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Assessing species vulnerability to climate change
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Increasing forest disturbances in Europe and their impact on
carbon storage
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European phenological response to climate change
matches the warming pattern
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Declining global warming effects on the phenology of
spring leaf unfolding
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Recent climatic trends (Central Europe)
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Climatic projections
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Climate influence on plants
1) Photosynthesis and 2) growth
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Climate change and vegetation

0 Increasing temperature (growth, photosynthesis)

0 Increasing drought stress (growth, photosynthesis)

0 Increasing CO, concentration (photosynthesis)

0 (increasing nitrogen deposition) (growth)
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GLOBAL LAND SINK

The quantity of carbon absorbed by trees and other types of vegetation per hectare of land
has risen in the past 50 years as anthropogenic carbon dioxide and nitrogen emissions

C O an d have grown. This is despite the world's forest area falling by around 2% since 1990.
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Trends in tree biomass (Central Europe)
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Increasing water-use efficiency due to CO,

Enrichment due to transpiration
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Changes in growth-climate responses
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Projected changes in climatic variable driving growth

AP "OPA(F it > Tint) .;.




Changing growth
Plant phenology

Growing season length
Phenological gardens
Germany +6.6 days (1951-1996)

Switzerland +13.3 days (1951-
2000)

Japan +12 days (1953-2000)

Leafing, flowering phases and
spring animal phases
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Growing season In treeline Norways spruce
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Shifting species ranges
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Biotoc Inertia & climatic velocity
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(b) Kenai Mtns 1996
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Freezing resistance (LTg,; °C)

Climatic limits of temperate trees

Growing season length vs. freezing resistance
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Northern limits of distribution of broadleaf trees
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Year of forest
decay
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Severity and size of disturbances
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Example: Growth-climate response of Norway spruce in CZ

Pearson r

‘.’z

® .0.180-0
® 0-0.23 "

0.236-0316 | £
® 0316-0464 > ¥
® od64-065 ) 3

200 ' 600 1000 0 2 4 6 8
[mas.l] [n. of trees]




Example: Growth-climate response of Norway spruce in CZ
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Example: treelines




Treeline terminology
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Whyaretreelinesformed?

Becausef decreasingemperaturesalongelevationgradients

Hypotheses focusing on tree growth Hypothesegocusing
populationdynamics

Sourcelimited growth  Sinklimited growth

0 Seedproduction viability
0 Seedlingestablishment
Insuficient amount of Inability to invest 0 Seedlingsurvival
asimilates, nutrients  carbon and nutrients
into new tissues

Occologia (1998) 115:445-459 & Springer-Verlag 1998

Christian Kirner

A re-assessment of high elevation treeline positions and their explanation



Treelinesare advancingupwardsand polewardsin consequencef warming

1960 . % 2004

Consequencefor
o Surfacealbedo
0 Specieglistribution




However, there are also stable trelines
(~ 46 % according to Harsch et al. 2009 in Ecology Letters)

Why?



A Not all treelines are probably exlusively temperatliraited




Treelineform reflectsprevailinglimiting
mechanisnof tree occurrencan cold
environment (Harschand Bader2011, Glob.
Ecol Biogeoqr)

level mechanism —

Diffusetreeline ¢ temperaturelimited growth

Abrupt treeline ¢ establishment limit geedling
mortality)
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Harsch and Bader 2011, Glob. Ecol. Bioge«



Krummbholz
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