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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
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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

o Increasing temperature (growth, photosynthesis)

o Increasing drought stress (growth, photosynthesis)

o Increasing CO, concentration (photosynthesis)

o (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
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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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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
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Severity and size of disturbances

Alps

Apennines

Balkan Peninsula
/ Bulgaria

Bohemian Forest

Carpathian

Dinaric
N. Fennoscandian
(birch)

N. Fennoscandian
(conifer)

ma --0o@
0 100 15 10s 100s 1000s+
Max. Severity (%) Max. Size (ha)
® - o
o @ -
O .
Wind Insect Fire Avalanche



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




Treeline terminology
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Why are treelines formed?

Because of decreasing temperatures along elevation gradients.

Hypotheses focusing on tree growth Hypotheses focusing
population dynamics

Source-limited growth Sink-limited growth

o Seed production/viability
o Seedling establishment
Insuficient amount of Inability to invest o Seedling survival
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



Treelines are advancing upwards and polewards in consequence of warming.

1960

Consequences for
o Surface albedo
o Species distribution




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

Why?



Not all treelines are probably exlusively temperature-limited




Diffuse B
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Treeline form reflects prevailing limiting
mechanism of tree occurrence in cold
environment. (Harsch and Bader 2011, Glob.
Ecol. Biogeogr.)
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No response

Diffuse treeline — temperature limited growth

Abrupt treeline — establishment limit (seedling
mortality)

Krummbholz treeline — high biomass loss
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Severity of first-level mechanism —
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: — seedling mortality

Altitude or Latitude —
Harsch and Bader 2011, Glob. Ecol. Biogeogr.
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Upward shift (m.yr")

Upward shift of treeline in Europe
(1950s-2010)
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Tree establishment and land-use
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Take-home messages

Plants are increasing their productivity in response to CO, and
warming;

Plant growth is increasingly limited by drought (however WUE
helps);
Spring phenology is earlier;

Plants are changing their distribution, however there are
differences between leading and trailing edges; biotic inertia
matters;

The frequency of disturbances is increasing (facilitate species
shifts);

Cold-adapted plant communities response relitively most
sensitively.



