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Source: Smith et al 2001, TAR IPCC WG II

“Reasons for concern”
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Main questions

1. Is there any evidence for impacts of 
anthropogenic climate change that have 
already occurred?

2. Are future impacts of anthropogenic climate 
change to be expected?
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Question #1

1. Is there any evidence for impacts of 
anthropogenic climate change that have 
already occurred?

i. Do we see any change in natural systems 
(ecosystems, hydrology etc.)

ii. If so, can we attribute that change to climate 
change?

iii. If so, can we attribute part or all of the change 
to anthropogenic climate change?
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West-Antarktic Ice Shelf (WAIS)

Oppenheimer, Nature 1998

Februar 2002
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Coral Reef Bleachings
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Changes in length of growing season 
from satellites

Myneni et al. 1997. Increased plant 
growth in the northern high latitudes 
from 1981 to 1991. Nature 386:698-702
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Start Oak budburst in Surrey, UKOak budburst in the UK
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Advanced phenology:
1. bud burst
2. flowering
3. veraison
4. start of harvest
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Phänologie
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These are anecdotes but…
how do we connect them to climate?
• Many systems differ between climate regions 

(e.g., forests / deserts)
…therefore a change in climate likely 
causes an impact (“space for time”)

• Many physically “obvious” connections exist 
between climate and system functioning (no 
palms in the tundra)

…therefore impacts are the conservative
assumption
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Where, then, is the problem?

• Thresholds:
…just how much change in climate

causes important change in the system?
• Confounding factors:

…land use, pollution etc. also trigger
many system changes

• Variability:
…what is just a fluctuation and what is

lasting change?



AVEC Summer School, Peyresq, 19 September 2005

Gradual and abrupt change

• In ecosystems, one can have steady changes 
in phenology, growth, biomass, respiration…

• …or there can be catastrophic change (e.g., 
destruction by extreme events, invasion by 
alien species)

• …or regular disturbances can change their 
frequency (natural wildfires)

• Rigorous attribution would have to 
distinguish between all these



AVEC Summer School, Peyresq, 19 September 2005

The Elbe between
Bitterfeld and

Eilenburg, Germany
2002
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Lothringen, Frankreich, August 2003
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Distribution of
Swiss Monthly

and
Seasonal 

Temperatures
1864-2003

Source: Schär et al. 2004
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Preliminary conclusion

• Numerous anecdotes indicate that recent 
changes in many systems are due to climate 
change

• The bigger part of recent climate change is 
anthropogenic – therefore many impacts 
likely have anthropogenic origin
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Before continuing, let us constrain 
the problem a little more
• Be specific about the confounding factors
• Focus on “changes that matter”
• Ecosystem goods and services
• Adaptation
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Confounding factors

• Carbon dioxide
• Net radiation
• Temperature
• Evapotranspiration
• Precipitation (rain/snow)
• Soil moisture
• Pollutants
• Land management
• Deforestation / urbanization



AVEC Summer School, Peyresq, 19 September 2005

“Changes that matter”

• Thresholds
• Feedbacks
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Ecosystem goods and services

• Provisioning services
– Food
– Water
– Fibres

• Regulating services
– Climate
– Floods
– Disease

• Cultural services
– Aesthetic, spiritual
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Adaptation

• Endogenous adaptation
• Managed adaptation



AVEC Summer School, Peyresq, 19 September 2005

If we want to consider all this, what 
do we need to know about the 
system?
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Interactions between forcings, e.g., 
water and CO2
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CO2 uptake
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�C uptake increased by 20-
40% when ambient CO2 is 
increased by 200 ppm
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© Yellowstone NP

Fire as disturbance factor
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Forest Fires
Area burnt in 2003
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Deforestation
Xingu River,
Amazonia

(MODIS 
Image,
19.10.2000)
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Main questions

1. Is there any evidence for impacts of 
anthropogenic climate change that have 
already occurred?

2. Are future impacts of anthropogenic climate 
change to be expected?
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A2-LUCC scenario
changing carbon storage

2050 2100
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B1-LUCC scenario
changing carbon storage
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Net Ecosystem Productivity 
(g C m-2 y-2)

SourceSource

SinksSinks

Land biosphere C balance for different DGVMs
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Examples for 2050 under A1 HadCM3

Thuiller 2003 GCB

Quercus ilex Fagus silvatica

Red: habitat lost; clear green : habitat stable; dark green: new suitable habitat
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Defining shifts in biomes

A

B

C 1990 extent is A + B
Future extent is B + C

Decrease is A

Increase is C
Stable area is B

Net change in extent is  A - C
Net % change in extent is  (B+C)/(A+B)
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Changing ecosystems at a global mean 
temperature increase of 3oC

Ecosystems that change are coloured.
Improvement

Improvement: More trees and higher productivity

Change: needle-leafed forests 
becomes broad-leafed forest

Change: Different species composition and landscapes

Degradation

Degradation: Fewer trees and lower productivity
Extinction: Large habitat decline and irreversible change

Extinction
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% of plant species loss by 2080 Hadcm3
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Feedbacks
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Feedbacks
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Final conclusion

• Despite the difficulties of attribution, there 
are observable impacts of anthropogenic 
climate change in many systems

• We have sophisticated methods (models) to 
analyze these changes and to distinguish 
between major driving factors

• Using scenarios and models, we can make 
quantitative assessments of future change in 
response to many drivers



Thank you for your interest!


