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Increasing frequency and intensity of climate extremes

IPCC, 2014

Science, 2021

The 2018-2019 drought in Central Europe
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The hotter drought 2018-2019

Years for analysis

• Reference years

• Single drought years

• Consecutive hotter 
drought years

Drought year selection following
Schwarz et al. 2020
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Retrospective analysis of drought effects using tree rings

Growth response: 
𝐷𝑟𝑔𝑟𝑜𝑤𝑡ℎ

𝑃𝑟𝑒𝐷𝑟𝑔𝑟𝑜𝑤𝑡ℎ
− 1 (0 = ‚normal‘)

Δδ13C: 𝛥𝛿13𝐶 = 𝐷𝑟𝛿13𝐶 − 𝑃𝑟𝑒𝐷𝑟𝛿13𝐶 (0 = ‚normal‘)

(proxy for physiological water stress)

1 year

Core of F. excelsior

Oak 
(Q. robur)

Maple
(A. pseudoplatanus)

Ash 
(F. excelsior)
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(a) Oak (b) Maple (c) Ash
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2018 and 2019 are compared against the average of single drought years

https://onlinelibrary.wiley.com/doi/10.1111/gcb.16028
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Legacy effect:
Observed growth -
predicted growth 

(based on climatic 
water balance)
Anderegg et al. 2015

Schnabel et al. 2022, GCB

https://onlinelibrary.wiley.com/doi/10.1111/gcb.16028
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The cumulative effect of consecutive hotter drought years 
caused unprecedented stress responses.

Consecutive hotter drought years pose a novel threat!



Vote here:
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Cavitation resistance (50)

Resistent - Sensitive

Oak

-2.8 MPa -2.8 MPa

Ash

Stomatal control 

Water saver – Water spender

Oak

Saver: JS Spender: JS

Ash

Drought-tolerance traits might explain tree responses to drought 

Based on sap flux regulation during drought (Js) Choat et al. 2012

Stronger drought response of ash compared to oak is 
potentially related to its water spending behaviour…
(see McDowell et al. 2008 for details on species stomatal control and cavitation resistance)
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Sap flux regulation
during the 2018 
drought

Schnabel et al. 2022, GCB
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Additional

climate

variables


