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Ecology is the study of the interactions 
between living organisms, including humans, and 
their physical environment

Epidemiology is the branch of medical 
science that investigates the factors that determine the 
presence or absence of diseases and health conditions

Disease Ecology is the study of host-
pathogen interactions within the context of their 
environment and evolution
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https://climatecommunication.org/

https://climatecommunication.org/


https://abcnews.go.com/Health/4-cases-locally-acquired-dengue-
reported-florida-virus/story?id=102306525

https://www.bbc.com/news/health-65985838 https://www.theguardian.com/world/2023/sep
/01/paris-fumigates-city-tiger-mosquitoes-
carry-zika-dengue-disease-france
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Relevant information for  
Public Health
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Vector-borne diseases forecasting

Earth 
observation

Mosquito abundance
data

Model Seasonal 
Weather
forecast

Disease
forecast

Model 
3

Model 
2

Model 
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Temperature, rainfall, 
humidity, wind speed, SST,
population, urban land cover 
…

Health data
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Colón-Gonzalez et al., 2021



Machine LearningStatistical

1. Assumes that data comes from a 
statistical distribution

2. Primarily aimed at inference: finding 
connections between variables

3. Can do prediction, but generalisation 
is challenging

4. More sensitive to missing data, 
outliers, and collinearity

5. Explicit assessment of model 
uncertainty

1. Learns patterns directly from data, less 
assumptions

2. Primarily aimed at prediction: all about 
the outcomes

3. Can do inference, but usually black-box 
methods

4. Less sensitive to missing data, outliers, 
and collinearity

5. Challenging to assess model 
uncertainty
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Dengue and climate in Ecuador: Bayesian hierarchical model

Lowe et al., 2017

Cooler and drier than usual → less dengue 

Warmer and wetter than usual →more dengue

yt ~ NegBin(μt, κ)

log(μt) = log(pT'(t))  +  log(rt)

log(rt) = α  +  f(βt'(t))  +  Σγjxjt  +  δT'(t)

Relative 
risk

Annual 
cycle

Climate 
variables

Inter-annual 
variation

4/5 Modelling methods: Statistical



Predicting dengue in Brazil with AI

Ensemble ML approach for predicting and forecasting 
climate-sensitive diseases

Sebastianelli et al., 2023 (in prep.)

Read more about 
the project by 

scanning:

4/5 Modelling methods: Machine learning
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1. Harvesting data into ready-to-use formats
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2. Explicit uncertainty estimates for decision-makers

Prototype developed by 
Barbados Meteorological Services
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3. Opening the black boxes
Hassija et al., 2023



Explainable AI
(Shapley values)

5/5 Challenges

3. Opening the black boxes
Hassija et al., 2023

Carvalho et al. 2024 (in prep.)

(unpublished results)



Take-home messages

Climate-sensitive diseases can be predicted by machine learning 
and statistical methods

Open data from climate models, weather forecasts, satellite 
imagery and other sources can be used as predictors (features)

Model uncertainty and interpretation are key challenges to be 
addressed to improve uptake of ML in disease prediction



Meet the Global Health Resilience Group

Rachel Lowe
ICREA Research 

Professor

Kim van Daalen
Lancet Countdown 

Fellow

Raquel Lana
Beatriu de Pinós Fellow

Bruno Carvalho
Recognised Researcher

Martin Lotto
Lancet Countdown 

Engineer

Remy Hoek Spaans
Recognised Researcher

Chloe Fletcher
PhD Candidate

Daniela Lührsen 
Data Scientist

YOU??

Software engineer for 
climate and health

We are hiring! 





Thank you
Questions?

bruno.carvalho@bsc.es


	Slide 1: Machine learning and AI for predicting climate-sensitive diseases
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Ecology is the study of the interactions between living organisms, including humans, and their physical environment 
	Slide 8: Ecology is the study of the interactions between living organisms, including humans, and their physical environment 
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23: Vector-borne diseases forecasting
	Slide 24: Machine Learning
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33: Explainable AI (Shapley values)
	Slide 34
	Slide 35: Meet the Global Health Resilience Group
	Slide 36
	Slide 37: Thank you

