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Abstract

Two man-made carbon emissions, fossil fuel emissions and land use emissions, have been perturbing naturally occurring
global carbon cycle. These emitted carbons will eventually be deposited into the atmosphere, the terrestrial biosphere, the soil, and
the ocean. In this study, Simple Global Carbon Model (SGCM) was used to simulate global carbon cycle and to estimate global
carbon budget. For the model input, fossil fuel emissions and land use emissions were taken from the literature. Unlike fossil fuel
use, land use emissions were highly uncertain. Therefore land use emission inputs were adjusted within an uncertainty range
suggested in the literature. Simulated atmospheric CO, concentrations were well fitted to observations with a standard error of
0.06 ppm. Moreover, simulated carbon budgets in the ocean and terrestrial biosphere were shown to be reasonable compared to
the literature values, which have considerable uncertainties. Simulation results show that with increasing fossil fuel emissions, the
ratios of carbon partitioning to the atmosphere and the terrestrial biosphere have increased from 42% and 24% in the year 1958 to
50% and 30% in the year 2016 respectively, while that to the ocean has decreased from 34% in the year 1958 to 20% in the year
2016. This finding indicates that if the current emission trend continues, the atmospheric carbon partitioning ratio might be
continuously increasing and thereby the atmospheric CO, concentrations might be increasing much faster. Among the total
emissions of 399 gigatons of carbon (GtC) from fossil fuel use and land use during the simulation period (between 1960 and
2016), 189 GtC were reallocated to the atmosphere (47%), 107 GtC to the terrestrial biosphere (27%), and 103GtC to the ocean
(26%). The net terrestrial biospheric carbon accumulation (terrestrial biospheric allocations minus land use emissions) showed
positive 46 GtC. In other words, the terrestrial biosphere has been accumulating carbon, although land use emission has been
depleting carbon in the terrestrial biosphere.
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A1go] F7IRIL, Ao 771X Sl mAlolg o
)= QAT ik SRR AN} EXjolgo R ol
Sfo] A1Teukste] iAol 71418l COel ti7] % H
S AEA o= Tk YITHIPCC, 2014). 51eto]
9] npet2oKMauna Loa)ollX S4H 7] & o4&}
g 5 S RS AT EY 1958¢] 315 ppmo]]
X 20161 402.9 ppm0& Z7Fslgiom, 20154 ]
2016| CO, SEZ7R= oF 3.5 ppmOs 1958 274
ol 147} 71 Whe 27} 4E 712BICHNOAA,
2017). CO, 57} AAje] Z71bwg G5k 7]
QP o] =21 280 ppm 2] 28H21 560 ppm(2:9]
CO, doubling 5%).& FA7] F4to]l Lkt ol
e} A9t H T 1.5~4.5T YR A3t
11 §F(Manabe et al., 1991; NOAA, 2017).

AR AR BEXolg0R Qlsle] tfr] So=
HiSE COs= A2 Y &8 5 22 7=
ZPYEH Ale] ] B AR, ti71et sieF Atole] olikst
g By 5ol ofste] Y= th7 el AlFstar v
A= S/ EHHY s s SrEnh Ad 24 5
QF A5 oA o] SE, SiY; Y] et e
w2t 9 ehamgaeAof tigh B A7 AL QL
th(Booth et al., 2017).

S e S8k} shAEASA] oAt
(Melton and Arora, 2016; Haverd et al., 2018)+=t}]j7|
Hako] Fo A8 Foto] T2 7| HBlof whE A9
HILE, df|oFo] kA I~ ¢d-K(Ilyina et al., 2013; Law
et al., 2017)= S =2ht} th7]- sl 7o) g HE<
HIERO = B Bk o) 52 Asleit 220] S AJE-
7] g2 Ag ol skt 7] Adeaks B Al
At 12| AR AR TRAA wAUSS 39t
Sl Q= ERHERA SAgslof gk ofale] &
o7k Qlow, 71 $mdln} AgsioiA 7| slet g
28k ALo] O] AT ARgof| T3t $5t7} o] R AL QL
T Smith et al., 2017; Lade et al., 2018). 18} SA4F
ARt 7] g2 ARE el A Rt v ERtetar
o] 75| wizteto] sjokoy] A A wee 5
AP B E S0 2 PSR, AT T
o gk EEGA] BHS Akt o= AP )itk

2|9] A= S ARAR I X080 7 Q1% ¢
141 CO, v At ofufef AFAR Yl 4HE 3 <l

4o S B S A TERGEA AT F27 01
A2 d}495}1aL QJtChiodi and Harrison, 2014; Santin
et al., 2015; Wang et al., 2018). T}Fgt Ao £
Slal B4 o]g-0 = QIgk tf7] 5 olileletar gl
oot S2HAY, shassto] tigt HiAUSE] ofsf F=;,
Telm B4 AR BE Sow wiEg 4 Al
9] E%|(imbalance), = “missing sink”o]| tjgt =gt
o] Al&E]al ¢ltiMichalak, 2017; Sun et al., 2017;
Houghton et al., 2018).

Kwon and Schnoor(1994)= tfj7] @8-Sl A-3
o) HEAEL AP Slet 84l TR
2 e d)(Simple Global Carbon Model, SGCM)-&
7iETt SGCM-2 SH A RAgal}t EXJo]§-0 = Q]
3t tf)7] 5 ekAlES  carbon source)o] t7], SA4AY
g 2 e ghart AulE(E) == U carbon
sink) 7} Q3|3 Bl Mol SGOME: Fitel
spwe) 2o et ehadal WAUES Uehi
A= QAL Eoko] 3ok SR S| Bhaaglo]]
t)7] CO, sxeof| thgt E]n]a ) fertilization) X L&
= st o, s Taalol= v O]
% 3fsto] xgheof it SGCME t7| 5 CO, =
ARE olgsle] RAASE EASHITHKwon and
Schnoor, 1994).

2 A0 HAL 2T STkl Al SRR AR
3t EXJo]§-0 & Qlglo] CO, FEIR 7] Fo02 uiE
Tl gk} ARl 2ol T, sif B S
RS ofgke BAlskaat glolt o5 fIste] ti7|
% CO, 50| A= PSARTE A sk 19587
H 2016 d71A]e] thsto] th7|8-Eoke 23Rt |74
B - Afo]9] B4 oS SGCM HEkS: o] 85}
o] BARSIIT) 7]1&2] ¢ Kwon and Schnoor, 1994)
7Fi7] 5 CO, =5 BARSR=T] 2485 FolA 7l
S-S ALe] 9] B ofgof| thel 412/ do] F
Z3IQA. wheba] & QoA AL Akl Bl A
ES flotol, ATt 7HLE] ghas FA o] TRE TSRt
dANE FHHoR Aokt oy ERAkES]
global carbon budget(Le Quéré et al., 2017)o] LERE
|- alel- S APHE Afole] Bk S|} ul e
shick



b Bk el o] ok A 30| B 44 A 1171
Fossil Fiel ~10
Land U ~:3

" Atmosphere

Respifftion 50 800
Photosynthesis 110

Land Biota
560 |

Soil fespiration 60 Gas

A

bxchange 10

Carbon runoff 0.17 Gas gxchange 13

L I

i Carbon funoff 0.33
S Litterfall 60

v

Warm surface water 600 Cold surface water 300

Water advectlonZS# v Vv

Warm jratipn 18 Photosynthesis 10
Respiratipn 18 oynipess 10 Cold

Soil & biota o fosynihesis20 | Respirdtiong  biota
. 2 1
Detritus
1200 T Biota ginking 2 Biota $inking 1
WaIzr{JpweIIing38 v v Water sinking 38

Intermediate & deep water 38000

v Organic carbon burial 0.5

Fig. 1. The diagram of eight box carbon model. Units are Gt C(gigatons as carbon) for carbon reservoirs and Gt C/yr for

fluxes.
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atm
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Sl C; Coe SAMAEAIRI] B, [M/LY); 112
11 Vi AR EAIR] ), [L].

TR 2 S734E0] 380 ofsf & CO,9
7] oFs(respiration) 2t S Fo= Qlsto] gt
A7) BoFo & ol(litterfall) 3= Zo|%= Michaelis
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E npgEo] EY 7IRAaE wefste] WAk
CO, 2] tj7] .22 9] o]%(soil respiration)-2 2= Al
o] npdES] Z4Jo] u Ak FRE Tefelo] L mi
2 uiegsiict

k, 0.7 C

soil

Vioi “4)

OJ71A] k,, & BT EO| AR [T]; 6, = Bk
T50] LERAAG Tk Coi S BRI Bhis
I, [M/L]; Z18)3L Ve EQFAIARR] K, [L7].

th719} SieFERS: Afo]o] CO, HYF 2jo]| o3t ek
o]'5(gas exchange)-> thaat} ZHo] el gict

kl . S - |Patm - Poaf:an' - Aoaean (5)

A7 kS ZIAAESE, [L/T]; Se CO, 2305,
[M/L*/ppm]; Pagnr=th7 17 CO, E5L, ppm; Pogean &

e, 2, d= 9 S Iekae] el siofaa
9] CO, -k, ppm; 18137 Accean 390 W], [L7].

o] 2]2] A4t Aloe] Bl o}552] Sief <ol <lt o]
-&(cold surface water sinking, deep water upwelling,
surface water advection), SRS E} SOF Ato]2] Bha
o]%5(ocean biota primary production, ocean biota
respiration, organic carbon sinking, organic carbon
burial) 52 A W] Traxgeot AFTAIS 75t 1
APESA 0 = LB R{ch

hyt GV, (©)

A7IA ki Agols £ [T]; 22 Vit i
WA ARe] Rafolc,

SGCMS| 4] melajsl wel el FAI2je) the:
2 Kwon and Schnoor(1994)0]] X}A|5] LERL Q).

3. Zut & n¥

3.1. SGCM ZEo| HHX

SGCM 22 A= sH A ARGl EXJo]§-0
2 Qlste] 7] o0& FYUH COE YAER kL
IB5E 7] F COE vl o R o] A5 HAgst
At} 1958 ~1990 72| 9] A5 o83 7129] A+
oM= FH AR ARECE QIS CO, HiE2 USA =S
0]-85}99 © 1 (Kwon and Schnoor, 1994), EX]o]-&©
2 QI 7] F CO, HiE2 A= o] E2HAdE aefst
of 3% At 1.2 GtC/yr= 1sieick. 1= u
1958 ~2016\d71%] 9] AFwE o83t & AtoA= 7|
L] Atof|A] BAE Wl Alg= 245HK] gEal(Kwon
and Schnoor, 1994), EX]Jo|&-0& ¢Ig} tjj7] & CO,
v FEolA AAIRE 2R H9] Yol 2745t
7] 5 CO, s=5 AA3eielet. A3s} v AL
717ke] A 2l 1958 ARE], ALK CO, 57t H54H
CO, Fof| Agskes X080l ot CO, &S
Yeohs S 2016714 W 0= 43519t
233} Bdolla] AE Ex|olgof| o3 CO, BiEEo]
oA AARE B2 HelE Z2alskA] o= el
A, ALRE CO, “s=oF #5E CO, 559 Zol= 0.5
ppm OJUR(]Z 0 & 1993182 0.78 ppm$l) X3}
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Fig. 2. Best fit of atmospheric CO, concentration.
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Fig. 3. Global carbon emission sources (lower part) and
sinks (upper part).
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Table 1. Cumulative carbon sources and sinks with flow ratios in parenthesis at every 10 years since the year 1960

Unit : GtC
Emission Cumulative carbon Vs. 1960
and sink 1970 1980 1990 2000 2010 2016
Total 44(100%) 104(100%) 171(100%)  244(100%)  336(100%)  399(100%)
Fuel + Atmosphere 19(43%) 47(45%) 79(46%) 112(46%) 158(47%) 189(47%)
deforestation Soil 11(25%) 26(25%) 43(25%) 64(26%) 89(26%) 107(27%)
Ocean 14(32%) 31(30%) 49(29%) 68(28%) 89(26%) 103(26%)
Fuel 32(100%) 81(100%) 136(100%) 199(100%)  279(100%)  338(100%)
Fuel Atmosphere 19(59%) 47(58%) 79(58%) 112(56%) 158(57%) 189(56%)
Soil -1((-3%) 3(4%) 8(6%) 19(10%) 32(11%) 46(14%)
Ocean 14(44%) 31(38%) 49(36%) 68(34%) 89(32%) 103(30%)

B2 AR AR E7] 0] §-0 R Qo] ti7] T2
2 iEs vt di7]d, SAPE 9 Ak o R o)
Fohs B T SAE BARH:
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