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24 W LAY 3y A5 W SRS 4RSSkl A7l whE W3t EAS BT s AdolA 7k A=
Z HYgdo] 7hsd 5Y FEY 2021718 243 A AR TARE A THm’ ha)2 A5 D A6} NFIojA]
217y 4713 4.098 UEF O, A7AF NFIoA = 3.098 fhasts g Bry A= 1AHR9] ghAhAA e ton C
ha)& 2009 0.67, 2014 0.64, 121 2019 0418 B4 Eo], A]7ke] 320 WE 7taZAS Ueich 2 a3 2
IE 7|2AEE ot FF A= Ao digh LAHS O] SAaAR 24 9 A AR HIF B4 digh X&AQl By
Hy A7t =392 dart 9ok

Abstract: Considering worldwide efforts to mitigate repercussions of climate change, the South Korean government
has declared to reach net zero by 2050 to achieve a carbon-neutral sustainable society. For full implementation of
NDCs, the government has actively reflected its forestry sector into these strategies. Since coarse woody debris (CWD)
in forests represents an enduring carbon storage, it is of particular significance to determine characteristics of changes
in carbon stocks of CWD by utilizing data on dead trees monitored in permanent sample plots within national forest
inventories (NFIs). In this study, therefore, both occurrence and carbon stocks of CWD were estimated in such plots
using data on CWD from the 5 6" and 7" NFIs. Subsequently, characteristics of changes in carbon stocks over
time were analyzed. Based on the analysis of 2,021 plots available for monitoring in each NFI of Gangwon Province,
the volume of CWD (m’ ha™') was found to be 4.71 in the 5™ NFI and 4.09 in the 6™ NFL. However, the volume
of CWD declined to 3.09 in the 7" NFI. Moreover, the annual carbon stocks of CWD (ton C ha™') were estimated
to be 0.67 in 2009, 0.64 in 2014, and 0.41 in 2019, showing a downward trend over time. This study provides a
basis for future research to investigate long-term changes and estimate carbon stocks of CWD in South Korea forests.
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ol-g 9 yhe| o whe} ghAS U o2 A mie- Fagh
7199 & 4 ItHKim and Lee, 2010; Kim et al., 2010).

S WE7E A o] oA oS A B Y ot
2 =% 4 UTHYun, 2008). ¥ 4hEE 2
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Kershner, 1999).
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£ Z45ks A7 5o m(Harmon et al, 1986;

A110E A2% (2021)

Nalder et al., 1997; Hart, 1999; Progar et al., 2000), ILA}
g Al 27] 5 Beld - 4N S0 hE 55
& 0] H3lE =43} 12} 319t Chambers et al., 2001;
Carmona et al., 2002; Wu et al., 2010; Olajuyigbe et al.,
2011; Forrester et al., 2012). o= 7|3H3} A&
9t A o] g4 S ghefo] Fasiol ukel IARS S
g A gl nA= 714 G Est] 9l o
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2007; Powers et al., 2011; Harmon et al., 2013; Santaniello
et al., 2017).
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1977, Shin et al., 2002). 2019 24| 7]& 7
AR HE 13687 haol L, QAR W
T(33%), BH(39%), A H(28%)°] HAS
1tH(Korea Forest Service, 2020). T3k ¢
2 guEw geeyel 39 I-IVeFol B
sk glom, F4glE M~Vago] B
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2. TZTMFXIEZAKNFI)

A52F E7FAF A ZAKS™ National Forest Inventoy;
NFD9] #248A= 9199 Tl 7|52 4 kmx4 km2]
G tAC R HEHS WAk AlSFZH(Syste-
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o B #EHor %ol QltkFigure 1). A|SAF NFIF
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7} 43 =11 Qlth(Korea Forest Service and Korea Forestry
Promotion Institute, 2017).
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Figure 1. Sampling and plot designs for coarse woody debris (CWD) in
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Z(Korea Forest Research Institute, 2011)2 w2, AJA
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(National Institute of Forest Science, 2011).
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Table 1. The number of sample plots with coarse woody debris
(CWD) in Gangwon Province.

A110E A2% (2021)

Table 2. Criteria for the classification of coarse woody debris
(CWD) by decay class.*

Survey  Year Planted forest Natural forest Total

2006 85 468

0 2007 79 461
5 2,021

2008 67 410

2009 88 363

2011 79 474

” 2012 82 458
6 2,021

2013 64 413

2014 91 360

2016 83 470

0 2017 87 453
7 2,021

2018 68 409

2019 91 360

A|72F NFIE= 20209 & 2] A7} npita) g gl o)
7F 3 Aol A AFmTE A FEE A GFqtrhaL
werate] 2020 0] A= B4 oA A L]ttt o]
et HYEF o] 7hsdt SUdREES tFeR 517 9
3 59 F712 A A ZmoA whAEE A=Ql
20109 =9} 20159 % AR A|9stac) dutyow w
Ye o] 73t A 2EAL 2,021702 915 H(16%)
T HAHB4%) 9] Fx s Uehllch. HA| & FollA i
A AR Bk HIE-S Thotaly] el AME FA TR
85 LAHES] had 45 ARG ET EHO R SLES)

Decay Classification

class criteria Description
I Recently  Soon after being dead, but with leaves
dead or branches
il Incipient ~ The stage in which there are neither
decay branches nor leaves, with the stem

decayed partly

I Progressed The stage in which the stem is not

decay only decayed completely but the
sapwood is also partly decayed
v Intense The stage in which only the empty
decay shell of the tree remains to the extent

to which it can be destroyed by just
one touch

*Source: Korea Forest Service (2020).

Atk AARES] ReE= AR RS SQte
Ty sh, ﬂ*}%ﬂ S JLE7|ZLS Table 29} 7t}
TARRS] RO = Z o LAPUP AEE Fafo] 2
71GA, Fufje] S E X oA, 1o Bz A3}
H dAQl 45F o7 FRED B3 AR 9] gAa XA}
gk BTy A AFETE & A T}

{ o
o
i

o

4\

stelof A et EE 2A7FAFHAYRAIE(GIR,
2020004 A AA TAG AAES] REGFH
A2 =(Wood density; D)2} B4~ dgA|4x(Carbon fraction;
CHE #-&sto] E43FATKTable 3).

Of

Table 3. Wood density(D) and carbon fraction (CF) of coarse woody debris (CWD) by decay class.*

Species Decay class D CF Species Decay class D CF
I 0.44 0.50 I 0.48 0.49
. I 0.41 0.49 o 1I 0.39 0.50
Larix kaempferi I 031 0.50 Quercus variablilis 1 032 0.50
v 0.19 0.49 v 0.21 0.50
I 043 0.50 I 0.52 0.46
Pinus rigida 11 0.33 049 Quercus acutissima 11 0.38 046
I 0.25 0.47 il 0.32 0.46
v 0.21 0.49 v 0.21 0.46
I 0.35 0.51 I 0.58 0.49
. I 0.32 0.50 . 1I 043 0.48
Pinus densiflora I 027 0.50 Quercus mongolica I 0.40 0.48
v 0.18 0.50 v 0.24 0.49
I 0.40 0.47 I 0.55 0.49
Pinus koraiensis IIIII 8;2 82; Other deciduous species IIIII g;‘; 812
v 0.19 0.48 v 0.23 0.49
I 0.39 0.50
Other coniferous II 0.33 0.47
species I 0.27 0.49
1\ 0.18 0.50

*Source: Greenhouse

Gas Inventory Research Center (2020).
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1. TS S8 HEl

A5k NFI7F A12HE 2006 d5E] #|72F NFI7} 2725
2020 7HA] AJREe] B F0f wE U= W 4kl ] Ak
IAHE ZATF WIS wotstr] ffs HUEF o] 7hsgt
HEHE W2 S9HATY IAHg SHFS 45
ATHTable 4). 71 A¥} JLAR=o] MAYSE 25 Fofl A
HUg o] 7Hedt 259 A 2 AR 2,0217
¢ Ao & UEith

AISA} NFI7} =35 o]
7 Eet AAA o2 Aol WARE 2
ok Z 2,021709] FYet #EHS o RE 7 A o
o AR ZAERe AEEY A52F NFI= 4.71 m® ha' 2
74 33, A6XF NFI2] A< 4.09 m® ha'gloo, A7z}
NFI7} 3.09 m’ ha' & 71 27 Yehy A zAp7t Aays
of wet Aaz7F AEH Aow ARk A6} NFI
O] 7% Wt A SRS ASApe} A7k S E
E UEHHANL 224 Ho7F iAo r A e
A= 6.14%2 UEHEth e Aol AR aAH: £4
Fo motstr] Qe UEA] WA Hot AHg SHFS
2835t A}, A52F NFI= 6,324,037 + 335,671 m*o] L,
A6} NFI7} 5,486,036 + 335,332 m’= LERFO™, A|72;
NFI2] 7-9- 4,129,226 + 227,174 m*¢] Z o2 BAE g}
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Table 4. The change in the volume of coarse woody debris (CWD).

Evaluation statistics

Survey Em?:;te}?a'l‘\g[ean + Standard error Rela;;/; s(t;)n)dard Total (m3)

2009(5™) 4.71 + 0.25 5.26 6,324,037 + 335,671
2014(6™) 4.09 + 0.25 6.14 5,486,036 + 335,332
2019(7‘“) 3.09 + 0.19 6.12 4,129,226 + 227,174

Table S. Stand density and volume of coarse woody debris (CWD) by age class.

Age class
Survey
Total I il % \% VI

s N (trees ha™) 1,181 971 1,258 1,215 1,152 1,067

CWD (m® ha™) 471 1.67 3.17 4.84 4.95 7.6

g 7 (trees ha™) 1,066 998 1,154 1,081 1,048 1,024

CWD (m® ha™) 4.09 0.43 2.44 2.88 475 6.74

i N (trees ha™) 995 835 1,166 1,022 985 948

CWD (m® ha™) 3.09 0.06 0.24 2.08 3.62 425
Table 5= NFI19] 2} Qoo ©e @9HAS & 3O A «7H717t Hol AlE g, ookt 7l
H(E ha')e} FAME S FH(m’ ha')S B4 Alo] Al A7 EUEHEE S8l 1P ol o AR e] ¥
o} AR WA Glo] YR MYE(21~30E4) 3} oFdS T Bk ok EE IARES o] A
oA 1,154~12582 =2 QJEUET} 7H =2 Ao= S Fol WAE = qlow, A4 27 Ake}t e
Uebstth Sl A aAs SAES VIGH o)d(1d SRS B argste] AAHERO] AHIAE ol
A olahe] Aol Al 425~7.6 m’ ha' 2 71 Wol B o Fart Qo APk RS o R AR W
Sh= Ao Yepgon, AiA o 1A SARRL o AyeFaL ghg Q1Akeke] At Al E 4% Yun et al.(2019)
o] FOHAHA F715t= FAE Ik o= SR8 UE o] Aoz A=A A JAARR] AR EesE
o Aol IAbE AT FUT HFE el Ae= JAREO] EolX|= ARFS YEh o, =4 SRt
(Davis and Johnson, 1987; Shin et al., 2002), A =% o] WE= uTr} IATSLE JARS 0| et AIE
Fol U= Kot g9 S wol 2 A2 QFH Rustort uheba] TARFS] Hak= AT o]Eof £
Hop AAHY Hlgo] =2 U 49 §4o] HigH Ak | d G Eito] wE IHHAIY e aE s}
A2 g o]Fo1d "Qa7} Stk NFl= =71 B A & ©919
HH, AR bl w2 IAME SA|RFe] WIS AT R AHAAY WS "A]517] 9t HA O R 43E7] o
7] $18l ZF A YRRt uAbE SAYES A of UrkAQl oA o] AR WA= tE AHkE Y
At VARS S HA Gashe FAE e o] ERE = JARRS] 4l A 2 A A o AEE HET
A3t A= AFAA Q1 ARl o3k ARG o] My H o T Sle ZUEY ARAAZ a7 ek Aol A it
= €7HY7] 59 AA e R Qlsto] Teis W AL Sk Al - = AR S 7 A AR A|62) NFI
U ol AAE] 442 FUEE IAY ST Eigo] AIZ2011~2015 )l 2ARE = X[ 9] QYA 3
723 Aatg goEth A8 d3E AEEH Choi et 7} W& 98,780 ha& Zx}7](2006~2010')2] 49,688 hao]]
al.2014)2 AU QI3 HE tem 7w & vl 5 vl 7he] 2 S7hE vehilon, WA 3 S
AHILE HUEY skelom, 34 W aAHES 24 Al 2P WA o] 24 F7sll=d|(Korea Forest Service,
St A 7hH 129 FeF e 7hHAtol A Aol A 2006~2020), o]zt 1914 7ol o8l LAbE S5k

L 279~378% WA o] AA FAW O wHHC
AoR Bustgch AL BAYHES 4 BER S WA NEIOIA S AQHRE BxelA A
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23} %1_1&5__ Slo|| W3k S ARV 2= a7} 9
oh Sy SR A 28, =7 2 52

AFEARd el tigh ool B2l =aL QAL ARl HishA
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BE7HIVEEQ A SRS 42 1.29 e-g 0.58 m’
ha' 2 Bl 7tk 2AIS e B3t v}
37 A% A 9ol I5Fe) HE T FHe
1.36~1.39 m’ ha' 2 =7 B4 5 chFigure 2). 135
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Figure 2. Mean volume of coarse woody debris (CWD)
by decay class.
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2. TAIEO| EHAXZY 2 Haky 2

A% A W AR SAARTE A 913
F8 AYSEY WA BESTE BAUE 2 wad
AASE BESHY O, NFIS 2h 24 npu Al

2009, 2014, 2212 2019 9]
S B3t Table 6). 7} 2,0217]9] FE ol sl HA4
g Ay A=E AR ThejdAY
ha')S Z+zF 2009 0.67, 20141 0.64, 1231 2019
0412 yepylth P e T AR O] S g
of t]X= P AT d7(Ko et al, 2014)0 4= 7HE
7o) wha} tfZ5H(Control 0%), T39 2] 71(39%), 1]
3L T74 A2-HT4%) 2 FHEote] SaAdwd Maks 24
stk 1 A aARRo] e A A A (ton C
ha')& 7hHe] o5 folEls FEHC] FUtE o 2t
] FREAE A AR ST FUletE
S L}EHHO*E} A o el % ki3 5243494 {Pﬂg
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Table 6. Carbon stocks of coarse woody debris (CWD) by decay
class.

Year
Decay class
2009 2014 2019
I 0.1209 0.1547 0.0647
11 0.0849 0.2054 0.1148
111 0.3512 0.2085 0.1775
v 0.1081 0.0708 0.0573
Carbon stock
(ton C ha') 0.67 0.64 0.41
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