Journal of Climate Change Research 2021, Vol. 12, No. 5-1, pp. 523~535
DOI: https://doi.org/10.15531/KSCCR.2021.12.5.523

INVEST Carbon 22 E2st £ HYH|A 2l A MY H
E

#218" - 2RY” - I - Sun Zhemin' - ZFAT - MY
"SI SHEMERD ST SIAPYSHY, TSt AT BK21 SHEMEHSSINSHTH ¢ty

*RRE

TRTHol BZAERDSINE AATISHY, T DRfSD HEMEITE e

Analysis of Land Use Changes and Carbon Storage by Region under the Seoul
Metropolitan Area Readjustment Planning Act Using the INVEST Carbon Model

Hwang, Jinhoo™ - Choi, Yuyoung™ - Yoo, Youngjae" + Sun, Zhemin" - Cho, Hyo Jin™" - Jeon, Seongwoo™""T

"Ph.D. Student, Department of Environmental Science and Ecological Engineering, Korea University, Seoul, Korea
“Research Professor, BK21 FOUR R&E Center for Environmental Science and Ecological Engineering,
Korea University, Seoul, Korea
“"Master Student, Department of Environmental Science and Ecological Engineering, Korea University, Seoul, Korea
“*Professor, Department of Environmental Science and Ecological Engineering, Korea University, Seoul, Korea

ABSTRACT

Carbon storage is a critical ecosystem service function and has recently been affected by land use change and urbanization.
In this study, the change in carbon storage was estimated by analyzing changes in land use by region under the Seoul
Metropolitan Area Readjustment Planning Act and utilizing the InVEST Carbon model. Based on this analysis of land use
change, the Overconcentration Control Region (OCR) showed low urban growth rates and low deforestation rates; the Growth
Management Region (GMR) showed high urban growth rates and high deforestation rates; and the Nature Preservation Region
(NPR) showed high urban growth rates and low deforestation rates. The smallest loss in carbon storage occurred in the NPR,
while significant losses were observed in OCR and GMR. According to our analysis considering carbon sink, the amounts
of above and below biomass increased slightly, but the amounts of soil carbon and dead organic matter significantly decreased.
This study highlighted land use and carbon management in two ways. First, the region's need for land use and carbon
management policies was emphasized by analyzing changes in land use and carbon storage by region. Especially, cities in the
GMR with the most significant development pressure currently have fewer means of suppressing development, including
establishing protected areas. There is a need to establish regional policies that can manage these issues and minimize the
reduction of carbon storage. The second is the importance of soil carbon. Soil carbon accounts for the most significant portions
of carbon sink. Thus, it is confirmed that the reduction of soil carbon due to urbanization of land other than forest areas has

a significant impact on the total carbon volume, which is necessary for the integrated management of soil carbon.
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Fig. 1. Study area
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MtzE EX0]89] 17, A4, EY 5°] AtHLi et al,
2020). SIAIEE 2j0] F| s, Aguk, Apetsl, EAIE
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Ohtsuka et al., 2005). 23} AJUe] 05 Hgalo] Bhise
S Folks A SGAagSE AT HA
7] 913t =3t to|th(Lyu et al,, 2019). W2hAl, 4H, 5
A 5 HA FEe] B2 EAREE e #@a &
o 9 Sl digt A= e YA BAS gadiEs
U A B 82 4 UtHCeschia et al., 2010).

S A BAS 98t BP0 RE IVEST 2go] i
Zo]t}. 3 g2 Natural Capital Projectol| 4] 7 20
& AEAAHIAE JFstolal A =dlol= ZEFo|tHLyu et
al., 2019, He et al., 2016, Li et al., 2018, Jiang et al., 2017).
B BEES FEE e AL BHow ), A
Ao} A9 AT 53 A BB UrkZhao et al., 2019)
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2 4 W Ao AREEIL SITKLi et al., 2020).

2 A4 = InVEST Carbon X3S &850 77|
= A9g oo FAY § B EXol§ W £
4o B wagrYd Wake FYstud . o
AT PAAL EXol G} AT ZHolA cheFer EAo]
Ao} Y A Folct. olo] whet LEARuA Y]
£50] et £AS 390k 998 EX018¥s} B
S2AYY WoE B BALS HOR Bh APY B
£ 9% $2AFLE - A9 AEstE Ex0§H)
BR4e ANt Pt

i)
I
)
i
=)
¢
ol
L

Table 1. Categorization of areas under the Seoul
Metropolitan Area Maintenance Act

. Growth Nature
Overconcentration .
Type . management preservation
control region . .
region region
Suwon, Seongnam, | Yongin*, Yongin*,
Gwacheon, Anseong*, Anseong*,
Anyang, Gunpo, Ansan, Namyangju*,
. Uiwang, Bucheon, | Siheung*, Gwangju,
City
Gwangmyeong, Hwaseong, Icheon,
Siheung*, Osan, Yangpyeong,
Namyangju*, Guri, | Pyeongtaek, Yeoju,
Hanam Namyangju* Gapyeong

(*Indicates the case where one local government corresponds to

two or more regions.)
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Control Region, OCR), 474328 <(Growth Management
Region, GMR), Z}91X A HS(Nature Preservation Region,
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2.2.2. BAMNYY HI

e Wl BAE 915to] InVEST Carbon &
AT, BaAYFE EX0I A0} AUTS BE
sto] Fstion, gaUeo] 49 AF-AsHEF- AN
71ES B3olo] AXKFIEHLyu et al., 2019, Zhao et al.,
2019, He et al., 2016, Li et al 2018, Jiang et al., 2017). 3T
A99] F GaAYFE EXol& AFE @A Agg ¥
Ag Foto] AETI) o] u, ©a AP A, A5t
5, EQTA, AR B4 UEl] o ® ALk
FAAQA FAL 23} Zt) (1a, 1b) (He et al., 2016).

C=GCatCpt(GstCGp (Eq. 1a)

(:total =X (:z X Az

(i: EARY, C: EXY 99Hd o g4 A=,
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2.2.1. Land Use Change Analysis
- Urban/Forest Change
- UEIl

Below Sail
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Above
Biomass

Dead
Organic

- By the Region Type

] 2.2.2. Carbon Storage Change Analysis

- By the Carbon Storage

Fig. 2. Flow of analysis of land use change and carbon storage change
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o EX & EﬂOlEH e ABF A SEF A
EAZE Table 22 :.101] ot AE=slo] AMREHY
c}. InVEST 232 x]oﬂ 9] eha At

ZYoluz, tietdl= 3 QT 2|92 AP

TAMF7IES] AR AT 945l digsts g4 o] Carbon Pool H|oJE|E F55I3UTHLee et al., 2016,
9Ju]3HH(IPCC, 2006, Zhao et al., 2019). Chung et al., 2015, Tomasso et al., 2014) (Table 2.).
SaAF 4L 93 InVESTY 752 Yaixe=
A7 EA| T & H|o|E|2} Carbon Pool H|o]¥|7} H a5}
Table 2. Carbon pool table for INVEST model (Unit: Mg of C/ha)
Land-use Cabove Cbelow Csoil Cdead Land-use Cabove Cbelow Csoil Cdead
. Mixed
10 Built-up 0 0 0 0 33 53.59 17.36 47.22 11.79
Forest
Rice Natural
21 . 0 0 69.9 0 41 4.17 16.69 88.2 0
Paddies Grassland
. Artificial
22 Field 0 0 62.2 0 42 1.15 4.58 11.5 0
Grassland
Facility Inland
23 L 0 0 45.9 0 51 35.24 9.18 88 0
Cultivation Wetland
. Coastal
24 Fruit Farm 0 0 51 13 52 1.3 1.3 240 0.7
Wetland
Other Bare
25 o 0 0 45.9 0 60 0 0.33 0.33 0
Cultivation Land
Broadleaf Inland
31 64.31 23.15 55.68 10.13 71 0 0 0 0
Forest Water
Coniferous Ocean
32 42.87 11.57 38.75 13.45 72 0 0 0 0
Forest Water
3. ¢ Z3 ¥ uH st As, A ¥ 4L AT 5 Ak FUAAY
o] A% ti7l B2 =AM BlE(+36.13%)% 2 A
o B&(39.82%) BT AgBLAGe] FoolE %
3.1. EX|0I8 H2t 24 o SAHE(+79.46%) BTk AARAAL ] HE

g4 A 2le] AR o] AA|sk= 120139 B
BAE 7127 24 A%E] (20004 ~20139)S 24

Al AA 9] HlEgo] 7P WO H(10.57%),
S AfAoT =2 7H+83.27%)S H K Table 3).

LA ARE

Table 3. Trend of growing urban areas (Unit: ki)
Zone 2000 2007 2009 2013 Urban proportion (2013) Urban growth rate (2000 ~2013)
OCR 239.60 289.91 305.13 326.29 39.82% +36.18%

GMR 303.17 432.71 490.86 544.07 22.94% +79.46%
NPR 219.4 283.87 336.77 402.09 10.57% +83.27%
Journal of Climate Change Research 2021, Vol. 12, No. 5-1
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Fig. 3. Urban proportion (2013) and urban growth rate (2000 ~2013)
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Table 4. Trend of decreasing forest areas (OCR: Overconcentration Control Region, GMR: Growth Management

Region, NPR: Nature Preservation Region)

(Unit: k)

Forest proportion Forest decreasing rate
Zone 2000 2007 2009 2013
(2013) (2000 ~ 2013)
OCR 328.5 322.89 318.17 304.7 37.18% -7.25%
GMR 836.15 794.14 791.38 746.86 31.49% -10.68%
NPR 2,424.04 2,376.77 2,378.80 2,315.22 60.83% -4.49%
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L oy} W% EAZEo] Z718 A9 ojo] T oy 3.2.1. X2 Q8 2y
gQast X

7haas A9eld. dojuz Aunw gdnAdeolse] A4 ws
3.2, EbA XX W5} 7F 7P AL (-0.47%), IFLAAAA(-10.49%), 37

A 9G(-10.68%)00 A & FaTF= HH(Table 5). =
InVEST Carbon HgS &85 &4 AT ¥sks AdEE B4 A FHEELNPR, +3.79%), 7HFEZE(NPR,

oA & XY 33, v AT F +1.88%), QHAAI(NPR, +0.79%)0| A= BtA A &Feko] A&
Pz Bt Wl B4 i A]7]= 2000 of F 7ot FAE ERoY BAGoAE SAARTF
H] 201399 B4 AR WIS 7|$£02 Syt o] raot= AFE HA E35] LAA(GMR, -25.48%),

A ZA(GMR, -24.90%), SHAEAI(GMR, -23.96%)°l4 7}

4 2 ga%e e,

Table 5. Changes in carbon storage in the past (O: The region where carbon loss occurred the most. @: The

region where carbon storage increased the most.) (Unit: Mg of C)
Zone 2000 2007 2009 2013 Rate of change (2000 ~2013)
OCR 5,940,286 5,592,461 5,398,492 5,316,963 -10.49%
Suwon 551,778 522,807 452,092 448,068 -18.80%

Seongnam 1,167,482 1,160,514 1,103,858 1,070,017 -8.35%
Gwacheon 338,555 332,279 330,333 298,221 -11.91%
Gunpo 273,065 250,694 240,524 247,885 -9.22%
Uiwang 507,960 494,310 476,368 476,007 -6.29%
Bucheon 188,011 161,554 165,116 166,657 -11.36%
Gwangmyeong 269,813 248,428 219,082 232,807 -13.72%
Siheung 834,915 779,803 757,946 760,773 -8.88%
Namyangju 400,092 340,430 339,419 331,834 -17.06%
Guri 189,748 172,989 191,919 172,634 -9.02%
Hanam 814,708 742,653 739,302 737,027 -9.53%
GMR 38,059,150 37,367,677 37,201,797 37,881,829 -10.68%
Yongin 2,493,073 2,328,120 2,286,801 2,284,467 -8.37%
Anseong 3,747,751 3,637,989 3,609,882 3,721,829 -0.69%
Ansan O 1,352,735 1,340,323 1,297,053 1,028,645 -23.96%
Siheung O 85,850 96,530 68,319 64,477 -24.90%
Hwaseong 5,794,173 5,151,688 5,011,457 4,789,951 -17.33%
Osan O 269,386 256,555 204,734 200,759 -25.48%
Pyeongtack 2,642,648 2,539,459 2,451,273 2,411,199 -8.76%
Namyangju 2,193,364 2,121,688 2,124,373 2,093,635 -4.55%
NPR 18,578,980 17,472,351 17,053,892 16,594,962 -0.47%
Yongin 2,699,444 2,544,753 2,627,595 2,622,020 2.87%
Anseong @ 899,191 890,953 897,245 906,319 0.79%
Namyangju 2,079,841 2,062,024 2,057,358 2,051,152 -1.38%
Gwangju 4,487,694 4,330,659 4,292,859 4,324,048 -3.65%
Icheon 3,593,374 3,484,420 3,420,829 3,425,880 -4.66%
Yangpyeong @ 9,177,904 9,104,600 9,036,342 9,525,306 3.79%
Yeoju 5,303,464 5,199,296 5,152,924 5,024,690 -5.26%
Gapyeong @ 9,818,240 9,750,974 9,716,645 10,002,415 1.88%
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Table 6. Changes in carbon storage by carbon pool
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Part 2000 2007 2009 2013 Rate of change

(2000 ~2013)
Above biomass 24,059,575 23,579,742 23,967,163 24,376,216 101.32%
Below biomass 7,928,883 7,796,571 7,973,510 8,571,241 108.10%
Soil carbon 40,578,519 38,590,092 37,289,963 36,762,384 90.60%
Dead organic 5,442,265 5,266,074 5,189,744 4,858,325 89.27%
Total 78,009,241 75,232,480 74,420,380 74,568,165 95.59%
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2021, Jansson et al., 2010, Stockmann et al., 2013,
Scharlemann et al., 2014; Plaza et al., 2018, Lal, 2010;
Putz et al., 2014). WA EF 4= 71 £33 SA4F
g4 Fedor IHEI rh(Nguemezi et al, 2021,
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