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Non-climatic
anthropogenic

drivers

sensitivity, adaptation,

resilience, time-lag effects,

increased reporting?

DetectionDetection
of s ign. observed changes

AttributionAttribution
to climate change

• associated with observed
regional climate change

• regional change attributed
to anthrop. causes

Vulnerability ..Vulnerability ..

Methods used in WGII AR4 of IPCCMethods used in WGII AR4 of IPCC
to assess observed changes in natural systemsto assess observed changes in natural systems



IPCC 2007 WGI SPM

DirectDirect
observationobservation
of of recentrecent
climateclimate
changechange



ObservedObserved long- long-termterm  changeschanges in  in climateclimate

Artic sea ice extentArtic temperature

Frequency of cold days, cold
nights & frost

Frequency of hot days, hot
nights, and heat waves

Strength of mid-lat. westerly
winds, intensity of  tropical
cyclone activity in North Atlantic

Others (since 1960 / 70)

More intense & longer droughts
since 1970s

Frequency of heavy
precipitation events

Drying in the Sahel, the
Mediterranean, southern Africa
and parts of southern Asia

Eastern parts of North & South
America, northern Europe,
northern & central Asia

Precipitation (1900-2005)
+ -

IPCC 2007 WGI SPM



Attributing climate changeAttributing climate change

• Increase in global temperature since the mid-20th century

• Ocean warming, continental-average temperatures,
temperature extremes and wind patterns



ProjectedProjected  precipitationprecipitation  changeschanges

IPCC 2007 WGI SPM



Hydrology Remote
sens ing

Glaciers Plant sAnimals Large 
areas

Hydrology Remote
sens ing

Glaciers Plant sAnimals Large 
areas

Impacts of climate change (IPCC 2001)Impacts of climate change (IPCC 2001)
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Range shif ts

Abundance changes
Growing season length
Date of flowering
Others

IPCC TAR “ Temperature
changes have already
affected many physical
and biological systems”

IPCC AR4, WG II, Apr. 2007
Chap. 1 Observed changes



•  due to increases
   temperature, sea level and precipitation variability

•  seasonal shifts in streamflow, possibly reduction of low flows

•  salinisation of groundwater & estuaries (sea level rise)

•  reduced freshwater availability in coastal areas

•  increased precipitation intensity and variability
    risk of floods and droughts in many areas

Impacts on „Impacts on „ water relatedwater related“  “  ecosystemsecosystems



Ilex Ilex aquifoliumaquifolium

Bee-eater

PolwardPolward and  and altitudinal rangealtitudinal range
shiftsshifts of  of plantsplants and  and animalsanimals

Walther et al. 2005
Lindgren et al. 2001

Pauli et al. 2001

North Atlantic
North Sea



Longer growingLonger growing  seasonseason

Earlier
spr ing

1951-2003, + 11 Tage

1917-2000, + 5.5 days

Zhou et al. 2001

1981-1999

+18 days

+12 days

Menzel 2003 Sagarin & Micheli 2001

Menzel 2002

< -3.5     1.0     1.5    2.5  > 2.5   -2.5    -1.5   -1.0   -0.5     0.0     0.5

  

1981-1998

   May                   Sep.

NDVI

1981-1999
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Leafing and flowering
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FruitingFruit ripening Leaf colouring / leaf fall

Agriculture Leafing / flowering

   Trend [days year-1]   Trend [days year-1]

 Trend [days year-1]  Trend [days year-1]

43% - 6% sig.57% - 13% sig.

25% - 3% sig.75% - 25% sig. 52% - 15% sig.48% - 12% sig.

22% - 3% sig.78% - 31% sig.

- 0.4
days /
decade

- 2.5
days /
decade

- 2.4
days /
decade

+ 0.2
days /
decade

COST725 StudyCOST725 Study ( n ~ 125.000) ( n ~ 125.000)
Phenological Responses to Climate in EuropePhenological Responses to Climate in Europe

Menzel et al. GCB 2006
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COST 725 StudyCOST 725 Study
Temperature responseTemperature response

Menzel et al. 2006Menzel et al. GCB 2006
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COST 725 StudyCOST 725 Study
Phenological response matches warming patternPhenological response matches warming pattern

Menzel et al. GCB 2006



Increased productivityIncreased productivity

May               Sep.

NDVI
CO2

Keeling et al. 1996
Myneni et al. 1997

Pretzsch 1999 Sturm et al. 2001



Climate linked invasions and species
community changes

Walther et al. 2002 

Exotic evergreen broad-
leaved vegetation in
southern Switzerland EEA 2004 



Case study: Summer heat wave 2003Case study: Summer heat wave 2003

Schär et al. 2004

Rebetez et al. 2006 August 2003

Precipitation Max. temperature

• Heat stress
• Drought stress
• Wildfires



Will Will climateclimate  changechange  bugbug  ourour  forestsforests??
Austrian case study

• Bark beetle in a climate change scenario (1.0°C  until 2050,
limited precipitation changes)

• Damage tripled (compared to 1990-2004)

• Dramatic damages in low elevation stands, drastic increase in
intensity in alpine regions

EFI 2007

Bavarian forest National Park



Europe as a net carbon source in 2003Europe as a net carbon source in 2003

Ciais et al. Nature 2005

TJuli-Sep

NPPJuli-Sep NPPyear

Pyear

- 30% GPP
- TER

?
Net corbon
source of
0.5 Gt C yr-1

+ 5°C T
- 50% P



Isar  2005

Fungus attack

Case study: Floods & riparian ecosystemsCase study: Floods & riparian ecosystems

Due to flooding

Due to
flood
protection

Loss of biodiversity due to
reduction in area and
deterioration in condition

www.wwa-fs.bayern.de

Brinson et al. 2002

DAMAGE



Climate change threats forClimate change threats for plant  plant diversitydiversity
•  4 - 21% of plants committed to extinction
•  Alpine systems degraded
•  4 - 24% plants critically endangered/extinct
•  mean species loss of 42%
•  mean species turnover of 63%

Thomas et al. 2004, Theurillat and Guisan 2001, Thuiller et al. 2005



SummarySummary

Habitat loss, stress on
marine biosystems

­­­­  Drought, wildfires, ?  ¯̄̄̄
biodiversity, land losses in
estuaries and deltas; ­­­­  salinity &
eutrophication of coastal waters

­­­­  Shift of tree line,
severe biodiversity
losses

­­­­  Winter floods, ­­­­
variability of yields,
­­­­  heat waves

Eutrophication of
lakes and wetlands;
coastal flooding and
erosion



• Integrating climate extremes 
and multiple forcing

• Precipitation projections and resulting water regime
effects

• Disturbance regimes (drought, fire, insect outbreaks,
diseases, floods, wind-storms, alien species invasions)

• Integration of large spatial scale remote sensing with
long-term field studies

• Environmental key factors / economic impacts

• Integrative vulnerability studies on adaptive management
responses

Research needsResearch needs


