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Forest Mortality is a Global Issue

Global map of

documented tree

mortality events related

to drought and hotter
temperatures

~Allen etal. 2010
IPCC 2014
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https://www.tree-mortality.net/global-mortality/




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

green area: temperate zone
tourquise area: Mediterranean

... and disturbance is increasing

Hermann M, Réthlisberger 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.
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Adapted from Li et al. 2014 Briefings in Bioinformatics 15: 229-243
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Signal§ in defoliation
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Signals in defoliation

Mean plot defoliation Q7

of all species in 2021

12%]

74%
23.4%

<10%

>10-25%
>25-40%
>40-60%

54.7%

can we find

early warning
signals?

\
v © :
S 97 o 7d Q 00 km
ETRS89 /ETRS-LAEA (EPSG: 3035)
ICP Forests — Report 2022 ») © PCC, Thiinen Institute of Forest Ecosystems

Azores (Portugal) Canary Islands (Spain)




Tree mortality

can we find
early warning
signals?

Defoliation:

* Assessment of defoliation
trajectories allows to quantif
mortality risk in the next

1-6 years (species dependent
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Annual defoliation change
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defoliation 0-22%
defoliation 23-42%
defoliation 43-62%
defoliation 63-82%
defoliation 83-99%

mortality rate (% )gwithin x years

Hunziker et al. 2022 Frontiers in Forests and Global Change 5: 874100
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Defoliation of single trees

allows to estimate

mortality probabilities:
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Organic acids

Sugars (and Starch)
Amino acids and amines
Terpenoids

Flavenoids

Sugar alcohols/Polyols
Alcohols

Fatty acids

4-Coumaric acid
D-Threitol
Trehalose

Proline
L-Ornithine
20-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
Avrabinitol
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

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

Myo-Inositol
Sucrose

Stearic acid
D-Pinitol
D-Ma
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Tree mortality
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Increasing defoliation

ocopherol
-Glutamic acid
Shikimic acid
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Hunziker, Gessler et al. In prep class 2 vs. 1 class 3 vs. 1 class 4 vs. 1 class 5 vs. 1



Fine Roots Needles
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antioxidant

Metabolic Markers:
Provide mechanistic
information and are related
to mortality in line with log ratio

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



Tree mortality

can we find
early warning

PRI = (Rs31nm=Rs70nm)/ (Rs31nm*Rs70nm)

Lumen

De-epoxidation

VDE

Thylakoid membrane

o

violaxanthin

signals?

https://doi.org/10.1016/j.bbabio.2008.09.013

pH<5.8

ascorbate

M

antheraxanthin

W

zeaxanthin

* De-epoxidation of the xantophyll cycle
* Total carotinoid (including xanthophyll)

Remote sensing proxies for tree functioning

PRI — the photochemical reflectance index

The Xanthophyll Cycle

OH

OH

Epoxidation

0,, NADPH
FAD, ferredoxin




Trees PRI
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PRI related to ground-based measurements

Pigments

Chlorophyll-Fluorescence

Tree mortality
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Tree mortality
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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




