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Thermal biology experiments and trait-based models

• Quantify effects of temperature on 
mosquito-pathogen traits

• Parameterize trait-based 
mathematical models
→ General and interpretable 

models 
→ Models should be challenged 

by observational data
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4Mordecai, Erin A., et al. "Thermal biology of mosquito‐borne disease." Ecology letters 22.10 (2019): 1690-1708.
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Between-experiment variability

The distribution generating these data 
points depends on the experiment ID

→ Experimental setup?

→ Mosquito population of different 
origin 

Heidecke, Julian, et al. "Uncovering temperature sensitivity of West Nile virus transmission: Novel computational 
approaches to mosquito-pathogen trait responses." PLOS Computational Biology 21.3 (2025): e1012866.
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Between-experiment variability – Does it matter?

Heidecke, Julian, et al. "Uncovering temperature sensitivity of West Nile virus transmission: Novel computational 
approaches to mosquito-pathogen trait responses." PLOS Computational Biology 21.3 (2025): e1012866.
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Bayesian hierarchical models

Measurement-level

Experiment-level

Species-level

𝝁: mean of parameters across species

𝝈: between-species variability

 𝝈𝐞𝐱𝐩: between-experiment variability

Population-level

𝑦𝑖𝑗,𝑇|𝜃𝑖𝑗, 𝑠~𝑁 𝑓 𝑇; 𝜃𝑖𝑗 , 𝑠2

𝜃𝑖𝑗|𝜃𝑖, 𝜎exp~𝑁 𝜃𝑖 , diag 𝜎exp2

𝜃𝑖|𝜇, 𝜎~𝑁 𝜇, diag 𝜎2

Heidecke, Julian, et al. "Uncovering temperature sensitivity of West Nile virus transmission: Novel computational 
approaches to mosquito-pathogen trait responses." PLOS Computational Biology 21.3 (2025): e1012866.
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Lancet Countdown Indicators

Lancet countdown on Climate Change and Health, 2024 report

Globally aggregated change in Dengue 𝑅0
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Temperature 

Rainfall
Human population

𝑑𝐿

𝑑𝑡
 =  𝑓𝜙ℎ 𝑞𝑍𝑒 𝐿 𝑀 − σl + μl  𝐿

Stage structured population model

𝑑𝑃

𝑑𝑡
= σl 𝐿 − σ𝑝 + μ𝑝 𝑃

𝑑𝑀

𝑑𝑡
= σ𝑝 𝑃 − μ𝑀 M

Feeds into

Ross-Macdonald type reproduction number

𝑅0 =

𝑀
𝐻

𝑎2 𝑏𝐻 𝑏𝑀𝑒−𝜇𝑀𝑛

γ𝐻μ𝐻𝜇𝑀

Mathematical model for Dengue-Aegypti

Liu-Helmersson, Jing, et al. "Climate change may enable Aedes aegypti infestation in major European cities by 
2100." Environmental research 172 (2019): 693-699.
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Model structure uncertainty

Heidecke, Julian, et al. "Uncovering temperature sensitivity of West Nile virus transmission: Novel computational 
approaches to mosquito-pathogen trait responses." PLOS Computational Biology 21.3 (2025): e1012866.
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Dengue in Sri Lanka
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Year

Another 20 years to new surge as the virus spreads 

across the country 
(initial epidemics in the 1990s and early 2000 were confined mostly to the Western 

Province and the Colombo district)

More than 20 years before a surge in 

DHF in Colombo

Colombo Force of infection: 14.9

Kandy District. 1.3
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Effect of El Niño–Southern Oscillation (ENSO) and weather 
on Aedes vectors in Kalutara, Sri Lanka, 2010-2018

Rainfall: 
• Lag 0 months
• >400mm/month (for PI and BI)

Temperature:
• Lag 1 to 2 months 
• >31.5°C 

Oceanic Nino index (ONI): 
• 6 months 
• ONI > 0 (El Niño) for PI, BI and CI

Liyanage, Prasad, et al. "Effect of El Niño–Southern Oscillation and local weather on Aedes vector activity from 2010 to 2018 in Kalutara 
district, Sri Lanka: a two-stage hierarchical analysis." The Lancet Planetary Health 6.7 (2022): e577-e585.
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Evaluation of intensified dengue control measures in Pandura, Sri Lanka

Breteau Index Dengue Cases

Liyanage, Prasad, et al. "Evaluation of intensified dengue control measures with interrupted time series analysis in the Panadura Medical 
Officer of Health division in Sri Lanka: a case study and cost-effectiveness analysis." The Lancet Planetary Health 3.5 (2019): e211-e218.

Estimated mean number of averted dengue cases: 2192 (95% CI: 1741-2643)
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Response of Dengue to sea surface temperature structures

Dafka et al. Environ. Res. Lett. (under review)

• Warm SSTs lead to increased 
evaporation

• Winds transport moisture toward 
continental land

• Modulates rainfall variability 

• Drives mosquito population dynamics

• Affects Dengue risk
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⚫ In South Asia → dengue case 
counts are  stat. Sign. correlated 
with SSTs in the western Indian 
Ocean during the monsoon and 
post-monsoon season

⚫ travel-related dengue cases 
appear to be associated with the 
positive Indian Ocean Dipole 
pattern and SST anomalies over the 
subtropical southern Indian 
Ocean.

Dafka et al. Environ. Res. Lett. (under review)
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Thank you!

https://hei-planet.com/

Pratik: 
pratik.singh@uni-
heidelberg.de
Prasad: 
prasad.liyanage@uni-
heidelberg.de
Stella: 
stella.dafka@uni-
heidelberg.de
Julian: 
julian.heidecke@iwr.uni
-heidelberg.de
Joacim: 
joacim.rockloev@uni-
heidelberg.de
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