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Abstract

We deduced the proper estimation methodology for the amount of carbon sequestration by

damaged trees for Environmental Impact Assessment (EIA). The nine development projects related to
renewable energy, damaged trees occur, assessment status and used method of evaluating the carbon storage
of damaged trees were summarized. And after re-calculating the carbon storage of damaged trees through
allometric equations, the difference between the two groups, re-calculated the damaged trees carbon storage
and the damaged trees carbon storage in the report, was validated. As a result, damaged trees carbon storage
in words was more than the re-calculated damaged trees carbon storage, and it was statistically significant
(p<0.005). This result means that the existing method for calculating damaged tree carbon storage is over-
calculated. It was judged that it was necessary to improve the calculation method. Therefore, allometric
equations suitable for each dominated-tree species should be used when calculating the damaged tree carbon
storage. Furthermore, we propose to establish a carbon storage calculation system based on actual data from
the ecosystem so that researchers can efficiently and accurately the damaged trees carbon storage.

Key words: damaged vegetation, carbon sequestration, allometric equation, environmental impact assessment,

climate change impact assessment
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Technology Center, 2021).
AN BAGFE PeeBT FAD
L HeSE 82 % 8 A U of4o

At=
S e A+
(Lee and Choi, 2009), }&F Z7]0] W& B AHA 9l
E384A o tist A+ (Comas et al., 2011; McRoberts et
al., 2015), E29AE 53 +5F 4H8 A (Park, 2021),
AEEE o|4d] BieF 914] AT (Moon er al., 2021) S
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and Park (2011)2 $E9] Hjo] oA AHA
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Table 1. Weight per unit volume each tree species.

Weight per unit volume

Tree species (kg m™)

Evergreen oaks, llex integra, Quercus accutisima, llex cornuta, Quercus serrata, Buxus microphylla Above 1,340
Zelkova serrata, Magnolia kobus, Ulmus parvilfolia, Eurya japonica, Styrax obassia, Cleyera japonica, 1.300~1.340
Deutzia parviflora ’ ’
Acer palmatum, Ginkgo biloba, Prunus sargentii, Daphniphyllum macropodum, Larix kaempferi,

. . L. . 1,250~1,300
Juniperus chinensis, Pinus thunbergii
Pinus densiflora, Chamaecyparis obtusa, Platanus occidentalis, Aesculus turbinate 1,210~1,250
Larix kaempferi, Cinnamomum camphora, Cryptomeriajaponica, Sciadopitys verticillata, Magnolia obovata 1,170~1,210
Platycarya strobilacea, Chamaecyparis pisifera 1,170 below

+(NDVD) B s ARy 55
W A APgst= WY (Liang, 2012)2 2
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Fig. 1. A map showing locations of development project.
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Table 2. Status of development projects in this study.
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No. Type Project name Location Area Generation scale
Cheongsong Gyeongsangbuk-do Cheongsong-gun
1 Myeonbongsa Hyun din fn con gsong-g 196,590 m? 27.0MW
Wind plant y g-my
2 Ga}ngneung Anin Gangwon-do Gangneung-si . 340,900 m 60.0 MW
. Wind plant Gangdong-myeon Eonbyeol-ri
L Wind
plant .
Uiseong .
3 hwanghaksan Gyeongsangbuk-do Uiseong-gun 231,418 m’ 72.0MW
. Oksan-myeon Olyu-ri
Wind plant
4 Ga}ngwon Gangwon-do Pyeongchang-gun ' 119.854.0m’ 160.4 MW
Wind plant Deagwallyeong-myeon Hoenggye-ri
Bonghwa Dochonri Gyeongsangbuk-do Bonghwa-gun 2
5 Sunlight plant Bonghwa-eup Dochon-ri 1,399,857.0m BIMW
6 Blgu.em]oomm J epllanam—do Shman—gup 2,354,363 m’ 200 MW
Sunlight plant Bigeum-myeon Gasan-ri
Sunlight Cheorwon Gangwon-do Cheorwon-gun 2
7 plant Sunglight plant Galmal-eup Munhye-ri 406,445.0m BMW
3 Ulsepng Cheolpari Gyeongsangbuk-do Ulsfeong-gun 726.715.0 m 27 5MW
Sunlight plant Uiseong-eup Cheolpa-ri
9 Yeoqgwol Gangwon-do Yeongwol-gun 974232 m’ SOMW
Sunlight plant Nam-myeon
2. Mg & 23,363 m’°(6.85%), AR EASF Ul 5F 221,144 m’
64.87%), AR EASF IV 55 11,079 m*(3.25%), 21X
1) B2 BHEA SR THAIY ( F_i_) RS 1V 5 N ; ";jg
HASE Vou 85314m (25.03%) 2= .
2 2AA9e aund, YT LUREY, 47 ow Ve (25,030 8% T/ A
Ut auf e, AUREARE, AZ2uR-23uiae, 3) A1 BISIA SHUIMCER| AFY EAMALY
=
AZUEEE, gr7IdaydF AR, AZuF-2F Uy B zAx|de Aynaet ZaroAzgnag A
H 33 o) 2} % 5 ol e) - -
wEol 2Rl glof 23 Aok AFHL Y= AN gun amuegy AguRgy, B3I, a0
1] o = B = 3]
£ WG, DX ABS APRATHOR 2RIAD  p gpyRgY APURASAGREY, £U4T-2
AYEASH IS 158484 m(80.02%), HARATH  gynae swgyr.2gusgstel Basm o
2
IV 55 19,547 m” (9.94%), B HASH V 5 18,559 M T T 42727} MAET 9t 2319l Aod

m*(9.44%) 2.2 A5 0] %t

Mr -z
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B 2GS AZGREY, BRAUEEY, 929
ZURAYY, B NERES
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2,891.4 m*(2.4%), ANMEASF IV SF 772.9m*(0.6%),
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Table 3. Vegetation status and methodology for estimation of damaged tree carbon storage for each development projects.

Estimation equations of

Projects Dominated vegetation
damaged tree carbon storage
Cheongsong Pinus desiflora community, P. densiflora-Quercus mongolica
Myeonbongsa community, P. densiflora-Q. variabilis community,
Wind plant Q. mongolica community

Gangneung Anin

Q. mongolica community, Q. mongolica-Q. variabilis
community, P. densiflora community,

Wind plant . . .

1nd plan P. densiflora-Q. mongolica community
Uiseong Q. variabilis-Q. mongolica community, P. densiflora
hwanghaksan community, Q. mongolica-Q. variabilis community,
Wind plant Q. mongolica-Q. acutissima community
Gangwon B demifora 0. momgolic commmanity. 0. mongolica
Wind plant : ’ 8 Y g

community, Q. mongolica-P. densiflora community

Bonghwa Dochonri

P. densiflora community, Q. mongolica community,

Sunlight plant Q. serrata community, P. densiflora-Q. serrata community
Biguemjoomin .. .
. P.
Sunlight plant thunbergii community
Cheorwon P. densiflora community, Q. mongolica community,

Sunglight plant

Q. mongolica-P. densiflora community,
P. densiflora-Q. mongolica community

Uiseong Cheolpari
Sunlight plant

Q. acutissima community, P. densiflora community,
Q. acutissima-Q. variabilis community, P. rigida plantation

CO; storage equation
A =Individuals of broad-leaved tree
X At + Individuals of needle-leaved tree
X Atz
Ar1: storage of broad-leaved tree,
Y =0.2572 DBHuver
Ary: storage of needle-leaved tree,
Y =0.3501 DBHaer'*

% Assessment guideline of greenhouse
gas inventor y in Environmental Impact
Assessment (Ministry of Environment, 2015)

Yeongwol
Sunlight plant

P. densiflora community, Q. variabilis community,
P. densiflora-Q. variabilis community,
P. densiflora-Robinia pseudoacasia community

W (kg) =k X 3.14 X (B/2)*XhX W; X (1 +p)
% k: Stem formation coefficient (0.5),
B: Diameter of Breast Height (m)
(Diameter X 0.8),
h: Height (m),
p: the ratio of branches and leaves on tree
(forest tree: 0.3, Isolated tree: 1.0)
Wi: Biomass per volume each individual
(kg m™)
% Landscape designe brochure 1998
(Landscaping Press)

ARYBRAST V5F 116,189.7m° (97.0%) 22 FAEH A+ tha e Aoz AET ZARX| G APEA
AT S AR d%ﬁ I 55 1,118,908 m?(79.8%), A1y
HASE IV EF 134,849 m*(9.7%), APEAEZ VS
5) 83t ==2| EfYZLUTT ZHAY = 146,100m (105%)0§ FA =0 At
2 ZAA YL 2R, SRR, SRS,
AR SRS, AR E3URLS 6) HIZFRIEf 2 LWHALA

FPUE I, 2EER2e 230t
U ob AR, Adiege 23
% AUR-guRle

N
> B
s
o

nze A4 B ARG BE AP FEFo] BEsia Qu
B GEE Fdo] F47E SR, Suyrie So] Bx
%%‘”r%j- % ¢ Faetol BE ST YUtk 2AX A AARAFFL AYRATF I
ZA3 £, 0 55 34,128 m*(0.98%), AMEASF V 53 3,431,498
% o] @*36 £ AYgo® BAZE m’(99.02%) 22 FAE o] ATt
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DBHE 8% AHg4l0] 217} tilste] CO, 7oz shatel
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2ATES AR FTF AL AR AR TP B A
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Table 4. Species, DBH, the number of tree and carbon storage of damaged trees.

Damaged tree Carbon storage

Project name Damaged tree species DBH (cm) (ca) (Mg CO»)
Cheongsong . L
Myeonbongsa g mongolica, CVJZZ;:;Z;Z 9~28 27,105 11,658.9
Wind plant ’ T
Gangneung Anin Q. mongolica, Q. variabilis, 5
Wind plant P. densiflora, P. koraiensis 10~44 20,456 13,410.6
Uiseong hwanghaksan Q. mongolica, Q. acutissima, N
Wind plant Q. variabilis, P. densiflora 14~38 35,767 17,4000
Gangwon Q. mongolica, Q. aliena, N
Wind plant P. densiflora, P. koraiensis 20.5~34 249 194.4
. P. densiflora, Q. serrata
Bonghwa Dochonri Q. mongolica, Q. aliena, 15.1 48,504 6,930.0
Sunlight plant o
Q. variabilis
Biguemjoomin ..
Sunlight plant P. thunbergii 10.4 4,778 23,400.5
Cheorwon Q. mongolica, Q. variabilis, N
Sunglight plant P. desiflora 12~25 22,709 5,204.7
Uiseong Cheolpari P. densiflora, Q. acutissima, N
Sunlight plant Q. variabilis 10~17.5 92,941 16,064.9
Yeongwol P. densiflora, Q. dentata, N
Sunlight plant Q. variabilis 4~20 48,503 9,409.4
97 Za U pat AE4E S2APFS YA 20 A7 PP
wrel 106.5~13,709.4 Mg CO,9 WS YR, BIA
1. fl&e= BAXTE MY W P FeFEIIete gaxgFEe 22 ZE UERTh(Table 5). 53] 21
AR 24 A BaARFES AR GG FTES AAE 114

AglA g

FAstqT). o, 4
%
I35tk Table 5=

¢

S = S E i g B

A3}7] 93+ paired t-testS
M2 dfgol He Fd 7 Aol &R
o]t} (Ross and Willson, 2017).

qum S L3 AAZE CO,
Jeko 2 W3kaly] ¢3te] BraAS A4 0.5 (IPCC 2006)
S5tar, A3} gholl ThA] 44/12 (CO, B-AEFH/CY
AT HEAA Y HuA4 3

SAAGFT QA SFaAFES v

¢
>
()
v
:ln
i
2
v
:lu
> ok

2o ox e 2 4 e

s

A
t‘r%

gk Aojtt. B
ARG 7H 2ol E £
A A3} T). paired t-test=
Aot TAEA W

Al AA= oF 3uj7EA] Zfol7t U SHH FFEIEY AE

2AGFE FHAFAS A gEg pE =
Ao 2 YL piared t-test 24 A3 BIA BAA
Pl PAby sraAGT £ QA olls FARCE #
3 AR U HuA g Aol i sa
FEo o Bt (p<0.005). 3HH, BlEFY HEF
At A 219.78) EE He ASE YR

B 104cme DBH ¥ 2 J&4EaFS 1335}
%% o], ehAaA A 23,400.5 Mg CO= 25 A E A

T, olo] g HE 9 =4 §lo] HIFH

O tZ 2 (o oX FIFJI{]
Flr (R

10_9-

7+ Ao EAH Ao AmEt
2. HARHII} A4S BAKTEY AHS 93t
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Table 5. Comparison of carbon storage in report and re-calculation carbon storage.

Carbon storage

re-calculation

Project name in report (Wp) carbon storage (W2) AW=W;—W;, Wi/W,
(Mg CO2) (Mg CO»)

Cheongsong
Myeonbongsa 11,658.9 7,939.5 3,719.4 1.5
Wind plant
Gangneung Anin 13,410.6 8,085.3 53253 1.7
Wind plant
Uiseong hwanghaksan 17,400.0 13,709.4 3,690.6 1.3
Wind plant
Gangwon 194.4 170.8 23.6 1.1
Wind plant ’ ’ ’ ’
Bonghwa Dochonri 6,930.0 4,509.7 2,420.3 1.5
Sunlight plant
Biguemjoomin 23,400.5 106.5 23,294.0 219.7
Sunlight plant
Cheorwon
Sunglight plant 5,294.7 4,464.7 830.0 1.2
Uiseong Cheolpari 16,064.9 11,205.0 4,859.9 1.4
Sunlight plant
Yeongwol 9,409.4 3.251.0 6,158.4 2.9
Sunlight plant T e T ’

A 32 AR (destructive sampling methods)Z} H]
u}3) & At A A (nondestructive allometric equations) 2
Z s & 3Uth(Liang, 2012). A3 EHL 3+ W &
gho] ojE& o FELAT &4 glo] ARAE Bl ¢
A= $59 DBHO| ZAstY £59 Hlo|emjAE
ZA38F 4= 9l o]t} (Wittaker and Woodwell, 1968;
Madgwick and Satoo, 1975). 7fEAI o] WE Fe4Eo
SaAgFe Y 230 vt AR 283 59
Bolt volonl 22 o) A4 % gev, o7f
NS BT BIA G LRARS D ZEHY
2o ANE BT AESD BLAGTS Ao
O Ty AAE 8] BaATES RAA
of MmN 23t HAL 1L1o)A 2,987 TR
o] AHo|7k kAl HBE A Wol AL o= bt
N2 )T GBS 948 B9 SaAY L Foo)
9 Bl £} B 2B BaE FHE FA
Aol BT AL ARRZA ot Hr 259
Bokst BaA g Aol RFHT 9Tk IPCC 2006/

H BE $E(Tier2, 3)0) B4 F4 9 AFTL 459

i

[9)

oL,

-

ol
o

].

ol

NIR (National Inventory Report)E A|&& AL &
QU3L, Kwon er al. (2012)2 AFEAY A Q] HAFHFS
ot 5] d&ste] Aol WE EXo|8AY Al
13 5 Qe (R E AFstA} st¢lch E3F Hwang and
Park (2011)& A1) &A% 9 Foe A4S 99t 3
HE st At AMRgS fls) ATaRAE &8
stz Ao| vigtA|siths A5 RS v ok @A <&
A7tE FE SR FFFE7HS BRI 0] nilEy] R
o 5o B AP WRlo] FE AL FAsh
2|2 715R3E &3} o-g I3 A F ol Fatstr] Hste] 5
5O AT s 1=3 & et e AL
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Table 6. The allometric equations of tree species in forest each the region.
Allometric equations
Species Region Reference
Components Equations a b c
Stem W=aD" 0.07 2379
Pinus densiflora Branch W=aD" 0.001 3.341
Leaf W=a+bD+cD’ 1.564 —0.095 0.014
Central temperate Son et al., 2011
Stem W =a+bD +cD? —51.453 4913 0.227
Quercus variabilis Branch W=a+bD+cD? —8.684 0.121  0.089
Leaf W =a+bD +cD? —1.598 0.215 0.005
Q. mongolica AGB logW =a+blogDBH 2.076 2.579 Northern temperate ~ Son et al., 2007
P. koraiensis AGB logW =a+blogDBH  —0.5432 2.0553 Central temperate Ryu et al., 2014
Q. mongolica AGB W=aD" 1.632 2.505
b Central temperate Park, 1999
Q. serrata AGB W=aD 1.443 2.645
Prigida AGB logW =a+blogDBH —2.822 2.579 Southern temperate ~ Seo and Lee, 2011
Q. acutissima AGB logW =a+ blogDBH 2.094 2.417
Q. variabilis AGB logW =a+blogDBH 2.063 2.445 Southern temperate Park and Moon, 1994
Q. mongolica AGB logW =a+blogDBH 1.982 2.546
Q. variabilis AGB logW =a+blogDBH 2.116 2.446
Broad-leaved tree AGB InW =a+blnDBH —1.4134 2.4581 _ Lee. 2003
needle-leaved tree AGB InW =a+blnDBH —1.047 2.1436 '
3. SHAEE LI flEes BAKTE LY M (oretd], 2o H7, 2 FF, & &7, d)ol wet
V&S =S S o] WS B85HA HY 4
AR A F, 2Hd A Y F|EEo] WSt 5o AT Ashs Be ol SET W
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H gaxdgs vlasd 29 e 22 AdE =& FFE A S Ha, dolH #AE T A=
st 9] A9 daARFS 71 4 Ak R 2
A9 A “vlFFRl g TAAG S 2
(D BFFFF7F 247HE F59 AT daARF of B A outef vlw 9 4Hy B &l 55 I 2
AREY AgAde o7 f8l, A7t B2 A F e A 4 & Aotk
T 7] Mg AdAEAS 283t I gl o
WA gFof disiAs 71ES FHA= &= ol S b+
L AE A3t
() TAE = AErTo daAGFFE o] B2 o2 747 o] AT+ SBHIFH7F MNLAA Al BAst= At
A AEste] ARt Ao] 7HE ool F daAATY ARt ARl dis =ostaxt &
U ddzor BE £330 AEsh] ofdnh agEs PEIUH o]F A, AEsEFo] TS A &
Tl &3 A Ee #FE S&ARF A7 d F WA oE AAEH fEes gaAREY Bt
oS 4 -EA4sto] 4+FE DBHE 8% ©aA g d S éﬂlﬂ‘?j‘\t} T3 RS ﬂﬂﬁ}
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