S4 Text: Juvenile density dependence

We defined density-dependent juvenile mortality as a function of existing juvenile density and precipitation, with
mortality increasing under conditions of high density and low precipitation. This approach aligns with established
methodologies in mosquito life-cycle modelling, such as Ewing et al. (2016), who employed a predator-prey
relationship to model elevated larval mortality at high larval densities [1]. By incorporating precipitation as a
modulator, we provide a biologically realistic representation of environmental constraints on juvenile survival.

Rainfall was assumed to enhance the environment’s carrying capacity by creating and maintaining oviposition
sites. Exponential weighting was chosen because it has been shown to better fit entomological field data than
linear weighting [2]. White et al. (2011) applied this model to Anopheles gambiae and found an optimal w of 4
days (95% CI: 2.5-7). However, we acknowledge that extremely heavy rainfall may saturate or wash out breeding
sites, a non-linear effect documented in field studies that is not explicitly captured in our current model but may
warrant future investigation to improve ecological realism [3].

Our initial modelling indicated that temperature alone was insufficient to prevent unchecked mosquito population
growth, highlighting the necessity of incorporating additional ecological mechanisms to accurately capture
population dynamics. Various mechanisms of density dependence in mosquito larvae have been proposed,
including resource limitation, chemical interference, and cannibalism [4—6]. While a detailed exploration of these
mechanisms lies beyond the scope of this study, we employed the parameter A to regulate carrying capacity as
influenced by precipitation, effectively capturing the impact of density-dependent mortality within a realistic
ecological framework.

Sensitivity analysis on parameter A revealed that variations in its value affected the absolute upper limit of
predicted Ae. aegypti density but had minimal impact on temporal and spatial trends or the relative ratios of density
between time points and locations. Importantly, this robustness ensures that our core results, particularly the
projected percentage increases in Ae. aegypti density, remain valid across a reasonable range of A values. These
findings underscore the reliability of our model outputs for identifying trends and relative changes in mosquito
density, regardless of minor uncertainties in parameter specification.
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