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Forest Mortality is a Global Issue

https://www.tree-mortality.net/global-mortality/

Global map of 
documented tree 
mortality events related 
to drought and hotter 
temperatures



… and disturbance is increasing

Low summer NDVI anomalies 
(red) in forest grid cells from 
2002 to 2023 (MODIS)

green area: temperate zone
tourquise area: Mediterranean

Hermann M, Röthlisberger M, Gessler A, Rigling A, Senf C, Wohlgemuth T, Wernli 
H. 2023. Meteorological history of low-forest-greenness events in Europe in 2002–2022. 
Biogeosciences 20: 1155-1180.



Tree mortality 
– 
can we find 
early warning 
signals?

Adapted from Li et al. 2014 Briefings in Bioinformatics 15: 229-243
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Signals in defoliation

Defoliation
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Signals in defoliation

ICP Forests – Report 2022
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Defoliation of single trees 
allows to estimate 
mortality probabilities:

Example Scots pine

Hunziker et al. 2022 Frontiers in Forests and Global Change 5: 874100

Defoliation: 
• Assessment of defoliation 

trajectories allows to quantify
mortality risk in the next
1-6 years (species dependent)
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Metabolic Markers in Needles
od Scots Pine

class 2 vs. 1 class 3 vs. 1 class 4 vs. 1 class 5 vs. 1

L-Ornithine
2O-Glycerol-alpha-D-Galactopyranoside 
Glycine
Oxalic acid
Glyceric acid
Starch 
Myristic acid
Succinic acid
Hexanoic acid
alpha-Lactose
D-Gluconic acid
Aspartic acid
Pimaric acid
L-Fucose
alpha-D-Arabinopyranose
Catechine
Neoabietic acid
Eremophilane
Ribose
Abietic acid
Citric acid
Putrescine
Melibiose
alpha-D-Lactose
Turanose
Arabinitol
D-Sphingosine
Raffinose
2_3-Butanediol
D-Allose
Isopimaric acid
D-Glucose
D-Mannitol
D-Malic acid
Ascorbic acid
Catechine (2R-E)
Nonanoic acid
D-Fructopyranose
Humulene
Caryophyllene
D-Fructose
Threonic acid
Dehydroascorbic acid
alpha-Ketuglutarate
Glycerol
Epigallocatechin
Ribonic acid
Beta-Alanine
Lactose
Betaine
3-Aminoisobutyric acid
beta-Lactose
Palmitic acid
Gemacrene
Procatecholic acid
Galactinol
D-Lactic acid
L-Alanine
Myo-Inositol
Sucrose
Stearic acid
D-Pinitol
D-Mannose
Quinic acid
alpha-Tocopherol
L-Glutamic acid
Shikimic acid

D-Threitol 
Trehalose 
Proline
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Increasing defoliation

>80%21-40% 41-60% 61-80%

Hunziker, Gessler et al. In prep

Compared to undefoliated
controls
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Change in >80% defoliated compared to undefoliated trees
Hunziker, Gessler et al. In prep

Metabolic Markers:
Provide mechanistic 
information and are related
to mortality in line with 
defoliation
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Reflectance index

Remote sensing proxies for tree functioning

PRI = (R531nm–R570nm)/(R531nm+R570nm)

PRI – the photochemical reflectance index

• De-epoxidation of the xantophyll cycle
• Total carotinoid (including xanthophyll)
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The Xanthophyll Cycle
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Reflectance index
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Reflectance index

PRI related to ground-based measurements

Pigments Chlorophyll-Fluorescence

- - - ____
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Time (potentially years)
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PRI
Defoliation
and Metabolome

Mortality 

Areas at risk
- Classical forest monitoring
- Satellite remote sensing 



Early warning 
signals for tree 

mortality

Defoliation trajectories help to 
explain mortality risk

Metabolite homeostasis – 
changes allow to understand
mortality causes

Previsual stress assessment 
with reflectance indices


