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Europe-wide reduction in primary productivity
caused by the heat and drought in 2003



Linking the 2003 European heatwave
with carbon observations





Secular increase in primary productivity
from satellite NDVI over the past  20 years Nemani et al., Science 2003

% per year

Will the greening trends continue with more
frequent climate extremes ?

Can positive carbon-climate feedbacks come from
temperate regions ?



Shär et al., Nature 2003

Historical temperature
records in Switzerland

Summer temperature reconstruction
from harvest dates in Burgundy

Chuine et al., Nature, 2003

Precipitation history in BavariaEurope-wide climate
Spell : heat & drought





Temperate and Mediterranean forests
show reduced, GPP, TER, NEE
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Climate, and
carbon fluxes in
summer 2002

vs.
summer 2003
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How abnormal is 2003 ?
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Interannual variations in CO2 growth rate



70 sites
Grid based inversion
(3.5 x 2.5°)

LMDZ model

Interannual winds

Spatial correlations

Anomalies vs. mean
97-03

Atmosphere-based inversion estimate

See Peylin et al. Poster
also Patra, Roedenbeck…



Breda et al. 2004

Soil water content variation model and
observations indicate large water stress at
all sites in 2003 with Root Extractable
Water REW  < 0.
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Small Changes in water use efficiency



Effects of high ozone exposure

JJA 2002JJA 2002 JJA 2003JJA 2003



Carbon
crashes
in the
recent
past



• Uniquely dense eddy covariance network to understand
climate-carbon-water interactions at the sub-continental
level

• Severe drop of transpiration and GPP

• Respiration tailed off with GPP drop rather than increased
with warming

• forests became net CO2 sources to the atmosphere in July-
Aug !

• Anomalous source of 0.5 PgC y-1, undoing  years of mean
sink, enough to explain 50% of the global CO2  growth rate
anomaly during 2003

Conclusions (1)



Conclusions (2)

• In the future, adverse impacts of climate
extremes may cancel out the benefits of
moderate climate change

• Forest productivity may be durably reduced if
extremes become more frequent

• In the long run, conifer forest may be more
adapted to future climate conditions in Europe

• And so large uncertainties !



Implications for the future

Summer
temperatures
Observed &
Modelled
by IPSL GCM



2003 2005

FPAR anomalies & recent droughts




