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A global carbon cycle model (GCCM), that incorporates interaction among the terrestrial
biospﬁere, ocean, and atmosphere, was developed to study the carbon cycling and global carbon
budget, especially due to anthropogenic CO. emission. The model that is based on C, *C and "“C
mass balance, was calibrated with the observed CO. concentration, §°C and A™C in the
atmosphere, A*C in the soil, and A™C in the ocean. Also, GCCM was constrained by the literature
values of oceanic carbon uptake and CO. emissions from deforestation. Inputs (forcing functions
in the model) were the C, C and "“C as CO:. emissions from fossil fuel use, and “C injection
into the stratosphere by bomb-tests. The simulated annual carbon budget of 1980s due to
anthropogenic CO: shows that the global sources were 5.43 Gt-C/yr from fossil fuel use and 0.91
Gt-C/yr from deforestation, and the sinks were 3.29 Gt-C/yr in the atmosphere, 0.90 Gt-C/yr in the
terrestrial biosphere and 2.15 Gt-C/yr in the ocean. The terrestrial biosphere is currently at zero
net exchange with the atmosphere, but carbon is lost via organic carbon runoff to the ocean. The
model could be utilized for a variety of studies in CO; policy and management, climate modeling,
CO. impacts, and crop models.

Key words : carbon cycle model, carbon budget, anthropogenic CO;
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Physical descriptions: areas and volumes

Description

Size

Volume of stratosphere

Volume of troposphere

Area of short-lived part biota

Area of woody part biota

Volume of litter

Volume of fast soil

Volume of slow soil

Depth of water layers except deep water
Depth of deep water

Area of warm ocean surface water
Volume of warm ocean surface water
Volume of warm ocean LPOC?
Volume of warm ocean DPOC®
Volume of warm ocean DOC*

Area of cold ocean surface water
Volume of cold ocean LPOC*
Volume of cold ocean DPOC"
Volume of cold ocean DOC*

Area of total ocean

Volume of intermediate water layer
Volume of deep water

0.80X10* m?*
3.19X10% m
1.33X10" m
1.33X10" m*
6.65X10" m®
6.65X10" m*
6.65X 10" m®
100 m
2800 m
242X10% m?
242X10* m®
242X10" m*
242X10" m’
242X10"° m®
1.21X10" m?
1.21X10" m®
1.21X10" m’
1.21X10" m*
3.63X 10" m?
3.63X10" m*
1.0164X10® m?

“LPOC : living particulate organic carbon (ocean biota)

*DPOC : dead particulate organic carbon
‘DOC * dissolved organic carbon
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Toll Fa38tth gaTHLLY vl
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dazty F&¥
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FHUL9 e 72 A9 AR ($4

2 g AE), B {718 vAE 9 23
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T W] Cot ABHENE St og o]
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7] ol AEMEU] BC 2 “Co FHLA
e o) Fe £39 FA9LY vnd WA
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o YAt A A28EE e FY94E A
SatA "ok Bl ¢ JERAMY T g
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Fig. 3. The observed versus simulated A™C in
the mixed soil (75% fast soil+25%
slow soil) for different turnover times
of fast soil: The simulated A™C of the
single soil and detritus ?ool was prese-
nted for the purpose ot comparison.
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Fig. 4. Best fit of atmospheric CO. concentra-
tion including fossil fuel emission data
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Fig. 5. Fit of the observed versus simulated
atmospheric §"C trend
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A% (oscillation) & A 9) 3} datad} 2 L5}
ot} o A% (short-term interannual variation)<
FZ UEH MEog A% FANEY w3
ENSO (El Nino and Southern Oscillation) @4} ©. 2
AL R29 3l 5oz Q3 g o
F45 2 Ut (Keeling et al, 1989). 2@ et
t ol 195099 o7 6°Ce @& o —70
wolAoy #A oF —78% 2 TAFA o
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59 AT Aa g sty by Ee “CE 3
AA77] dELS 2 4 A Qe Aot

Fig. 6& A3 A0 g 599 A"Cofl g &= 2
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1981b) & Hoatgon 19754 o} d2e g
(Manning et al, 1990)& ZAste] FAY H
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put (A Feto 2 913 ¥Col AEHo g §9)e
AZeto] AR S (MegatonTNT) 25EH A&
ojdef & Aot 19583 o] FHE Al B o]
A 71780 19909 7H A Y AEE e 1990
d 7R F &G B9l 600 Mt-TNT (Rath,
1988) 9} ok 80% ol sFstez B mdol A&
ol A= 1 Mt-TNT % 1.35X10269 49} “Col
DA E AoR Ueton oAl B3 gk 4
Aol At (Hesshaimer et al, 1994). Hesshaimer
et al. (1994)°) 2J3tH 1 Mt-TNT 2 (1~2) X10%
AA7E A e BF DA FL LT5X 10 A/ Mt-
TNTe]t}.

Table 2+ 3% A“Col g #Z (Siegen-
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Fig. 6. Fit of the observed versus simulated at-
mospheric A™C trend
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Table 2. Prescribed data for steady state, and bomb-response on Jan. 1, 1974; with simulation

results for bomb on Jan. 1, 1974

A14C, Ur)o
Water box Steady state*  Prescribed bomb* Simlated bomb
Warm surface water (0~100 m) 40 110 103
Cold surface water (0~100 m) —80 - 65
Intermediate water (100~200 m) —51 61 64
(200~300 m) -62 20 24
(300~400 m) -73 -15 13
(400~500 m) —84 —46 —46
(500~600 m) —95 =71 -71
(600~700 m) =105 —90 —92
(700~800 m) ~116 - 108 -110
(800~900 m) —-127 —124 ~124
(900~1000 m) -138 -137 - 136
Deep water (1000~3800 m) —180 ~180 =177

*Prescribed data for steady state and bomb on Jan. 1, 1974 were adapted from

Siegenthaler and Joos (1992).
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