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Appendix 

Functional Forms of Life History Traits 

 The functional forms of the life history traits used in this study were estimated by 

Mordecai et al [1]. Each life history trait was fit to either a quadratic or Brière function to reflect 

a symmetric or asymmetric nonlinear thermal response, respectively. The quadratic and Brière 

functions are parameterized by three values: a rate constant, a critical thermal minimum, and a 

critical thermal maximum.  

 The Brière function was introduced by Brière et al. [2] to characterize asymmetric, 

nonlinear thermal responses. This specific form was chosen to address four key requirements: 

(1) critical thermal minima and maxima, (2) an asymmetrical response at temperatures above 

and below the optimal temperature, (3) the presence of an inflection point, and (4) a marked 

decline in the life history trait as temperature exceeds the optimal temperature.   

 

Starting Conditions 

The model requires estimates of the mosquito-to-human ratio and the number of 

initially infectious humans and vectors to initiate each simulation. For these initial conditions, 

we used measures provided in previous models. In a model of the ZIKV outbreak in French 

Polynesia from 2013-2014, Kucharski et al. provided marginal posterior estimates for the 



proportion of initially infectious mosquitoes and the number of initially infectious humans on 

each island [3]. We digitized the data for Tahiti and calculated the weighted average to arrive at 

estimates of 0.015 for the proportion of initially infectious vectors. The literature on the ratio of 

mosquitoes to humans is limited. One model [4] that measured mosquito oviposition behavior 

adopted a patch modeling framework in which the overall ratio of mosquitoes to humans was 

equal to two, which we adopted here.  

 With estimates for the mosquito-to-human ratio and the number of initially infectious 

individuals and vectors, we were able to calibrate our model. The total human population size, 

𝑁", was set to a constant 10,000. Under the default assumption, we assumed that 1 individual 

was initially infectious, and the remaining population (9,999 individuals) was susceptible. EH and 

RH were initially set to zero. We then ran simulations assuming 20, 40, 60, and 80% of the 

population was immune at the simulation onset, respectively.  

Since the carrying capacity and adult mosquito mortality rate were both dependent on 

temperature, the mosquito population size was subject to temperature effects. We assumed 

that the carrying capacity was greatest at 29°C (based on studies by Mordecai et al., [1] and 

Liu-Helmersson et al. [5]) and totaled approximately 20,000. To equilibrate the model, we set 

the initial mosquito population size (M0) to the carrying capacity calculated from eq. 8 at the 

starting temperature. We assumed that 1.5% of mosquitoes were infected at the start of the 

epidemic, while the rest were susceptible [3]. The initial conditions were thus: 

 (𝑆%, 𝐸%, 𝐼%, 𝑆", 𝐸", 𝐼", 𝑅")+ = (0.985𝑀+, 0, 0.015𝑀+, 9999, 0, 1, 0)  

 

Simulations 



Simulations were performed using a temperature-sensitive mechanistic modeling framework 

developed in C++. Code and supporting documentation for this model can be accessed at 

https://github.com/jhuber3/temperature-sensitive-sir. Simulation outputs were processed in 

the R Programming Language 4.3.1 [6]. 
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