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 Supplementary material 
 

 
Figure SI 1: Map of Kenya with the 47 counties: Mombasa [1], Kwale [2], Kilifi [3], Tana 
River [4], Lamu [5], Taita Taveta [6], Garissa [7], Wajir [8], Mandera [9], Marsabit [10], 
Isiolo [11], Meru [12], Tharaka-Nithi [13], Embu [14], Kitui [15], Machakos [16], Makueni 
[17], Nyandarua [18], Nyeri [19], Kirinyaga [20], Murang’a [21], Kiambu [22], Turkana [23], 
West Pokot [24], Samburu [25], Trans Nzoia [26], Uasin Gishu [27], Elgeyo-Marakwet [28], 
Nandi [29], Baringo [30], Laikipia [31], Nakuru [32], Narok [33], Kajiado [34], Kericho [35], 
Bomet [36], Kakamega [37], Vihiga [38], Bungoma [39], Busia [40], Siaya [41], Kisumu 
[42], Homa Bay [43], Migori [44], Kisii [45], Nyamira [46], Nairobi [47]. 
 
Covariates used  
 
The principal larval habitats of Aedes species especially urban Aedes species such as Ae. 
aegypti and Ae. albopictus are man-made containers that are used for water storage and this 
water may be collected from accumulated rain (1,2). Studies have shown a high vector 
abundance in areas of high rainfall (3,4). Rainfall is also an indicator of increased socio-
economic activities including cultivating, working and grazing in bushes where Aedes 
mosquitoes rest during the day thus increasing the risk of vector-human contacts and virus 
infection (5).  Rainfall data was obtained from Climate Hazards Group InfraRed Precipitation 
with Station (CHIRPS). The dataset was created by incorporating satellite imagery and in-situ 
data globally to create a gridded surface of total rainfall (6–8). CHIRPS ranges from 1981 to 
date at a spatial resolution of 0.05 x 0.05 decimal degrees (approximately 5 x 5 km).  
 
Aedes species are greatly affected by temperature, and this influences larval development and 
adult survival. Temperatures below the optimum range limit the development of larvae and 
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temperatures above the optimum reduce the survival of these vectors at any life stage (9). 
Land surface temperature (LST) at daytime and nighttime were used in this study, and they 
were obtained from the Moderate Resolution Imaging Spectroradiometer (MODIS) sensor. 
The dataset ranges from 2000-date at a spatial resolution of approximately 1 x 1 km.  
 
Elevation is used as a proxy for temperature but may also have an independent effect on 
ecologies related to highlands and mountains. Elevation was obtained from the 30 x 30 m 
Shuttle Radar Topography Mission (SRTM), and this was also used to calculate the slope in 
degrees in ArcMap version 10.8 (ESRI Inc., Redlands, CA, USA). The dataset ranges from 
2000-date. 
 
Enhanced vegetation index (EVI) measures vegetation canopy greenness and can be used as a 
proxy for soil surface-level moisture that is associated with the availability of breeding 
environments (10,11). EVI was derived from MODIS sensor imagery at a spatial resolution 
of 250 x 250 m. EVI ranges from -1 (no vegetation) to 1 (complete vegetation). 
 
Population density is used as a proxy for human influence on mosquito populations. Human 
activities provide both breeding grounds and dispersal opportunities (12). A higher 
population increases the probability of human-vector encounters thus increasing the risk of 
disease (2). Fine spatial resolution population density data was obtained from WorldPop. The 
WorldPop database provides population estimates from 2000–2023 and these population 
estimates are adjusted to match the United Nations estimates. The methodology for its 
curation has been described elsewhere (13) but in brief, it combines population data from 
national censuses and a suite of covariates via machine learning methods to create a gridded 
population surface at ~1 x 1 km spatial resolution (14,15). 
 
Land cover is a representation of the physical material on the surface of the earth. The 
various land cover types affects Aedes species populations differently for instance croplands 
e.g. banana plantations can be important mosquito breeding areas as they retain the water 
required for breeding (16). Most Aedes species breed in tree holes which contain microbial 
food for its larvae (17). The fauna within forests can also provide blood sources for Aedes 
mosquitoes in the sylvatic cycle (18). While conversion of forests to built-up areas destroys 
their natural habitats, it may lead to increase in artificial environments such as artificial 
containers and tyres which also serve as breeding sites (19). The land cover layers were also 
obtained from MODIS, and they range from 2001–2023 at a spatial resolution of ~500 x 
500m. Specifically, the International Geosphere-Biosphere Programme (IGBP) classification 
type was used and contains 17 classes. For Kenya, 14 of the 17 exists.  
 
For the analyses, each class was represented on its own. To generate distinct covariate grid 
for each selected land cover variable, a reclassification was done: 1 to represent the actual 
class and 0 to represent the other classes. For instance, to produce a built-up raster surface, 
the original land cover raster was reclassified to two classes: 0 to represent the other classes 
and 1 to represent the built-up class. The process was repeated for the other land cover 
classes. 
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Figure SI 2: Workflow illustrating the acquisition and curation of Aedes aegypti s.l. 
occurrence data that were retrieved from online repositories — GBIF database (left) and 
WRBU VectorMap database (right) — and from online literature search. 
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Figure SI 3: Corrected Akaike information criterion (AICc) for the preliminary MaxEnt 
models for Ae. aegypti s.l. using various feature combinations and regularisation multipliers. 
 

 
Figure SI 4: Map displaying the standard deviation associated with the probability of 
occurrence of Ae. aegypti s.l. predicted through our ecological niche modelling analyses. 
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Figure SI 5: Response curves for environmental covariates included in our ecological niche 
modelling analyses. 
 

 
Figure SI 6: Response bar graphs for land cover variables used in our ecological niche 
modelling analyses. 
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