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Climate-based CSID models

Goals
• Identify risk factors
• Develop decision-support tools
• Detect spatial or temporal trends
• Identify historical and future trends

Mathematical formulations of the relationship between climate and disease

Lowe et al., 2021



Co-creating early warning systems

In several of our projects (e.g. E4Warning, IDAlert,
IDExtremes) we develop infectious disease forecast
system models in South America, Europe and Asia.

We are exploring how new data streams and finer
resolution data can improve forecasting models

Climate-based CSID models



Modelling the impact of climatic extremes on 
infectious disease risk

Climate-based CSID models



Arboviruses in the Caribbean

• The Caribbean region is facing a major crisis of co-occurring 
epidemics of dengue, chikungunya an Zika viruses.

• An increase incidence of dengue suspected in Barbados following 
drought events.



Modelling the impact of climatic extremes on 
infectious disease risk

Dengue and hydrometeorological indicators

We used distributed lag non-linear models (Gasparrini, 2013) coupled with a Bayesian hierarchal 
model (Lowe et al, 2017) to understand exposure-lag response associations between dengue, 
temperature, drought and rainfall.

Dengue incidence rate  Standardised precipitation index Oceanic Niño index



Risk modelling
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Fletcher et al. (in prep)



Lowe & Codeço Annual Review Entomology 2025 

Harmonizing multisource data to inform
vector-borne disease risk management strategies

Data harmonisation
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Data visualisation



Data visualisation



Risk modelling
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Risk modelling

Bayesian ecological models

Data

Model fitting

Model validation
Relative risk 

maps
Outbreak 
probability

Yi,t | µi,t, φ ~ NegBin (µi,t, φ)

log(µi,t) = α + log(Pa[t,i]) + ∑𝑘𝑘 βk 
Xi,t,k+ ua[i] + υa[i] + δm[t] + γa[t]

random effects



Risk modelling

covariates
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parameters estimated via statistical relationships with observed disease rate
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random effects

Fletcher et al. (in prep)

response



Risk modelling
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Model validation

Iteration 1

Iteration 2

Iteration 3

Iteration 4

Iteration 5

Iteration 6

Iteration 7

Iteration 8

Iteration 9

Leave n out cross-validationExpanding window cross-validation

Fletcher et al. (2025)



Model validation

Fletcher et al., (in prep)



Climate-informed anticipatory action

Tilly Alcayna et al., BMJ Global Health 2025



Early warning systems for vector-borne diseasesEarly warning systems



Early warning systems

Fletcher et al., (in prep)



Early warning systems



Statistical Modeller Chief Medical Officer

Chloe Fletcher et al., 2025 (in review)

Early warning systems



Translating probability to action

Prototype developed by 
Barbados Meteorological Services



Technical capacity and financial resources

Stewart-Ibarra et al., PLOS NTDs 2019



Guiding questions for EWS implementation

Avriel Diaz et al., PLOS Climate 2024



The importance of partnerships



Capacity strengthening and knowledge exchange



Co-developing Caribbean climate-health servicesCapacity strengthening and knowledge exchange



Capacity strengthening and knowledge exchange
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(Tomorrow...)



Thank you
Martín Lotto Batista, PhD

Barcelona Supercomputing Center (BSC)
martin.lotto@bsc.es
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