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Abstract: Carbon management is emerging as an important factor for global warming control, and
land use change is considered one of the causes. To quantify the changes in carbon stocks due to
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development, this study attempted to calculate carbon storage by borrowing the formula of the

InVEST Carbon Storage and Sequestration Model (InVEST Model). Before analyzing carbon stocks,

a carbon pool was compiled based on previous studies in Korea. Then, we estimated the change in

carbon stocks according to the development of Osong National Industrial Park (ONIP) and the

application of alternatives.

The analysis shows that 16,789.5 MgC will be emitted under Alternative 1 and 16,305.3 MgC under
Alternative 2. These emissions account for 44.4% and 43.1% of the pre-project carbon stock,

respectively, and shows that choosing Alternative 2 is advantageous for reducing carbon emissions.

The difference is likely due to the difference in grassland area between Alternatives 1 and 2. Even if

Alternative 2 is selected, efforts are needed to increase the carbon storage effect by managing the

appropriate level of green cover in the grassland, creating multi-layered vegetation, and installing

low-energy facilities. In addition, it is suggested to conserve wetlands that can be lost during the

stream improvement process or to create artificial wetlands to increase carbon storage.

The assessment of carbon storage using carbon pools by land cover can improve the objectivity of

comparison and evaluation analysis results for land use plans in Environmental Impact Assessment

and Strategic Environmental Impact Assessment. In addition, the carbon pool generated in this study

is expected to be used as a basis for improving the accuracy of such analyses.

Keywords: carbon stock, land use change, Osong National Industrial Park, land management,
INVEST Carbon Storage and Sequestration model
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Map of South Korea and study area located in the Chungbuk province at Osong National Industrial Complex.
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InVEST R4S L53517] Y= EXuEY
o] Basir}, g 3
blomass), A5 (belowground biomass), &% (soil),
A} §-7]%(dead organic matter) Erag JLEEC}H
Bl AAEFS o] 59] gto & ERY 4 9lom of
& A(Eq. Dol whet EXu) 8 g AabFS AL
St cHHwang et al, 2021).

Ci=CiutCsCistCop

E2 A (aboveground

(Eq. 1)

iz land cover type

C;: carbon storage per unit area

C.4: aboveground carbon density

C, 5: belowground carbon density

C;s: soil organic carbon density

C.p: dead organic matter carbon density

3 =, o] A A 9 dnf
AF ff7]of YstuE ofof of
sFathJo et al, 2014), 4+ €t

1A 23t o igAl= KEI(2016)9] e 2§

3. At TiRtol| wE A M A

EA|7) o] B g A4S 2457 Slsto]
Fa. 12 B8] A4S EX|78 gha ARHC)ol
s £ 20 wA (1) FehrHEq, 2).

Ciror = Ci X 4;

i: land cover type

C;: carbon storage per unit area (MgC/ha)

Ci o total carbon storage (MgC/ha) of land cover
A;: area of land cover

ofuf Akl A B3 B A ol 88 4 = 1
2 % 7P 2] 758 20220 AR EATRE

2 Mgt B A o AAR BRA
2 483 u) 1 Hehest Fobd 4 ek Tejut 7
§ dolg/t el ueh 385 2 ghEF S2o
2 Aol AGSHIt A olF ARE ©
§ QOI/MIYEA Ak B8/ 3713
2-319] 59 2FUWSMOLIT 2020)7] 25 ‘ehet
I3} oo 28 O ArcMap 10,7, 1% ]85}
Asact, Sl Akl ASle] T AR B34 3
oz Apuol I A HAZ T 4§19l
o}, thohd Aol g A AL tiek 1 48 A ARg)
WA o] 675, 3ha, ot 2 A& A] 677.0haz 7| A=
of QLo MiA W AR Zho B AR Bl

W22 717} 688, Tha, 688.3ha= 2to|7} Qlct, B
ol-&AY S MRt F 4 EF P TR

Table 1. Reclassification of items and classification code/name on the land use plan

Classification code and name Items
* Apartment house * Pedestrian capacity
* Detached house * Parking lot
* Production facility * Research facility

* Gas station

100 (Urban or built-up land)

» Commercial facility

 Multi-functional complex

* Environmental fundamental facility
* Detention pond
* Neighborhood living facility

420 (Artificial grassland)

* Public open space

* Mixed-use building * School

* Business facility * Public facility

* Square * Supporting facility
* Cultural facility * Substation

» Community facility * Religious facility

* Road

* Park

* Green area

710 (Inland water) * Stream
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(Eq. 3)

(1+ 1590 (1 + 150

i: land cover type
value seq;: price of carbon in unit area (ha)
V: price per metric ton of carbon
s: amount of carbon (MgC), sequestered on 1 hectare of i

q: future year

p- current year
r: yearly market discount rate for the carbon price
c: yearly rate of change in the price of carbon

AR 74 Bt v
A%, 89 8471, 90 60 BUE,

-

A& 27 ARt UlﬂH Ao Ao, e 7}
2L COyol tfat AF3] A 1]-8(Social Cost of Carbon,
SCC) $56(3+st 70,8129 ; 2022¥ Bt & $1-
1,264.5¢ A8), A7 gaA 182 3%, A7 ©Aa
712 MEES %2 AASATIWG, 2021).

A A o gt 'k AR APSS el Eq.
32 A4t EXuEd ohe] dAdd AAA 7HA]
(value seq;)°l| ot EA| T E-0] WA (4,)S Fdte] o]
£ dAFsISiTHED. 4).

value seqyq = Y value seq; x A;

(Eq. 4)

value seq,,,;: total price of carbon in study area
value seq;: price of carbon in unit area (ha)
A;: area of land cover

Table 2. Amount of carbon per unit area by Land Use and Land Coverage classification

. References Amount of | Tomasso and
Classification : .
(i) Aboveground Belowground Soil Dead organic | carbon | Leighton (2014)
biomass biomass matter (MgC/ha) (MgC/ha)
Urban or built-up
Jand (100) Bae (2021) Bae (2021) 27.00 33.79
Lee et al. (2013a),
Paddy field Han et al. (2020), 51.83 i
(210) NIFoS (2006), ’
NAAS (2013)
Non-irrigated NIFoS (2006),
land (220) NAAS (2013) 3405 67.79
Protected
cultivation (230) KEI(2016) 490 )
Orchard (240) NAAS (2021) Lee etal. (2013b) Lee etal. (2013b) 166.97 -
Other cropland
(250) KEI (2016) 45.90 -
. Jo (1999)
Atrtificial Jo (1999), Jo (1999), ’
. . NAAS (2013), 61.16 120.01
grassland (420) | Jang and Shin (2022) | Jang and Shin (2022) Bae and Ryu (2015)
Inland wetland Bae and Ryu (2015),
(wetland Kim et al. (2016) KEI (2016) Yoo et al. (2022), 216.19 182.07
vegetation) (510) Yu et al. (2022)
Barren (600) KEI (2016) Bae and Ryu (2015) 16.13 0.66
Inland water
(710) KEI (2016) 0.00 0.00
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L A7 9 7% (2014)9] BtA 3 v n P W A7ts-ARA A,
QE2 A= 212} 6.79MgC/ha, 58,85MgC/ha T 2

< ghol, B A @), A, WA= 242 5.14MgC/

=

=
O = 5 O = &
XLE]:E ézé == z;(‘];i;

g E2 Ul B ARE - 42 ha, 34.12MgC/ha, 15.47MgC/ha © 2 gro] #of
AR ATFE Farsto] 28t AcH(Table 2). = A1 =t
Yoo A de] 4% Tomasso and Leighton
Before development After development (Plan 1)
IBe e\ A T T
< " v\ 3
After development (Plan 2)
\\
I Urban or built-up land (100) [ Orchard (240) [ Barren (600)
Paddy filed (210) [ Other cropland (250) [ Inland water (710)
Non-irrigated land (220) I Attificial grassland (420) Boundary of the other plan
Protected cultivation (230) . Inland wetland (510)
Figure 2. Land use map of before development (left) and after development (right) generated based on Table 1.
Plan 1 Plan 2
Before development After development Before development After development
k l i \ ‘l o \ l

Figure 3. Estimated carbon stock of the area before and after development (MgC/ha).
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(Figure 3, Table 3).
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Inland water (6.7ha)
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After Development

Inland water
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Plan 2

<«——— Before Development
Paddy field

Agricultural
Land
(575.2ha)

Urban or
built-up land
(56.4ha)

3 .~ Autificial grassland (18.8ha)
~ — Barren (16.8ha)

e "~ Inland wetland (14.4ha)
Inland water (6.7ha)

(9.7ha)

Figure 4. Differences land cover according to development plans
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Table 3. Comparison of changes in carbon stock and converted values according to the plans

Plan 1
Amount of carbon storage .
Social cost (won)
MgC MgC/ha
Before development 37,844.9 55.0 2,387,974,241.9
After development 21,055.5 30.6 1,328,578,078.5
Change -16,789.4 244 -1,059,396,163.4
Plan 2
Amount of carbon storage .
Social cost (won)
MgC MgC/ha
Before development 37,794.6 54.9 2,384,797,729.5
After development 21,489.3 31.2 1,355,953,494.6
Change -16,305.3 -23.7 -1,028,844,234.9
Uebdcha B sk % skt 2011; Jo et al, 2020), &} I3 A A= 25]H
2 A7 B HBAT YolEt 25 A7l 4B AR JoIE Ao BE Bed WA
Sh (R W, ARE A B ool AR Helt 2S Wol 44T mel 24 22
2ol 7} Ik, Kim et al, (2016)> Al Hof what )7} A o] oA of FtH(Lee and Shim 1998;
S ARk 2L ghofl diek AR st g 4 Qs An et al, 2011).
2 AARRE BE glo] QoA AAIGH gha F AA] S o] §AE At 5419 HES Eole A
EATSE Gh AYFE Al @AZE A Ehshte] ol B 4 ok S-S B4 A
ACR BTt 2T AAH 24 Aol 2 g FUL 216.2MeC/hai AHAA] WA 87.8%F A
& AT B7HE SOl T Aol tigt ZiAdo] Ha Aol B4 A (=, &, ARl oF 4ufjof et
g Ao AlmETt tHTable 2). AE 1, 25 AHEH ALY o)A 5
A9E A|Yo] ooz WAHH AOR ot B
3. BtA XEEol| chHet x| 2t
Aol WA 07 A 579 WAL 14.4-14.5
A oI5 B AYFS vigoR ARH vl ham AA) Q) o 290 BelAL, o)F Bz
(70,8129)F A-&sto] AAA 7HA & 4H&EsHSiTh = Anto 2 AR A gha AR oF 8.2-8.3%9)
e AR o] B2 AFE WL A 12 gele Bas Aejd 4+ otk @49 3 e
2 ) 910,69 ¢ AR 22 E W oF 10,39 A 4AI5] oJYTHA AFHAE ZHTFOZN T A
2 Z4HrHTable 3), ttebd A3 25 A8 1 38 P 2 4 9l A0 ARHL, ofu) ki A
U ] gAaE SR AT e AeR 2l SAo n7 A 2 s GAJof AAEhe A
o =t Aol whef gepd 4= qlom, AR Al A E T
L =2REo YREES P AR o] anto
4, FEE EA IS U I3 wot RS w7l ek el sl
tH(Robles et al. 2023).
A 13+ A 29] g A Zpol= 24| WA
of Apolof 4 v EF RO ekttt FARA oA V. A=z
of ha AYFE B3] %3 A4 B Fo), hET T
AN 2 52 B EY S 900, Bugol s B AL T A4S hYOE k 4T
A e FAL 2HAGE APSY 2L A0 & R HBATE B Ta B FHHE0R,
o 2 o)2o] AR HsE 4= 9lth(An et al InVEST Carbon Storage and Sequestration Model
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(InVEST =9)¢] 2L
% OO=7HAeA] i 9 oot 2§
ANFE Wbkl 24 2 A 1S e o &
16,789.4MgC, AE 2& wE f 16,305.3MgC2] &
27bEE 208 d i, gEo] ol gt 7t
A5 st @9l= Hbslglon 717k oF 10,69, oF
10. 301 oz i/&]-Eloh:} 731};(4 o7 7;“§] 2= ;‘<H
213} o) ofF 3ATF Yol A2 W & Qe Aog B
5

=
A= AT A S g AR Mot dFE vl
¢} 5

S A AR

A 78 A0E 7|E XSS YRES AAT 5
7, B3] 0] o], A8 1342 Apo] ] T
A Aol 2} thore] 2] WA AololA] 7]9I3t A
O HehEth SAo M2 T S A 7
W A0 ke wonR A 259 k98 el
o vk A 24 9 ou] Abgerol e A4
% 42§ 3 838 kel 2 u8ol Yasic
F7h2 310 H) AeA e 5708 1
o mugel BRRE Yl 44T A
23k W R e E 4 98 Aol
AT TN TEHE Tk B w844 5
e MO RN FU) T A B4 ok
2 gol7] SR /12ARE B 4 9on], EX
w5 T A5 BET T Ao Wk B
AT 2L AR GG A ABRE ol
Lr'L

wel gl olof mhe Bl o

Fadt 7o Az

XAt

B =72 3 349714 9(RS-2022-KE
002025), FHEA LA THKRF-2021R1A2C1011213),
H%yﬁ@gx% Al E] (SESTC-2023), S35 7135
T E91L 95k A A (2022030
A58C—00)2] XI%J% dro} e ] Q)5 o},
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