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– Greenhouse Gas CO2

– Atmospheric Observations

– Vulnerability

• �������������	��
– Carbon Budget of Earth System components

– Contemporary Carbon Balance (1990´s)

– Terrestrial Carbon Cycle: past, present, future

– Climate-Carbon Cycle Feedbacks and mitigation
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Greenhouse Gases
Sun Earth

Greenhouse Gas CO2



Atmospheric CO2 record
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„ Breathing Planet“

Mauna Loa

Photosynthesis

Respiration
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Vulnerability

• Exposure
– Indirect effect Carbon Cycle via Climate Change

• Sensitivity
– E.g. Agricultural yields, forestry, carbon feedbacks

• Adaptive Capacity
– Local/regional studies on impact of climate change



Natural Carbon Cycle















Carbon Balance

Atmospheric 

Growth

Fossil Fuel

Emissions

Land-

Uptake
� � �

Ocean-

Uptake

Deforestation Increased 
Productivity

������

3.2 5.4 0.2 2.0 

-1.7 1.9



0

50

100

150

200

250

300

1860 1880 1900 1920 1940 1960 1980

����

�
�

�

��
	

�

Accumulated Fossil
Fuel Emissions 

Atmospheric
Increase

Fossil Fuel Emissions and role of the 
biosphere (Land und Ocean)



Cropland 1700 – 1992 [Ramankutty & Foley 1999, GBC 13(4), 997-1027]



Croplands 1901(Ramankutty)

Cropland 1700 – 1992 [Ramankutty & Foley 1999, GBC 13(4), 997-1027]



Cropland 1700 – 1992 [Ramankutty & Foley 1999, GBC 13(4), 997-1027]
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El Nino

La Nina

LPJ

Inversion



El Niño– High Temperatures, Reduced Precipitation                       
���	���: Decrease NPP, increase Rh, +ve NEP anomaly (NEP=Rh-NPP) 
��	��������: Rh=f(T)g(h2O)

El Niño La Niña



Mt. Pinatubo– Reduced Northern Hemisphere 
Temperatures ���	���: Decrease Rh, -ve NEP anomaly 
(NEP=Rh-NPP) ��	��������: Rh=f(T)g(h2O)
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��	����������� One Climate Model, 6 Terrestrial Models

One Terrestrial Model, 5 Climate Models 



CSIRO

CGCM1

HadCM3ECHAM4

CCSR

precipitation anomalies 2000 to 2100
(30-y. av.)



Future CO2 scenarios
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• LPJ simulates the regional interannual CO2 fluxes in broad agreement 
with those derived from Inverse modelling- both phase and amplitude

• In the Northern Extra-tropics, 
– Equal magnitude response of NPP and Rh to climate variability, hence 

both determine interannual NEP

– Largest Uncertainty in the temperature response of Rh

• In the tropics, 
– NPP shows the greatest variability in response to El Niño climate 

variability

– Largest uncertainty in the moisture response of Rh

• The greatest model uncertainty is in the Rh formulation !
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Conclusions

• Better understanding of terrestrial biosphere functioning on the
interannual – decadal timescale; Rh representation most uncertain

• Improved hydrology, including validation

• Progress in implementing major crop types.

• Progress in Fire modelling, including, ���
�����	
�	����������	
�
������
�	��
��	�����
��	��
�������	�������� [Venevsky et al. 2002 GCB 8, 
984-998] 

• First coupled Climber2-LPJ results

• Major uncertainties in the role of the terrestrial biosphere in a changing 
climate remain. 


