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Pulse response:
CO2,y = 0.131 + 0.201 exp( -t /363) + 0.321 exp( -t /74) +
+0.249 exp (-1/17) +0.098 exp( -t/1.9)

Hamburg Ocean Carbon Cycle Model, E.Maier-Reimer, 1987
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GtC
Cumulative fossil fuel emissions (Jan. 2007) 331 £ 25
(source: CDIAC)
Observed atmospheric increase (Jan. 2007) 214 £ 8
(source: ESRL)
Observed ocean increase through 1994 118 £ 19
(Sabine et al., Science 2004)
oceans, extrapolated through 2006 148

cumulative emissions and reservoir change
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fossil fuel emissions + terrestrial sources = atmospheric increase + ocean
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Use of isotopic ratios to distinguish sources
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DECADAL MASS BALANCE OF CARBON

E:} .

Uy 12

T, 1@

N

-

c 6

= 4

i

SEE

S 0

!

2 2

% 1
0

—

e

e

rate of CO;I lﬁjﬁa{tli}ﬁ mtf::l the Gtmﬁﬁmhere

total
—— D—yeaar smoothed
fossil

/\/\/\-/\;gt\terregtr'ﬁ:rlI o
: AV H \ |

1850 1800 QGGG




DECADAL MASS BALANCE OF CARBON

net terrestrial aourceﬁ/mnkg

billion ton T per yea-

T I — F 1 I 1 I I [ I I I I [ I

ﬂ

| I 1 l

| | [ 1 .

1960 1970 1930 1290

2000




DECADAL MASS BALANCE OF CARBON

Conclusion:

The observed increase in atmospheric carbon dioxide
since pre-industrial times is entirely due to human
activities.
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CO2 growth rate (ppm /year)
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__global temperature anomalies (giss)
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global temperature anomalies (giss)
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global temperature anomalies (giss)
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global temperature anomalies (giss)
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C02 GROWTH RATE (ppm/year?/deg K)

Response to global temperature anomalies
T T T T T T T T T T T T T T T T T T T

20 -

19 7

10

d[CO,]
dt

= jdt' R(t—t') AT (t")




CO2 GROWTHRATE and CLIMATE ANOMALIES

CO2 GROWTH RATE (ppm/year?/deq K)

Response to global temperature anomalies
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Response to monthly mean precip anom
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Conclusion:

2/3 of the interannual variance of the CO2 growth
rate is explained by the delayed response of the
terrestrial biosphere to interannual variations of
temperature and precipitation.




