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Impacts of drought on agriculture
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• Direct and indirect impacts on agriculture

Adapted from Ahluwalia et al., 2021

Decrease in yield quantity and quality

Impact on livestock

Decrease in area under cultivation

Incidence of pests and diseases

Increase in wildfire

Alter rates of carbon and nutrient cycles

Farmers welfare

Commodity prices

Supply access

Food shortage

Land conversion

Decrease in water availability and 

quality, high temperatures
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• Droughts often co-occur with other extremes 

like heat waves, high vapour pressure deficit  

-> intensification of drought impacts
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Global wheat production anomalies and Combined Stress Index (Zampieri et al., 2017) Decadal frequency of compound hot and dry events (Ionita et 

al., 2021)

Impacts of drought on agriculture
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• Agriculture is the most significantly impacted sector

• Globally, agriculture sustains 82 % of all drought impacts

• Europe and UK experienced losses of around 9 bn €/year over the reference 

period (1981-2010)
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Sector shares in total drought damages in today’s economy (Naumann et al., 2021) 

Impacts of drought on agriculture
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• Drought in central-northern Europe in 2018: unique concurrent spring and 

summer climatic anomalies
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Anomalies of fhe fAPAR from March to August 2018 (Toreti et al., 2019)

Drought impacts in Germany 2018 based on media reports 

(De Brito and Kuhlicke, 2021)

Impacts of drought on agriculture
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• 2018-like droughts could become 

a common occurrence as early 

as 2043

• Projections show a decrease in 

the frequency of occurrence and 

spatial extension of anomalous 

wet conditions over southern 

Europe

• Climate change adaptation 

strategies for agriculture in 

Europe cannot count on recurrent 

water seesaws
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Estimated frequency of occurrence of the 2018-like drought events in 

central Europe (Toreti et al., 2019)

Climate change impact on agriculture



www.ecb.europa.eu © 

• PESETA IV: better understand the implications of climate change for 

the EU (Feyen et al., 2021)

Climate change impact on agriculture
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• Without adaptation, climate 

change will substantially lower 

grain maize and wheat yields 

in southern Europe, and to a 

lesser extent grain maize in 

northern Europe

• Climate change could further 

restrict the water available for 

irrigation

• Complex interaction between 

CO2 fertilization effect and 

extreme climate events

Climate change impact on agriculture
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• MEDGOLD project – turning climate-related information into added 

value for traditional MEDiterranean Grape, OLive and Durum wheat 

food systems  
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Risk assessment and actions that can be taken based on climate data on different time scales (MEDGOLD)

Increasing climate resilience: the role of climate services

#Co-production

#inclusive 

#collaborative

#flexible

#decision-driven

#process-based 
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• Dynamical approach to target phenological phases of crop growth 

most sensitive to drought, heat stress, wet conditions and cold 

stress
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Different types of agroclimatic indicators to characterize wheat growing season (Ceglar et al., 2020) 

Increasing climate resilience: the role of climate services
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• Seasonal forecasts
• flowering time can be reliably predicted already at the 

beginning of the growing season in central and eastern 

Europe

• regionally skillful and reliable predictions of drought 

events during the sensitive periods of wheat flowering 

and grain filling can be made already at the end of 

winter
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Prediction of flowering period for winter 

wheat in Europe 

(Ceglar and Toreti, 2021) Share of arable land where seasonal prediction of different drought indicators (y-axis) is skillful

Increasing climate resilience: the role of climate services
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• Prediction of drought between wheat heading and maturity in 2018
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Different types of agroclimatic indicators to characterize wheat growing season 

Increasing climate resilience: the role of climate services
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• Decadal climate predictions are skilfull in several global wheat growing 

seasons
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Different types of agroclimatic indicators to characterize wheat growing season 

Skill of decadal predictions of SPEI6 and HMDI3 (Solaraju-Murali et al., 2021)

Winter wheat harvest month

Increasing climate resilience: the role of climate services
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• Climate change projections – assessment of climatic suitability for 

durum wheat growth globally
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Different types of agroclimatic indicators to characterize wheat growing season 

Change in drought patterns in durum wheat growing areas (Ceglar et al., 2021)

Increasing climate resilience: the role of climate services
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• Development of ML-based framework to derive climatic suitability model 
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Different types of agroclimatic indicators to characterize wheat growing season 

Changing climatic suitability for durum wheat growth in the future

Increasing climate resilience: the role of climate services
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• Moving production to emerging suitable area could provide an effective 

global adaptation
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Entry points for environmental variability in food supply chains (Davis et al., 2020)

• Sustainable changes in 

value food chain due to 

interlinkages

• Dynamic approach to 

adaptation

Increasing climate resilience: the role of climate services
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• Integrated approach – WEFE nexus an approach that integrates 

management and governance across the multiple sectors of food, 

energy, water, and ecosystems
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- more intense irrigated agriculture has the potential to 

increase crop yields considerably, but there are not 

sufficient water resources available to realise this

- If irrigation would be increased drastically, other 

sectors would be negatively influenced, such as the 

energy sector, navigation and the environment 

- Climate adaptation measures need to go hand in hand 

with water resource management policy measures, and 

the integrated effects should be studied

Increasing climate resilience: the role of climate services
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• Drought impacts crop production and livestock with knock-on effect 

throughout the whole economy

• Concurrent climatic extremes can exacerbate environmental and societal 

impacts 

• Climate change will increase damage caused by droughts

• Important role of mitigation and adaptation 

• Climate services codesign with end users, explore a range of times 

scales to support decision making in entire food chain 

Conclusions
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