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Wheat yields at mid-century?

Yield development winter wheat Germany
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NOAA, 2015
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Climate change is evident



Reference line: 

Average T 1961-90

Average temperature during summer (April-October) in 

Potsdam, Germany during 1893-2014 

Temperature [C°]

Year

Lüttger et al., 2015
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Climate change is evident



Difference in the average number of precipitation free days longer than five days

compared to the reference period 1901-1930

1931-60 vs. 1901-30 1961-90 vs. 1901-30 1991-2010 vs. 1901-30

Lüttger & Feike, 2018
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Climate change is evident



➢ Drought years 2018, 2019, 2022

➢ Yield losses due to extreme weather

➢ Decision support?

Image: Martin Dawes 

Climate change is evident
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CANARI
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CANARI
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Average yield

(1995-2019) 

• On-farm wheat yield data of ~11.500 farms

from 1995-2019

• Assess weather-yield relations using mixed

models

• Integration of high-resolution yield, weather, 

phenology, soil and land-use data

• Timing and intensity of heat and drought stress

Weather-yield relations
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▪ Phenological phases ▪ 3 intensity levels 
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(Tmax)

Drought
(PAWC)

50% 30% 

moderate severe extreme
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moderate severe extreme
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Timing & intensity
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moderate 

intensity

severe

intensity

extreme 

intensity

Drought (BBCH 31-50) 

Occurence: 

• ↑ northeast and east

• ↓ north (coast) and south
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moderate 

intensity

severe

intensity

extreme 

intensity

Drought (BBCH 31-50) 

Effect size: 

• north-south gradient

Occurence: 

• ↑ northeast and east

• ↓ north (coast) and south



Effect size: 

• north-south gradient
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Occurence: 

• ↑ northeast and east

• ↓ north (coast) and south

Yield effect: 

• moderate stress 

↑ yield loss

• extreme stress    

0 yield loss

moderate 

intensity

severe

intensity

extreme 

intensity

Drought (BBCH 31-50) 



Occurence: 

• ↑ north and east

• ↓ south and west

Effect size: 

• linear correlation to occurence

Yield effect: 

• severe stress: ↑ yield losses

• extreme stress: ↑ municipalities    

iwith significant yield loss
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moderate 

intensity

severe

intensity

extreme 

intensity

Drought (BBCH 51-75) 
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Occurence: 

• ↑ south and east

• ↓ north (coasts)

Effect size: 

• moderate stress: northeast-south

igradient

Yield effect: 

• moderate stress: ↑ yield losses

• extreme stress: ↑ municipalities    

iwith significant yield loss

moderate 

intensity

severe

intensity

extreme 

intensity

Heat (BBCH 51-75) 
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1. Data specific aspects

• Soil water characteristics not fully captured in model leading to: 

• differing plant water availability → Drought 

• differing soil temperature → Heat

2. Model specific aspects

• Other weather events along the growing season

• Compound weather effects (e.g., heat and drought)

• Lack of data regarding farm management (e.g., nitrogen 

fertilization, crop rotations, cultivars, plant protection)

Discussion

• Similar weather conditions  → regionally differing yield effects



Trockenstress über die Wachstumssaison 2021 vs. 2022 
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Jahr NS-

Summe

Jan-Aug

Boden-

wasser-

gehalt

Frühjahr

Trocken-

stress

Ertrags-

effekte

2021 401mm 100% 

gefüllt

Massiv in 

Korn-

füllung

Geringe

TKM,

geringe

Qualität

2022 238mm 70-80% 

gefüllt

Stetig

zunehmend

Durch-

schnittliche

Erträge



➢ Experimental facilities

➢ Controlled greenhouse & climate chambers
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Climate change impact assessment



➢ Experimental facilities

➢ Controlled greenhouse & climate chambers

➢ FACE – Free Air Carbon Dioxide Enrichment

➢ Rain-out shelters

23Kämpfer/Kottmann, JKI-PB Kämpfer/Kottmann, JKI-PB

Climate change impact assessment



Process-based crop models

Chenu et al. (2020) Trends in Plant Science
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• Small multi-model-ensemble (CERES, CROPSIM, Nwheat)

– Cultivar-specific Calibration and Evaluation based on data of ~100 value for

cultivation and use trials (1995-2011)

– Calibration conducted in similar extent for the three DSSAT models

• Simulation 1971-2000 vs. 2031-2060 (+2031-2060 without CO2-

increase)

• 17 climate scenarios (DWD Core-ensemble)

• Point-based simulations at 12 VCU-sites

➢ Relevant wheat growing regions of Germany

Crop model simulations wheat in 2050

Riedesel (2020)
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Wheat yield development 1971-2060
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Prozessbasierte Ertragssimulation

ProgErtrag & Hy-PiPE

Sep      Okt Nov      Dez Jan      Feb      Mär Apr       Mai       Jun       Jul       Aug

Aussaat

Heute

Durchführung

Ertrags-

prognoseSimulations-

start

Simulierte Erträge

[dt ha-1]

Tägliche Wetterdaten der aktuellen Saison Tägliche Wetterdaten der vergangenen 30 Jahre
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Prozessbasierte Ertragssimulation
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Take home

• Decision support for CC change adaptation of crop 

production important

• Need to understand weather-yield-relations

• Models can help

• Good data is crucial



Global gridded crop models

Jägermeyr et al. (2021) Nature Food
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2069-2099 vs. 1983-2013



Global gridded crop models
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Germany

2069-2099 vs. 1983-2013
Jägermeyr et al. (2021) Nature Food


