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ABSTRACT

This study was conducted to estimate of carbon stock and greenhouse gas (GHGs) removals by tree species and
forest type at Gangwon province. We used a point sampling data with permanent sample plots in national forest
inventory and national emission factors. GHGs emissions was caclulated using the stock change method related to
K-MRV and IPCC guidance. Total carbon stock and greenhouse gas removals were high in deciduous forest and
species than in coniferous. The range of annual net greenhouse gas emissions in other deciduous species was from
—11,564.83 Gg CO, yr~ ' to —13,500.60 Gg CO, yr ' during 3 years (2011~2013). On the other hand, coniferous forest
was temporally converted to source due to reducing of growing stock in 2012. It was that growing stocks and forest
area were likely to reduce by the deforestation and clear cutting. This study did not consider other carbon pools
(soil and dead organic matter) due to the lack of data. This study needs to complement the activity data and emission
factors, and then will find the way to calculate the greenhouse gas emissions and removals in the near future.

Key words: Biomass, Carbon Stock Change, Greenhouse Gas Inventory.

.M E

2 FAAEIE 20159 129 SelolA] AR 7155
Hop TPAFEES(COP21YY] AukE FEaka ik A4
1217h=t0] A|Eet 7pE 2] 75532 (NDC, Intended
Nationally Determined Contribution)Z+= AFIS} o] & 4~F©
2 7 Es PRIt 7| eHstgore] mRE U4
517 ol Aoleks 7= W7 A= AL QAR
JRE BE H7E0] folete M2E 7|9 HS} th-3AIA
7h olgA ARE AR o] ilo] AT AL Urk W ol
7} AR, Aol TR P F0T AHE THYe 77 3
S Dol 8 = 2 A7l tigh Aot} CcoP2l
o] 419] thx|at BAFEIO)ADP 2-11, 20159 1080 =ofgt

ol %OK(Draft Agreement)ol| A= A3 =04 EX|E
ofe] ehaAY AT AWE ol AW AL Fols
W-8(53)0] o] Qlof, AA7FAl= Post-2020 7] 540
M AHES FdeRA =7F S5 ofgdf 7o 4=
9 Ao 7lefE ok

S S A W 72 59 71s3 oA A A
T2 Sagke] Fajt aaxoln, o)t Ve FRAe R
¢lsto] 7|l oo A e Sl o® QIAAL QItHKERI,
2012; UNFCCC, 1998; 2009). S-ejuels =& wWzo] of
64%5 AA|oh= AtelE 719HE ti32 fIRt st
sfel Below Hufe 28s] Slstel Baka - 42
62 HIL3te] =3}al It The Republic of Korea, 2011).
olggt kgof| glo] 7P Tttt AL =AF o= Fhoje W

)

' Corresponding author : rhkim@korea.kr

Received October 12, 2015 / Revised November 25, 2015 / Accepted December 7, 2015



304 OWFE - B -

HEo| weh 57 247k IR (A7 2471 vl
TR E s s, Bt Harsks Zlolth
(Kim, DS, 2007; Kim et al., 2014b). W EA|A| oA =005
THE BA] [ 37152 2003d5E 7F 2A47kA Qe
25 Bkl HEE e d¥] dXE wid ojdigew
# ool theh At Ay 2 B AdS Alarsfear Sk
oehfet @A 2 AEFYHAIEGIR, greenhouse gas
inventory and research center)E £A41 02 =7} 2AI71A Q]
HEe] B s AR og Eojzial Qloh

AR A RES] A7 QMIE = w7 2] AP
TS APgste] Harstar Qlok. fEjuel AbglRE 247}
2 QIMIE = (Tier) 22 YYSAAE, F7HgAd=z
A =7F DRASE FEsto] APJskaLl ITHGIR, 2014).
Wi A9, A, Y Follils AR B SEE AN

=

s L U— 231 O

RE S} AVkA QIS Bl ola, AlkskE <)

HEe] AL e $E0R FUAS APWE

Ttole). Selueks ZlEusiEok] AaHoR gt

7] 915 2006 K1 5E] AL AAS Al

& BE XA 55004 45 ug lsle] FHIL 9

CHKERL, 2008). Lejut XA 2 4508 AlRIRE 27h &

A7k QlilEels ware v gk, 2 el Seete) 3
¥ey

gt

IHTHKES, 2011). =]
5 71F0 & 1,66931 A haoln, AFHS
1,368.57 7 hai 7+ 2| WA ofF 82%7} Alg] o8
AJ]o] QITHKES, 2011). A|2]& $]2]= N 37°02°~38°37, E
127705 ~129°22°0) $JA|8laL glod, LA 7]5of &3ic)
(Gangwon Province Office, 2015). 7FE=2] 201042 7|52
2 Ao 2eaTo] 32.4%, e 36.7%, 181 Eh
Hol 28.9%F ZRA|etaL glow, A 4FHEA 9] 52%7F IV
~VEFe® o]FolA JITHKES, 2011). =8 +F°
LAY Pinus densiflora, 23.7%), A2 Quercus mon-
golica, 23.3%), SG<S(Larix kaempferi, 7.4%), =3 5H0.

s
o]
s
H1
2
juic)
filo

[Kmp)
oi,

u
20
o

ol

=%

Journal of Climate Change Research 2015, Vol. 6, No. 4

r

% - 22|

E]

variabilis, 6.2%), ZXIE(P. koraiensis, 2.9%) 502 HI1%E]
ATHKOFPIL 2013). o]of] & AtollA= FU=e] 8 45
570l 7R AR A TR AL Qs AU
acutissima), ZXPVEHQ. serrata), B|7\THAUWTH(P. rigida), &
(P, thunbergii) 2 71 9] 7|e} 2 G4(Other coniferous), 7|Ek
ZA4x(Other deciduous) 5 552 H3f] & 105 ez

tetek

ol

2.2 HHH
ZFUEO] A BaAPRF 9 AT FRRS
7] $18iA Als2L 9 621 =74k
F(2006~2013)2} AFH7]2EA|(2011~2013)2] 7
WA AaE FEsisinh A, 5 T

o
x
10
N
>
1
Y
FI-E o
b
~ r)~
R ox
R

el

)

r
-
o ot
b

o
ot
WE
>

9|

f

k)

N

)

il

il

N

29

LFG
S~
s

o
i
(o]
= [H
AN
e 4o o
) =
S

o A
2 mlo FE‘
Vi
se

%%
2 32N r

o
o > fo

MU
:

m o
2
30
flo
fie
?
o
e
o 1
)
0!
s
2
>
o
D)
O
ai
&8 A
Mo
o

SMRIAUEAR AEH S240] o8] Thd 4 km x 4 km
Axa7)2 DA EEG] WA, S FIF BE R
sk Ak 24P} o]Folx)7] ujol(KERL, 2011), A4,

WA U S ST 5 ook webd 2 AR, 5

A2 A (DI o] A F24o] 7|kt B] g oR

g 1B
X

ol ehmsly] wjEel, 2011HRE 20133 3 ARE

olgHwsle] Azt BAS Fshr.

y,
A, = AXp,, |where, p, = W

4 (1)
A, = Estimated area by tree species h

n : Total number of points

n;, : Number of points by tree species h

p;, - The proportion of points by tree species h

A : The total stocked forest area
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Table 1. National specific expansion factors

Basic  Biomass  Root
. wood expansion to shoot

Forest type Tree species . .
density  factor ratio

D) (BEF) R®)

Larix kaempferi 0.45 1.34 0.29

Pinus densiflora 0.42 1.48 0.26

P. rigida 0.50 1.33 0.36

Coniferous

P. thunbergii 0.48 1.52 0.29

P. koraiensis 0.41 1.74 0.28

Other coniferous 0.46 1.43 0.27

Quercus variabilis ~ 0.72 1.34 0.32

Q. acutissima 0.72 1.45 0.31

Deciduous Q. mongolica 0.66 1.60 0.39
Q. serrata 0.66 1.55 0.43

Other deciduous 0.68 1.51 0.36

R o e IR £4 2ol ol A4
& uFA 3 13 (General liner model)S 2-8-5}9 11, Duncan
WS o] 8sto] Batd HIwEIATH(p<0.05). =

93, w1 e AMESIATKSAS Institute Inc,

Annual change in CO, emissions in living biomass(IPCC, 2003)

Ct2_ct1)

AC, =
FFLB ( t,—1,

40

A Crprp - Annual change in CO, emissions in living biomass
C,,: Total biomass carbon stock at t,

C;, : Total biomass carbon stock at ¢,

C=XV; - b BEE) - (14R) - CF
J

C : Carbon storage [tC']

V : Volume [m’]

D : Basic wood density [t d.m. [m’]"]
BEF; : Biomass expansion factor

R : Root to shoot ratio

CF : Carbon fraction
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Table 2. The growing stock volume per ha by sample plot in Gangwon province

2010 2011 2012 2013
Forest types
m® ha N m® ha'! N m® ha! N m’ ha' N
Coniferous 177.30(23.53)° 659  185.02(£3.71)" 634 190.17(x4.01)" 601  199.23(+4.19) 588
Deciduous 12644(1.77)° 1,409  132.54(x1.80)° 1,425  136.70(£1.83)° 1,457  143.16(x1.89)° 1,478
Mixed 149.29(+2.64)¢ 809  155.08(£2.77)° 809  161.89(+2.88)° 804  166.76(x2.98)° 793

* Values with different letters indicate significant differences among stand at p<0.05.

** The values in parentheses are standard errors.

http: //www.ekscc.re.kr
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Table 3. The volume per ha by species in Gangwon province
2010 2011 2012 2013
Forest types  Tree species
m® ha' N m® ha' N m® ha'! N m® ha'! N
Pinus densiflora 182.61(421)° 401 18943458 377  19L71(x4.90)° 353  198.98(5.14)° 344
Larix kaempferi ~ 189.77(£749) 164  199.04(7.49)0 164 209.56(x7.57¢ 156  21826(x7.93} 158
P. rigida 150.05(21.44° 6 172.92(£2826)/* 6  167.89(34.06™ 5 189.60(x34.41)° 4
Coniferous
P. koraiensis 151021179 64 161.78(£12.32) 60  178.42(x1547y° 60  186.49(x16.20)™ 58
P. thunbergii - 0 - 0 - 0 9.62¢ 1
Other coniferous 80261724y 24 92651683 27 88201721 27  11430321.01)* 23
Quercus variabilis 162.61631)™ 147  17151(x635)° 145  173.71(26.46)° 145  187.42(6.82y" 144
Q. acutissima 58392220 6 74.50(x27.67) 5 7846(x22.93° 6 91.14(+29.65) 4
Deciduous Q. mongolica 14578241 579 151.38(x2.48)™ 568  155.87(x2.59™ 558  160.32(x2.73)"™ 556
Q. serrata 139.71(£1848)* 13 142.64(£19.10)0® 11  142.64(%19.100* 11  159.63(x24.56)™ 11
Other deciduous  101.92(2.38) 664  109.31(22.44" 696 11528247 737  12234(x2.51)™ 763
Mixed 149.29(+2.64Y° 809  155.08(x2.77)™ 809  161.89(:2.88)™ 804  166.76(x2.98)"™ 793
* Values with different letters indicate significant differences among stand at p<0.05.
** The values in parentheses are standard errors.
Table 4. Forest area and volume by tree species in Gangwon province
2010 2011 2012 2013
Forest types ~ Tree species Area Volume Area Volume Area Volume Area Volume
(1,000ha) (1,000 m®)  (1,000ha) (1,000 m*) (1,000ha) (1,000 m*) (1,000ha) (1,000 m’)
Pinus densiflora 186.96  34,140.37 17596 33733127 16483  31,599.10  160.88  32,011.81
Larix kaempferi 7646 14,510.30 76.54  15,234.91 72.84  15,264.53 7389 16,127.51
P. rigida 2.80 419.74 2.80 484.22 2.33 391.97 1.87 354.67
Coniferous P. koraiensis 29.84  4,506.08 2800  4,530.30 2802  4,998.78 2712 505835
P. thunbergii - - - - - - 047 4.50
Other coniferous 11.19 898.02 1260  1,167.57 12.61 1,111.98 1076 1,229.41
Sub-total 307.24 5447451 029590 5474827  280.63  53,36637 27499  54,786.25
Quercus variabilis 68.54  11,144.33 67.68  11,606.86 67.71  11,761.38 6734  12,621.54
Q. acutissima 2.80 163.34 2.33 173.86 2.80 219.80 1.87 170.48
Deciduous Q- mongolica 269.94 3935335 26510  40,129.95  260.55  40,61345  260.02  41,687.28
Q. serrata 6.06 846.79 5.13 732.31 5.14 732.64 5.14 821.19
Other deciduous 309.57  31,551.62 32484 3550856  344.13  39,671.97  356.83  43,655.51
Sub-total 65691  83,059.43 66508  88,151.53 68033 9299924 69120  98,956.00
Mixed 377.18  56,309.85  377.58 5855582 37542  60,775.70  370.86  61,843.12
Total 1,341.33  193,843.79 1,338.57 201,455.62 1,336.38 207,141.32  1,337.05 215,585.36

http: //www.ekscc.re.kr
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Table 5. Carbon storage by tree species and forest types in Gangwon province
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(Unit : 1,000 t C)

2010 2011 2012 2013
Conifer forest 34,514.56 35,097.99 34,984.39 35,800.41
Forest types Deciduous forest 77,652.53 81,992.05 86,151.83 90,683.63
Total 112,167.09 117,090.04 121,136.22 126,484.03
Pinus densiflora 13,369.64 13,052.79 12,374.46 12,536.08
Larix kaempferi 5,643.56 5,925.39 5,936.91 6,272.55
P. rigida 189.81 218.97 177.25 160.38
Conifer P. koraiensis 2,057.37 2,068.43 2,282.32 2,309.52
P. thunbergii 0.00 0.00 0.00 2.12
Other coniferous 12,135.50 12,717.17 13,157.58 13,429.56
Sub-total 33,395.88 33,982.74 33,928.52 34,710.21
Tree species
Quercus variabilis 7,096.35 7,390.87 7,489.27 8,036.99
Q. acutissima 111.70 118.89 150.31 116.58
Q. mongolica 28,882.21 29,452.17 29,807.02 30,595.13
Deciduous
Q. serrata 619.38 535.64 535.89 600.65
Other deciduous 41,688.54 45,235.47 48,917.45 52,071.50
Sub-total 78,398.18 82,733.04 86,899.93 91,420.85
Total 111,794.06 116,715.79 120,828.45 126,131.06

Table 6. Annual net greenhouse gas emissions and removals by tree species and forest types in Gangwon province

(Unit : Gg CO, yr'l)

2011 2012 2013
Conifer forest —2,139.24 416.53 —2,992.06
Forest types Deciduous forest —15,911.57 —15,252.51 —16,616.58
Total —18,050.81 —14,835.98 —19,608.65
Pinus densiflora 1,161.79 2,487.20 —592.60
Larix kaempferi —1,033.36 —42.25 —1,230.68
P. rigida —106.92 152.97 61.85
Conifer P. koraiensis —40.55 —784.28 —99.74
P. thunbergii - - —17.76
Tree species
Other coniferous —2,132.79 —1,614.82 —997.26
Sub-total —2,151.83 198.82 —2,866.19
Quercus variabilis —1,079.92 —360.78 —2,008.32
Deciduous Q. acutissima —26.36 —115.20 123.66
Q. mongolica —2,089.86 —1,301.12 —2,889.73

Journal of Climate Change Research 2015, Vol. 6, No. 4



Table 6. Continued
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2011 2012 2013
Q. serrata 307.04 —0.90 —237.47
Deciduous Other deciduous —13,005.40 —13,500.60 —11,564.83
Tree species
Sub-total —15,894.49 —15,278.59 —16,576.70
Total —18,046.32 —15,079.78 —19,442.89

* The signs for removals are negative(—) and for emissions for positive(+).
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