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Africa: 
▪ Parasite: P. falciparum
▪ Cases: 96 %
▪ Deaths: 95 %
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Countries with malaria indigenous cases in 2000 and their status by 2021

World malaria report (2022)

▪ Vectors: Anopheles mosquitoes
▪ Parasitic disease: Plasmodium
▪ Cases: 247 million
▪ Deaths: 619,000  

Malaria

5 malaria models

impact models
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Temporal evolution according to the scenarios

❖ Decrease in simulated prevalence in the Sahel
❖ Increase in simulated prevalence in East Africa

❖ Transmission risk emerges in southern Africa
❖ Associated with a southward shift in rainfall
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Two key studies

Impact of climate change on global malaria distributionConsequences of rapid ice sheet melting on the Sahelian 
population vulnerability

Defrance et al. (2017) Caminade et al. (2014)

The effect of the RCP8.5 climate scenario 
on the future distribution of malaria: 
changes in the duration of the transmission 
season between 2069-2099 and 1980-2010

Evolution of JJAS precipitation during the 21st century averaged 
over the Sahel area for the RCP8.5 and the GrIS scenarios



Impact of global warming and Greenland ice sheet melting on malaria in Africa
Alizée CHEMISON 1, Dimitri DEFRANCE 2, Gilles RAMSTEIN 1, Cyril CAMINADE 3

1. Laboratoire des Sciences du Climat et de l’Environnement, CEA, France (alizee.chemison@lsce.ipsl.fr)  2. The Climate Data factory, Paris, France 3. Earth System Physics Department, Abdus Salam International Centre for Theoretical Physics (ICTP), Trieste, Italy

Co
nt

ex
t

Wunderling et al 
(2021)

Rahmstorf
(1997)

Armstrong McKay  et al. 
(2022)

❖ Past climate: 

▪ Heinrich events: icebergs discharge in Atlantic ocean

▪ Non-linear deglaciation 

❖ A major tipping point in the climate system, with a threshold below +2°C

❖ Currently, global warming is causing a loss of ice mass 

❖ Location in subpolar region: Direct impact on oceanic circulation

❖ Important feedbacks at global scale

Why study a rapid melting of the Greenland ice-sheet?
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Which link between malaria and global warming?

Mosquito life cycle

Mosquito density is dependent on rainfall which impacts the presence and 
maintenance of breeding sites 

Mosquito density is dependent on temperatures that affect their survival and 
development time

Parasite transmission is dependent on temperatures, which affect the rate of 
development of the pathogen in the mosquito's body and the rate of bites 

Malaria is a parasitic vector-borne disease caused by 
Plasmodium transmitted by Anopheles mosquitoes

Lyons et al. (2013)
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Freshwater release in North Atlantic

RCPs scenario

Climate Change 2014, Synthesis Report Summary for 
Policymakers.

GrIS Scenarios (with Greenland melting)

RCP8.5

2020 2070

2100

2 scenarios of Greenland melting (GrIS), each 

corresponding to different sea level rises: 1m, 3m

(Defrance et al., 2017)

2006

1 Sv = 106 m3.s−1

GrIS1m (0.22 Sv)

GrIS3m (0.68 Sv)
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Climate model

IPSL-CM5A-LR

▪ Historical (1976 - 2005)

▪ RCP8.5       (2006 - 2100)

▪ GrIS1m 

▪ GrIS3m       (2020 - 2100)

▪ WAIS3m

Scenarios

Bias correction
(CDF-t method)

▪ Matching the CDF of a simulated 
climate variable (model output) to the 
CDF* of an observed climate variable 
via a mathematical transfer function.

▪ The CDF-t method retains the trends

▪ Reference data: EWEMBI
▪ 0.5°x 0.5° grid
▪ 1979 – 2013
▪ Application period: 1950-2099

▪ * cumulative distribution function

Temperatures
Precipitations

For the study of malaria: bias correction

Temperatures and 
precipitation corrected

Atmospheric resolution: 

▪ Longitude 3.75°
▪ Latitude 1.875°
▪ 39 vertical levels

Oceanic resolution:

▪ Between 0.5 and 2°
▪ 31 vertical levels 

Global coupled model

Model outputs
Prevalence ( in % )
LTS (month/year)

5 malaria models

5 Malaria models

❖ 2 daily :

▪ LMM
▪ VECTRI

❖ 3 monthly :

▪ MARA
▪ MIASMA
▪ LMM R0

LTS Duration of malaria 
transmission season 
(months/year)

Prevalence (%)

impact models
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▪ Slowdown of the AMOC
▪ Local cooling where freshwater was released
▪ Temperature increase more moderate in GrIS vs 

RCP8.5 simulation
▪ Changes in inter-hemispheric pressure gradients
▪ Southward shift of the intertropical rain belt (GrIS)

[2041–2070] – [1976–2005]
Annual mean

RCP8.5

GrIS1m

GrIS3m

RCP8.5

GrIS1m

GrIS3m
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Climate results

Chemison et al. (2022) Δ Temperature (°C) Δ Precipitations (mm/month)
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Δ Temperatures (°C) Δ Precipitations (mm/month)Δ Prevalence by LMM (%)[2040-2050] – [2000-2020]
Annual mean

GrIS3mGrIS3mGrIS3m

RCP8.5RCP8.5RCP8.5

Chemison et al. (2021)

❖ Increase in East Africa with
increase of:

▪ Temperature
▪ Precipitation

❖ Decrease in West Africa
with:

▪ Temperature increase
▪ Precipitation

decrease for GRIS3m

Malaria results
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Chemison et al. (2021)

Annual mean [2040-2050]

Additional effect of Greenland melting  [GrIS3m – RCP8.5] 

❖ Emerging malaria transmission risk in southern Africa associated with a large increase in rainfall in this region
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Additional effect of Greenland melting 

[GrIS3m – RCP8.5] 

❖ The results are similar between the different models, 
especially for the risk increase in the southern of Africa



Impact of global warming and Greenland ice sheet melting on malaria in Africa
Alizée CHEMISON 1, Dimitri DEFRANCE 2, Gilles RAMSTEIN 1, Cyril CAMINADE 3

1. Laboratoire des Sciences du Climat et de l’Environnement, CEA, France (alizee.chemison@lsce.ipsl.fr)  2. The Climate Data factory, Paris, France 3. Earth System Physics Department, Abdus Salam International Centre for Theoretical Physics (ICTP), Trieste, Italy

Co
nc

lu
si

on

Greenland melting

Release of fresh water in 
North Atlantic

Slowdown of the 
AMOC*

Changes in atmospheric
circulation

Climate
change

*AMOC : Atlantic meridional
oceanic circulation

Impacts on 
population

Keys results

With the melting of the Greenland ice sheet:

▪ Buffer effect of rising temperatures
▪ Shift of the rain band towards the south
▪ Changes in monsoon intensity, seasonality 

and location
▪ Strong results for Africa

Rahmstorf
(1997)
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West Africa 
▪ With RCP8.5: Decrease in malaria risk, linked to increased temperature

▪ With Greenland melting: Amplified decrease in malaria transmission risk due to reduced rainfall

East Africa
▪ With RCP8.5: Increase in malaria risk due to increased rainfall and temperature

▪ With Greenland melting: Reduction in increase due to moderation of temperature and precipitation 
increase respect to RCP8.5

Southern Africa
▪ With RCP8.5: no visible change

▪ With Greenland melting: Emerging risk of malaria transmission due to increased rainfall

The results are visible from the GrIS1m scenario and are amplified with GrIS3m



Impact of global warming and Greenland ice sheet melting on malaria in Africa
Alizée CHEMISON 1, Dimitri DEFRANCE 2, Gilles RAMSTEIN 1, Cyril CAMINADE 3

1. Laboratoire des Sciences du Climat et de l’Environnement, CEA, France (alizee.chemison@lsce.ipsl.fr)  2. The Climate Data factory, Paris, France 3. Earth System Physics Department, Abdus Salam International Centre for Theoretical Physics (ICTP), Trieste, Italy

Re
fe

re
nc

es

• Armstrong McKay, David I., et al. "Exceeding 1.5 C global warming could trigger multiple climate tipping points." Science 377.6611 (2022): eabn7950.
https://doi.org/10.1126/science.abn7950

• Caminade, Cyril, et al. "Impact of climate change on global malaria distribution." Proceedings of the National Academy of Sciences 111.9 (2014): 3286-3291.
https://doi.org/10.1073/pnas.1302089111

• Chemison, Alizée, et al. "Impact of an accelerated melting of Greenland on malaria distribution over Africa." Nature Communications 12.1 (2021): 3971.
https://doi.org/10.1038/s41467-021-24134-4

• Chemison, Alizée, et al. "Impact of an acceleration of ice sheet melting on monsoon systems." Earth System Dynamics 13.3 (2022): 1259-1287.
https://doi.org/10.5194/esd-13-1259-2022

• Defrance, Dimitri, et al. "Consequences of rapid ice sheet melting on the Sahelian population vulnerability." Proceedings of the National Academy of Sciences
114.25 (2017): 6533-6538. https://doi.org/10.1073/pnas.1619358114

• Rahmstorf, Stefan. "Risk of sea-change in the Atlantic." Nature 388.6645 (1997): 825-826. https://doi.org/10.1038/42127

• World Health Organization. World malaria report 2022. World Health Organization, 2022. https://www.who.int/teams/global-malaria-
programme/reports/world-malaria-report-2022

• Wunderling, Nico, et al. "Interacting tipping elements increase risk of climate domino effects under global warming." Earth System Dynamics 12.2 (2021): 601-
619. https://doi.org/10.5194/esd-12-601-2021

https://doi.org/10.1126/science.abn7950
https://doi.org/10.1073/pnas.1302089111
https://doi.org/10.1038/s41467-021-24134-4
https://doi.org/10.5194/esd-13-1259-2022
https://doi.org/10.1073/pnas.1619358114
https://doi.org/10.1038/42127
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://doi.org/10.5194/esd-12-601-2021

