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Anthropogenic Perturbation of the Global Carbon Cycle
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Direct response of the global carbon cycle to the
anthropogenic perturbation
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Observed anthropogenic CO» inventory in word ocean
(~ mid 1990s)
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Fig. 1. Column inventory of anthropogenic CO, in the ocean (mol m~2). High inventories are
associated with deep water formation in the North Atlantic and intermediate and mode water

formation between 30° and 50°S. Total inventory of shaded regions is 106 = 17 Pg C.

Sabine et al, 2004



Mid- and long-term response of carbon
cycle to direct perturbation

Atmosphere fraction after pulse injection at t=0
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Stabilization of atmospheric CO;
No climate feedbacks
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Carbon cycle - climate system feedbacks

Emissions from
burning of fossil

fuels and cement
production

co2
<

Atmosphere

Changes in
landuse and land
management

Landbiosphere




v :
s ey N,a3 -

v PR a .. _’{i....ﬂ()“- .: = e
# Basic terrestrial carbon cycle - climate

len




002
concentration

Air t

Temperature

()

Heterotrophic
respiration

n~". \A
e, Ve.getaflon 2

caqun go% ke

" Soil barbOh

. ﬂ‘ \,‘5‘; * stocks\

R Nyt . - o~
“ - B

e -~ VS
35
S

OB ', .«" | e
| e - .

. X : , > ‘.H -.-‘-. q
= - b 5 - . v SRS TR
™ Ba ~térrestr|al cél*on cycle chmate y efn feedbacks .-

) \ y

e LJca

Jeno



Model simulation of coupled
carbon cycle - climate system

Simulated global carbon stock increases in Carbon uptake by land and ocean
atmosphere, ocean and land biosphere Difference coupled - uncoupled simulation (2070-2100)
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R after 2000: SRES-A2 emission profile
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C4MIP simulations:
Reproduction of
atmospheric CO;
increase
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Coupled Carbon Cycle -
Climate Model Simulation
Experiments (C*MIP):

Climate feedback effects
on global uptake by land
and ocean
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When can we expect to
see a clear climate
feedback signal on global
carbon cycle!?

Decadal average airborne
fraction simulated by

C*MIP models

blue: uncoupled simulation
red: coupled simulation
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Global CO; budget over the next 100 years:
Based on C*MIP results
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Carbon cycle in the 21st century:
Lessons from C*MIP simulation experiments

® (QOcean:

® Uncertainty due to different mixing and circulation
characteristics

® Relatively small climate feedback

® Land:
® Models assume substantial “CQO; fertilization’’:
ANPP
. _ 'NPP, __ B
Effective (= AC =0.2—-0.6
Co

® Strong climate feedback

® Carbon cycle - climate feedback gain, range of C*MIP models:
® 4-20% (10 models),
® 31% (HadCM3LC)




=\
8/

Climate feedbacks:

Implications for
atmospheric CO;
stabilization
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climate sensitivity: 3 K

Uncertainty range
from climate sensitivity
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sensitivity + carbon cycle model
parameters
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Vulnerability of carbon pools
(100yr time scale)
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Gruber et al., 2006



Conclusions

Currently observed (~linear) dynamics will change

Present records do not yet exhibit enough information for
quantification or validation of non-linear dynamics

Current models exhibit still large differences ->
Indication of insufficient process knowledge

Many vulnerable pools and biogeochemical processes not yet
represented in current Earth system models (a.o. permafrost,
wetlands, fire, nutrients, ozone, CH4,...)

Effects of changes in land use and management not yet
included

Comprehensive assessment: Biogeochemical + biophysical
feedbacks!

|00yr time scale carbon cycle - climate feedbacks:
positive, ~20% effect







