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ISI-MIP1: climate change and malaria

The malaria modelling team:

The framework:

Overall aim: model the impact of climate change on malaria risk using a multi-model method
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Validation
Malaria 1900s (Lysenko et 

al. 1968) – pre intervention 

– all Plasmodium

MAP 2007 (Hay et al., 

2009) – Plasmodium 

falciparum (tropical form of 

malaria)

Future LTS scenarios 

& pop at risk
5 x 5 x 5(space, time) 

matrix -> uncertainty –

signal and noise

5 GCMs
HadGem2-ES, IPSL-

CM5A-LR, MIROC-ESM-

CHEM, GFDL-ESM2M, and

NorESM1-M

5 future GHG scenarios
RCP2.6, RCP4.5, RCP6.0, RCP8.5

5 malaria models (MM)
LMM_Ro, MARA, MIASMA, VECTRI, 

UMEA

Climate obs
CRUTS3.21, TRMM 

rainfall, ERAINTERIM 

reanalysis

Pop obs
GPWv3 – NASA-SEDAC

SSP2 pop scenario

Common outputs:
Length of the malaria transmission 

– LTS (months)

Population at risk (millions) 

x x
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ISI-MIP1: climate change and malaria – results

Pop at risk West Africa Pop at risk East Africa

Main results:

• Large differences across malaria models to 

reproduce historical malaria distribution

• Future risk increases over Tropical highland 

regions – decreases over the warmest plains 

of West Africa and South America

• Largest uncertainties related to the impact 

model – large uncertainty in pop at risk

• Many important parameters omitted in the 

multi-model risk assessment (control –

economic development except UMEA…) 

Changes in the length of the malaria 

transmission season (months) based 

on 5 GCMs x 5 MMUncertainty matrix 

derived from Neil Kaye work at UKMO
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ISI-MIP1: climate change and malaria - impact

Impact on science

Impact in the media

Impact on NGOs and governmental bodies 

Top 5%

https://www.altmetric.com/details/2095179

"There is still much that needs to be investigated in 

the field of climate change. Perhaps the best use 

of our limited financial resources should be in 

dealing with making sure that every person in the 

world has clean water. Perhaps we should focus 

on eliminating lingering diseases around the world 

like malaria.” – Donald Trump for UK business 

insider - Sep 13, 2016

http://uk.businessinsider.com/trump-clinton-

climate-change-warming-2016-9?r=US&IR=T

Publication highly 

cited: 444 citations 

(Google scholar)

Biodiversity redistribution under climate change: Impacts on ecosystems 

and human well-being

Pecl et al. Science 31 Mar 2017, Vol. 355, Issue 6332, eaai9214

DOI: 10.1126/science.aai9214

“Hallegatte, S. et al. 

2016. Shock Waves : Managing 

the Impacts of Climate Change 

on Poverty. Climate Change 

and Development;. Washington, 

DC: World Bank. © World Bank. 

https://openknowledge.worldban

k.org/handle/10986/22787 

License: CC BY 3.0 IGO.”

ISI-MIP Workshop, 11-15 Jan 2021

http://uk.businessinsider.com/trump-clinton-climate-change-warming-2016-9?r=US&IR=T


Disclaimer: multidisciplinary studies are complicated

• Multi-disciplinary framework is mandatory for climate-health studies

• Different scientific backgrounds, jargon, methods…

• Novel studies emerge from the One Health framework

http://www.hpruezi.nihr.ac.uk/
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Data
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Climate Model data

Gridded global or regional data

Hourly, daily and longer time scales

Climate model is physically consistent

Biases and uncertainties

Climate observations available at same scales

Socio-economic data

Granular (country scale, city scale…) and diverse

Time resolution can be granular (census every 5 years)

It needs to be matched to the climate data grid, so three options:

A – good quality data already exists (population density for example)

B – you need to make some assumptions to create your own (country->raster)

C – data does not exist



Useful socio-economic data centres for health applications
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https://sedac.ciesin.columbia.edu/

GPWv4 gridded population dataset

https://data.oecd.org/

Number of hospital beds per 1000 people…

https://data.worldbank.org/

GDP, demographics…

https://tntcat.iiasa.ac.at/SspDb/dsd?Action=htmlpage&page=about

https://gain.nd.edu/

https://sedac.ciesin.columbia.edu/
https://data.oecd.org/
https://data.worldbank.org/
https://gain.nd.edu/


For specific health sectors you might need other data
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Livestock animal density, important for zoonotic diseases

https://livestock.geo-wiki.org/home-2/

Insecticide resistance, important for vector-borne diseases

https://www.irmapper.com/

https://livestock.geo-wiki.org/home-2/
https://www.irmapper.com/
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https://protocol.isimip.org/protocol/ISIMIP3b/biomes.html

The RCP-SSP matrix to estimate pop at risk

Figure 5. (a) Dominant effect (climate, population, or 

interaction) responsible for the highest increase (or 

decrease) in exposure at the county-level, for three 

population groups (see figure S6 for other population 

groups) and for exposure to Ae. aegypti VTR only (see 

figure S5 for exposure to Ae. albopictus VTR); (b) Contribution 

to increase in total population exposure of each individual 

effect, aggregated at the country (CONUS) and regional scale, 

and (c) same for decrease in exposure (see figures S7–S9 for 

results associated with other population groups). Results are 

presented for year 2080 only, using the multi-model mean.

Rohat et al., 2020 

https://doi.org/10.1088/1748-9326/ab9141

https://protocol.isimip.org/protocol/ISIMIP3b/biomes.html
https://doi.org/10.1088/1748-9326/ab9141


Another SSP-RCP example for Ebola
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Change in future risk of EVD cases caused by Zaire 
Ebola virus (EBOV) for 2070. Maps represent mean 
change in per grid cell (0.0416°—5.6 km at equator) 
EVD case probability from zero (yellow) to −0.06 (green) 
and 0.06 (red), aggregated at the country level with data 
from EMM simulations for 2070. Rows and columns 
show all reasonable combinations of the different 
scenarios of global change (GCAM-RCP4.5, AIM-RCP6.0, 
MESSAGE-RCP8.5 and SSP1 to 3)
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No conclusion, this is a workshop so more work to do!

Idea initiated by Veronika Huber during one of our health sector meeting:

• Identify key physical and socio-economic factors per health sub sector

• Share a working document to add important missing socio-economic data, their 

sources, temporal and spatial resolution in a Table 

• If available list different sources for key datasets (GDP, pop counts…)

• Assessment of data fitness for use, use the ISIMIP community expertise

• Fill the gap techniques (downscaling – time interpolation etc) to consider?

• Include data in repository for other impact modellers

Other points:

• Climate tipping point scenario, example: accelerated melting of the Greenland ice 

sheet, impact on African climate and malaria burden (PhD project ULIV-CEA-

LSCE) – other sensitivity experiments (permafrost melting…)

• Tailor data for economic risk assessment further 

• Assess the relative importance of climate vs population trends vs…


