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(b) the past 1000 years
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Global carbon cycle
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Therefore

§ During the late 20th century, more than half of the emitted
anthropogenic CO, are taken up by the ocean, the soil, and the
vegetation

§ The magnitude of future climate change depends critically on the
behaviour of these three reservoirs

§8 The storage capacity of these reservoirs depends not only on the
amount of anthropogenic emissions but also (very likely) on the future
climate change (climate-carbon cycle interaction)

Conclusion:
To assess the feedbacks between the carbon cycle and climate change
afully coupled model is needed







First studiesindicatethat the
carbon-climate feedback is positive

In the year 2100 under SRES A2 scenario:
*Cox et al. [2000] + 250 ppm
Friedlingstein et a. [2001] + 75 ppm

However, large quantitative discerpancies between these
studies lead to the organisation of the Coupled Climate
Carbon Cycle Intercomparison Project (CAMIP):

participating modelling groups performed simulations

forced by the SRES A2 scenario [Friedlingstein et al, 2006].
Totally, 11 models were participating in the project (6 general
circulation models and 5 Earth system models of intermediate
complexity).
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|AP RAS CM

Climate compartment: 4.5°*6°, L8 - atmosphere, L4 - ocean, L1 -land. Seasonally resolved
Atmosphere: - 3D quasi-geostrophic large-scale dynamics. Synoptic-scale dynamicsis
parameterised in terms of the Gaussian ensembl e statistics. Linear profiles of temperature in
every atmospheric layer are assumed. Interactive hydrological cycle.

Ocean: Prognostic equation for sea surface temperature. Ocean dynamics is treated
assuming geostrophy. Universal profiles for characteristic oceanic layers are assumed.
Salinity is prescribed.

Sea ice: Diagnostical. Energy conserving.

Land surface: Based on BATS. Vegetation succession is neglected

Carbon cycle compartment: Annual mean. Globally averaged.
Terrestrial carbon cycle:
- Two carbon pools (living vegetation, soil carbon).
- Fertilisation follows Michaelis-Menton |law
g; = pCO,,/ (pCO, , + k) k,, - half-saturation constant
- Temperature dependencies of gross photosynthesis, biota and soil respirations follow
Y = YO QlOY DTg/DTo’
where Y = PR R, DT _ - change of globally averaged SAT, DT, = 10K, Y =Y|;
- Agriculture harvesting is proportional to land use emissions
Oceanic carbon cycle: bilinear function of tendencies of globally averaged annual mean sea

surface temperature and atmospheric concentration of carbon dioxide
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Conclusions:
=> Currently, the Earth carbon cycle is forced by strong anthropogenic emissions

=> In addition, the carbon cycle responds to build up of carbon dioxide in atmosphere and to
climate changes via changes in intensities of oceanic uptake of CO,, living biota primary
production, and soil respiration

—=> Coupled climate-carbon cycle models are needed to properly ssmulate the past and future
state of the system

-> The most models exhibit positive feedback between climate and carbon cycle: CO,-
driven climate changes increase atmopsheric storage of carbon dioxide. The latter, in turn,
enhance the respective climatic response. Some models attribute this feedback to the
terrestrial compartment while others trace it to the oceanic module.

—> However, perturbing governing parameters of a coupled climate-carbon cycle system,
one may obtain moderate negative climate-carbon cycle feedback

= Inthe IAP RAS CM simulations, direct effect of fertilisation on terrestrial primary
production dominates till the late 20th century while late in the 21st century the biota's
response on climatic change is most important. Thisis exhibited in some of the CAMIP runs
as well.

—> Asawhole, climate-carbon cycle feedback is expected to be intensified during the 21st
century. However, it can be weakened under the most agressive scenarios in the late 21st
century.
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