StE e 71238ks] A, Al17d A 13.(2015) (pISSN 1229-5671, eISSN 2288-1859)
Korean Journal of Agricultural and Forest Meteorology, Vol. 17, No. 1, (2015), pp. 35~44
DOI: 10.5532/KJAFM.2015.17.1.35

© Author(s) 2015. CC Attribution 3.0 License.

RCP 8.5 7|%ta} AlLl2| 20| W ALSED SALIS)
A Ea SEY Ha £F A7

FS3l - ZAME! - BSHY - o|HB2 - ui? - ZAFEA - =YmS . Zasd - st
gk skl el e, T et Ak, Sedtishal Ak Ek e,
ZadslrlEetshal AIAIEY, sk ek 71 sk AlE
(20143 89 6 A 20153 1€ 22¢ 44 20159 19 279 5=

Estimating the Changes in Forest Carbon Dynamics of
Pinus densiflora and Quercus variabilis Forests in South Korea
under the RCP 8.5 Climate Change Scenario

Jongyeol Lee!, Seung Hyun Han', Seongjun Kim', Hanna Chang', Myong Jong Yi’,
Gwan Soo Park®, Choonsig Kim*, Yeong Mo Son®, Raehyun Kim® and Yowhan Son'*
Department of Environmental Science and Ecological Engineering, Graduate School, Korea University,
Seoul 136-713, Korea
’Department of Forest Resources, Kangwon National University, Chuncheon City, Kangwon-do 200-701, Korea
3Department of Environment and Forest Resources, Chungnam National University, Daejeon 305-764, Korea
*Department of Forest Resources, Gyeongnam National University of Science and Technology,

Jinju City, Gyeongsangnam-do 660-758, Korea
Department of Forest and Climate Change, Korea Forest Research Institute, Seoul 130-712, Korea
(Received August 6, 2014; Revised January 22, 2015; Accepted January 27, 2015)

ABSTRACT

Forests contain a huge amount of carbon (C) and climate change could affect forest C dynamics. This
study was conducted to predict the C dynamics of Pinus densiflora and Quercus variabilis forests, which
are the most dominant needleleaf and broadleaf forests in Korea, using the Korean Forest Soil Carbon
(KFSC) model under the two climate change scenarios (2012-2100; Constant Temperature (CT)
scenario and Representative Concentration Pathway (RCP) 8.5 scenario). To construct simulation unit,
the forest land areas for those two species in the Sth National Forest Inventory (NFI) data were sorted by
administrative district and stand age class. The C pools were initialized at 2012, and any disturbance
was not considered during the simulation period. Although the forest C stocks of two species generally
increased over time, the forest C stocks under the RCP 8.5 scenario were less than those stocks under
the CT scenario. The C stocks of P. densiflora forests increased from 260.4 Tg C in 2012 to 395.3 (CT
scenario) or 384.1 Tg C (RCP 8.5 scenario) in 2100. For Q. variabilis forests, the C stocks increased from
124.4 Tg C in 2012 to 219.5 (CT scenario) or 204.7 (RCP 8.5 scenario) Tg C in 2100. Compared to S5th
NFI data, the initial value of C stocks in dead organic matter C pools seemed valid. Accordingly, the
annual C sequestration rates of the two species over the simulation period under the RCP 8.5 scenario
(65.8 and 164.2 g C m2 yr™' for P, densiflora and Q. variabilis) were lower than those values under the
CT scenario (71.1 and 193.5 ¢ C m™ yr for P densiflora and Q. variabilis). We concluded that the C
sequestration potential of P. densiflora and Q. variabilis forests could be decreased by climate change.
Although there were uncertainties from parameters and model structure, this study could contribute to
elucidating the C dynamics of South Korean forests in future.
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(IPCC, 2007), AelA] gk St THAilo]
U= ok 53] Ak A 19 oF 13%E
ZABlaL o, S AEA g A 50% ©]
ol A AJejAld] A= o] UThDixon et al,
1994). &A) AMA e oF 861 Pg €9 A
AslaL Qlom, wid 24 pg Co] ©AE F5EhRs
e Fdo s FgEti(Pan et al, 2011).

S, A Bk Bl 715Ee] oJsle] e
WS 5= 9tk o5 B0, A vk AR 7
Feol WE AE A1 A 9 B3 FX 5
o7 Qlsle] Z7I5IXTHMcMahon et al., 2010), 7]
E 2l oz sl 1A% % UTH(Davidson
and Janssens, 2006; Liitzow and Kogel-Knabner,
2009). o]2fgt B4 o] SejueiM= 7|5
slol] w2 Ak kA AYEre] Hels RdlE Bojst
© 7ol M= Sk 53] A4 gae 719
slo)| oJsle] 3| FUIRRE AFeH(Hong et al.,
2011; Kwon et al., 2012), =} 7HAsl= Ak
A3z} 2od ub JATH(Choi er al., 2009; Shin et
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ek AR d(Korean Forest Soil Carbon model; KFSC
Zeho] s 2 APXEICKYi et al, 2013; Lee et
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3} Representative Concentration Pathway (RCP) 8.5
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2.1. KFSC Z2&!

TlellA] afe] AR dS 283w o ¢
g 258} geprlge] tigk A7 F53 AAolma
(Lee et al., 2010) AL A82 2 i FHS
2oJE = B KFSC &S /WHsIIth(Yi er al.,
2013). KFSC Edle F7 2280] A & 3A} &
PE AHTIEe] 2l 55 Rojsi, mdle] &
= A ABERE, 7, o, 72, A 13F b
F71ER4F LA (Aboveground Woody Debris
from Stem; AWDS), AV =|(Aboveground Woody
Debris from Branch; AWDB), A’ Y (Above-
ground Litter; ALT), A|&F5 ILA}E-(Belowground
Woody Debris; BWD), A3} & ¥ (Belowground
Litter; BLT)), 283 2x} IA7 1S AR 212

Biomass Becondary
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Fig. 1. The structure of the modified Korean Forest Soil
Carbon (KFSC) model. The model consists of biomass (stem,
branch, foliage, coarse root, and fine root) compartment,
primary dead organic matter (DOM) compartment (AWDS:
Aboveground Woody Debris from Stem, AWDB: Aboveground
Woody Debris from Branch, ALT: Aboveground Litter,
BWD: Belowground Woody Debris, and BLT: Belowground
Litter), and secondary DOM (AHUM: Aboveground Humus,
BHUM: Belowground Humus, and SOC: Soil Organic
Carbon) compartment (Lee et al., 2014).
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Table 1. Parameters of the Gompertz function for stem
volume for Pinus densiflora and Quercus variabilis (Lee et
al., 2014). Volumeg) = a x exp (b x exp (c x age))

Parameter
Species  Site index
a b c
P. densiflora 10 182.8 -7.73 -0.0902
12 231.5 -8.75 -0.0954
14 285.6 -9.55 -0.0991
16 345.0 -10.20 -0.1018
Q. variabilis 12 190.3 -3.81 -0.0883
14 233.6 -3.91 -0.0903
16 280.8 -3.96 -0.0918
18 311.5 -4.01 -0.0930
(Aboveground Humus; AHUM), A|3HF 212

(Belowground Humus; BHUM), E 417184 (Soil
Organic Carbon; SOC)) 522 FAH JThFig.
1; Lee et al., 2014).

2124 0] AL T} 22 HAS Foko] Bl
o} 4 EERE(Korea Forest Service, 2012)%
231 A2(Table 1; Lee et al, 2014y 53}
2] REANA S Befstal, ol A H=
AU 0474, =735 0.720; Korea Forest Research
Institute, 2010)9} B FE(50%)S #3lo] 47 &
A AAES FSIATE TR 599 ghA AR A
2ksl7] Q] 431 BhA Al A4 (Korea
Forest Research Institute, 2010)yS wlo = F43
A )| 2 3L A 4(Biomass  Conversion Factor (BCF);
Table 2; Lee et al., 20145 F3IATh 283 24
A 2] WskEs Fote] At SRS BOjst

Lo

4 o

k.

Ao zREle] IARIIE FUL A4 Ba A
¥ A3S-(Table 3; Lee et al., 2014y HIEC =
FAEY, WA IAHTIES 12 AAHTIE A
AZNE FdETh FE IANTIES] Bl
AHZIE B Ao FallE(Table 3; Lee et al,
2014y viEo g FAET, 12} IAH7]E] =
W oY) Fog WEHAY 23 e ga A
AR FYEIL, EGRTIEAE A f7lEe] &
e tfy] o2 WEEth A g ARIES
IPCC 23 4%](Good Practice Guidance; IPCC,
2014yl wet A4, A, 39S, B w4 AL
2 EReth 2ol 5o Fagh sEEES
2A37] fJ8te] S BERASE ol 83staom, s
of gk Almrt P A9 ae] EIARE o8

st

2.2. 97 CHAKX] & i3 X3

2 d7e sz 7R AR R,
Selvet ol =9} 77 59 - ZGAlel] Bl =
292,152,000 haydt ZFUE (556,000 hayS
oo s FHEQT 2F T AT 23
UFds ol IF099: 1-1043, 295 112043,
399 21309, 495 31404, 595 41-504, 6
Ba ol s1d oPhoE Ul o] HiEeR
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Table 2. The biomass conversion factors (BCFs) for Pinus densiflora and Quercus variabilis by site indices (Lee et al.,

2014). BCF ) = a x age”

Compartment
Species Site index Branch Foliage Coarse root
a b a b a b
P, densiflora 10 0.3574 -0.1397 0.8357 -0.6735 0.3962 -0.0545
12 0.3515 -0.1397 0.7772 -0.6746 0.3936 -0.0545
14 0.3462 -0.1396 0.7203 -0.6730 0.3912 -0.0545
16 0.3419 -0.1401 0.6811 -0.6754 0.3893 -0.0547
Q. variabilis 12 0.0458 0.0907 0.0907 -0.2120 0.8268 -0.1060
14 0.0479 0.0889 0.0889 -0.2110 0.8181 -0.1060
16 0.0500 0.0871 0.0871 -0.2110 0.8099 -0.1060
18 0.0516 0.0858 0.0858 -0.2120 0.8039 -0.1060
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Table 3. Parameters of the KFSC model (Lee ef al., 2014). The abbreviations of dead organic matter pools are explained in

Section 2.1. and Fig. 1

Parameter Species Value Reference
Turnover rate (yr')
Stem Pd 0.002  Noh (2011)
Qv 0.0045  Kurz et al. (1992)
Branch Pd 0.061 Lee et al. (2014)
Qv 0.057 Lee et al. (2014)
Foliage Pd 0.385 Lee et al. (2014)
Qv 0.934  Leeetal (2014)
Coarse root Pd and Qv 0.02 Kurz et al. (1992)
Fine root Pd 1.23 Park et al. (2010)
Qv 1.195  Park et al. (2006)
Decay constant (k; yr™)
AWDS and AWDB Pd 0.137  Noh (2011)
Qv 0.058 Yoon et al. (2011)
ALT Pd 0.317  Leeetal (2014)
Qv 0.402  Leeeral (2014)
BWD Pd 0.137  Assumed to equal to the decay constant of AWDS
Qv 0.058 Assumed to equal to the decay constant of AWDS
BLT Pd and Qv 0462  Kim (2002)
AHUM Pd 0.012  Liski ez al. (2005)
Qv 0.02 Liski ez al. (2005)
BHUM Pd 0.012  Liski ez al. (2005)
Qv 0.02 Liski et al. (2005)
SOC Pd 0.0012  Liski ez al. (2005)
Qv 0.0017  Liski ez al. (2005)

(Pd: Pinus densiflora, Qv: Quercus variabilis)

FFMg C ha'y> 9 F43 F B4 AFFS
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FAF AR AEAEE)Y Bige® s dix
AARAFE Lee et al (2014014 A S WPES o]
st 54 AFolAe] i AHTFES eI
(Korea Forest Service, 2012)9} H|wgho @4 F43}
At A7 A BT JEANA ASH)9h 523 A
Z2](Table 1O 2HE 43 ARAF Z] 7He
zJolE BASE QholthPark ef al, 2013). ZF &
o] T PR A BAgYL R QEAYG)

< Fote] FgE o] AT dEAHN ik Als

ojf

A S7RIRANRAL) JRAE 22K vleL A
AR F, B BB QRG] Fate] g
2pol2 BASIATHPark er al, 2013). 712 AEE
715883 JeR A 94t 2011937 2012592) B 71
o] 2100371A] FAEl= AlUe] 2. (Constant Temperature
scenario; CT AlU=]2)9} RCP 8.5 AlU]2.(2012—
2100y o833tk RCP 8.5 AlUE|ee 3=
125km x 12.5 km®| 7879 AT 7|25 viEke
2 F=319.01, 201297 21001 o 71e-2] 2jol=
PRl wt oF 6.7-7.5°CE YERSTHClimate
Change Information Center; http://climate.go.kr).

2.3. Et& XM&D x7|5t 2 1A

SEvet e EA e s RS 7o
GAE olF, 1974358 AFE ZHEAKIS 55
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—

Shar A, 2e]a Ak o g Qlete] Ak FAdo
A" Aoz 7Pgeilty. Wt 1498 RS
Lee et al(2014)9014] -85+ 2718} W25 o83}
1954358 A FAo] A= A7k st |
BElE fFAETAL 7PEe 5, Ak @/4d0] ARk
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(spin-up) HGES Fol] 71 tHKurz et al.,
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Forest Research Institute, 2011)¢} ZA3= H|w ko
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Fig. 2. The carbon stock of each pool (Bio: Biomass, SOM:
Soil Organic Matter, LT: Litter, and DW: Dead Wood) in
Pinus densiflora (a) and Quercus variabilis (b) forests from
2012 to 2100 under the Constant Temperature scenario (CT)
and the RCP 8.5 climate change scenario (RCP).

ATHFig. 2a). =3k ©F) WAT A4 g ATF
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Fig. 3. The annual carbon sequestration rates of Pdensiflora
(a) and Q. variabilis (b) forests from 2013 to 2100 under
the Constant Temperature scenario (CT) and the RCP 8.5
climate change scenario (RCP). The annual C sequestration
rates were explained by biomass (Bio) and dead organic
matter (DOM).

202 (RCP 85 AlvtE]e; AA4: 207, IAHT7]E:
-40.9)2 7HA315THFig. 3b). ®o] 717t ot A7t &
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et al 201H)ZFE] AR AAFEAA = AUE-|
Hop SR ReA o =90t 5 dEo] 10d53H
100d0] 2 w7bA] A o] BARFEAIG= 0.83
olX 0.728 H<E3] TSR, S T-E o AA)
B 132004 1388 F53] S8l

AlZEe] Aol w2 AZF BA F89] A e o
o] wEslel V] A gt AoE Hil &
AFME 2] wEhe WkIElR] ke E Q)
o] A&HoE ZUIRIT) mEskE YRS 2]
o] A9l oA ot 2] ogt Azt whAx
FEL 09 FH3A DH(Gower e al., 1996).
™ RCP 8.5 AURL SlollME 719 239
7holl ot IAMGTIES] HalEe] A STRlEE
A A FEE B Uk 3UIRE 29 #E
e ol 71583t AU sfellA] Azt g
FTEE ARte] Al whet 24she, 21000]
LHo] g HiEdo] F & ke =9 A7 A
S35} IAEHDavi et al., 2006; Shanin et al., 2011;
Hlasny et al., 2014).

ofN T mob ox

34, SN

2 A7 Agelle 2o Fx, fE As, 32
B Fo2HE 7Rlslke g4l Al ¢4
KFSC Xdlo] ©est 720 ot E3hado] s
I Aok KFSC Rdlo] F2= Tekst =9] A8
73S Xl A A ES 318H 240 mEt
R sle] REEd Hlsle] gt F2E 7R
ATKSitch et al, 2003; Liski et al, 2005; Kurz et
al., 2009; Yi et al., 2013). L&} 7]&0] KFSC &
ds A83t d7=0] FHE b JoH(Park er al.,




42 Korean Journal of Agricultural and Forest Meteorology, Vol. 17, No. 1

2013; Yi et al., 2013; Lee et al., 2014), = At
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