, the progression from the WoS export list towards bibliographic 162 

(Zotero) and PDF files-archive for each of the article records.  163 

 164 

Figure 3. Schematic representation of the analysis steps used in this article. The left half covers the quantitative 165 

analysis, the right half covers the qualitative analysis.  166 

The WoS article list was analysed quantitatively with respect to (left half of Figure 3) 167 

• the representativeness of the sampled cities in terms of (1) Köppen-Geiger climate zone and 168 

(2) population size 169 

• keyword (co-)occurrence in the selected articles; 170 

• trends of Earth Observation (EO) use; 171 

• climate hazard frequency analysis. 172 

The PDF archive containing all 272 articles was analysed qualitatively (right half of Figure 3) by 173 

conducting an expert-based thematic analysis organised by climatic hazard. 174 

WoS list selected 
papers (n=272)

Bibliographic archive 
(list, metadata)

DOI identifier
Collection of full-text 

articles

Python code

Keyword 
analysis tool

Geographic & city size 
distribution

Keyword (co-) 
occurrence 

Zotero 
extract

Expert 
analysis

AI-assisted 
analysis

Qualitative synthesis 
of knowledge gaps

AI-based synthesis of 
knowledge gaps 

Q
u

a
n

ti
ta

ti
ve

 a
n

a
ly

si
s Q

u
a

lita
tive a

n
a

lysis

Regression
Trends of Earth 
Observation use

Sorting
Climate hazard 

frequency analysis

- Flooding
- Sea level rise
- Water stress
- Extreme heat 
- Land surface temp.
- Climate trends
- Wind storms



11 

 

3 Quantitative mapping of the literature 175 

3.1 Climate zone representation 176 

The WoS list of 272 selected articles was examined for city names in the Title and Abstract fields by 177 

extracting all capitalised words from these texts, enabling rapid identification of potential city names. 178 

This was implemented in MS Excel using a Visual Basic for Applications (VBA) function that identifies 179 

and extracts words starting with a capital letter and stores them in a separate column. 180 

This column was then reviewed to identify city names, by comparing city names occurring in the GHS 181 

Urban Centre Database (GHS-UCDB) R2024A from the Copernicus Global Human Settlement Layer 182 

(GHSL), which includes population estimates for each city (Melchiorri, 2022). If an extracted name 183 

from a selected article matched a city in the list, it was retained. If the same city had already been 184 

identified earlier, its occurrence count was increased by one. Nouns that resembled city names but 185 

were not present in the GHS-UCDB list were further checked using Wikipedia and Google Maps to 186 

determine whether they referred to neighbourhoods or sub-units of larger cities. In such cases, the 187 

names were assigned to the corresponding host urban agglomeration. 188 

The analysis focused on urban agglomerations as defined in the GHS-UCDB list rather than on smaller 189 

units such as sub-cities or neighbourhoods. This choice was made for reasons of cross-country 190 

consistency, as the administrative subdivision of cities differs between countries. For example, a large 191 

city in one country may be recorded as a single entity, while in another it may be subdivided into 192 

multiple smaller administrative units.  193 

The cities thus identified are shown in Figure 4 as solid dots, scaled to the number of mentions 194 

(references) in the literature sample. For each of the cities, the Köppen-Geiger climate zone (Beck et 195 

al., 2023) was determined. This enabled a comparison of the frequency of climate zones represented 196 

in the literature sample with the baseline distribution of African urban populations across climate 197 

zones. 198 
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 199 

Figure 4. Distribution of the reviewed literature across Köppen–Geiger climate zones compared with the 200 

baseline distribution of African urban populations. The bars representing the literature correspond to the 201 

number of reviewed articles referring to cities located within each climate zone. Cities may appear in multiple 202 

articles, so counts represent occurrences in the literature rather than unique cities. The baseline population 203 

distribution was derived from the GHSL Urban Centre Database (GHS-UCDB R2024A), aggregated by Köppen–204 

Geiger climate (Beck et al., 2023). The comparison illustrates the extent to which research attention across 205 

climate zones reflects (or diverges from) the distribution of urban populations across Africa. 206 

The comparison (Figure 4) shows that the climate zones represented in the sample of urban climate 207 

studies reflect the actual distribution of African agglomerations rather well. The tropical savanna (Aw) 208 

zone, for instance, dominates both the literature sample and the population baseline. 209 

Some imbalances are nevertheless apparent. Cities in highland (Cwb) and Mediterranean (Csa, Csb) 210 

climates receive disproportionately high attention relative to their urban population share, likely 211 

reflecting the visibility of climate impacts (e.g., flooding, landslides) and/or the presence of strong 212 
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local research infrastructures. Conversely, urban populations in monsoon (Am), tropical forest (Af), 213 

and hot desert (BWh) climates are somewhat underrepresented, despite their demographic 214 

significance. These patterns highlight that while the overall distribution across climate zones is well 215 

captured, there remains a tendency for research to concentrate in hazard-prone or research-intensive 216 

regions, leaving important populations in other climate zones relatively less studied.  217 

From a geographical point of view, Figure 4 shows a relatively higher coverage of referenced cities (1) 218 

near the Gulf of Guinea (West Africa), (2) along an axis extending from East to Southern Africa, and 219 

(3) in North Africa along the Mediterranean. Such a pattern is consistent with findings by other 220 

researchers (Leal Filho et al., 2023; Montfort et al., 2025). From Figure 4 it also emerges that a 221 

considerable number of the frequently studied cities are located along the coast. 222 

3.2 City size representation 223 

We compared the city size distribution (measured by number of inhabitants) of the city sample with 224 

the actual population distribution across different size categories:  225 

• small cities (< 100,000 inhabitants) 226 

• medium-sized cities (100,000 – 1,000,000) 227 

• large cities (1,000,000 – 10,000,000), and  228 

• megacities (> 10,000,000).  229 

Figure 5 shows the distribution of the sampled cities (green bars) compared with the actual city size 230 

distribution (white bars). A most striking feature resides in the strong underrepresentation of small 231 

cities in the sample, whereas large cities are overrepresented. This lesser inclusion of smaller cities 232 

was also noticed by other researchers  (Montfort et al., 2025). In contrast, medium-size and 233 

megacities are represented at proportions that closely match the actual distribution.  234 
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 235 

Figure 5. Comparison of the proportion of study references (green bars) with the distribution of the urban 236 

population (outlined bars) across city population ranges in Africa. 237 

We also examined the distinction between capital and non-capital cities in the sample. Out of 112 238 

cities, 28 (25%) are capitals. However, when weighting by the number of times each city is referenced 239 

in the selected articles (as represented by dot size in Figure 4), the share of capital cities rises to 240 

nearly 45%. This reflects the tendency for capital cities to appear in multiple studies, while smaller 241 

cities are typically mentioned only once.  242 

3.3 Keyword (co-)occurrence analysis 243 

A keyword analysis was conducted using VOSviewer, a software tool for constructing and visualizing 244 

bibliometric networks (www.vosviewer.com) (Van Eck and Waltman, 2017). Using VOSviewer, a 245 

network map (Figure 6) was created from the bibliographic data contained in the WoS output file, 246 

based on a co-occurrence analysis of both author keywords and Keywords Plus. 247 

The terms ‘climate (change)’ and ‘urban/city’ were excluded from the keywords, given they were the 248 

primary search keywords (hence should not re-appear on the network map). Our focus was on 249 

identifying additional keywords that emerged from the search. To reduce clutter and avoid less 250 

http://www.vosviewer.com/
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relevant terms, only keywords appearing at least nine times were retained, resulting in a final list of 251 

47 keywords. This threshold of 47 was determined through trial and error, aiming for a balance 252 

between including as many relevant terms as possible while maintaining a clear visualization. A 253 

VOSviewer ‘thesaurus’ file (see (Van Eck and Waltman, 2017)) was developed and applied to (1) filter 254 

out non-relevant keywords (e.g., city names); (2) merge spelling variants (e.g., ‘heat island’ vs. ‘heat-255 

island’); (3) unify conceptually similar terms (e.g., ‘earth observation’ and ‘remote sensing’). 256 

For visualization, the VOSviewer Scale parameter was set to 100%, fully allowing circle sizes to reflect 257 

keyword frequency (larger circles representing more frequent keywords); the Size Variation 258 

parameter was set to 50%, in order to avoid excessively small labels for less frequent keywords. 259 

Figure 6 shows the keyword co-occurrence network generated by VOSviewer. Node size reflects the 260 

frequency of keyword occurrence, while the thickness of the connecting lines indicates the strength 261 

of co-occurrence. Colours represent clusters, the algorithm positioning related terms closer together 262 

to reveal strong internal relationships. The occurrence and connectivity of keywords is also provided 263 

as a ranked table in Supplementary Material S2, including keyword occurrence frequencies and Total 264 

Link Strength (TLS) values. 265 

In Figure 6, four clusters emerge. The red cluster is dense and cohesive around heat-related terms: 266 

UHI (urban heat island), LST (land surface temperature), and thermal comfort). Here, LST refers to the 267 

radiative temperature of the Earth’s surface, as inferred from emitted thermal radiation, and is 268 

distinct from near-surface air temperature. The green cluster centres on flooding and social aspects 269 

(risk, vulnerability, poverty). Smaller clusters focus on hydrological extremes (blue) and water- and 270 

health-related issues (yellow). 271 
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 272 

Figure 6. Keyword co-occurrence network generated with VOSviewer. Colours indicate clusters of related 273 

keywords, and the thickness of connecting lines reflects the frequency of co-occurrence. Larger nodes represent 274 

keywords that appear more frequently across the dataset. For layout reasons, some keywords are abbreviated: 275 

‘ndvi’ = normalized difference vegetation index; ‘lst’ = land surface temperature; ‘uhi’ = urban heat island; ‘lulcc’ 276 

= land use/land cover change; ‘lcz’ = local climate zone. 277 

Several nodes occupy central positions in the network, bridging across clusters: these include 278 

urbanisation, remote sensing, LULCC (land use/land cover change), and modelling. Unlike hazard-279 

specific terms such as heat or flooding, these concepts represent methodological tools or overarching 280 

processes that naturally connect different research areas. For instance, remote sensing is strongly tied 281 

to land surface temperature (LST), urban heat island (UHI), and urbanisation in the red cluster but 282 
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also links to flooding and land-use studies. Modelling serves as another methodological bridge, 283 

connecting the flooding and vulnerability literature with research on precipitation and variability.  284 

Peripheral nodes represent less frequent or more isolated keywords. Strikingly, many of these are 285 

impact-related, such as mortality, vector-borne disease, malaria, or the aggregated term soil impacts 286 

(covering landslides, soil erosion, and subsidence). Broader socio-economic dimensions like poverty, 287 

informality, and hazard also appear in the periphery. Their position suggests that explicit links to 288 

concrete societal impacts remain less developed and relatively fragmented. Emerging methodological 289 

terms, such as machine learning, are also visible at the margins, indicating directions that are 290 

beginning to enter the field but have not yet reached central importance. 291 

Taken together, Figure 6 demonstrates that hazard-specific research (e.g., heat, flooding) forms the 292 

structural backbone of the network, while methodological concepts such as remote sensing and 293 

modelling provide essential connections across themes. At the same time, the peripheral position of 294 

impact-related keywords highlights a gap in the literature: despite frequent references to hazards and 295 

methods, systematic integration of health, poverty, and other vulnerability dimensions into the 296 

research is still relatively limited. This suggests an important direction for future work, namely the 297 

stronger linkage of urban climate hazard research to the societal impacts most directly affecting 298 

populations. 299 

3.4 Trends of EO data use  300 

Considering that Earth Observation (EO) constitutes a rapidly evolving field, the selected articles were 301 

analysed with respect to the trend of the use of EO data. The regression was done over the time span 302 

2015-2024, i.e., excluding articles published in 2025 as that might not be complete (the sampling of 303 

the 2015-2025 articles having been finalised in February 2026), which could introduce a bias.  304 
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 305 

Figure 7. Left: total number of articles (crosses and solid regression line) and EO-using articles (circles and 306 

dashed regression line) published per year throughout the period 2015-2024. Right: share of the number of EO 307 

using articles (crosses and solid regression line). 308 

The total annual output of articles shows a clear upward trend over the period 2015–2024 (Figure 7, 309 

left), increasing from only a few articles in 2015 to more than 40 in 2024. The number of studies using 310 

satellite remote sensing similarly increases over this period. In contrast, the relative share of remote-311 

sensing studies varies substantially during the first years of the period but remains relatively stable at 312 

around 40% in the later years (Figure 7, right). This indicates that, while the absolute number of 313 

studies using remote sensing has increased alongside the overall growth of the literature, its 314 

proportional contribution to the field has not markedly increased in recent years. 315 

3.5 Climate hazard frequency  316 

The list of 272 articles was further analysed in terms of the climate hazards covered. This was done by 317 

experts in the respective hazard domains, screening the title and abstracts of each article, labelling 318 

them with a hazard indication, including windstorms, sea level rise, water stress, extreme heat, slow-319 

onset events, land surface temperature (LST), and flooding. Here, slow-onset events refer to gradual 320 

changes in climatic conditions, such as increasing mean temperatures or changing precipitation 321 

patterns, consistent with the IPCC framing of slow-onset events (Calvin et al., 2023). 322 
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In cases where an article covered multiple hazards, the dominant hazard was identified, obviously 323 

inducing a certain level of subjectivity. In addition, each article was labelled for the occurrence of (or 324 

reference to) one or more conceptual or methodological aspects, including urbanisation (including 325 

such terms as urban growth, or urban dynamics), modelling, informality, data science, future climate, 326 

remote sensing.  327 

The outcome of this exercise is shown in Figure 8. A close look at the distribution of hazards reveals 328 

clear thematic imbalances. Research on flooding and LST dominate the field, together accounting for 329 

nearly half of all publications. Studies on slow-onset events and extreme heat are also well 330 

represented, underlining the importance of both gradual climate variability and acute heat extremes 331 

in African cities. It is worth noting that the two heat-related categories (extreme heat and LST) were 332 

separated in our classification. While this provides analytical clarity, it may also dilute the apparent 333 

weight of heat-related hazards in the dataset: taken together, these account for well over a hundred 334 

articles, confirming heat as one of the most prominently studied urban climate risks in Africa. The 335 

prominence of land surface temperature in particular reflects the reliance on remote sensing, which 336 

offers a consistent and widely accessible data source in data-sparse regions such as Africa. By 337 

contrast, water stress, sea level rise, and windstorms are covered only sparsely, despite their known 338 

relevance for urban vulnerability. This thematic skew suggests a concentration of research attention 339 

on hazards that are both visible in cities and relatively straightforward to monitor, while other critical 340 

but less studied risks remain underexplored. 341 
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 342 

Figure 8. Distribution of reviewed articles across different hazard types. Grey bars show the number of articles 343 

for each hazard, while coloured bars indicate the occurrence of methodological/contextual themes 344 

(urbanisation, modelling, informality, data science, future climate, and remote sensing). In this figure, ‘LST’ 345 

refers to land surface temperature. ‘Modelling’ refers to deterministic climate or hydrological modelling, and 346 

‘Data Science’ refers to artificial intelligence, machine learning, deep learning, etc.  347 

In addition to classifying articles by their dominant climate hazard, we also identified several 348 

recurring methodological and contextual themes that characterise how climate risks in African cities 349 

are studied. These include urbanisation processes (urban growth and land-use change), deterministic 350 

modelling approaches (e.g., urban climate or hydrological models), Earth Observation, and data 351 

science techniques such as artificial intelligence and machine learning. We further assessed whether 352 

studies explicitly consider future climate projections and whether they address urban informality, a 353 

key structural feature influencing exposure and vulnerability in many African cities. 354 

Analysing Figure 8 in terms of these conceptual and methodological aspects reveals a host of 355 

information: 356 
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• Remote sensing data is used in a minority (10-20%) of studies, except within the land surface 357 

temperature (LST) topic, for obvious reasons. A deeper analysis showed that most literature 358 

cases made use of Landsat imagery, either to observe patterns of land surface temperature, 359 

or to assess historical urban growth. 360 

• Urbanisation, urban growth or urban dynamics is mentioned in nearly half of the articles, yet 361 

nearly all of these have a historical focus, i.e., they consider past urban growth; only 10 (out 362 

of 272) articles concern forward-looking urban growth studies.  363 

• The use of artificial intelligence (AI), machine learning (ML) and similar techniques is limited, 364 

while these could offer a way to overcome scaling challenges as well as challenges of access 365 

to computational infrastructure for African researchers. 366 

• Most studies focus on historical or present-day climate periods; relatively few (order 10%) 367 

consider future climate projections. 368 

• Deterministic modelling (urban climate and hydrology) is used to a limited extent only; 369 

studies often interpolate climate data from coarse model output fields, thus ignoring the local 370 

impact of the urban fabric on its own microclimate (e.g., urban heat island). 371 

• Considerations of informality remain limited, being mentioned in less than 10% of the 372 

selected articles.  373 

3.6 Cross-hazard representation  374 

To complement the dominant-hazard classification, papers were additionally screened for substantive 375 

consideration of other hazard categories. Titles and abstracts were examined, with the full text 376 

consulted when necessary. Merely incidental references to other hazards were not counted.  377 

The recorded dominant and additional labels indicated consideration of more than one thematic 378 

category in 30 papers (11%).  379 

A more detailed analysis shows that the cross-hazard nature differs between the themes: 380 
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• Slow-onset studies can encompass several distinct hazards within a broader assessment of 381 

climatic change and its impacts. For example, research in Pietermaritzburg examines how 382 

drought, heatwaves, floods and other climate stressors affect urban livelihoods and coping 383 

capacities (Hlahla and Hill, 2018). 384 

• Extreme heat and LST overlap within assessments of urban thermal conditions and 385 

vulnerability. In Johannesburg, for example, LST and other environmental indicators are 386 

combined with socioeconomic and health variables to assess heat vulnerability (Parker et al., 387 

2025). However, this represents complementary information rather than distinct hazards. 388 

• Flooding and sea-level rise are connected through coastal water levels and drainage 389 

conditions. Research in Maputo explicitly examines rainfall–tidal compound flooding and its 390 

implications for storm drainage performance (Matos et al., 2023). 391 

• Water stress and flooding can be considered together through both hazard assessment and 392 

adaptation measures. Research in Ethiopia assesses urban water availability alongside 393 

drought and flood exposure (Abraha et al., 2022). In Beira, rainwater harvesting is examined 394 

as a means of reducing demand on municipal water supplies while potentially reducing 395 

stormwater flows and urban flooding (Santos et al., 2023). 396 

• Windstorm research can address flooding and storm surge (Williamson et al., 2023). 397 

Some papers explicitly examine distinct hazards within a shared urban context. For example, two 398 

studies in Accra and Tamale address flooding and extreme heat and their impacts on healthcare 399 

provision and on water and electricity services(Codjoe et al., 2020; Kayaga et al., 2021). Consideration 400 

of multiple hazards should be distinguished from analysis of compound or cascading processes. A 401 

clear example of compound-hazard analysis is provided by the Maputo study, which examines the 402 

combined influence of rainfall and tidal conditions on urban flooding (Matos et al., 2023). 403 
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4 Qualitative assessment of the state-of-the-art  404 

The bibliometric analysis presented in Section 3 reveals clear patterns in the thematic focus of the 405 

literature on climate risks in African cities. In the following section, we complement this quantitative 406 

overview with a qualitative synthesis, with the aim of describing the current state of the art and 407 

identifying scientific knowledge gaps. The qualitative analysis consists of (1) a meta-review based on a 408 

small number of recent review articles and (2) expert-based thematic reviews organised by hazard 409 

type as identified in Figure 8. An exploratory AI-assisted comparison was additionally conducted and 410 

is described in Supplementary Material S3; its results were not used as an independent basis for the 411 

conclusions of this review.  412 

4.1 Meta-review 413 

A few recent review studies provide important context for understanding recent urban climate 414 

research in Africa. These include systematic mapping of adaptation responses (Hunter et al., 2020), 415 

bibliometric analyses of research trends (Mhedhbi et al., 2023), thematic assessments of urban 416 

thermal change (Li et al., 2022b), emerging multi-risk perspectives (Fekete and Subramanian, 2024), 417 

and broader scoping reviews of urban climate risk and governance (Ansah et al., 2024). Together, 418 

these review articles describe a rapidly expanding but unevenly developed knowledge base. 419 

A consistent finding is the strong growth in publications since the mid-2010s (Mhedhbi et al., 2023). 420 

However, research remains geographically concentrated. A limited number of countries – particularly 421 

South Africa, Nigeria, Kenya, Egypt and Ghana (also see the findings of Section 2.1) – account for a 422 

disproportionate share of studies, while large parts of Central Africa and many secondary cities 423 

remain sparsely represented (Hunter et al., 2020; Mhedhbi et al., 2023). Capital cities and 424 

economically prominent agglomerations dominate the record. 425 

Thematically, heat and flooding receive substantial attention within the urban climate literature, 426 

reflecting their relevance for African cities. Flooding is frequently examined through hydrological 427 
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modelling, exposure assessments and spatial analyses (Hunter et al., 2020). Heat-related research 428 

often focuses on land surface temperature and urban heat island characteristics derived from satellite 429 

data (Li et al., 2022b). Other hazards, such as windstorms, coastal flooding and water stress, appear 430 

less consistently across the literature. Also, even though calls for integrated multi-hazard perspectives 431 

are increasing (Fekete and Subramanian, 2024), most studies still address hazards in isolation. 432 

Methodologically, the literature combines Earth Observation, spatial analysis and a range of 433 

modelling approaches. While these methods present substantially improved spatial diagnostics in 434 

data-scarce environments, high-resolution urban climate modelling and physically detailed 435 

representations of urban processes remain limited (Fekete and Subramanian, 2024; Li et al., 2022b). 436 

Explicit coupling of hazard, exposure, vulnerability and adaptive capacity is comparatively uncommon 437 

(Ansah et al., 2024; Hunter et al., 2020). Although social dimensions (poverty, informality, governance 438 

capacity and inequality) are frequently acknowledged, they are less often incorporated into 439 

quantitative risk assessments. 440 

Forward-looking assessments also remain limited. While some studies employ downscaled climate 441 

model outputs, very few integrate future climate scenarios with projected urban growth, 442 

demographic change or adaptation pathways (Fekete and Subramanian, 2024; Li et al., 2022b). As a 443 

result, the literature provides important diagnostics of present-day patterns but offers fewer insights 444 

into long-term urban transformation under climate change. 445 

In contrast to the reviews discussed above, the present study takes a hazard-centred perspective and 446 

explicitly quantifies the representativeness of the literature. In particular, research coverage is 447 

compared with the distribution of African urban populations across climate zones and city-size 448 

classes, alongside an assessment of methodological characteristics, including the use of Earth 449 

Observation and modelling. 450 
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4.2 Expert-based thematic reviews 451 

In the following subsections, the selected articles – organised by hazard type as occurring in Section 452 

3.5 – were assessed by thematic experts. The length and level of detail of the subsections vary 453 

according to the scope and characteristics of the literature identified for each hazard. Rather than 454 

providing an exhaustive study-by-study account, the discussion focuses on synthesising the main 455 

insights emerging from the reviewed literature for each hazard. Section 4.3 brings these findings 456 

together in a synoptic table, providing a concise synthesis across the different hazard themes. 457 

4.2.1 Flooding 458 

Flooding is a major urban hazard across Africa (Douglas, 2017), with climate change reshaping 459 

important hydroclimatic drivers, particularly intense rainfall. Rather than being expressed only 460 

through higher annual totals, these changes can involve sharper sub-daily rainfall bursts and shifts in 461 

seasonality (Bulti et al., 2021), increasing the likelihood of short, intense storms and making historical 462 

intensity–duration–frequency relationships less reliable for design in affected regions (Padji et al., 463 

2024). In coastal settings, heavy rainfall can also coincide with high tides or cyclone-driven surges, 464 

amplifying backwater effects at drainage outfalls (Matos et al., 2023). Taken together, these studies 465 

indicate that changing rainfall characteristics and, in coastal cities, interactions with marine 466 

conditions can alter the magnitude and timing of urban flood hazard. 467 

However, the literature also shows that worsening urban flooding cannot be attributed to changing 468 

climate conditions alone. New climate stresses interact with scarce natural storage and undersized or 469 

poorly maintained drainage systems (Lameche et al., 2023). while rapid and often unplanned urban 470 

growth compounds persistent infrastructure and maintenance gaps (Beshir and Song, 2021). 471 

Expansion into floodplains and wetlands simultaneously increases exposure and impervious cover 472 

while removing natural surfaces that previously slowed runoff (Andreasen et al., 2023), and 473 

encroachment into drainage rights-of-way can further concentrate overland flow at hydraulic 474 
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constrictions. Urban flood impacts therefore emerge from the interaction between changing rainfall, 475 

land-use change and drainage performance, rather than climate exposure alone (Neves et al., 2023).  476 

This interaction between hazard, exposure and vulnerability is also evident in the socioeconomic 477 

consequences of flooding. Impacts on households and businesses are most severe where low-lying 478 

exposure overlaps with social vulnerability and weak infrastructure (Kita, 2017; Zehra et al., 2019). 479 

Accordingly, the literature considers operational measures alongside physical infrastructure upgrades, 480 

including pre-storm inlet clearing, removal of bottlenecks, protection of drainage rights-of-way and 481 

timely local warnings (Dumedah et al., 2021), Where mapped flow paths and documented constraints 482 

are available, prioritised maintenance and selective upsizing can reduce inundation and service 483 

interruptions more effectively than uniform area-wide retrofits (Miller et al., 2022; Tedla et al., 2022). 484 

The literature thus links the effectiveness of flood-risk reduction not only to additional infrastructure, 485 

but also to how existing drainage systems are maintained, targeted and operated in relation to local 486 

exposure and vulnerability. 487 

Despite the urgency of these challenges, capacity to track and plan for changing flood patterns still 488 

lags in many regions (Boko et al., 2020). Sparse or outdated sub-hourly rain gauges, river and tide-489 

level loggers and drainage inventories hamper both detection of changes in short-duration extremes 490 

and routine updating of design assumptions, while consistent event-based datasets linking rainfall, 491 

inundation, losses, affected services and intervention performance remain rare. Spaceborne Earth 492 

observation and artificial intelligence offer ways to address data scarcity and model-flexibility 493 

challenges (Ekwueme, 2022; Weday et al., 2023), but ground validation and open, maintained asset 494 

maps remain necessary at city level. Consequently, data limitations affect not only flood 495 

characterisation but also the transferability of approaches between cities, reinforcing the need for 496 

sustained comparative research to translate changing hazard evidence into adaptive design standards 497 

and maintenance and upgrade programmes (Hassan et al., 2022). 498 
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4.2.2 Sea level rise 499 

Another important consequence of climate change is sea-level rise (SLR), which is raising the baseline 500 

for coastal flooding and increasing the occurrence of coastal extremes along African coastlines. The 501 

resulting hazard is often compound: when intense rainfall coincides with high tides or storm surges, 502 

reduced freeboard and higher tailwater levels at drainage outfalls can impede drainage and turn 503 

storms that would previously have remained below street-flood thresholds into disruptive 504 

inundation. This risk is particularly pronounced in embayments, back-beach lagoons and river deltas, 505 

where shallow slopes and constricted outlets amplify backwater effects, as illustrated by the 506 

vulnerability of the Nile Delta (Abdrabo et al., 2022; Kamal et al., 2025). The literature thus presents 507 

SLR not simply as gradual coastal inundation, but as an increasing baseline that can amplify existing 508 

rainfall, tidal and drainage-related flood processes. Nevertheless, vulnerability is highly location-509 

specific, making locally resolved assessment essential (Halecki and Bedla, 2025).  510 

The effects of SLR are further shaped by structural characteristics of African coastal cities. Low-lying 511 

topography, constrained drainage outlets, maintenance backlogs and the concentration of critical 512 

services along shorelines all increase vulnerability to compound coastal flooding (Yankson et al., 513 

2017). Rapid urban growth is particularly important in the African context (Noby et al., 2024), as the 514 

removal of natural buffers and urban growth-related land subsidence can compound relative sea-515 

level rise and extend its effects into beach and wetland areas. Taken together, these studies show that 516 

urban vulnerability to SLR is produced by the interaction of rising coastal water levels with urban 517 

development, drainage and infrastructure conditions, and the degradation of natural coastal 518 

protection. Addressing these interacting risks requires stronger coastal hydro-climatological 519 

monitoring and better integration of available data, for which Earth Observation products offer a 520 

viable approach in the region. In the shorter term, the literature supports measures such as updating 521 

hazard zoning and identifying priority areas for drainage improvement (Halecki and Bedla, 2025). The 522 
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central research challenge is therefore to translate improved monitoring and modelling of a broadly 523 

shared hazard into locally specific assessments. 524 

4.2.3 Water stress 525 

Water stress in African cities is a coupled supply–demand problem: climate variability can disrupt 526 

freshwater availability while rapid population and urban growth increase demand (Dos Santos et al., 527 

2017). On the supply side, longer droughts and dry spells can reduce river flows, reservoir storage 528 

and aquifer recharge (Gumbo and Kapangaziwiri, 2023; Rusca et al., 2023). Even where changes in 529 

annual rainfall are modest, shifts in rainfall timing and longer hot spells can increase the risk of supply 530 

outages (Ayanlade, 2024). The literature therefore indicates that urban water stress depends not only 531 

on the total amount of water available, but also on the timing and reliability of supply relative to 532 

growing demand. 533 

On the demand side, population growth and urbanisation are increasing city-wide water 534 

requirements, while associated land-cover changes and limitations in service provision influence how 535 

severely households experience water shortages (Foster and Gathu, 2024). Where utilities cannot 536 

meet demand, households may turn to private boreholes and water vendors, but these responses 537 

can accelerate groundwater drawdown, increase salinity and contamination risks, and impose higher 538 

costs on poorer areas (Oiro et al., 2020; Shiru et al., 2020). Water stress is therefore also shaped by 539 

the capacity of urban water systems to accommodate rising demand: responses to inadequate formal 540 

provision can themselves create additional pressures on groundwater resources and uneven 541 

socioeconomic burdens. 542 

Work on Marrakesh illustrates how these interconnected pressures on water resources and services 543 

can generate water stress in contrasting urban contexts (Analy and Laftouhi, 2021). In both cases, 544 

urban expansion has increased water demand, while encroachment on recharge areas and wetlands 545 

has reduced groundwater recharge. Together, these cases reinforce the central finding that urban 546 
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water stress emerges from interacting climatic, demographic, land-use and service pressures rather 547 

than from water availability or climate variability alone. 548 

4.2.4 Extreme heat  549 

Observational studies provide evidence of changing historical trends in heatwave characteristics in 550 

African cities. In Ghana, for example, heatwaves have become more frequent, especially at night, 551 

while large differences are found between cities (Wemegah et al., 2025). Analysis for Mozambique 552 

also finds increases in heatwave frequency and duration across many parts of the country, including 553 

urban areas, although the magnitude of these trends depends strongly on how heatwaves are 554 

defined, for example using maximum temperature, minimum temperature, or the compound Excess 555 

Heat Factor (Pereira Marghidan et al., 2023). Enhanced nighttime heatwaves have also been 556 

identified across African urban clusters, pointing towards nighttime conditions as a specific 557 

component of urban heat hazard (Igun et al., 2023). Taken together, these studies provide evidence 558 

of changing heatwave characteristics, but the diversity of heatwave definitions complicates 559 

comparison between studies and cities. 560 

Future urban heat projections constitute another recurring topic in the examined articles. However, 561 

while several studies project increasing heat under climate change, only a few include the effect of 562 

urban growth, which is projected to be very high in Africa (see the Introduction). Detailed work in 563 

Niamey based on the UrbClim-GeoDynamiX modelling suite illustrates the value of coupling urban 564 

climate modelling with projected urban expansion: future heat stress increases both in intensity and 565 

spatial extent as the city grows (Souverijns et al., 2023). This distinction is important because 566 

projecting a changing climate over a static representation of the city may overlook this additional 567 

influence of urban expansion. Even where future land-cover change is modelled, its feedback on local 568 

climate is not always represented. For example, in Lomé and Kara, projected land-cover and 569 

vegetation changes are combined with interpolated large-scale temperature and precipitation 570 

changes, rather than dynamically coupled to a local climate model (Deton et al., 2025). The literature 571 
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therefore indicates that future urban heat projections remain limited by the extent to which urban 572 

growth and its feedback on local climate are represented. 573 

The importance of accounting for urban changes and overall urban morphological characteristics is 574 

supported by studies of present-day and historical urban development. Modelling for Kampala 575 

demonstrates that urbanisation modifies local climate, interacting with regional atmospheric 576 

processes (Brousse et al., 2020b). High-resolution simulations in Lagos identify substantial spatial 577 

differences in heat stress associated with urban morphology (Obe et al., 2024). At finer scales, 578 

measurements in Kampala (Van De Walle et al., 2022) and modelling in Johannesburg (Souverijns et 579 

al., 2022) show that these differences lead to strongly varying outdoor heat exposure between 580 

neighbourhoods, with particularly high exposure in dense settlements with little vegetation. 581 

Microscale measurements in Akure also demonstrate the cooling effect of tree shading on outdoor 582 

thermal conditions (Morakinyo et al., 2016). However, a multi-city analysis shows that green space 583 

cooling efficiency varies with regional meteorological conditions (Cheng et al., 2022). Overall, the 584 

evidence demonstrates that urban form and vegetation substantially modify outdoor heat, but that 585 

these effects vary both within and between cities. 586 

Research on exposure to extreme heat and its impacts appears more limited. The corpus shows little 587 

direct evidence on indoor heat exposure, apart from an article on measurements in low-income 588 

communities in Ghana showing that indoor temperature extremes are strongly influenced by housing 589 

characteristics (Wilby et al., 2021). Health impacts are also addressed in only part of the examined 590 

articles, e.g. one epidemiological study examined the association between temperature and years of 591 

life lost in informal settlements in Nairobi (Egondi et al., 2015). Energy impacts receive somewhat 592 

more attention: in Sfax, urban heat and thermal discomfort are related to electricity consumption 593 

during the hot season (Ghribi and Dahech, 2023), and work in Morocco examines the combined 594 

effects of climate variation and urban expansion on building energy demand (Zhao et al., 2025). 595 
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Overall, the heat hazard itself is more extensively characterised than human exposure and its 596 

consequences. 597 

4.2.5 Land surface temperature  598 

Land Surface Temperature (LST) is the radiometric “skin” temperature retrieved from longwave 599 

thermal infrared emission by satellite sensors, representing the thermal state of the uppermost 600 

surface layer. Unlike near-surface air temperature, LST is governed by surface emissivity, morphology 601 

and energy balance. Although correlated with air temperature, it captures a distinct component of 602 

the urban heat system and provides a spatial expression of how the physical characteristics of cities 603 

influence surface heating (Li et al., 2022b).  604 

In African contexts, where meteorological station networks are sparse and unevenly distributed, 605 

satellite-derived LST has become important for diagnosing urban thermal dynamics. The Landsat 606 

archive enables multi-temporal observation of surface thermal change at neighbourhood scale and 607 

allows these changes to be examined alongside urban land-cover transformation (Arsiso et al., 2018; 608 

Tarawally et al., 2018).  Across the reviewed studies, urbanisation and land-use and land-cover 609 

change emerge as important drivers of the spatial distribution of surface heat: built-up and 610 

impervious surfaces are associated with higher LST, while vegetation and water generally moderate 611 

surface temperatures (Gyimah, 2023; Koko et al., 2021; Odindi et al., 2022). Accordingly, satellite-612 

based studies identify persistent surface hot zones particularly within built-up urban areas (Gyimah, 613 

2023; Melese et al., 2025). Collectively, this evidence links the spatial pattern of surface warming 614 

strongly to the transformation and composition of the urban surface. 615 

Research has increasingly moved beyond mapping these patterns towards explaining their spatial 616 

differentiation. The Local Climate Zone (LCZ) framework supports this shift by classifying urban areas 617 

according to surface cover, structure and material characteristics, allowing LST variability to be related 618 

more systematically to different urban forms (Tarawally et al., 2018). Vegetated and blue–green 619 
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surfaces are generally associated with lower LST, although urban structure mediates the magnitude of 620 

this cooling effect (Athukorala and Murayama, 2020; Li et al., 2022c). The literature thus increasingly 621 

connects where surface heat occurs with the urban characteristics that help produce or mitigate it. 622 

This spatial differentiation also provides a basis for examining vulnerability. Densely built, vegetation-623 

poor neighbourhoods with elevated surface temperatures can coincide with lower-income 624 

populations, creating spatial concentrations of heat vulnerability  (Mushore et al., 2017). LST does not 625 

directly measure human heat exposure, but its high spatial resolution allows surface thermal 626 

conditions to be combined with demographic and socioeconomic indicators. Incorporating remotely 627 

sensed surface characteristics into machine-learning approaches can further support urban hazard 628 

and vulnerability mapping (Dufitimana et al., 2025; Mushore et al., 2019). LST research therefore 629 

increasingly uses spatial patterns of surface heat to identify potentially vulnerable areas, while 630 

recognising that LST does not directly measure human heat exposure.  631 

4.2.6 Slow-onset events 632 

Climate change impacts are often most visible through sudden extreme events, such as extreme 633 

precipitation leading to floods. However, many climate-related consequences develop over longer 634 

periods and are perceived only gradually.  635 

One important long-term impact concerns vector-borne diseases. Climate change can expand areas 636 

suitable for disease vectors, potentially increasing the population exposed. Most studies focus on 637 

malaria (Brousse et al., 2020a; Kamkuemah et al., 2024) and dengue (Osalla et al., 2025), while less 638 

research is present on yellow fever (Aliaga-Samanez et al., 2024), zika and chikungunya (Montgomery 639 

et al., 2025). Vector suitability is assessed using different methodologies, including climate modelling, 640 

remote sensing, Local Climate Zones (LCZs) and GIS mapping. Importantly, the literature increasingly 641 

places climatic suitability within a broader urban context: rather than considering climate effects in 642 



33 

 

isolation, multidimensional approaches account jointly for future urbanisation, climate change and 643 

their implications for vector-borne disease (Rose et al., 2020).  644 

Rapid urbanisation is an important component of these longer-term changes in African cities, with 645 

the urban population expected to approximately double between 2025 and 2050, from around 700 646 

million to almost 1.5 billion (UN-Habitat, 2022). Conversion of natural land as cities expand and 647 

densify modifies local temperature, humidity and rainfall. These urban–atmosphere interactions are 648 

investigated using high-resolution climate models (Anande and Park, 2021; Zeleke et al., 2023), 649 

remote sensing (Frimpong et al., 2022; Traore et al., 2025) or ground-based observations (Kabano et 650 

al., 2022), with the advantages and limitations of these methods documented elsewhere (Souverijns 651 

et al., 2023). Downstream research addresses health impacts associated with higher temperatures 652 

and their different drivers (Codjoe et al., 2020; Rother, 2020), often highlighting unequal impacts 653 

within cities. Informal settlements and slums are of particular concern because of limitations in both 654 

monitoring and adaptive capacity (Corburn et al., 2022; Damte et al., 2023). Together, these studies 655 

show that urbanisation is not only a source of increasing exposure, but also modifies local climatic 656 

conditions and the distribution of associated health risks within cities.   657 

Urban expansion also affects ecosystems and biodiversity. The loss of natural ecosystems, habitats 658 

and green cover as cities grow reduces resources that contribute to urban climate resilience. Nature-659 

based solutions are consequently proposed to restore urban biodiversity while also supporting 660 

adaptation to other climate-related impacts (Abraha et al., 2022). This literature therefore connects 661 

ecosystem loss and climate adaptation: the same natural systems affected by urban expansion can 662 

also contribute to resilience when maintained or restored. 663 

Long-term changes in rainfall provide another pathway through which gradual climatic shifts affect 664 

urban systems. While extreme precipitation directly affects populations  (Azagoun et al., 2025), 665 

changing rainfall patterns also place pressure on agriculture and urban food security (Atiem et al., 666 

2022; Bassirou and Bitondo, 2023), and on present-day water-resource management (Abraha et al., 667 
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2022), with these pressures expected to increase in the future (Gamal et al., 2024; Klutse et al., 668 

2024). Although rainfall trends vary considerably by region and season, changing rainfall patterns can 669 

contribute to increasingly irregular water availability and declining urban water quality  (Gule et al., 670 

2024; Senbore and Oke, 2023). The reviewed evidence thus links changing rainfall not only to 671 

extreme events, but also to longer-term pressures on food and water systems. 672 

Land degradation represents a related downstream impact of rainfall variability and extreme 673 

precipitation, compounded by urbanisation. Uncontrolled urban expansion and human pressure can 674 

hinder effective land management and conservation, contributing to increased soil erosion  675 

(Marondedze and Schütt, 2021; Salhi et al., 2023). Beyond the deterioration of soil quality, these 676 

processes can contribute to soil instability and landslides (Dille et al., 2022; Obda et al., 2022) as well 677 

as coastal erosion (Marzouk et al., 2021). This illustrates how gradual climatic and urban pressures 678 

can accumulate into physical changes in land systems and, ultimately, additional hazards. 679 

Across these different pathways, a common consequence is the accumulation of long-term 680 

socioeconomic impacts. Infrastructure (Lane-Visser and Vanderschuren, 2024), economic assets (De 681 

Wit et al., 2023) and human capital (Iradukunda et al., 2023) are all projected to face increasing risks. 682 

The literature therefore portrays slow-onset events less as a single hazard than as a set of interacting 683 

and cumulative pressures transmitted through urban health, ecosystems, water and food systems, 684 

land and socioeconomic assets. 685 

4.2.7 Wind storms  686 

Windstorms are a climate-related hazard affecting both coastal and inland areas and cities across 687 

Africa. In southeastern Africa, tropical cyclones can combine high wind speeds with heavy 688 

precipitation (Williamson et al., 2023). High winds can severely damage buildings and essential 689 

infrastructure, with particularly severe impacts in vulnerable urban areas (Kafi et al., 2021). Beyond 690 

direct physical damage, wind-driven disasters can cause longer-lasting disruptions to basic services 691 
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and household access to essential resources, thereby compounding existing vulnerability and 692 

inequality (Williamson et al., 2023). The available evidence therefore shows that windstorm impacts 693 

extend beyond immediate physical damage to include wider and potentially longer-lasting disruption 694 

of urban services and livelihoods. 695 

However, the evidence base remains limited. The studies reviewed here focus mainly on individual 696 

events and observed impacts, while comparisons across cities, future projections, and analyses 697 

linking wind hazards with urban exposure and building vulnerability remain scarce. 698 

4.3 Synthesis of thematic reviews 699 

Building on the thematic assessment in Section 4.2, Table 2 provides a synoptic overview of the main 700 

findings emerging from the reviewed literature across the different hazard themes. The table 701 

complements the more detailed discussion above by highlighting the principal synthesis for each 702 

theme. 703 

Table 2. Synoptic synthesis of the main findings from the reviewed literature across climate hazard themes. 704 

Theme Synthesis of the reviewed literature 

Flooding Urban flood hazard emerges from the interaction between changing rainfall 

characteristics, land-use change and drainage performance, rather than from 

changing climate conditions alone. Characterisation of changing flood patterns 

remains constrained by sparse observations (short-duration rainfall and water-

level observations), drainage information and consistent event-based datasets. 

Sea-level rise SLR is not only a gradual coastal hazard but an increasing baseline that can 

amplify existing rainfall-, tidal- and drainage-related flood processes. Its effects 

are strongly conditioned by local topography, drainage and urban development, 

making locally resolved assessment important. 
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Water stress Urban water stress emerges as a coupled supply-demand problem, in which 

climatic variability interacts with population growth and land-use change. These 

interactions can place additional pressure on groundwater resources and 

produce strongly varying conditions between urban contexts. 

Extreme heat The literature is strongest in detecting and characterising extreme heat and 

explaining how urban form and vegetation modify it, with substantial variation 

within and between cities. Comparison is complicated by inconsistent heatwave 

definitions, climate projections rarely account fully for urban growth, and 

evidence on human exposure and associated impacts remains limited. 

Land surface 

temperature 

Satellite-derived LST reveals how urbanisation, land cover, vegetation and urban 

form shape the spatial distribution of surface heat. Combined with demographic 

and socio-economic information, these patterns can support analysis of heat 

vulnerability. 

Slow-onset 

events 

Slow-onset events lead to a range of gradually developing consequences, 

including changes in vector suitability, urban climate, ecosystems, food and water 

systems, and land degradation. Across these areas, the literature highlights the 

importance of rapid urbanisation in shaping long-term climate impacts 

Windstorms The available literature is predominantly event-based, showing that windstorms 

can combine high winds and precipitation and cause both immediate physical 

damage and longer-lasting disruption. Cross-city comparisons and future 

projections remain scarce. 

 705 
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5 Conclusions 706 

This assessment selected and examined 272 peer-reviewed articles (2015-2025) addressing climate 707 

hazard in African cities, combining quantitative mapping and hazard-based expert review. Together, 708 

these approaches reveal a rapidly expanding but methodologically constrained knowledge base.  709 

The main findings are as follows: 710 

1. A fundamental limitation concerns the availability of high-resolution data. Many studies rely on 711 

coarse climate projections or sparse in-situ monitoring networks that are not tailored for urban-712 

scale processes. Sub-hourly rainfall records, dense temperature observations and modelling, and 713 

fine-scale socio-economic datasets remain scarce across much of the continent. High-resolution 714 

urban climate modelling with explicit representation of urban morphology and materials is also 715 

relatively rare. As a result, urban heat islands, pluvial flooding, compound coastal risks and 716 

exposure patterns are often assessed at spatial and temporal resolutions insufficient to capture 717 

intra-urban variability. This limits the ability to move towards actionable and contextually specific 718 

adaptation planning. 719 

2. Earth Observation (EO) has become a central methodological pillar of the field, particularly 720 

through the use of Landsat imagery for land surface temperature and urban growth analysis. In 721 

data-scarce regions, EO provides a consistent and scalable source of information that partly 722 

compensates for limited ground-based monitoring. However, its application remains 723 

concentrated on surface temperature diagnostics and historical land-cover change. The relative 724 

share of EO-based studies has remained stable over the past decade. This suggests that, despite 725 

significant advances in sensor resolution, data availability and processing capacity, its broader 726 

potential remains underexploited. 727 

3. The geographic distribution of research is highly imbalanced. A small number of countries 728 

accounts for a disproportionate share of publications. Central Africa in particular remains a blind 729 
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spot. Capital cities dominate the literature, and fast-growing secondary cities are 730 

underrepresented. This skewed view carries a risk of reinforcing existing disparities in climate 731 

knowledge and planning capacity. 732 

4. Thematic coverage remains uneven. Flooding and heat-related topics dominate the literature, 733 

whereas hazards such as sea-level rise, windstorms and urban water stress receive comparatively 734 

limited attention. Additional cross-hazard screening shows that substantive consideration of more 735 

than one hazard occurs, but remains limited and uneven across hazard categories. Explicit 736 

analysis of interactions between hazards is considerably rarer.  737 

5. Social dimensions are insufficiently embedded in quantitative assessments. Informal settlements, 738 

poverty, governance capacity and inequality are frequently acknowledged but rarely integrated 739 

systematically into modelling or risk frameworks. Health impacts – particularly those directly 740 

linked to extreme heat and long-term socio-economic consequences – remain underdeveloped 741 

relative to projected climate trends. 742 

6. The literature is predominantly retrospective. Most studies assess historical climate variability or 743 

past urban growth. Only a limited number integrate future climate scenarios with projected 744 

urban expansion or demographic change. As a consequence, while present-day patterns are 745 

increasingly well documented, robust assessments of long-term urban transformation under 746 

climate change remain scarce. 747 

These findings point to several priorities for future research. First, the strong representation of large 748 

cities means that current knowledge is disproportionately shaped by metropolitan contexts. Where 749 

local evidence is lacking, smaller and secondary cities may therefore have to rely on hazard 750 

information derived from substantially different urban settings, which may not adequately reflect 751 

their local conditions and adaptation needs. Greater research attention to small and secondary cities 752 

is consequently needed. 753 
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Second, the uneven representation of climate zones affects the range of hazard conditions captured 754 

by the available evidence. For example, strong representation of dry climates in heat-related research 755 

may favour an understanding of heat dominated by high-temperature and dry-heat conditions, 756 

whereas humidity becomes an important component of human heat stress in more humid climates. 757 

Research in currently underrepresented climate zones is therefore needed to broaden the climatic 758 

conditions represented in the evidence base. 759 

Third, the predominance of flooding and heat in the literature should not be interpreted as evidence 760 

of their relative importance across African cities. Rather, the observed distribution reflects research 761 

attention within the reviewed literature. Greater attention to currently understudied hazards is 762 

needed, particularly where their relevance may increase under climate change. Research should also 763 

move beyond the predominantly single-hazard perspective by more explicitly considering interactions 764 

between hazards where relevant. 765 

Finally, the strong bias towards historical and present-day conditions is particularly important given 766 

the major urban expansion anticipated across Africa. Future cities may differ substantially from 767 

present-day cities in spatial extent, land cover and population distribution. Hazard assessments that 768 

account for future climate change while disregarding future urban growth may therefore provide an 769 

incomplete basis for long-term adaptation decisions. Greater emphasis is needed on studies that 770 

jointly consider future climate and urban development. 771 

Across these priorities, improved high-resolution observations and urban-scale modelling remain 772 

important, while Earth Observation offers a particularly valuable source of consistent and scalable 773 

information in data-scarce regions. However, EO is still used mainly for analysing land surface 774 

temperature and historical land-cover change, while its potential for other applications remains 775 

underexploited. Together, broader geographic and climatic representation, greater attention to 776 

secondary cities and understudied hazards, and stronger integration of future climate and urban 777 
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development would provide a more representative evidence base for adaptation and resilience 778 

planning in African cities.  779 

  780 
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