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Abstract 

Urban populations in sub-Saharan Africa are at rising risks of climate-related health hazards due to 

global climate change and uncontrolled rapid urbanization. Despite the increasing recognition of 

these challenges, the extent to which urban climates impact health outcomes in Africa remains 

poorly understood. East African countries surrounding the Lake Victoria Basin (Kenya, Uganda, 

Rwanda, Burundi and Tanzania) are no different, even though this region is one of the most densely 

populated areas in the world and a climatically unique part of the globe. In this scoping review 

focusing on urban climate and health-related impacts around the Lake Victoria Basin, we highlight 

how key research and knowledge gaps exist in the area and derive potential opportunities for future 

works aiming at preventing maladaptation. Using systematic search criteria over the Web of 

Knowledge and Scopus databases, we first selected 133 papers out of 878 that cover climate—

particularly air temperature—in urban areas and related health outcomes. Following further 

selection criteria, we reviewed 24 papers focusing on East African cities neighboring the Lake Victoria 

Basin. Our bibliometric analysis shows that research on the topics of urban climate and urban health 

has increased since the 2010s. However, it remains limited in scope and is unevenly distributed 

geographically; most of the studies focus on the two large metropolises of the region, Nairobi 

(Kenya) and Kampala (Uganda), and other cities of the basin are underrepresented. We found an 

increase that explicitly examine the links between urban climate and health after 2019, with more 

recent studies incorporating more information on the intra-urban climate variability and the 

potential unequal exposures to climate hazards in cities, particularly in informal settlements. Key 

climate-driven health hazards in cities include heat- and cold-related mortality and morbidity, 

dangerous heat stress levels, exposure to critical air pollution, vector-borne diseases, water-borne 

diseases, and human-to-human infectious diseases. Nevertheless, major knowledge gaps on the 

influence of urban climate on these health hazards still remains in the area, mostly due to the 

characteristic climate and health data scarcity and a lack of longitudinal, intra-urban and 

transdisciplinary studies. We therefore argue that more integrated and interdisciplinary research 

should be done in the region, combining fields of urban climatology, public health, and social 

sciences. Data scarcity should be addressed, with a promising opportunity for the deployment of 

low-cost monitoring devices. This is essential to prevent potential maladaptation by expanding 

knowledge on how urban heterogeneity in the specific context of the Lake Victoria Basin influences 

unequal climate-health risks to local populations. Insights from East African countries in the region 

have broader relevance as similar climate-health challenges could emerge globally due to climate 

change and ongoing urbanization. 

Introduction 
Africa is often referred to as being disproportionately vulnerable from global climate change (1–3). 

Arguments underlying this observation regularly point at the lack of resources and infrastructure 

available for adapting to regional and local climate changes (4), increase in frequency of destructive 

and disruptive extreme weather events such as droughts, prolongated heatwaves, or flooding due to 

heavy rainfall (5,6), and the extension of unlivable climatic conditions around the equator and the 

tropics (7). On top of this, geopolitical instabilities in the region, rapidly growing populations, and 

uncontrolled urbanization are all expected to further amplify the impact of climate-related hazards 

by making African populations particularly vulnerable (8,9). In addition, climate-related health 

hazards are of specific concern in Africa as projected climate changes are expected to reshape 

current geographies of infectious diseases (10). This is due to extending climatically suitable 

environments for the development and the transmission of vector-borne diseases (VBDs) (11,12), 



changes in the seasonality of infectious diseases, including human-to-human transmission (13,4), 

and increases in the likelihood of water-borne epidemics due to flooding and poor water 

management (14). In parallel, constant increases in life expectancy across the continent may result in 

an increased proportion of the population aged 65 or above, who, by being at greater risk from 

climate-related morbidity and mortality induced by non-communicable diseases (15), may add to the 

public health burden. 

Obviously, considering Africa as a sole entity in the face of climate change is problematic. The African 

continent comprises varied geographies, all characterized by specific climates that directly influence 

local cultures and practices (16). In addition, resources are unevenly distributed across the continent, 

making some countries or sub-regions more or less able to face the challenges induced by global 

climate change (17,18). Preparing African countries to face climate change impacts on health 

therefore requires more locally tailored climate adaptation rather than one-fit-for-all responses 

adopted based on indicators aggregated at supra-regional scales. In particular, it is paramount that 

adaptation strategies to single climate-related health hazards (e.g., heat stress, or water-borne 

epidemic of cholera) be thought holistically to prevent maladaptation to local climate changes. This 

means that interventions aimed at lowering the impact of climate changes on one health hazard 

should not amplify the risk of suffering from another health hazard. 

Such a challenge is further amplified in the complex and fast-changing urban environments of Africa. 

The rapid and uncontrolled urbanization that the continent has experienced over recent years has 

indeed created specific local urban climates that are already known to affect urban populations(19). 

This calls for urgent interventions aimed at making cities more resilient to climate changes, in 

particular for the most vulnerable living in informal settlements (20). However, research on urban 

climate remains sparse in Africa, often limited to large global metropolises and cities of wealthier 

countries from North Africa and South Africa (21). 

A key example of this problem is highlighted by East African countries that border Lake Victoria, and 

which are amongst the most densely populated areas in the world (Figure 1 and Figure 2f). In this 

region, also referred to as the Lake Victoria Basin – from a hydrological and geological point of view – 

population densities often overpass 500 pop∙km-2 and can reach beyond 10,000 pop∙km-2 in urban 

areas like Kampala, the capital city of Uganda (22). Population density is expected to grow 

everywhere in the area, due to the current and projected rates of urbanization and population 

growth. Population density is expected to particularly increase and spread along the Northern shores 

of the Lake Victoria, extending towards Rwanda and Burundi in the West, and the capital of Kenya, 

Nairobi in the coming decades (23,24).  Such rapid changes can be expected to impact local land use 

and land cover and therefore induce changes in local climates due to changes in surface energy 

balances and roughness lengths.  



 

Figure 1: Population density by country for 2025 based on data pre-processed by "Our World in Data" and relying on UN 
WPP (2024); and UN FAO (2024) data. Contoured in red are the countries on which this review focuses. Absence of data is 
plotted in white. 

Presently, local climate conditions are particularly modulated by the Lake Victoria and surrounding 

mountainous areas from the Albertine and Gregory Ridges (25,26). Lake Victoria is the second largest 

freshwater lake in the world and the largest lake in the tropics, covering an area of approximately 

68,800 km2 shared between three countries of East-Africa: Kenya, Uganda, and Tanzania (22,25). 

Impacts of Lake Victoria on the local and regional climate are well-documented and consist of 

regional modulations of the inter-tropical convergence zone’s impacts and related dry/wet seasons 

(27–29), intensification of heavy thunderstorms over and along the lake (30), and land-lake 

interactions that result in diurnal patterns of land-lake breezes (31,32), among others. These already 

affect local populations by directly causing thousands of deaths of fishermen every year (33,34),  

potentially inducing urban flooding in informal settlements (35,36), and causing disastrous landslides 

(37). In addition, the rapid and uncontrolled urbanization that happens in the region could 

exacerbate heat-related risks in newly built-up areas, and in particular in informal settlements (38), 

whilst also potentially impacting the land-lake modulation of urban air pollution and cooling 

capacities (39). Lastly, multiple cases of urban malaria and other VBDs have been reported in cities of 

the Lake Victoria Basin (40,41), and recent modelling evidence showed that urban climate 

information helped in predicting prevalence of urban malaria (42).  

Considering all of these indicators of unprecedented global and regional changes, and the 

heterogeneity of climate impacts on local populations, it appears that adaptation interventions in 

cities of the Lake Victoria Basin and East Africa should be carefully chosen. We therefore argue that 

urban climate and health research in the area, and by extension in other regions of Africa, should be 

as holistic and transdisciplinary as possible. In this study, we first performed a systematic review of 

the current knowledge on urban climate and health research in the area to map out current drivers 

of research and highlight critical research gaps. Based on the state-of-the-art, we then reflect on 

opportunities and challenges for future research on urban climate and health in the region to 

emphasize how such research could not only be positive for East African countries around Lake 

Victoria, but also to the rest of the world. 

https://ourworldindata.org/grapher/population-density
https://population.un.org/wpp/downloads/
https://population.un.org/wpp/downloads/
https://www.fao.org/faostat/en/#data/RL


Literature review 
To map out research opportunities and challenges in the region we decided to perform a thorough 

scoping review – with methodological elements in line with systematic reviews to prevent personal 

biases in the selection of valid papers to be included in the review. Below, we first provide 

methodological information and selection criteria for the review. Then, we present some bibliometric 

information from the selected papers. Finally, we give a summary of the current state of the art and 

methods employed in the urban climate and health research around Lake Victoria.  

Methods and selection criteria 

As explained above, urban climate research in East Africa is running behind compared to other 

regions of the world. Nevertheless, it may well be that knowledge on urban climate impacts on 

health has already been acquired in other fields of research (e.g., public health, biology, atmospheric 

sciences, or architecture). Therefore, we chose to keep our first selection criteria as open as possible 

by including all papers that relate both urban climate and health in at least one African city. For 

example, if a paper focuses on air quality because of its impact on the public health of local 

populations and relates it to climate variations or metrics, then the paper would be selected. If the 

latter part were not suggested, then the paper would be rejected.  

We chose to apply this selection criteria on abstracts only to make sure that this was considered as a 

key output from the research to be communicated by the authors and prevent overselling titles to 

influence the research query. We also included abstracts that discuss African cities in a loose way, to 

make sure that no studies around the Lake Victoria basin are missed. As many weather variables are 

affected by the urban climate, we decided to focus specifically on studies that are heat-related – 

indicated by air temperature. Temperature is also a variable that is expected to be more likely 

recorded as temperature sensors are easily deployed compared to other devices (e.g., anemometers 

or flux towers) and low-cost sensor options to sense it in data scarce areas exist (e.g., (19,43,38)). 

Finally, temperature is related to many climate-related health impacts including non-communicable 

diseases (NCDs), changes in air quality, VBDs, water-borne diseases, and human-to-human infectious 

diseases (44). We therefore expect it to systematically be considered in urban climate health impact 

studies. This resulted in the following selection query: 

“AB=(city OR cities OR urban) AND AB=(africa OR african OR Uganda OR Tanzania OR 

Kenya OR Rwanda OR Burundi) AND AB=(heat OR "heat stress" OR "heat island" OR 

temperature OR climate) AND AB=(health OR mortality OR disease)” 

Manuscripts were gathered on Scopus and Web of Knowledge online platforms and exported in RIS 

format, with the latest record obtained on the 22nd of April 2026. We included all manuscripts 

published until the end of 2025. This resulted in 629 potential candidates coming from Web of 

Knowledge and 798 from Scopus. After removing duplicates on the Rayyan online software, 878 

manuscripts were considered. We then conducted a double-blinded selection of the manuscripts by 

using the inclusion criteria given above. This was achieved on the online Rayyan platform which 

allows double-blinded peer-review with options of Include, Maybe, or Reject. Once the two 

reviewers finalized their selection, conflicts and manuscripts flagged as Maybe were discussed and a 

final decision was made in agreement. There was 144 conflicts after the first round of review, 

showing a strong agreement in the selection process (~84 % of agreement) between the two 

independent reviewers. 



Once the first round of selection was achieved, book chapters, opinions, books, reviews, conference, 

non-traceable manuscripts, preprints, and non-English manuscripts were removed. This resulted in a 

final selection of potential candidates consisting of 133 peer reviewed journal articles. We then 

decided to remove studies that were performed at global scale or that focused on more than 10 

cities to make sure that the acquisition of knowledge on urban climate and health was specific to 

limited amounts of urban environments, ensuring no one-fit-all solution would be suggested. Finally, 

only studies focusing on cities embedded in countries that are part of the Lake Victoria Basin were 

considered. Eventually, 26 studies were included in the literature review and were used for mapping 

the state of the art and potential opportunities and challenges for future studies. 

Bibliometric analysis 

 

Figure 2: Summary of the bibliometric analysis showing the location of the reviewed studies, the lead affiliation country, the 
recent increase in publication covering urban climate and health topics, the major thematic covered in the abstracts and the 
cities covered around the Lake Victoria Basin. Increase in publication per year (a) is shown for the whole sample of papers 
after first round of screening (n=133; “All Papers”), for papers that focus on urban areas (n=76; “All Cities”), and for cities 
that surround the Lake Victoria Basin (n=26; “Lake Victoria Cities”). The number of papers fitting each empirically derived 
themes are given in b. Number of studies per country are shown in c, while paper production by country based on lead 
author’s affiliation is given in d. All African cities included in the review and the number of studies focusing on them are 
shown in e. The latter are also shown on the population density (pop.km-2) around the Lake Victoria from the Global Human 
Settlement Layer counts aggregated over pixels of 1 km-2 (f); the larger the red circle the more studies (c.f. panel e). 

As a first way for understanding the current state-of-the-art, we performed some simple bibliometric 

analysis on the final sample of studies. In particular, we looked at the countries in which the first 

author is affiliated to understand the origin of urban climate and health research and Africa and 

discuss potential decolonization issues. We then looked at which countries in the region had the 



most studies before counting studies per city. Lastly, we screened through all abstracts and counted 

how many studies fell into sub-themes categories based on our own classification. This was done to 

define the major trends in inter-disciplinary research that relate temperature and other climate 

factors to health issues around the Lake Victoria basin. We also recorded the methods employed in 

each study to map out the usual tools employed for the study of urban climate and health issues in 

the region. 

First of all, we found that of all papers selected based on their abstracts (n=133), 76 were specifically 

looking at cities and urban environments. This means that 43 % of the articles that were considered 

suitable for the review came out of global/large-scale (n=36) or regional/country (n=21) studies. Of 

the remaining 76 studies, 8 were focusing on multi-city comparisons. Within these 76 studies, 26 

were focusing on at least one city in a neighboring country of the Lake Victoria Basin. Independent of 

the level of selection, since the 2010s, there was a rise in number of papers linking cities, climate and 

health, peaking in 2025 (Figure 2a). The latter shows a greater interest for the topic in recent years 

and an emerging field of research in the area. Most of the selected studies focused on Kenyan cities 

(n=14), followed by Ugandan ones (n=8); Tanzanian cities were only observed in 3 of the 26 studies 

and were not located around the Lake Victoria (Figure 2e and 2f). Nairobi was the most studied city 

in the sample (n=11), while Kampala was the 2nd with 8 studies. Several cities in sub-Saharan Africa 

were included in the sample as part as cross-country comparisons – in particular in West Africa (e.g., 

Dakar, Ouagadougou, Lagos, or Yoaunde; Figure 2e). Outside of Africa, single cities in Brazil, Jamaica, 

United States of America, Sweden and India were included in this review for the same reasons 

(Figure 1c). Interestingly, although Kenyan institutions led 7 out of the 26 studies reviewed and was 

the top-lead country (27 %), only 12 studies (46%) as a whole were led by African institutions and all 

other studies were led by foreign institutions (Figure 2d). Major themes, empirically derived from the 

abstracts, cover a wide-range of tools and research foci (Figure 2b). Looking at the 10 themes that 

are the most referred to, 20 of the 26 papers specifically refer to temperature and/or heat in their 

abstract, suggesting that the remaining 7 papers were more loosely incorporated in the review for 

their “urban climate” component – as explained above in the definition of selection criteria. VBDs 

are referred to in 9 papers, followed by humidity in 8, and informal settlements, rainfall and/or 

survey, in 6 papers, respectively. Other papers focus on air quality, or non-communicable diseases, 

and rely on sensor networks. Overall, this shows that the sample of selected studies already provides 

information on how temperature in cities can be linked to compounding climatic conditions, impact 

the risk of contraction of (non-)communicable diseases, and influence air quality. A specific focus 

appears to be surging in informal settlements. Lastly, different techniques seem to be employed to 

study the effect of urban climates on local populations and would be later discussed.  

In a nutshell, this preliminary bibliometric analysis provides valuable information on the type of 

papers that are included in the review. However, as the sample remains small (n=26), it would be 

unreliable to try to map out keyword prevalence, networks of researchers, preferred journals for 

publication, or lead papers based on citations. It would also be unreliable to try to map research 

trends and gaps based on this sample alone. Below, we therefore focus the rest of the research on a 

detailed reporting of the content of the papers and map research gaps and opportunities in the 

region based on the state-of-the-art. This led to the exclusion of 2 additional papers for the following 

reasons: one suggested that the paper focused on an East African city around the Lake Victoria but 

effectively focused solely on a Brazilian city (part of a larger research group involving an East African 

city); the other did not refer to urban temperature or climate in the whole manuscript except as an 

opening sentence in the discussion. The subsequent section therefore includes 24 papers. 



State of the art on urban climate and health in countries that 

surround the Lake Victoria Basin 

In 2012, Egondi et al. (2012) were first to investigate temperature-related mortality in Nairobi and 

found that the specific local climate of the city, often referred to as a cold climate for the tropical 

latitudes, was linked to higher rates of mortality of people aged 50 or above and that periods of heat 

were more susceptible to lead to the death of children aged 5 or under – see Table 1 below for more 

information on the content of each papers mentioned in this section. This pioneering study led the 

foundations of climate and health knowledge in urban areas of countries that surround the Lake 

Victoria basin. However, their study did not consider the effect of the heterogeneous urban 

environment on the local climate and the resulting variety of urban climates that could explain the 

observed mortality.  

In the following years, several studies looked into climate-related health issues within cities of 

Uganda and Kenya, but also missed opportunities to look at how specific urban climates may 

influence the outcomes of their study. For example, large cross-country studies like Sewe et al. (2018) 

found similar outcomes to Egondi et al. (2012) and predicted cold-related years of life lost (YLL) in 

Kenyan cities of Kisumu (lag 6-days) and Nairobi (lag 10-days) without using specific urban climate 

data. They did also notice heat-related YLL and attribute the cold-related YLL to the specific local 

climate of the two Kenyan cities. In fact, the city of Nouna in Burkina Faso, located at similar 

latitudes, only observed heat-related YLL and no cold-related ones. Further, studies showed that 

VBDs are a rising concern in Kenyan cities, such as: dengue, since its resurgence in 1982 (47,48), 

chikungunya, which recently re-emerged in Kenya (49), or malaria (50), which has always been 

endemic to the region and contributes to a high annual mortality burden. Optimal temperatures 

indeed enhance vector competence in transmission of pathogens like dengue or chikungunya 

(47,49,48). Other types of infectious disease outbreaks in Nairobi and Kilifi have also been related to 

rainfall and minimum temperatures, like Shigellosis, a form of bloody diarrhea particularly fatal for 

children below 5 (51). Some studies also focused on the increasing problems caused by increasing 

exposure to dangerous levels of air pollutants due to the rapid urbanization in Uganda and Kenya. 

For example, Kirenga et al. (2015) highlighted the dangerous levels of fine particulate matters (PM2.5) 

that populations are subject to in Kampala and Jinja while showing that local variations between 

different environments characterized by Local Climate Zones (53) exist, but without explaining the 

mechanisms by which these differences surge. Gaita et al. (2016) identified 11 elements of 

particulate matter in Nairobi – from both anthropogenic and climatic/natural sources – that could 

cause harmful health impacts, including zinc (Zn) in informal settlements. They then modelled their 

dispersion using a simple model of the human respiratory system and found that most would stick in 

the head of the respiratory system. Lastly, Hashemi (2016) modelled the risk of indoor overheating in 

typical housing of Kampala using Energy Plus and showed that the commonly employed iron roofs 

are detrimental to indoor thermal comfort. Their modelling study relied on the weather file from 

Kisumu and did not look at locations of the housing across the built environment. 

It is not before the study of Brousse et al. (2019) that studies specifically looked into urban climate’s 

impact on health in cities of the region. They did so through the example of malaria prevalence 

(measured in plasmodium falciparum prevalence for children aged 2 to 10; PfPR2_10; see Table 1). 

Although most of their paper revolves around the development of new mapping strategies to gather 

urban information useful for urban climate studies in the form of LCZs, they emphasized the 

importance of data that accurately represent the heterogeneity of urban climates to support 

mapping efforts of VBDs, in that case malaria. This was later confirmed in the study by Morlighem et 



al. (2023) which showed that accurate information on the land use and land cover, as well as socio-

economic and climatic parameters, improved the performance of spatial models of PfPR2_10 trained 

over DHS epidemiological data. Besides malaria, dengue continues to be a focal point of research in 

relation to urban climate and VBDs. For instance, Osalla et al. (2025) tried to estimate the impact of 

weather variables on the climate suitability for the development of Aedes aegypti vectors in Ukanda, 

a coastal Kenyan city. Multi-linear regressions and random forest regressors, trained on climate data 

derived from satellites and weekly adult/egg mosquito counts collected over a year, did however not 

find significant climatic influence on the vector populations. This could suggest that vectors of 

dengue are already fully adapted to urban environments in Kenya and are not influenced by their 

specific climates.  

Beyond 2020, several studies investigated other climate-health indicators, such as heat-related illness 

or thermal discomfort. Kabano et al. (2022) demonstrated through the deployment of low-cost 

weather sensors and high-resolution satellite images that soil moisture plays an important role in 

explaining the spatial distributions of exposure to heat in Kampala – measured in air temperature or 

Heat Index (59) . Lower intra-urban differences of heat were observed during the wet season, and 

more built-up areas were found to be a greater risk of heat exposure during the days in the dry 

season. They also found that pervious surfaces and trees were protective of heat in Kampala, 

something that was also confirmed by Van De Walle et al. (2022) using iButtons and Normalized 

Difference Vegetation Index (NDVI) derived from Landsat satellites. In particular, informal 

settlements and densely built residential areas appear to be at high risk of heat exposure. This could 

again be related to the building materials employed in recently built housing, and more specifically 

iron roofs, as noted by Kajjoba et al. (2022). Nevertheless, measurements taken in 7 randomly 

selected houses of Kampala did not show records of indoor thermal discomfort following the 80 % 

limit of the ASHRAE 55 standards; yet nighttime thermal discomfort was noted (61). Besides heat, 

compound events of heat and poor air quality could increase the health impact on urban populations 

(62). Using a set of 12 low-cost sensors in the Rwandan capital of Kigali, Kalisa & Sudmant (2025) 

found a positive correlation between air temperatures and ozone (O3), and for nitrogen dioxide 

(NO2); a negative was found for PM2.5. As expected, higher ozone concentration was found during 

heatwave events but no signal was found for PM2.5 or NO2. Seasonality appeared to play a role 

whereby PM2.5 and O3 had higher concentrations during the wet season, and NO2 during the dry 

season. Still, NO2 and PM2.5 concentrations were highly correlated to anthropogenic activity, 

sometimes overpassing the World Health Organization (WHO) guidelines by 8-fold. Such compound 

events are not yet properly investigated due to the characteristic data scarcity of African cities on the 

latter. But, low-cost weather and air quality sensors could help model the spatial spread of air 

pollutants at hourly timesteps and create alarm systems, as shown in Kigali (64). 

Alongside quantitative research focusing on urban climate and health, many studies started using 

qualitative mixed-methods and questionnaire surveys to investigate how inhabitants perceive the 

impact of climate change and urban climates on their lives. Residents from the Keko Machunga 

informal settlements in Dar es Salaam (Tanzania; n=405) were, for instance, familiar with the impact 

of the urban heat island on their thermal discomfort and health (65). They were also testifying about 

their experience of extreme heat in the vast majority of respondents (78 %) and related it to climate 

changes. They reported skin rashes, malaria, or headaches as their top 3 heat-related health impacts. 

Other studies in Dar es Salaam involving mixed-methods analysis through several interviews and 

workshops (summing up to 68 participants) showed that residents are concerned about overheating 

in informal settlements and identify children as the most vulnerable population to climate-related 

health impacts (66). Risks of exposure to overheating noted by residents are linked to possibility of 

outdoor sleeping, nighttime safety allowing window opening, lack of green infrastructure, and 



prevention of malaria infection by bed nests. Reinforcing loops between air temperature, water 

management, poverty, and disease outbreaks are also identified. Similar findings were highlighted by 

studies in the Mukuru settlement – a settlement of ~300k inhabitants in Nairobi (Andersen et al., 

2021 – n=28; Greibe Andersen et al., 2023 – n=402) where residents are particularly concerned 

about NCDs, respiratory and VBDs, noting food insecurity, air pollution and mental health issues too. 

As in Dar es Salaam, children were identified as the most vulnerable group. Past experience of a 

climate-related disaster (e.g., flooding) explained part of the awareness on urban climate changes 

and health impacts. Some confusion was however noted in causal links between air pollution or 

deforestation and climate change. In addition, despite an interest in knowledge acquisition and 

action against climate change, residents tend to note the lack of adequate governance to cope with 

climate-related health hazards in cities of Nairobi or Kampala. Through the example of urban 

agriculture, a central means for food accessibility and a potential urban green intervention to 

mitigate/adapt to climate change, Vidal Merino et al.(2021) showed that Kampala’s regulation on 

urban agriculture and the existing land tenure system could lead to greater exposures to climate risk 

in the city. Land competition in urban areas of East Africa remains a challenge for easing urban 

climate adaptation in the region. 

Overall, we find that urban climate and health, through the lens of air temperatures, is a recent field 

of study in countries that neighbor the Lake Victoria Basin. For the first half of the studied period (7 

years), studies mostly focused on climate-related health issues in a city rather than connecting the 

specific urban climatology to the observed health outcomes (n=11). Already, studies were covering a 

wide-range of climate-related health hazards including heat-related mortality and morbidity, air 

pollution, human-to-human infectious diseases, and VBDs spread by mosquitoes, in particular. Over 

the second half of the studied period, studies started to relate urban climatic environments to urban 

health issues (n=12) – apart from two studies (Table 1). The thematic coverage remained similar, but 

more studies started to rely on qualitative mixed-methods to investigate how urban residents 

perceive or experience climate-related hazards, in particular in informal settlements. Nevertheless, 

estimations of the actual impact of climate-related health hazards in urban environments remain 

limited. More importantly, recommendations for adaptation to or mitigation of climate changes in 

cities are only contextual or discussion points. Studies looking at compounding events of poor air 

quality and heatwaves are encouraging but are not enough to prevent maladaptation of the booming 

cities in the area. This calls for a better definition of research objectives in the area and a mapping of 

current reasons that explain this research gap. 

 

 



Table 1: Summary of selected manuscripts per sections covering contextual information (introduction and/or discussion), methods, key outputs 
(results and/or discussion), and limitations. Limitations are whether mentioned in the manuscript or identified by the reviewers. A binary 
variable defining whether the manuscript mentions interactions between urban climate and health at any point is given on the right-most 
column. 

Reference Location(s) Year Contextual information Methods Key outputs Limitations Urban 
climate 
and 
health 
links 

Egoudi et al. Nairobi 
(Kenya) 

2012 Climate related death 
(both cold and hot) 
 
Nairobi has a cold climate 
 
Fuel poverty and poor 
indoor air quality 

Time-series models to 
study daily weather and 
mortality (~60 000 cap.) 
from 2003 to 2008 
 
Weather from Moi 
Airbase weather station 

Child death is higher at 
high temperatures 
 
People aged 50+ are 
subject to greater cold 
mortality 
 
Increase in pneumonia at 
warmer temperatures 
 
NCD and pneumonia 
associated to rainfall (up to 
30-day lag effect) 

Single automatic 
weather stations 
 
No data on air 
pollution to control 
for compound health 
impacts 

NO 

Chepkorir et 
al. 

Nairobi 
(Kenya), Kilifi 
(Kenya) 

2014 Kenya prone to Dengue 
infections with first 
outbreaks observed in 
1982 in Malindi and Kilifi 
 
Re-emergence of Dengue 
in East Africa 
 
Urbanization positively 
impacts Aedes aegypti 

Collection of eggs in both 
cities 
 
Breeding of both 
populations under 
respective cities climate 
in laboratory to test 
vector competence 
 
Nairobi (26 °C) and Kilifi 

Higher vector competence 
of mosquitoes from Kilifi 
 
Higher initial infection rate 
in mosquitoes from Nairobi 
 
Higher temperatures lead 
to higher infection rates in 
both populations 

Laboratory study 
relying on yearly 
average temperatures 
 
No local weather data 
gathered 

NO 



breeding capacity 
 
Aedes aegypti widely 
distributed in Kenya 

(30 °C) yearly average 
temperatures reproduced 
in breeding 
environmental chambers  

Kirenga et 
al. 

Kampala 
(Uganda), 
Jinja 
(Uganda) 

2015 Lack of research on air 
pollution in developing 
cities of Africa due to 
data gap 
 
Very limited research on 
air pollution in Uganda 
 
Health problems related 
to air pollution include 
respiratory and 
cardiovascular diseases 

Monitoring of gas phase 
pollutants and PM across 
different LCZ (open low-
rise and sparsely bult) 
during two weeks (30th 
of June to 17th of July 
2014) 
 
Meteorological data 
collected in one 
commercial site of 
Kampala (1 week; 30th of 
June to 7th of July 2014) 
and compared to National 
Weather Services’ records 
 
Descriptive statistics to 
look at pollutants and 
weather variables across 
different land use and 
cities 
 
18 sites for PM2.5 (15 
Kampala, 3 Jinja) 
 
28 sites for NO2 and SO2 
(22 Kampala, 6 Jinja) 

No daily temperature 
variations during the 
recorded days 
 
Observed land-use and 
land-cover differences: 
highest PM2.5 in industrial 
areas followed by 
residential with unpaved 
roads 
 
Records of PM2.5 above 100 
μg∙m-3 in Kampala 
 
Higher concentrations of 
NO2 in Kampala than in 
Jinja 

Focus on short time 
period in the dry 
season only 
 
No explanations given 
on the underlying 
causes that explain 
the observed 
differences 

NO 

Hashemi Kampala 
(Uganda) 

2016 50 % of Ugandan families 
live in single-roomed 

Model overheating 
likelihood in housing 

Iron roofs are detrimental 
and cause overheating (15 

Kisumu weather file 
for modelling Kampala 

NO 



properties subject to 
overcrowding 
 
60 % of the population in 
informal settlements 
 
Tropical climate with 
greatly varying rainfall 
and temperatures ranging 
between 16 °C and 30 °C 
 
Newly employed housing 
materials are more prone 
to overheating (e.g., iron 
roofs), especially in 
informal settlements 

based on common 
housing types using 
modern and vernacular 
materials 
 
Compare iron roofs to 
thatch; brick walls to mud 
and poles; earth/soil 
floors to cement/concrete 
 
Building energy modelling 
using Energy Plus 
 
Use of Kisumu weather 
file due to lack of weather 
data in Kampala 
 
Tested insulation, cool 
white painted roofs, 
thatched roofs, double 
painted 
 
Overheating defined 
based on CIBSE TM52 
criterion 

times higher than with 
thatched roofs) 
 
Cool roofs and insulation 
prevent overheating 
 
Original thatched roofs are 
also beneficial compared to 
iron roofs 
 
Walls and flooring have low 
influence on overheating 
likelihood 

 
Actual location not 
properly defined 

Gaita et al. Nairobi 
(Kenya) 

2016 PM2.5 and PM10 is a public 
health problem in Africa 
 
Current and projected 
droughts impact air 
quality in Africa by 
increased concentrations 
of mineral dust 

24-hour samples 
collected in August and 
September 2007 in 
Nairobi (17m above 
ground level) 
 
Characterization of PM 
and elemental 

11 elements were 
characterized: Si, S, K, Ca, 
Ti, Mn, Fe, Cu, Zn, Br, and 
Pb 
 
Various origins from both 
natural and anthropic 
nature 

Single site 
measurement in 
industrial area 
 
Data from 2007 and 
lack of recent data 
 
No relation to 

NO 



 
Higher exposures to Zn 
and PM in informal 
settlements 
 
Lack of regulations on 
motor vehicles in African 
cities 

composition to derive 
potential health impact 
 
Simple human body 
model (MPPD v2.1) to 
estimate deposition in 
respiratory systems 

 
Higher deposition of 
pollutant in the head 
airways rather than in 
tracheobronchial and 
pulmonary systems 

weather variables 

Njuguna et 
al. 

Nairobi 
(Kenya), Kilifi 
(Kenya) 

2016 Lack of research on 
relationship between 
climatic variation and 
diarrhea diseases 
(Shigellosis) 
 
Shigellosis can be fatal for 
children under 5 years 
 
Incidence of acute bloody 
diarrhea are influenced 
by temperature and 
rainfall 
 
Informal settlements are 
particularly at risk 
 
Increase of cases in Kenya 
over recent years 

Mean monthly 
temperature and rainfall 
for Kilifi and Nairobi 
(Kenya Meteorological 
Department) 
 
Pearson correlation 
between weather 
variables and positive 
cases  
 
805 participants enrolled 
at hospitals and in 
household surveys 
 
Separation between 
urban (Nairobi) and rural 
(Kilifi) participants 
 
Survey questionnaire to 
investigate risk factors 

Rainfall positively 
correlated to bloody 
diarrhea in both urban and 
rural populations 
 
Peak of infection rate in 
April and October 
emphasize seasonality of 
pathogen transmission 
 
Minimum temperature 
positively associated with 
acute bloody diarrhea – 
stronger correlation in 
Nairobi 
 
Statistically significant risk 
factor variables include 
safe water storage, hand-
washing, and presence of 
coliforms in main source of 
water 

Weather data for Kilifi 
collected in Malindi 
(60 km apart) 
 
Background climates 
differ between Nairobi 
and Kilifi due to 
different geographies 

NO 

Agha et al. Kisumu 
(Kenya), 
Nairobi 

2017 Chikungunya virus re-
emergence in Kenya 
 

Egg collection in 
Mombasa, Nairobi and 
Kisumu between March 

Higher infectious rate in 
mosquitoes from Mombasa 
compared to Nairobi and 

No use of weather 
data 
 

NO 



(Kenya), 
Mombasa 
(Kenya) 

Virus mostly found in 
urban environments 
 
Mosquitoes species’ 
competence on vector 
transmission varies 
between urban and rural 
environments 
 
Cases reported in 
Mombasa but not yet in 
Nairobi or Kisumu – need 
to prospect for potential 
vector competence 
 
Short incubation of 
pathogen compared to 
other pathogens 

and April 2016 
 
Mosquitoes hatched in 
laboratory (Nairobi) at 
constant temperature of 
28 °C 
 
Specimens infected using 
sheep blood meals 
 
All mosquito populations 
are Aedes aegypti were 
put in environmental 
chambers set at 28 °C to 
compare difference in 
infection tilters 

Kisumu (not statistically 
significant) 
 
All mosquito species from 
the three cities were 
competent in the 
transmission of 
Chikungunya after 5 to 7 
days post exposure 
 
Lower average monthly 
temperatures in Nairobi 
could explain the lower 
infection rate than in 
Mombasa but not in 
Kisumu 

Reference to 
temperature as a 
discussion point only 
 
No test on the vector 
competence based on 
local temperatures 

Sewe et al. Kisumu 
(Kenya), 
Nairobi 
(Kenya), 
Nouna 
(Burkina 
Faso), 
Stockholm 
(Sweden), 
Philadelphia 
(USA), 
Phoenix 
(USA), Vadu 
(India) 

2018 Lack of research on 
temperature-health 
associations in LMICs 
 
Lack of daily mortality 
data in low-income 
countries 
 
Infectious diseases are 
linked to weather 
variables like temperature 
or humidity 
 
Informal settlements are 
at greater risk of suffering 

Cross country and city 
comparison of years of 
life lost (YLL) 
 
YLL estimated using 
quasi-Poisson regression 
on HDSS mortality data 
based on weather data 
gathered at single 
stations 
 
Use of daily maximum 
temperature data 

Cold and heat related 
impacts on YLL in both 
Kisumu and Nairobi 
 
Cold-related YLL increase at 
lags 6 to 10 in Kisumu and 
at 14 days in Nairobi 
 
Warm African sites like 
Nouna in Burkina Faso do 
not observe cold-related 
YLL 
 
Nairobi at greater risk of 
cold related mortality than 

No adjustment of 
relationship for 
harvesting 
 
Maximum daily 
temperature could 
underestimate cold 
effect 

NO 



from climate-related 
diseases 

heat-related mortality 

Okuneye et 
al. 

Nairobi 
(Kenya), 
Lagos 
(Nigeria), 
Durban 
(South Africa) 

2018 VBDs account for 17 % of 
global burden in 
infectious disease with 
malaria summing an 
estimated 1M a year 
 
Life-cycle of mosquitoes 
depend on temperature 
 
Survival rate depends on 
temperature and 
humidity 

Development of 
mechanistic model for 
the development of 
female Anopheles 
 
Model based on 
temperature and rainfall 
 
Employment of a non-
autonomous 
deterministic system to 
evaluate the impact of 
temperature and rainfall 
on mosquito population 
 
Weather data gathered 
randomly for three 
African cities on 
worldweatheronline.com  

Parameters that influence 
the population dynamics 
are: successful blood meal; 
mortality rate of adult; 
natural mortality of larvae; 
deposition of eggs; 
maturation rate 
 
Peak mosquito abundance 
in Nairobi occurs with 
temperatures ranging from 
20.5 °C to 21.5 °C and 
rainfall comprised between 
50 and 120 mm 

No infection of the 
modelled population 
 
Weather data coming 
from non-official 
source 
 
No rationale for 
choice of cities 

NO 

Agha et al. Nairobi 
(Kenya), 
Kisumu 
(Kenya), 
Mombasa 
(Kenya) 

2019 Dengue observed in 
Mombasa but not in 
Kisumu and Nairobi 
despite the presence of 
humans and Aedes 
aegypti in all areas 
 
Re-emerging disease in 
Kenya and yet lack of 
research – millions of 
people potentially 
affected in these cities 

Collection of mosquitoes 
in indoor environments 
across the three cities (12 
traps per city) 
 
Trap deployment for 5 
consecutive days in each 
season (60 traps per 
season and city) 
 
Female count of Aedes 
aegypti as indicator of 

Similar vector density in 
Kisumu and Mombasa but 
twice lower in Nairobi 
 
No difference in the 
transmission capacity 
between the different 
species 
 
Higher transmission at 
higher temperatures 
 

Climatic environments 
exposed to mosquito 
population are limited 
to three temperatures 
 
Only consider DENV-2 
and no other strains 
of Dengue 

NO 



 
High DENV-2 burden in 
East Africa 

vector density 
 
Description of vector 
blood meal based on DNA 
extraction 
 
Immature mosquitoes 
collected in the three 
cities between October 
and December 2016 and 
hatched in laboratory 
 
Mature mosquitoes 
infected with DENV-2 and 
exposed to different 
environmental chambers 
based on minimum and 
maximum average 
temperatures in the three 
cities (22 °C min in 
Nairobi; 28 °C max in 
Nairobi, min in Kisumu 
and Mombasa; 31 °C max 
in Kisumu and Mombasa) 
 
All mosquitoes collected 
in different cities exposed 
to the different city 
climates 

Vector competence does 
not explain the 
transmission of DENV-2 in 
Kenyan cities 
 
Kisumu mosquitoes have a 
low rate of human blood 
meals compared to 
Mombasa (statistically 
significant)  

Brousse et 
al. 

Kampala 
(Uganda), 
Dakar 
(Senegal) 

2019 Rapid urbanization calls 
for more urban climate 
studies in SSA to provide 
data relevant for health 

Employ large remote 
sensing banks of Google’s 
Earth Engine to map cities 
of Africa in the form of 

Low classification 
performance in informal 
settlements for LCZ 
(lightweight lowrise; overall 

LCZ morphological 
parameters only 
evaluated in Dakar 
and not in Kampala 

YES 



impact studies 
 
Remote sensing and 
urban climate modelling 
offer opportunities to 
gather relevant data at 
high resolution 
 
Local Climate Zones and 
WUDAPT program can 
bridge over data gap for 
LULC data relevant to 
urban climate studies 
 
Existence of past urban 
climate studies in SSA but 
not linked to health 

LCZ 
 
Test of different mapping 
strategies based on 
different input 
parameters from multiple 
satellites (e.g., Sentinel 
and Landsat) 
 
Compare LCZ maps 
against morphological 
information gathered 
from very high resolution 
satellites 
 
Use LCZs to perform 
urban climate modelling 
(TERRA_URB; 2-week run 
from 1st to 15th of 
January 2015) that can 
provide climate suitability 
information relevant to 
urban malaria prevalence 
models 

accuracy below 40 %) 
 
Sentinel 1 improve 
mapping of LCZ compared 
to default variable set 
relying on Landsat only 
 
NDWI and NDVI improve 
mapping of open low-rise 
(LCZ 6) 
 
Evaluation of LCZ 
morphological parameters 
in Dakar showed a 
systematic overestimation 
of building heights 
 
LCZ can inform urban 
climate models in SSA and 
help mapping climate 
suitability of mosquito 
vectors in the form of TSI 
(30 % increase in vectorial 
capacity in the city center) 

 
Temperature 
Suitability Index (TSI) 
only modelled in its 
static form and for a 
short run of 2 weeks 

Pasquini et 
al.  

Dar es 
Salaam 
(Tanzania) 

2020 Link between human 
mortality/morbidity and 
heat in low income 
countries 
 
Urban heat islands are 
expected to increase the 
health burden of heat 
 

Review of the main 
factors that affect urban 
heat exposure and 
vulnerability 
 
Mixed methods analysis 
involving structured 
interviews with decision 
makers (n=11; Sep-Oct 

Respondents point to the 
risk of overheating in 
informal settlements 
(already experienced) 
 
Mismatch between when 
respondents feel warm and 
when temperatures are 
high 

No employment of 
weather stations 
because of 
accessibility 

YES 



Lack of knowledge on the 
unequal impact of heat in 
informal settlements 
despite known variations 
in vulnerability 
 
Little research in Tanzania 
on the topic besides 
occupational exposure to 
heat 
 
4M inhabitants projected 
to 10M in 2030 
 
Lack of health data and 
recording capacity 

2016); climate data 
analysis using CMIP5 
under RCP8.5 (n=15 
GCMs, current (1986-
2015) and future (2031-
2050; 2081-2100)); 
structured interviews 
with informal settlement 
residents (n=12, July 
2017); unstructured 
interviews with 
respondents from the 
health sector (n=14); 1-
day stakeholder 
workshop with 31 
participants from varied 
backgrounds (February 
2018) 

 
Issues of planning 
identified and lack of Heat 
Action Plan 
 
Factors that influence 
exposure to overheating 
are outdoor sleeping, 
nighttime safety, and 
malaria infection 
 
Loss of green in informal 
settlement but no 
quantification of impact 
 
Children considered most 
vulnerable 
 
Poor sanitation and water 
management link to higher 
health risks during hot days 
 
Reinforcing loop between 
temperature, water 
management, poverty, and 
disease outbreaks 

Greibe 
Andersen et 
al. 

Nairoby 
(Kenya) 

2021 Increase in NCDs 
projected by the WHO 
during the next decade 
resulting in 28M more 
death 
 
Focus on Mukuru 

In-depth interviews (n=5) 
and focus group 
discussions (n=23) were 
conducted with 28 
participants that are 
related to Mukuru, 
climate change, and 

NCDs are the most 
commonly referred themes 
in the discussions (81 
mentions) 
 
Food, air pollution, and 
VBDs are referred ~40 

Small sample size in 
participants 
 
Confusions in 
causality between 
climate change and air 
quality 

YES 



informal settlement in 
Nairobi (~300k 
inhabitants) projected to 
increase to 700k 
inhabitants in 2030 
 
Lack of research on 
perceived risks between 
NCDs and climate chance 
in low-income countries 

health 
 
Discussions conducted 
between March and May 
2021 
 
Independent survey 
development between 2 
researchers 
 
Inductive approach for 
coding categories in 
NVivo 

times 
 
Various NCDs mentioned 
by participants (e.g., 
diabetes, cancer, heat 
stroke…) and mental health 
as well 
 
Various infectious diseases 
mentioned (e.g., water 
borne, malaria, or 
respiratory) 
 
Water scarcity and safety 
following droughts is a key 
issue in informal 
settlements 
 
Unclear links between 
climate change and air 
pollution, or deforestation 
 
Children identified as 
vulnerable groups, 
especially during floods 
 
Desire from participants 
and communities to learn 
more about climate 
impacts and raise 
awareness 

Vidal 
Merino et 

Kampala 
(Uganda), 

2021 Urban agriculture is 
widely employed for 

Scope for governance 
incentives for urban 

Land tenure systems and 
uncontrolled urbanization 

No collection of 
weather data 

NO 



al. Tamale 
(Ghana), 
Cape Town 
(South Africa) 

subsistence in cities 
 
Urban agriculture can 
reduce heat and climate 
change impacts  
 
Urban agriculture is also 
subject to climate 
changes 
 
Urban agriculture can be 
used as mitigation and/or 
adaptation strategy to 
climate changes in cities 
 
50 % of households 
involved in urban 
agriculture in Kampala 

agriculture using the 
Institutional Analysis and 
Development (IAD) 
framework 
 
Case studies (including 
Kampala) to report on 
challenges in governance 
that promote urban 
agriculture in face of 
climate changes 
 
Selection of case studies 
based on literature 
review in Google Scholar 

lead to greater exposures 
to climate risks 
 
A legal framework (Urban 
Agriculture Ordinance, 
2006) controls urban 
agriculture in Kampala 
 
Urban agriculture is 
becoming a permanent 
infrastructure in Kampala 
 
Urban flooding, heat, and 
droughts are major risk 
imposed to urban 
agriculture 

 
No estimation of 
health benefits 

Bayode 
Adegun et 
al. 

Dar es 
Salaam 
(Tanzania) 

2022 Lack of research on 
individual responses to 
heat in informal 
settlements 
 
Increased average 
temperatures in Dar es 
Salaam and 50 % of the 
urban area is informal 
 
Evidence of greater heat 
exposure risk in informal 
settlements of Africa 
based on observations 
and field campaigns 

Survey questionnaires 
distributed to 405 
participants in the Keko 
Machunga informal 
settlement (~23k 
inhabitants) 
 
Questionnaire co-
designed with residents 
and informed by 
literature review 
 
Survey performed during 
3 months (May to July 
2020) 

Respondents spend 
whether substantial (>4 
hrs) or little time (<1 hrs) 
outside of their houses 
 
Majority of residents 
experience heat stress  
 
Of 78 % respondents that 
have witnessed increased 
temperature in the 
settlement, 50 % relate it 
to climate change 
 
Residents are aware of 

No weather 
measurement during 
the study 

YES 



 
All answers were 
considered valid 

urban climate impacts 
(e.g., urban heat island; 
heat trapping due to 
building density; impact of 
green infrastructure) 
 
Building designs influence 
overheating 
 
Top 3 health problems that 
are related to heat are: skin 
rashes, malaria, and 
headaches 
 
Behavioral change involve 
passive cooling strategies 
or going outdoors; little 
information seeking on 
official Met Office channels 

Corburn et 
al.  

Nairobi 
(Kenya) 

2022 Need for climate justice in 
informal settlements to 
address urban climate 
and health issues beyond 
the most vulnerable 
individuals 
 
Kenyan policies and 
action plans exist to cope 
with climate-related 
health issues 
 
Heat poses a major 
climate injustice in 

Multiple surveys around 
climate and health in 
Mukuru informal 
settlement performed 
between 2015 and 2019 
involving thousands of 
participants 
 
Survey on household 
level living conditions 
 
Health survey on health 
symptoms experienced 
over the past 6 months 

1/3 of respondents 
experienced flooding in the 
last 6 months 
 
Water scarcity is presented 
as a problem already 
 
Soil pollution is more 
important after flooding 
 
Respondents link flooding 
risks to weather, climate 
change, and unpaved roads 
 

Long research 
covering 6 years 

YES 



informal settlements 
 
VBDs are impacted by 
increased temperatures 
in East Africa 
 
Compound events of heat 
and air pollution increase 
risks of CVD and 
respiratory NCDs in 
informal settlements 
 
Women are 
disproportionately 
affected 
 
Flooding increase the 
likelihood of infectious 
diseases 
 
Droughts and water 
accessibility unequally 
impact those with 
intermittent access to 
clean water 
 
Mukuru informal 
settlement has a 
population density of 
111k cap∙km-2 
 
Lack of funding to run 
long-term community 

 
Monthly focus group 
discussions between 
August 2017 and June 
2020 
 
Citizen scientists map 
infrastructures and 
facilities (GPS and 
satellite images) 
 
Environmental health 
data gathered by citizen 
scientists in the form of 
soil samples to measure 
pollution level post-
flooding 

Citizen prioritize better 
road infrastructure to 
prevent flooding 



engagement research 
programs 

Kabano et 
al. 

Kampala 
(Uganda) 

2022 Tropical urban climate 
studies on the rise but 
not in SSA 
 
Lack of studies on the 
impact of humidity on 
thermal comfort in cities 

Explorative regression 
analysis on the influence 
of soil moisture and land 
cover composition on 
urban climate 
 
22 sensors deployed 
around Kampala during 
50 days to collect air 
temperature and relative 
humidity (dt = 30min) 
 
Satellite derived 
impervious fraction, 
paved fraction, building 
fraction, tree coverage, 
pervious fraction (World 
View 3 satellite image of 
25-10-2016) 
 
Measure of thermal 
comfort using the Heat 
Index 

Soil moisture is correlated 
to relative humidity 
 
Heat Index does not 
decline with greater soil 
moisture 
 
Greater soil moisture leads 
to lower urban climate 
differences between 
neighborhoods 
 
On average, most densely 
built location is warmer 
than the others 
 
Higher tree coverage is 
linked to lower Heat Index 
 
Trees and perviousness 
reduce nighttime 
temperature 
 
Air temperature increases 
slower during wet seasons 
when soil moisture is high 
in openly built 
environments 
 
Greatest thermal 
discomfort during dry 

Sample location and 
temporal coverage 

YES 



season in most  built up 
areas 

Kajjaba et 
al. 

Kampala 
(Uganda) 

2022 Thermal comfort studies 
usually employ subjective 
or objective methods 
 
No building standards 
exist in Uganda for heat 
and IAQ 
 
Lack of studies on indoor 
thermal comfort in 
Uganda 
 
Iron roofs can cause 
increase risks of 
overheating 
 
Lack of studies on indoor 
air quality 
 
Need to study compound 
effects of IAQ and heat 
stress together 

Mixed methods to assess 
thermal comfort involving 
building energy 
modelling, survey 
questionnaire, and indoor 
environmental sensor 
deployment 
 
Weather file employed in 
Design Builder from 
Kisumu 
 
Model outputs validated 
against measurements 
 
Seven households 
empirically chosen to 
monitor indoor air quality 
and overheating risks 
 
300 participants to the 
survey questionnaire 
 
Kawempe I informal 
settlement as case study 
during June2019 
 
Daily weather conditions 
obtained from Kawanda 
AWS 

Measurements show CO2 
concentrations below WHO 
standards (450-510 ppm) 
 
Based on ASHRAE 55 
guidelines, indoor thermal 
comfort falls within the 80 
% acceptable limit 
 
Nighttime thermal 
discomfort is observed 
 
PM2.5 are ~2 times higher 
than the recommended 
WHO standards of 25 μg∙m-

3; 3 times more for PM10 
(50 μg∙m-3 threshold) 
 
 

Unclear data analysis 
and research protocol 
 
Unclear usage of 
outdoor weather data 
 
Fragile assumptions 
around observed 
results 

YES 

Van de Kampala 2022 Lack of research on Deployment of 45 Early morning UHI explains Only employ one heat YES 



Walle et al. (Uganda) extreme heat impacts and 
exposures in Africa 
 
Only 6 weather stations 
operational in Kampala 
operated by TAHMO 
project 
 
Kampala has one of the 
fastest urbanization rates 
in Africa 
 
Urban morphology in 
Kampala is linked to 
socio-economic factors 
 
Iron roofs often present 
in the built environment 
 
Mismatch between urban 
planning interventions 
against heat and land 
competition (tree 
deployment plan) 

iButtons sensors 
measuring humidity and 
temperature across 13 
sites 
 
iButtons deployed in 
groups of 3 to control for 
sensor inaccuracy 
 
Quantification of heat 
stress based on Humidex 
 
Explorative regression 
analysis to explain spatial 
distribution of heat stress 
across different LCZs 
 
Multi-linear regression 
using Ordinary Least 
Squares 
 
Sensor accuracies tested 
against official AWS at 
Makerere University 
 
Three periods of 42 days 
from August 2018 to April 
2019 

distribution of heat stress 
at time of minimum 
temperature 
 
Intra-urban heterogeneity 
of Humidex is better 
explained during daily 
maximum temperature 
hours 
 
Humidex strongly 
correlated to NDVI and 
impervious surface fraction 
 
Great to Dangerous 
thermal discomfort 
observed in LCZ 7 
(lightweight lowrise) and 
LCZ 3 (compact low-rise) 
 
Some locations were 
exposed to dangerous heat 
stress for more than 50 % 
of the time during 
maximum temperature 
hours, but never in parks 
out city outskirts 
 
A difference of 6.4 °C is 
observed between 
parks/openly built and 
densely built center areas 
in the afternoon 

index to estimate 
thermal discomfort 



 
Important exposure to heat 
stress in informal 
settlements 

Greibe 
Anderse et 
al.  

Nairobi 
(Kenya) 

2023 Lack of research on 
climate change and 
health 
 
Lack of evidence on 
informal settlements’ 
adaptation strategies 
 
Climate change expected 
to impact VBDs 
 
Mukuru informal 
settlement expected to 
have ~700k inhabitants in 
2030 

Survey questionnaire 
involving 402 participants 
in September 2021 (1 
week) – random sampling 
 
Questionnaire designed 
to investigate climate 
change awareness, 
responses and feelings in 
Mukuru 

Majority of female 
respondents and below 40 
years old 
 
3/4 of respondents heard 
of CC before and link it to 
the distance of the riverbed 
 
4/5 are concerned about 
climate change and 9/10 
about its impact on health 
because of the proximity of 
the river 
 
Communities were affected 
by air pollution, poor 
health, water quality, 
droughts and heat (>2/3 of 
respondents) 
 
Air and water quality are 
the major concerns 
 
Climate change affects 
health according to 
respondents 
 
More than 50 % of 
respondents consider 

Sample biases due to 
social and cultural 
constraints (female 
dominated) 
 
Confusions between 
air quality and climate 
change driven impacts 

YES 



respiratory diseases, 
infectious and VBDs to be 
influenced by climate 
change 
 
Desire to act against 
climate change but feel 
responsibility is in central 
institutional powers 
 
Having lived a climatic 
disaster could explain 
raised awareness 

Morlighem 
et al.  

Kampala 
(Uganda), Dar 
es Salaam 
(Tanzania), 
Dakar 
(Senegal), 
Ouagadougou 
(Burkina 
Faso) 

2023 Malaria impacted by 
climate change and 
urbanization in SSA 
 
Need to urban models of 
malaria that integrate 
climate information 
 
Epidemiological data 
displacement to preserve 
sensible information is a 
challenge for relating 
environmental factors 
and malaria 
incidence/prevalence 
 
Lack of urban malaria 
data  

Test spatial optimization 
of DHS data to overcome 
limitations induced by 
data displacement 
 
Random Forest machine 
learning regression using 
satellite images and 
urban climate data to 
estimate PfPR2_10 from 
DHS data 
 
Precipitation and wind 
speed data from 
WorldClim and urban 
climate influence 
modelled through LCZ 
maps 
 
MODIS LST used to inform 

Method 2 is the best 
performing method for all 
cities including Kampala 
and Dar es Salaam 
 
Climatic information is 
considered more or less 
important depending on 
the city 
 
LCZs are not considered 
importance following 
feature importance in RF 
model 

DHS data sampling 
method mostly during 
dry season and 
focusing on children 
 
Assumed stationarity 
of malaria, covariates 
and inhabitants 

YES 



the model on intra-urban 
climatic variability 
 
Very high resolution LULC 
information derived from 
satellite imagery 
 
Control for vegetation, 
wetness, elevation using 
Landsat NDVI, NDUI and 
SRTM digital elevation 
models 
 
2 methods to mitigate 
displacement influence: 
1) inflate number of DHS 
points in all cardinal 
directions in a buffer 
zone; 2) randomly move 
DHS data along cardinal 
directions in buffer zone 
until best performance is 
achieved 

Kalisa and 
Sudmant 

Kigali 
(Rwanda) 

2025 Lack of studies in SSA on 
compound events 
between air quality and 
heatwaves 
 
Temperature more 
generally treated as a 
catalyst rather than a 
driver of air quality 
deterioration 

Deployment of 12 low-
cost weather stations and 
air quality monitoring 
devices across Kigali (May 
2021 to December 2024) 
 
Measurements evaluated 
against official beta 
attenuation mass monitor 
(BAM) station 

More PM2.5 and O3 during 
wet season, more NO2 
during dry season 
 
O3 linked to heatwaves but 
not PM2.5 nor NO2 
 
Warmest heatwave event 
(n=6) had the best air 
quality respective to the 

No look at other 
weather variables for 
compound events 
 
Heatwave definition 

YES 



 
Low-cost air quality 
monitoring devices could 
address the data scarcity 
in SSA cities 
 
Urbanization pace in 
Kigali leads to greater 
risks related to heat and 
air pollution 

 
Definition of heatwave 
based on thresholds of 
temperatures and 
consecutive days 
overpassing it – no official 
definition of heatwave in 
Rwanda 

other 5 heatwaves 
 
PM2.5 and NO2 are 
correlated to 
anthropogenic activities 
(e.g., peak emissions 
during rush hours) 
 
WHO guidelines of 5 μg∙m-3 
in Kigali for PM2.5 
overpassed by values 8 
times higher 
 
Positive correlation 
between temperature and 
O3 and NO2, negative for 
PM2.5  
 

Morais et al. Kisumu 
(Kenya), 
Yaounde 
(Cameroon), 
Bel Horizonte 
(Brazil), 
Kinmgston 
(Jamaica) 

2025  INVALID   NO 

Nizeyimana 
et al. 

Kigali 
(Rwanda) 

2025 Lack of monitoring 
systems of air quality 
 
Fast growing threat (air 
pollution) due to pace of 
urbanization 
 

Development and testing 
of low-cost embarked air 
quality monitoring 
devices 
 
Early warning system 
development using 

Better model performance 
for CO2, temperature, O3, 
NO2 
 
Poor performance of the 
model for PMx but 
expected due to local 

Unclear model 
validation and 
climatic/air quality 
research protocol 

NO 



Double the amount of 
PM2.5 than WHO 
guidelines previously 
recorded 
 
Lack of spatial data and 
cost of official stations 
(~50k USD) call for low-
cost options 

machine learning to 
predict air quality at 2 
hours based on weather 
data collected (LSTM 
neural network) 
 
Devices communicate 
through GSM/GPRS  
 
Development of a web 
interface for near real-
time data providing to 
users based on 
ThingSpeak Cloud 

influences on PM 
distributions (e.g., local 
emissions) 
 
Weather variables improve 
model predictions 

Ogani et al. Kisumu 
(Kenya), Busia 
(Kenya) 

2025  INVALID   NO 

Osalla et al. Ukanda 
(Kenya) 

2025 Kenyan coasts have seen 
a resurgence of Dengue 
 
Dengue is endemic to 
urban areas in Kenya 
 
Precipitation and 
humidity are known to 
affect vectorial capacity 
 
Data scarcity of Dengue 
infection in Kenya 
 
Lack of research on the 
association between 
climatic factors due to 

Longitudinal study of 
Dengue epidemiology in 
Ukanda from December 
2021 to November 2022 
(1 year) 
 
Adult mosquitoes 
captured weekly and eggs 
captured weekly to 
measure oviposition and 
hatch adult mosquitoes in 
laboratory 
 
Blood meal analysis 
based on DNA 
 

>50k mosquitoes trapped 
with prevalence of Aedes 
aegypti (67 %) 
 
>10k of Aedes eggs 
 
Only 2 mosquitoes tested 
positive to DENV-2 
flavivirus 
 
No clear pattern found 
between abundance of 
females and weather 
variables 
 
Hypothesis that no climatic 

No local weather data 
measured in situ 

YES 



absence of longitudinal 
studies 

Daily weather variables 
obtained from satellite 
derived outputs (NASA 
Power) 
 
Multi-linear regression 
and step-wise regression 
to test association and 
importance of weather 
variables on abundance 
of female Aedes aegypti  
 
Random forest model to 
investigate weather 
impact on egg abundance 

pattern means that Aedes 
aegypti lives all year 
around in the city of 
Ukunda 



Research gaps and opportunities to prevent maladaptation in cities 

that surround the Lake Victoria basin 

Based on the corpus of papers reviewed in this manuscript, several research gaps related to urban 

climate and health are identified, mostly related to lack of resources and characteristic data scarcity 

in the region. For instance, several papers note a research gap in how temperatures and climate 

changes are affecting the health of people living in the region, and more generally, in low- medium-

income countries (LMICs). This is most likely due to the lack of health and epidemiological data (e.g., 

daily mortality data, dengue incidence, or malaria prevalence), longitudinal studies and recording 

capacities (46,66,60,68,57,58). The latter is not specific to health data and is also characteristic of 

climate data in the region. This translates into impaired capacities for studying direct impacts of 

climate-related health hazards like the indoor and outdoor thermal comfort in urban areas (43,61), 

exposure to dangerous levels of air pollution (52,64), and compound events between air quality and 

heatwaves (63). More indirect hazards involving pathogens whether spread through human-to-

human contaminations, water, or vectors like mosquitoes are thereby poorly studied too (51,57,58). 

The latter would need more research on how climate change and urbanization impact vector 

competence and habitat suitability for reemerging mosquito VBDs (47,49,48), something currently 

lacking as well.  

In general, despite the existence of past urban health studies or urban climate studies in East Africa 

and the Lake Victoria basin (e.g., Nakamura, 1966; Jonsson et al., 2004; Egondi et al., 2015; Brousse 

et al., 2020; Morakinyo et al., 2026), a critical research gap exists on how urban health is influenced 

by urban climate and temperatures (56). Such a research gap could lead to the development of 

unsuitable and/or maladapted urban environments in face of climate changes; something that could 

also explain the lack of regulations on air quality and overheating in countries neighboring Lake 

Victoria, as noted by Gaita et al. (2016) or Kajjoba et al. (2022). Maladapted urban environments 

could result in increased climate-related health burden for the most vulnerable in the future, as 

viable adaptation strategies are not yet identified (66). As it stands, there is a critical lack of 

knowledge on the unequal impact of heat in informal settlements despite known climate and health 

injustices in these settlements (66,62,68). Furthermore, research on how informal settlements’ 

residents adapt their behavior in the face of perceived exposures to climate-related health hazards 

are also lacking (67,65). 

Our review therefore points at an urgent need for more transdisciplinary research in urban climate 

and health in East Africa, and more specifically in countries that neighbor the Lake Victoria Basin. We 

note, for instance, that several tools and techniques already exist for the study of urban climate and 

health impacts, but that their employment usually remains isolated and do not offer a 

comprehensive understanding of how the heterogeneity of urban climates translates into a variety of 

potential urban health outcomes. For example, Chepkorir et al.(2014), or Agha et al. (2017, 2019) 

compared inter-city vector competence or urban versus rural sites, but did not perform intra-city 

analysis. Several studies in the corpus also rely on remotely-sensed climate data or large scale GCMs 

rather than deploying viable low-cost weather sensors, as suggested by Kabano et al.(2022), Van De 

Walle et al.(2022) or Nizeyimana et al. (2025). There are known limitations in the employment of 

surface environmental indicators for the prediction of atmospheric phenomena in the urban canopy 

(74–76), or of large-scale models that do not integrate the effect of cities’ heterogeneous 

environment on the climate (Lauwaet et al., 2015; Goodess et al., 2021; Morakinyo, et al., 2026). 

Besides, climate-health impact studies tend to work with single time-series of weather data to 

estimate the effect of heat or cold on the mortality and morbidity of cities’ inhabitants (e.g., Egondi 



et al., 2012; Sewe et al., 2018). But these are gathered through official weather measurements that 

are usually located outside of the city and that therefore do not incorporate the additional burden 

related to the urban climate in their predictions (79,80). They also entirely miss the unequal 

exposures to climate-related health hazards that are experienced within urban environments around 

the Lake Victoria basin (19,60) . This therefore calls for more representative urban climate data in the 

region, something that can be obtained via urban climate models (56), or at least, via land-use land-

cover data that integrate an urban climate component, like Local Climate Zones (41,57,73). Studies 

that engage with residents should also try to provide more quantitative data on the experienced 

climate (e.g., through the use of embarked sensors at the time of the interviews), as some mismatch 

between reported thermal discomfort and actual temperatures were already reported (66). 

It is important to note that these conclusions are subject to some limitations of our scoping review. 

First, we assumed that temperature would be a cross-sectional weather variable that would cover 

the vast majority of potential climate-health hazards and that it would be sufficient for mapping the 

current state-of-the-art on urban climate and health research. Future research could scope for other 

weather variable that may influence health hazards, like rainfall or humidity. Second, we constrained 

our search to abstracts of peer-reviewed journal articles. Including search of keywords in title and/or 

other parts of the manuscript could have potentially extended the reviewed corpus. Nevertheless, 

this ensured that urban climate and health elements of the performed research were meant to be 

highlighted in the abstract, therefore strengthening the strength of the evidence. Third, personal 

biases are evidently impacting the selection process, but this was mitigated by having a double-

blinded screening with authors based in different institutions and with different backgrounds. We 

thus consider that the reported evidence is adequate and reliable for understanding the current 

research in urban climate and health in the studied countries of East Africa. 

In the end, we argue that, considering the amount of urban climate related health risks that are 

already faced in countries that neighbor the Lake Victoria Basin, an urgent response to address local 

challenges related to the characteristic data scarcity should be set by unlocking funding for the 

deployment of long-term monitoring systems. Data gathering should also be as comprehensive as 

possible and not focus solely on one aspect of urban climate or health. This way, research could start 

offering comprehensive adaptation solutions that do not only respond to single urban health issues. 

For example, responding to urban heat through the deployment of blue or green infrastructure, 

independent of their recorded positive impacts in the region (43,60), may be detrimental due to an 

increased vectorial capacity of infectious mosquitoes. Urban interventions that try to reduce the 

temperature in informal settlements should also consider opportunities for addressing water 

management challenges. For instance, interventions that prevent run-off and/or floodings could help 

preventing exacerbation of the risk of exposure to water-borne and/or vector-borne diseases by 

mitigating the impacts of flooding on water safety and breeding site availability (81,82). Further 

studies on compound events that affect climate-related hazards and air quality should also be 

integrated into the design of interventions as local air pollution is not only linked to anthropogenic 

activities, but also to natural processes that follow the seasonality of wet and dry seasons (83). 

In summary, we identify four potential research pathways and opportunities for urban climate and 

health research in the region:  

1. Develop integrated climate and health datasets through long-term monitoring systems. 

Many reviewed studies rely on short-term data collection, limiting the ability to assess long-

term urban climate–health interactions. Addressing this requires sustained investment in 

high-resolution health, epidemiological, environmental, and urban climate data collection. 



Low-cost sensor networks and citizen science initiatives offer promising avenues to help 

overcome current data scarcity. 

2. Advance intra-urban climate–health analyses beyond coarse or inter-city approaches. 

Future research should better capture within-city variability by leveraging urban climate 

models, remotely sensed data, low-cost sensor networks, and mixed-methods approaches 

across diverse neighborhoods. Understanding inequalities in climate–health risks across the 

Lake Victoria Basin is essential, and research should not focus exclusively on informal 

settlements to ensure inclusive planning. Participatory approaches are also needed to 

capture residents’ adaptive behaviors and lived experiences. Tools such as Local Climate 

Zones can support standardized and spatially explicit risk mapping. 
3. Strengthen transdisciplinary and systems-based approaches within a One Health / 

Planetary Health framework. Research should integrate urban climate science, 

environmental science, public health, urban planning, governance, and social sciences. Such 

approaches are essential to better understand compound risks and to evaluate the cross-

sectoral costs and benefits of urban climate interventions. 

4. Develop context-specific adaptation strategies that maximize co-benefits and avoid 

maladaptation. Locally tailored policies should account for the multi-dimensional impacts of 

climate-sensitive urban design. Follow-up studies are needed to evaluate the outcomes of 

interventions and build evidence on both intended and unintended effects of adaptation 

strategies in the region. 

In doing so, research in East African countries around the Lake Victoria basin could not only influence 

local decision-making to prevent maladaptation but could also influence adaptative and mitigative 

practices across the globe. In fact, geographies of climate-related health hazards are changing due to 

global climate change and new challenges that East African countries already experience are to be 

faced by countries of other regions of the world. Recent outbreaks of chikungunya epidemics in 

North America (84), West Nile virus in Europe (85), or dengue in France (86) just show that what was 

considered to be viable strategies to adapt cities to climate change in certain places may not always 

be so. Any knowledge acquired on these synergetic health impacts of urban climates in East Africa 

will therefore not only benefit local communities, but also offer viable paths for building more 

resilient cities across the globe. 
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