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Consequences of climate change

McDowell et al., Science 2020



Climate change➔ Change in species distribution
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Sykes et al. 1996

Evidence since around 30 years!!



Climate change➔ Change in species distribution

Dyderski et al. 2018



Predicted tree species change

Hanewinkel et al. 2012

Tree species change of major European trees



Fossil tree genera Surviving until Holocen

60 Eastern North America 49    (82%) 

75 Western North America 35    (47%) 

122 North/East Central Asia 117   (96%) 

130 Europe 38   (29%) 

Europe‘s heritage: tree diversity in northern hemisphere forests

Burke et al. 
PNAS (2018)

Fossil tree genera

60 Eastern North America

75 Western North America

122 North/East Central Asia

130 Europe 

Surviving until Holocen

49    (82%) 

35    (47%) 

117   (96%) 

38    (29%) 

Latham & 
Ricklefts
1993

A drastic decline of tree diversity in prehuman times due to

➔mismatch of species niches and changing environments

➔ lags in adaptation and migration



Predicted tree species change

Hanewinkel et al. 2012

Tree species change of major European trees



Predicted tree species change

Hanewinkel et al. 2012

Tree species change of major European trees



Assisted migration

Aitken & Bemmels (2016)



Assisted migration

SUSTREE achievement: 
• harmonized database of provenance trials across

Europe
Species Nr. of Trials

Abies alba 45

Fagus sylvatica 31

Larix decidua 52

Picea abies 247

Pinus sylvestris 136

Quercus petraea 31

Quercus robur 45

Sum 587



Assisted migration

• Harmonized database of

provenance trials

• Universal Climate-

Response Models 

(Random Forest) 

247 trials and more than 1000 tested seed

sources



How much carbon could be added to European forest if
proper seed provenances are being planted?

Assumptions:

• Resilient forests with tree species suitable for future climate

• Effect of new reforestation/forest regrowth until the age of 40 

• Only actual forest area, no new aforestation

Impact of assisted migration on forest carbon 
sequestration
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Assisted
Migration

Locale 
Provenances

Annual Carbon Sequestration in Million Tonnes or Terragram in above ground 
living biomass of Age Classes I+II (until 40 years)
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Best seed
sources

Local seed
sources

Impact assisted migration on forest carbon 
sequestration

C
h

ak
ra

b
o

rt
y 

et
 a

l.
 2

0
2

4
 N

at
u

re
 C

lim
at

e
 C

h
an

ge



Impact of assisted migration on 
forest carbon sequestration

Chakraborty, Schüler et al. 2024. Policy Brief 11. European Forest Institute. https://doi.org/10.36333/pb11
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Seed4Forest 2.0: Tree species mixtures



Establishment of mixtures

Row plantingGroup planting

➔Depending on sites, species, etc.

➔3-5 species for reforestation

➔Combining natural regeneration with planting



Decision tree

Is natural regeneration the
right choice for you?

Considering

• Species diversity

• Genetic diversity

• Climate change



Problems with „new“ trees in alpine forests

• Snow break

• Late and early frost
events

• Inapprobriate game 
management



Problems with „new“ trees in alpine forests

• Snow break

• Late and early frost
events

• Inapprobriate game 
management



Conclusions

• Change of dominant forest tree species is required in large parts
of Europe to faciliate resilient forests

• Changing only tree species will result in decreasing carbon sink

• Combining species change with provenance change will result
into maintaining the forest carbon sink

➔ Stronger cooperation among European countries for seed exchange

➔ Revitalisation of seedling production

• Implementation requires regionally adapted species mixtures and 
planting designs

• Expect failures and foresee iterative testing/learning approaches



www.facebook.com/BundesforschungszentrumWald

www.linkedin.com/company/
bundesforschungszentrum-wald-bfw

www.youtube.com/waldforschung

www.instagram.com/bundesforschungszentrum_wald

Bundesforschungszentrum für Wald

Austria, 1131 Wien
Seckendorff-Gudent-Weg 8

Tel.: +43 1 878 38-0

direktion@bfw.gv.at
www.bfw.gv.at

Folgen Sie uns

BFW  –
BILDUNG
FORSCHUNG
WALD

Contact

Many thanks for your attention!
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