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Abstract — A carbon cycle model based method is proposed in order to evaluate the effectiveness of various policies
and projects to achieve carbon neutrality. The proposed model was validated by properly reproducing the increase in the
concentration of carbon dioxide in the atmosphere and the rise of the global average temperature from the data of
anthropogenic carbon emissions and deforestation since the industrial revolution. As a case study, a carbon cycle impact
assessment was performed for deforestation, reforestation, and afforestation. It was verified that the increase of carbon
dioxide in the atmosphere is attributed not only to fossil fuel usage, but also to deforestation, and that even if deforestation is
immediately followed by reforestation, it takes very long to return to the initial concentration. The proposed method is
expected to be eventually applicable to simulation of potential climate control in the future, contributing to safety verification
of various climate engineering techniques.

Key words: Carbon cycle, Carbon neutrality, Impact assessment, Global warming, Climate change

LM B th7] F LANMAS AAFF o7 FA6E Ao

A AA B vehso] ©AFHES AAFTH1]. o]Aks gk vl
Z7 9] #8E Wt Aoth2]. 2015 AAH 3]
Fokof| o5k 21009714 2] A7 ]2 g5 A E o
HT} 1.5 C & 702 A 5 %S 2050714 ol &
AJsllof sto}3]. mhetA 2 =717 2050, =
2060112 AT AAIBIATHI]. ©2FH e T2

i

3= L3

-1 -7

I o

=z o
-
A7
=aL

¢

"To whom correspondence should be addressed.
E-mail: soochoi@jbnu.ac.kr

o] e Feufota 1A% m5de) A sldelel Faslglgch,
This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

433

1
Sekne] AP FEE AREE Lol oz teb

FY F079792) 9L 9

30
o
oM,
o
=
=
Y
i,
v
N
Ay
uuyau’

T
Z1A) 9 A7} @S ©EA5-All (carbon debt)Z Q3]
gigto] =7 JgheHs]. HAE-go] eaxAFolete FHE
6], AR} A= Ba

~

Z71% WAk Wk Aol el o] 2L ¥

>

¢

g
o2

Bl Byt AN
e Lo

=

=3
sha1 o) S 5 Y PuE W

r®
X
oL fol
1o,
A
£2L
ox
o
Y
2



434 5

A2 A8kt g

°oF 55508, A gt 7]20] 5-8 T F5d A717F AT
2 @A) @A ol &+7] (Paleocene—Eocene Thermal Maximum,
PETM)2} =it} o] A7 virkz e dj7] 2 BEe ©@ar]nt
L AT} 03-1.7 PeCly (PeC =EEA 105 2138 = GIO)E F 4 E 7).
o A= &A 17ke] wiE3skaL 1= 10 PeClySl A= HlaL et}
ol /& A A7-2E7F PETM wirvh 22l W=7 218
sh o5 AZke Zlolehar gt et o] vl dFe] &
Pt AR A T2dste] dijolal A= fslo)7] wiizoltt.
NOAA (National Oceanic and Atmospheric Administration)®]l 2]
sk AR o] - th7] F oAkt A F I SUEE IS a4k
d3p7t 3= o] Ht 20000 F9F 352 pH7E 0.9 E
o RTHS]. o1H ™ AL vlth= PETM W 9l= B o) 7] Z5-E]
BAE okl At A7 A9 A2 dske] Al W A9
AE sk A ekaedke] dust F4o] Fasitt.

SAegh el @ e Ak ghrH9-11]. ol R[9]
250 §AaEsE s S e AR ARl A
ol glex Q=) o] % tf7] oSt A ik Frte] <J g A
EEE0) AeHA S wkd e ©Ae8k 2lo] NASA (National
Aeronautics and Space Administration)”} 2] 1 3}= GLOBE (Global
Learning and Observations to Benefit the Environment) >~ 7 %
oAl AIRFE 2ATH12,13]. 0] RS AE2] g slahg Fo] 5
A Aol Blalghekar 718 Pk, AE0] Al T Rk A kgt
th A o7 st A R ARl o3t o] olitsteks w1 St
© gstal Aol o3t T FA4dhs oS Wtk B
=g o] AellM = o] BElY] @ FES FskaL A8 E
s AR AdelA Adulo] 9m|x B8k Sl om, A BEks
GLOBE+2} 4 3ITH14].

A Fsle] Y12 0J3] =7 Fo|t}. UN (United Nations)
AFslz 4] IPCC (Intergovernmental Panel on Climate Change)[15]
of = Ho] A dshs @24 QIE Brolt}, Z12fu Ollila
[16]7}F AT §hAmdt Hdlof mh=d Q177 AR CO, H-8-2-
IPCC7} Bargh #x B} #4 vttt $h8, GLOBE ©4sh

of A4H 2HEY = !
%7} 100 ppm S7FE wjwpeh A2
GLOBE X.2of| 285

o F 8k SRe 55719 WA SHAIAIL o] o
%L

AR Fig. 19} 22 v Balg vephd = Qlv) 19
2 AE UeRl L, shd e ©hasEs el

oA i

o B Slal BRA e B Baene FYshs AN v

xS} 4 SARESE et A SRR ekl Bas g
j

=
A= GLOBE + K¥[14]¢] 281915 AFdnfo] e ujA9]
gl AlEEh B ohet ekl e e e gl
o

A Bl ARk §4d

o b o o |

Ca= frp(cp) + frp(cs) _fp(cm Cp’ Av) - fa(Cm Cxu) + rv+ q (])

Cp=1,(C,,C,A)~1,(C,)~f(C,)~h ®)
Co=f(C,)—-f,(C)-F(C)+y, 3)
Cso = £,(C Cy) +1(CY +£,(Cyp) —F4,(C,,) )
Cao = £4,(C,,) = £, (C) —F(Cyy) )
Cr=f(Cy)-r, (6)
A,=-f,(h,s5,C,A,) (7
q=ustu, (8
h=ub+up+ul ©

Assimilation f,
Atmosphere o Plants
c, Respiration f, c,
| T L Tub Tuf frsT i Product |
Exchange Burn Burn Decay harvest Litterfall
lfa I ‘ E Up lfl +uy
Surface Ocean Fossils Products | __ | Soils
Cso Cf Cw Cs
¥ : :
fi | ]
Exchange ST
g — River flow 5
faw| | fup Biomass fuel harvest
v
Deep Ocean Volcanoes A Rocks
Cao ——— Sedimentation —— Cr

Fig. 1. Carbon cycle model [14].
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C, = mass of carbon in the atmosphere, PgC

C, = mass of carbon in plants, PgC

C, = mass of carbon in soils, PgC

C,, = mass of carbon in the surface ocean, PgC

C,, = mass of carbon in the deep ocean, PgC

C, = mass of carbon in rocks, PgC

A, = normalized vegetated land area

f, = rate of photosynthesis, PgCly

f,, = rate of plant respiration, PgCly

f; = rate of litterfall, PgCly

f,, = rate of soil respiration, PgCly

f, = rate of transfer from soils to the surface ocean by the river flow,
PgCly

f, = net rate of absorption to the surface ocean, PgCly

f,,, = rate of upwelling from the deep ocean, PgCly

f,, = rate of down-welling from the surface ocean, PgC/y

f, = rate of sedimentation to the crust, PgC/y

f, = net rate of deforestation, y!

r, = rate of volcano emission, 0.1 PgC/y

q = rate of fuel combustion, PgC/y

h = rate of plant harvesting, PgCly

s =target rate of biomass production intended when planting
seedlings, PgCly

u,= rate of fossil fuel combustion, PgCly

u, = rate of biomass combustion, PgC/y

u, = rate of product harvest, PgCly

u; = rate of harvest loss, PgCly
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e
fa(ca’ Cso) = kao[pa(ca)_pZ(Cw Cso)] (19)
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k,, = 0.278 PgC/(y ppm)

. [HCO;T
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N = factor of CO, effect on photosynthesis

1 = factor of temperature effect on photosynthesis

p, = concentration of CO, in the atmosphere, ppm

p,, = equilibrium concentration of CO, in the atmosphere, ppm
T, = global temperature, (¢

Ar = total alkalinity of seawater, 2.222 mM [17]

g = Chapman-Richards growth function [18]
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Fig. 2. Predicted (solid) and measured (dotted) impacts of fossil fuel combustion (black) and deforestation (green).
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Fig. 3. Predicted carbon cycle impacts of 10% deforestation (s = 0), reforestation (s = /1), and afforestation (s = 24).
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