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« The number and duration of droughts has increased by 29 percent since 2000 »



https://www.unccd.int/resources/publications/drought-numbers 

Countries affected by drought in 2020-2022
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Yield losses and gains in 2018 in Europe
https://doi.org/10.1098/rstb.2019.0510

https://doi.org/10.1098/rstb.2019.0510


Projected increase of exposure to drought in Europe
https://doi.org/10.1038/s41558-021-01044-3 

https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3
https://doi.org/10.1038/s41558-021-01044-3


Greenhouse gas concentration

Climate

Weather
• Temperature 
• Rainfall
• ETP
Etc. 

Harvest

Pests and diseases



Effect of climate change on the agro-climatic zones suitable 
for Amyelois transitella

EFSA PLH Panel (EFSA Panel on Plant Health). 2021. Scientific 
Opinionon the pest categorisation of Amyelois transitella. EFSA Journal 
2021;19(6):666



Effect of climate change on the agro-climatic zones suitable 
for Amyelois transitella

Current climate: 1991 -2020 Future climate: 2071-2099

DOI: 10.1127/entomologia/3551

https://doi.org/10.1127/entomologia/3551
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Estimated yield changes (%) under climate change scenarion RCP8.5 (2089-2098)

https://www.nature.com/articles/s41586-025-09085-w 
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Masutomi et al. 2022
DOI: 10.1007/s11027-022-10027-4

Water stress





China Japan

Decrease of rice 1st quality grade in China and Japan

https://doi.org/10.1029/2024GL110557 
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2012 US drought



2012 US drought



Strong increase of rice prices after the ban in 2023
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Infrared heater Dummy heater

doi.org/10.1371/journal.pone.0056482from Chi et al. 2013

Field warming experiments

https://doi.org/10.1371/journal.pone.0056482


Warming experiment: Open top chamber

https://doi.org/10.1111/2041-210X.12863

https://doi.org/10.1111/2041-210X.12863
https://doi.org/10.1111/2041-210X.12863
https://doi.org/10.1111/2041-210X.12863


Free-Air Carbon dioxide Enrichment (FACE) 

• Experiment that raises the concentration of CO2 in a specified area and 
allows the response of plant growth to be measured. 

• Experiments using FACE are conducted in open areas. 



One of the 16 FACE rings at the Soybean free-air CO2 enrichment experiment showing nested drought and elevated temperature 

treatments. Drought was imposed using awnings to intercept rainfall during the growing season and pipe it away from the ring (Gray et 
al., 2016), and infrared heaters were used to heat the soybean canopy via feedback control (Ruiz-Vera et al., 2013).

Photograph courtesy of Dr. Andrew Leakey

DOI: 10.1111/gcb.15375



WOFOST: process-based model used for crop yield forecast in Europe
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How to adapt cropping systems to climate change?



How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution



Northward migration of rice cropping area in China due to climate change

https://iopscience.iop.org/article/10.1088/2515-7620/ab0856

1949-1979 1980-2015

Rice



https://doi.org/10.1038/s41467-020-15076-4  

Northward migration of wheat cropping area in Europe due to climate change



Cropland area with high and consistent sorghum yield (average > 4 t ha-1 and yield standard variation < 0.5 t ha-1). 

Sorghum at the end of the century

https://meetingorganizer.copernicus.org/EGU24/EGU24-1367.html

RCP2.6 RCP8.5



At least 90% of maize currently used to feed livestock could be 

replaced by sorghum in Europe if sorghum was grown in one out 

of year in three years

Cropland area with high and consistent sorghum yield (average > 4 t ha-1 and yield standard variation < 0.5 t ha-1). 

https://meetingorganizer.copernicus.org/EGU24/EGU24-1367.html

Sorghum at the end of the century

RCP2.6 RCP8.5



How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution

2. Plant breeding/New cultivars
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Temperature sum above 26°C (around heading)

Rice cultivar tolerance to heat
- - - + + +

https://doi.org/10.1016/j.fcr.2024.109303

https://doi.org/10.1016/j.fcr.2024.109303






How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution

2. Plant breeding/New cultivars

3. Sowing & harvest dates





Cultivar + Sowing date

Cultivar adaptation + 
Sowing date adaptation



Cultivar + Sowing date

Cultivar adaptation



Cultivar + Sowing date

Sowing date adaptation



Cultivar + Sowing date

« Imperfect » cultivar adaptation 
+ Sowing date adaptation



How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution

2. Plant breeding/New cultivars

3. Sowing & harvest dates

4. Irrigation



Effect of +1% of irrigated land on the crop productivity



Arizona, Texas, California



https://agnetwest.com/california-almond-acreage-sees-first-decline-in-over-two-decades/

Almond production in California



Photo. David Makowski 2025
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How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution

2. Plant breeding/New cultivars

3. Sowing & harvest dates

4. Irrigation

5. Shading
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How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution

2. Plant breeding/New cultivars

3. Sowing & harvest dates

4. Irrigation

5. Shading

6. Double cropping



Soybean-corn double cropping in Brazil

https://doi.org/10.1038/s43016-021-00255-3



Double cropping (wheat-soy) as an adaptation to climate 

change in the United States

American J Agri Economics, First published: 21 August 2024, DOI: (10.1111/ajae.12491) 



Double cropping (wheat-maize) as an adaptation to climate 

change in Europe

https://doi.org/10.1016/j.eja.2025.127723

https://doi.org/10.1016/j.eja.2025.127723


How to adapt cropping systems to climate change?

1. Crop migration/Crop substitution

2. Plant breeding/New cultivars

3. Sowing & harvest dates

4. Irrigation

5. Shading

6. Double cropping

7. Combination of strategies



Conservation agriculture

FAOISBN: 978-92-5-131456-2



Probability of yield gain CA vs. CA for maize
Future climate (RCP4.5 2051-2060)

NT-R-SC(-F-WD)

https://doi.org/10.1038/s41558-021-01075-w 

CA=conservation agriculture
NT=no-tillage
SC=Soil cover
R=rotation
F=fertilization
WD=weed control
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Probability of yield gain CA vs. CA for maize
Future climate (RCP4.5 2051-2060)

NT-R-SC(-F-WD)

Effect of soil cover

https://doi.org/10.1038/s41558-021-01075-w 

CA=conservation agriculture
NT=no-tillage
SC=Soil cover
R=rotation
F=fertilization
WD=weed control
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Does it work?



No adaptation

Adaptation

Adaptation vs. No adaptation

RCP 4.5 mid century
https://doi.org/10.1029/2022EF003190
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No adaptation

Adaptation

Adaptation vs. No adaptation

Yield losses almost everywhere 
without adaptation

https://doi.org/10.1029/2022EF003190
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No adaptation

Adaptation

Adaptation vs. No adaptation

Positive impact of the 
adaptation strategies leading 
sometimes to yield gains

https://doi.org/10.1029/2022EF003190
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Does it work?
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Does it work?
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Lower yield losses with adaptation
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Conclusions

• Many risks, but opportunities exist.

• Large range of adaptation strategies:
➢Crop migration/Crop substitution

➢Plant breeding/New cultivars

➢Sowing & harvest dates

➢Irrigation

➢Shading

➢Cropping systems

• Adaptation strategies can (partly) mitigate negative impacts of climate change
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