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ABSTRACT

Identifying the carbon cycle in forest ecosystems is important when studying climate change. Since 2010, however, most of the

suitable process-based biogeochemical models for forest sectors in South Korea have not been validated. For forest ecosystems,

Korean and international research using a process-based biogeochemical model was collected and examined in this study. The

applicability of models based on methodology, input/output parameters, and the availability of relevant spatio-temporal data was

determined. After 2010, a total of 13 models, including one model commonly used by Koreans and foreign studies, were applied,

with five originating domestically and nine originating internationally. Global, regional and temporal scales were used in each model,

and a variety of targets, including agriculture, forestry and vegetation, were included. The input/output factors in most of the models
were comparable. It was found that the CLM3.5-DGVM, MCI1, VISIT and BIOME-BGC series models have been used most

frequently in Korea and the models are highly applicable. Recent research, however, was limited by poor spatio-temporal resolution

and lack of local characteristic data. Future research should include the creation of algorithms that represent forest management and

the validation of modeling results using diverse models.
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QAF9] 34 AR ARR-L o]ALalERAN(CO,; carbon dioxide)
2 EEE 4% 2A7ls MBS B9 ATeds] 2
G2 HA13 HIPCC, 2014). Ek, At el
£ st EX oA E CO7F BiEEH I Q= A%
ojty. XZol= ol=ltt 24VIA HiE9 ARE AR
AFAY] &A(C; carbon)2BHo] F BHSZF HuE Qlrk
(Ahlstrom et al., 2015). o], AL FSHHS E35f tfj7]

% COE &5ohe §A5Ee £33 94 F sffoltth
Ty Izt &F 9 7| F S| wE TR s AT
o] Wgk= 4AHE 9 AR 59 ASiE WEAE & e
o, o]et Hofl= AtE o] A4 w3l 9 st o] AYH

A W32 YeEbdti(Huang et al., 2020).

A AT 87 W) o 13 Holol, A7 1A %
339] 2/3 71ERS wet, S4F AJElA] Bhao) 80%, Bk
Theo] 0% HES AHI] 715 9 B 2eke T

< 3taL THKEFS, 2009; Kim, 2013). wehA], Tasesd
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I EFo|A2] CO. & #7go] ZItHTh AR 7|$Rs)
o FA7|H= oS A9l 2A7EA FEjof diste] 4
ZFolEl B 5 Q35kal QITHIPCC, 2006; Han et al., 2017;
Kim et al, 2018). 3, 7155} Ak} 53t 2 87
TAZE A3l et 2SS9 Age] ©4ags ¢
A% 7159 B7PF g SHolA FasiA L Sl
(Choi, Lee, Jeon et al., 2014). AL SAF AejA|Q] HJEH
¥ (TBMs; Terrestrial biosphere models)2 A7 9 |
2 qpm o] YA Hatel 7| mHslo] tiet S AShe
o] v F8stch Ad 4 @ Bt TBMse= Tt 7id
A A HPof|A TRt S Eoprt ARt Bg7IRE B
&(Process based model) 02 TAJT}. 27| TBMs+= F3t
T} 8, 45 B 7V RS ol8sto] A AT
%2 clEson, 1980dr) FkE 3714 % ARt
maY wew ) o 848 B RYo] ARele
59 1ot XY= ATHYizhao et al., 2015).

W0z A1 Tag WG HHES Aol 4 4
glo] ZAste] 3lAleR FAsks BAA HY(Statistical
model or Empirical model)¥} AJEfZ] Q] &2 #A4-S AR
g7 mgo g JRE ol A AJeiA 9] LgAdt
FE &8 5= = ol BN HYES AR
(Eco-physiological model) ¥757 |4t 202 JAE=THKim et
al., 2009). 53], Abg] F-7o] Ig7 Nt g iR Atel A8
BiAe] A, 3R aHgE HASR: RSt
(Biogeochemical model)o|H, o]5-2 thoFst 49} YJ=HAR};
2 Tefto] 2 A 39 ALY U SAAYF A3
ofl ST, ) AIZIol MCT (MAPSS-Century1)3} VISIT
(Vegetation Integrated Simulator for Trace gases) 52| I47]
vt Ajx|g}sl &o] A-2x]o] 2H(Choi, Lee, Jeon et al., 2014;
Kang et al., 2016). ©|52 ZX9] RFRF (Random Forest)2}
CV (Committee Averaging) Ensamble 5] Q3R] 7|4t &=
ZoJul(Lee et al., 2019; Chung et al., 2020), =] AF39] 241
7} S8 198 4= 1= FBDC (Forest Biomass and Dead
organic matter Carbon) = (Lee et al., 2018) F+= YERIAH
Hl(Lee et al., 2009; Kim et al., 2014; Son et al., 2014) & =&
73 71¥(Park et al., 2012) 59| AA SHAREAT= 2 A
A Axte] BEEA B4, 719AkR, wet 9 AYEfA] wak A
AJo] Azt vk 55 ANkAo® HOoJgit)

U AHElE teE oF AR|Set 7R BE2 11
da/4o] E2o|x Estal A7t AHH o R BE519
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Choi, Lee, Jeon et al., 2014). 0|52 tjF-E 20109 % o]A
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Ag A g2 9] gt} k3t 29 PSS o
A3 Aol fEuvet A9 B4 1EskA] £ 7t
L290] 9J 9 UK(Kim et al., 2018), o]Eof st B} o2
oJA| x| kS Akglo|th(Hwang et al., 2015). WEhA ©7]%]
o2 o9 239 I A& Al AT L U= 59
A 9J8l, B714 02 = S AR NS 5
oF A RO A B4 S Ao
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AeAle] BAERTE FYol Fojskaat skt
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Fig. 1. Flowchart for review of biogeochemical models utilized in studies since 2010
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412 SRy - 35S -

Aol 85k AR F(Diagnostic model)2 7~E5to] 2t
EAL v -EASIItHKim et al., 2009). TBMsof|A4] gt
133} dEHPE 8% P9 JHe= o] & §3Y
HPE2 gutdo R HHA S¥ES AEsh] s &
ARE MdE WEATE FAAHAFFNPP; Net Primary
Production) & A7 Azt AlEgolA FollA Zpol7t qlth
(Yizhao et al., 2015). T3, AHe AFeA|9] HHHAQl ghads
3he L] SlolA mEE BAS 9Ie el 1A
o AT YeRtt 37 A4S ekt 2 539 3
SRS Foltt Foll= U A5 7138, AREAAT A,
A7 5ol AFshe HolH7E 2t RYo AgARE &
|2 & SIeA ARSI ol &3l 2y = A& 7t
54 Tetelth viAgo 2 iy RS &85 I
A8 Aol A+ W, A7 5= EASIGIHE 9 S 5
3 2 AFollAE sfieolA e Axetete g o] S &
&2 9Tt B WRRS mjofstal, Yoyt g It
ARSIt Y e QIR WRke AlASkaA} SttkFig. 1).

AT A7 SHoA B AFE 20109 % o] 5] Syt U
=AE thdor PAgletgo] 285 ARE ShadT 4 HA]
H|AYRISS, http://www.riss.or.kr) & Google 81 734 (Google
Scholar, https://scholar.google.co.kr)}S 3l XS =¥}t
20104 o} =ui9] A8 BReletdy A A B2 4k
S S BHAE vIRote] ok, AMAF 2 s Ropof] 2
A E8Eo] & Ao Yepton, I gAESo] 284
g A5t A ANEE EAPE ST Tk, 2 A
TolAE SAVHARIAS AaEgREE TEsigions
‘Ocean’, ‘Marine’ 5] S T 71=E A|<jsto] Aoy
BES 355190 ESE F2 7|95 ‘Biogeochemistry’,
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‘Biogeochemical model’, ‘Model’, ‘Forest’} Z4o] Algo] ZAJE]
A AR S AHA o R ARt 7IHEE B85
ok 53] S 2§ ARIE Helsh] 9o Ko AT
7 371510 AAEIGT T8, Seol Baegt mge)
S A4S AR TRt A TS 2 4 gk
(Song et al., 2014; Choi, Lee, Jeon et al., 2014; Kim et al., 2018),
2 Aolx= AF AEiAR] 285 FR RIS R
DiagnosticT} Prognostic 28-S JREslo] 2498 44513t

3. Zu
3.1, M BT Y AR B 27

Google S+& HA-E E3] ‘Ocean’, ‘Marine’ 59 7| =
£ Al9st 20109 o]F ‘Biogeochemical model’?] 7] =
A2 Ax}, oF 39,0007, ‘Biogeochemistry’= 2F 33,200712]
o] JUTYL. BT, FEATHANLE 5 22
Ueh Alo] 481 RRE Flsp] gistel 4 283
9 UG 2ANA Korea’ 7I1FES A AATE A3t
‘Biogeochemical model’®] -2 1379] =] Sh&i=Fo] A
AIZ]9] 0™, ‘Biogeochemistry’+= 9749 = sh&==H |
of #f9] SheRo] AURIYL. o)A MY ATE
S EERP R ERE PR
D% sk QIO B R ‘Model’, ‘Forest 52 719
2715101 220 BB 1 A, Google S ZHOA
L 717} oF 17,6007, 18,200710] FHEIGOT, SHE AT
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Fig. 2. The results of searching biogeochemical models applied to forest after 2010
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Table 1. Forest Biogeochemistry related models that applied after 2010

413

Model Character Reference
Abroad Korea
Process-based biogeochemical model to estimate biomass, Ooba et al.(2010)
BGC-ES water cycle, carbon-nitrogen cycles in forest ecosystems Ooba et al.(2012) i
One of the first Next Generation Vegetation Models, by
BGC-MAN explicitly including the flexible response of plants to - Song et al.(2019)
changes in growth conditions
Eastaugh et al.(2011)
Hlasny et al.(2011)
Kumar and Raghubanshi (2011)
Hidy et al.(2012) Jang et al.(2015)
Nunes et al.(2015)
Terrestrial global Biogeochemistry process model to ) ‘Yan ot al.(2914)
. . Qingling and Baolin (2016)
BIOME-BGC simulates the development of forest carbon and nitrogen
) Yan et al.(2016)
pools over time Qingling et al.(2017)
Ramezani et al.(2017)
Mao et al.(2017) Kang et al.(2016)
Chen and Xiao (2019)
You et al.(2019)
Li et al.(2020)
CENTURY C, N, P and S dynamics, agroecosystem model Yi et al(2010) -
Althoff et al.(2018)
Land surface processes within the context of global
CLM3.5-DGVM climate simulation, dynamic global vegetation model, an - Lim et al.(2010)

analysis of selected features of the land hydrological cycle

DRAINMOD-FOREST

Integrated modeling of hydrology, soil carbon and

nitrogen dynamics and plant growth for drained forests

Tian et al.(2012)
Tian et al.(2014)

Forest-BGC

C, N, and water cycles through a forest ecosystem

Veganzones et al.(2010)

ForSAFE

Merging PnET, SAFE, Decomp, PULSE components to
the three basic material and energy cycles in a single

integrated model

Zanchi et al.(2014)

IBIS

Physically consistent model that can be directly
incorporated within AGCMs to balance Land surface,

Water, Carbon and Vegetation module

Cao et al.(2015)

Kumar et al.(2018)

MC1

Dynamic vegetation model, 3module, one of DGVMs,
MAPSS model+CENTURY+MCFIRE

Choi, Lee, Kwak,
Kim et al.(2011)
Kwon et al.(2012)
Byun et al.(2012)
Cui et al.(2016)

ORCHIDEE

A global continental carbon cycle model which describes
the flow of carbon within the soil-plant-atmosphere

continuum

Tupek et al.(2010)

RothC

Simulating the turnover of organic carbon in
non-waterlogged topsoils that allows for the effects of
soil type, temperature, moisture content and plant cover

on the turnover process

Hashimoto et al.(2011)

Chaturvedi et al.(2014)

VISIT

Estimating carbon budgets of vegetation ecosystem,
developed in order to identify biogeochemical cycle

between ecosystem and the atmosphere

Yoo et al.(2012)
Cui et al.(2014)

Kim et al.(2016)
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M4 sely - sHs -
3t A7 FESEL, Kim et al(2009)9] 4 Aol <
35 2R olge Fug Axh, = Aelo] H8H =
3 ATE 2 11do] AT, TA ol A sA9 =
go] EZHQT}. E3, 9] Ae] H8H By ATE
241 2740] SRAHQLLL, 9719] Beo] =& STFig. 2).

=Yj2]ollA] BIOME-BGC (BioGeochemical Cycles) Eﬁé%
SUshA 283t 20= Isglon, ol TEOE A
$91 20] 08 Aok 3 1710 2ol 948 sos
bk, 9] 4 Saagt 7o) 288 ARG
t¥A 07 BIOME-BGC (Running and Hunt, 1993; Thornton
et al., 2002), ORCHIDEE (Organising Carbon and Hydrology
In Dynamic Ecosystems; Krinner et al, 2005), BGC-ES
(Biogeochemical forest model for evaluation of ecosystem
services; Ooba et al., 2010), Forest-BGC (Forest-Biogeochemical
Cycles; Running and Coughlan, 1988; Running and Gower,
1991), RothC (Rothamsted Carbon Model; Jenkinson et al.,
1999), CENTURY (Parton et al., 1987), IBIS (Integrated
Biosphere Simulator; Foley et al., 1996), DRAINMOD-FOREST
(Tian et al., 2009; Tian, 2011), ForSAFE (Wallman et al., 2005;
Belyazid et al., 2006) S°] )3ith ZofA= CLM3.5-DGVM
(Community Land Model 3.5-Dynamic Global Vegetation

AR -

0Pt

Model; Levis et al., 2004), MC1 (Bachelet et al., 2001), VISIT
(Tto and Oikawa, 2002), BIOME-BGC (Running and Hunt,
1993; Thornton et al., 2002), BGC-MAN (BioGeoChemistry
Management Model; Pietsch et al., 2005) S©0] AF] EtAs3t
Aol AGEI itk AWHom e FEHoR
BIOMEBGC 29< 285t} 293 77} 012 n3e B8
St AFHTE H|wA WS A o7 BXALIITTable 1).
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H
=

okl Aot 2P| &8 Fopd vuEA A, 5,
W, A 59 2okr FREEHC E8EHA AU B,
Y 2 YARA ARE TGP G A AR
I HHo :Lyqo].oq 714Fsk& g0l |l 7g g4 Q09 &
= B9 gaee dSshke A7 230 sigste
Aoz ﬂ%#ﬂ °*‘:‘r(Table 2).

Table 2. Comparison of forest biogeochemical process based models that applied after 2010

Scale Target Base
Model . Agroeco Forest | Vegetation | Prognostic | Diagnostic Developer
Global | Regional .
system | ecosystem | production models models
BGC-ES O O - @) O O Ooba et al.(2010)
BGC-MAN O - @) O O Pietsch et al.(2005)
BIOME-BGC o o o o o Running and Hunt (1993);
Thornton et al.(2002)
CENTURY @) O O - O - Parton et al.(1987)
CLM3.5-DGVM O @) - (@) @) @) Levis et al.(2004)
Tian et al.(2009);
DRAINMOD-FOREST @) O O )
Tian (2011)
Running and Coughlan (1988);
Forest-BGC O O ©) (@) - )
Running and Gower (1991)
Wallman et al.(2005);
ForSAFE - O - @) @) .
Belyazid et al.(2006)
IBIS O - - - O O - Foley et al.(1996)
MC1 O O O O - Bachelet et al.(2001)
ORCHIDEE O O - O O - Krinner et al.(2005)
RothC @) O O O - Jenkinson et al.(1999)
VISIT @) O - O O - Ito and Oikawa (2002)
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AA T FFHof E8E HHPL BGC-ES, IBIS 5 1171, A
97 J1rof Fgsh= 2P BGC-MAN, DRAINMOD-
FOREST 5 127§2 Ueldon, BIOME-BGC, CENTURY
3 10749} o] AAT L A A 1w st
Ao Ueytt

Aol 481 BYL F2 59, 4, 44 59 Hof

o ol

g 2Az 7Eso] Jgon, 58, g A4go] 14
Hol 28 Ao Lrehgel. thEAel Hopd Y £4

A}, l-‘—‘§0ﬂ =A%t CENTURY g2 EF 37| €49
Wsihg ol3ol] et AlE) 54 RPew Ba
= Qu= o 4 glom, el Ao =Yl 3}
4 A gaolo] =l 53 Bl AeE met
4= Qlth(Parton et al., 1987; Yi et al., 2010; Aaheim et
al., 2011; Medlyn et al., 2011; Althoff et al., 2018). AFH<
718F0 & 3t Forest-BGC 2&- tf7|9} % 2 Ak e A
O Ta AASTE A5 4 AUk ] A4S B
go] TEsjEo] glom, A4e] Fe, 5, B, A
snof eso] eash s 2o 14 00 wojel
A4 FESH 52 248 4 9JtH(Running and Coughlan,
1988; 1998; Running and Gower, 1991; Veganzones et al.,
2010). MC1 ®22 7|57} 4Fl o] A4 wiste} A4 -
Z 9 759 vz 9FE ASsh] R HPCE, 9,
HA, 27 B9 A W Al F2 50 A5k A4t
T} AFE O] Ale maket Al AJElAlQ] BFasshe
7} 4= th(Bachelet et al., 2001; Choi, Lee, Kwak, Kim
et al.,, 2011; Choi, Lee, Kwak, Lee et al., 2011; Kwon et
al., 2012; Byun et al., 2012; Cui et al., 2016). I3 =1{2]

oA ZEZHo7 &8% EF2l BIOME-BGCE tAA| 9
NgYS TRt A15H GAY Het Yasisie, A%
o Apus 2EsA ] tEe] AT At 27
W weps} shtel AHY YRS FUHA Fstel me
shch. whebd, AR 27] W A9o] whek By B
S E7F AolotA] ZAHE 4 JUtH(Running and Hunt,
1993; Thornton et al., 2002; Aaheim et al., 2011; Medlyn
et al., 2011; Jang et al., 2015; Kang et al., 2016). 2A<
EdjZ St IBIS (Integrated Blosphere Simulator) 282 %]
Qg make AA7H Fuel P A4 s mYos
Bk A ko) 712k molstel kel A & 9

A H3}=E &3t 4= Qlt(Foley et al., 1996; Aaheim et
al., 2011; Cao et al., 2015; Choi et al., 2016; Kumar et al.,
2018). VISIT X2 AJejA<} tf7|of| 4] FA|aketd g
BN oﬂé"é —’F 21‘1}. 3 S AEE 7|Hte ' 2R

.

¢

%‘4
ﬂl
"

12

ol
Y
Jlm

m°l' J

ARFEE A= Eo] F7tof| digt AlEdolAo] 7hsst
H, 457 e F7|E ARISEE Aste] AlEY o]
AES 4+ 4 Qthlto and Oikawa, 2002; Yoo et al.,
2012; Cui et al.,, 2014; Kim et al., 2016). tjF& 23 9]
TZ2E 71E B9 5 URY =E5E A9E Bgs]
ol B F AA & B9 5ol o]Fo|A 5k Kol i
9l e YERgTH(Valipour, Driscoll et al., 2018;
Valipour, Johnson et al., 2021). T3, 5L AR of ofjgt
e, AdA e 5 3 279 Hﬂg}oﬂ et vt &
AotA Al E EEl= AFS Bt

ARG} SnPgS FEote] FA 27}, IdE
2 BGC-MAN, BIOME-BGC 52| 28& Z3I3t 674
o] B0 3H‘:}§E.9_U:], CENTURY, MC1 59 X¥& &
et 11719 P2 dErg oz eyt AdH 95
g 2% 85l RFL 4] Rgo g FolE Qi)

2 ATl EFNEA 24 2 20109 o] A
ﬂ:rLoﬂ AAE e 2AZ 49 4 &9 I/E AE
Shlth JERIAts 8 EAEE ERY AF W7, E
& A 2 AP SR FEEAL 7] AR 2L,
3T, 5 S, 5718, €Oy, V1% 59 713 8
A7F vergoH, A4 13709 2y F 127) P &
%3 QIGItK(Table 3).

BN, BT, EYEa, £37IY 5= EFsta 9l
= BEY A= B B A8EHAeH, JdAF, AE
T, B, At 22 A4 FEe 74, iA}xﬂ 3|
23 %.g FESoF AA 9IRt= 107]19] Yo ALE9)
ok 2@ ARt BARE 9] 59 AF 4= AA 137
o uy F 27H-°4 Lo A Yepgtth AdtAos By
G971 Q% 9 ESF QRS QAR Agalgion, 4
A A 413 A B4 nEsk BRoN F2
AT ek olof el AY QIAE u@A Yol
Az BEHA goron, Aztol ofgt Wk Q] A
AT EE s AL 4 A

A9 A st g FES B9 298 AR
B35 Ayp, AAY, EQF 9 fj7] &£02 o= Ay}
B A0 etk 23 o4 3 AL A3
AFF(GPP; Gross Primary Production), <=QAAJANE, &
AV Al AP AHNEP; Net Ecosystem Production), §™ 24 2]
(LAL Leaf Area Index) 5°] UEltoH, EQoAE E

N

N
-

= mlm

O
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Table 3. Input and Output factors of models
Model Input factors o ;
tput t
ode Climate Soil Vegetation Topography wpnt factors
Evapotranspiration
Forest type Water runoff
. Carbon-Nit bsorpti
BGC-ES - Soil water content - amon-ritrogen a. Sorpron
Carbon Sequestration Rate
Management Nitrogen Leaching
Sediment Production Rate
Temperature Texture Forest type GSV
Slope GPP
Solar radiation LAI NPP
BGC-MAN Depth L
Vapor pressure Stomatal conductance Respiration
Soil Ni Aspect Carbon allocation of the
Precipitation oil Nitrogen Carbon Nitrogen ratio vegetation’s carbon pools
Temperature . Carbon storage
Soil water content GPP
Precipitation Plant functional type Slope NPP
. NEP
BIOME-BG Soil temperature at T
Vapor pressure Respiration
C 20 cm depth .
Evapotranspiration
Solar radiation LAI Aspect Photosynthetic rate
Texture Soil CO: emissions
PAR Soil CHs emissions
Monthly average maximum Soil Carbon storage
o ) Texture o
and minimum air Soil Nitrogen storage
temperature Atmospheric and soil N | Plant N, P and S Mineral nitrogen
CENTURY . - )
inputs content Soil carbon storage
Monthly precipitation Initial soil C, N, P and S Soil water dynamics
levels Soil temperature dynamics
Precipitation
. P Soil and Snow temperature GPP
Mean air temperature NPP
Solar radiation Soil water content Plant functional type Plant Carbon storage and litter
Surface reflectance . .
o Soil Carbon storage and litter
CLM3.5- Upward radiation Drai Respirati
rainage - espiration
DGVM Sensible heat flux € ) P )
Latent heat flux out Soil and Snow thermal properties
utflow
Steam flux LAI Water runoff
Momentum flux Surface water storage
. Water potential .
Phenological data Soil water
DRAINMOD Radiation Soil ten'lperature Density GPP
Dr'fima.ge NPP
- Temperature Hydrologic litter pool Root - )
FOREST o Soil organic carbon ) Carbon allocation
Precipitation Mineral nitrogen Stem and leaf biomass Litterfall
Temperature Soil temperature Stem growth Canopy photosynthesis
Soil water content Stem litterfall Transpiration
Humidity Outflow Phot thesi Vegetation distribution
Forest-BGC ) otosynthesis -
Precipitation Evaporation Maintenance GPP
Transpiration respiration and leaf NPP
Meteorological variables Water potential Stem and root carbon Respiration
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Table 3. Input and Output factors of models (Continued)
Input factors
Model - - - Output factors
Climate Soil Vegetation Topography
Texture Wood Carbon storage
Temperature Soil water content Harvest
Depth Tree species NPP
Bulk density
Soil organic Carbon
ForSAFE Precipitation Total C and N, . gaie tar
. Evapotranspiration
Organic matter ) o )
Hydrologic Management Acid 1.1eutrallzmg c.apac1ty
PAR Mineralogy Nitrogen leaching
Deposition DOC leaching
Temperature _ Evaporation
Soil temperature Transpiration
Precipitation Soil organic matter
. . . Soil Carb it
IBIS Wind speed Soil moisture - - (?1 .ar on storage
Soil Nitrogen storage
Radiation GPP
_ Soil ice NPP
Atmospheric pressure NEP
Precipitation Gridded maps of soil Evapotranspiration
texture Soil - Carbon Storage
Temperature .
Rock fraction NPP
MC1 Vapor pressure Soil radiation - - Water runoff
Wind speed Depth Max LAI trees and grasses
Texture Carbon Allocation
Solar radiation Bulk density Nitrogen Allocation
Temperature . Plant functional type GPP
Precipitati Soil water content
recipitation ) NPP
Wind speed Evaporation _—
. . L. espiration
ORCHIDEE Insolation Drainage Transpiration - ) P
Humidity - ; Vegetation Carbon storage
. nterception and litter
Atmospheric CO: Outflow . .
concentration LAI Soil Carbon storage and litter
Rainfall Clay content Bulk density
o Biomass carbon
Inert carbon composition o
RothC Temperature - - Carbon di-oxide
Depth The radiocarbon content of the
Evaporation over water Bulk density biomass carbon
Temperature Percent clay content Carbon storage
Percent sand content
s . GPP
Precipitation Percent silt content Forest type
Field capacity NPP
Daily shortwave radiation Wilting point
VISIT - NEP
Wind speed Saturated water content
Depth Respiration
Vapor pressure deficit Soil type LAI Soil CO, emissions
2
Texture
Daily mean cloud pH Soil CHs emissions

*DOC: Dissolved organic carbon
*GSV: Growing stock volume
*PAR: Photosynthetically active radiation
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Feth BEJLE EYLE EFQV|E(C, N) 522 Y4 2 BIOME-BGC, Forest-BGC, ForSAFE 5 & 1179 &
B, 7] &9 /A= CO, Hi&E, S84L B9, & ol &&strt. SuEtolA 7Pt B2 dERIXE &
3} 2Hg, A 52 Ik Utk tiRE 2y &Y B3 4 9= 3.2 BIOME-BGCS} BGC-MANCE 3}
AAfo A A FA Q4 9 IZbo] Qe Wt UA= X =Yoo, o] BEL AHRIAR 7|4, EY, A48 2 A
EA] ottt By e Bo E8E A ©AeS FA=RE 85t lUATh
g, Aol x4 SR Wl 274, 7 FE 239 AR &84 714 EY AN 5
T3t J3grt, Aol A B 5 A AE A o o] AR5 U] 714, w238, AR, 4t
gt teret B4 AaE =E55Hith 43 59 71HolA FH st AR EAEH 4
vtA o2 dHiv|, Y|, 487 aeE 59 71
3.4. 2L M 7Is4 met AARge 2 740 At 2A%7](GK-2A)

2 B2E TR JIA9Y A4S BRI 9o,
Z71 A H=(AS0S; Automated Synoptic  Observing
System), BA]7|AFTZ(AWS; Automated Weather System)
59 AA7IABETL oF 13kme] SAFER WMO B
0l 15kmEY 2E6H, AR,F F7E & &9
2 A& 0}711 A, Xﬂ% *—8_— 4 9t EI 2 g

A AFoAs tHFER AFHEAY 7], A, E
F AAHETE ofye, mA| A & AbeF X|F 59 A HFF
AA7F 1=, o]t Y& QIAEC] AR AA =
o] 914 =9t GIS 713 2 Plot ©9JQ] 3t mgo]
=1—5]°*EP oA, = E"U AL 7Fs78E o171 A 5
3 3y o A=Y o = O X h
B0 = Table 49 2] E%aoﬂq %l?ié, *Ja‘n"* zr /\1E X]‘%*Xﬁlf&iﬂ 9 g5

=

_ Ik = 287 7]3o) & o Z}skA =0] 3199
_ - E5) A= 3,760 A A A vp=nko 1= ol 1o
CENTURY, IBIS, VISIT 59| 127} ®3o] ZL&3l 7|& °}02 ngl ar Ol H;L ]”Ojlﬂ: il °T ﬁ;ﬂ*];;
= S| TS EE 9F 13 kmo||l4 km7}R| FAAA
Azgor], theoR B0l word Ak 4w AR e e
Table 4. Ensuring possibility to build input data for applicable models
Applicable Models L
Class Factors Possibility Map Scale Source
(over two)
Temperature 12 O
Precipitation 11 O
Radiation 8 @) ASOS 13 km, 7133
Climate .
Wind speed 4 O Climate Atlas 1 km (www.weather.go.kr)
Pressure 5 @)
Humidity 2 @)
Water content 7 O
Texture 6 O
L2754 TEZ
Soil Depth 5 ) Soil map 1:25,000 o Te e meE
(http://soil.rda.go.kr)
Outflow 3 O
Drainage 3 O
A A
LAl > O Forest type map 1:5,000 =e
. (www.forest.go.kr)
Vegetation Forest Type 3 O _
aA%
Pl . Land cover map 1:5,000
ant functional type 3 @) (http://me.go.kr)
Slope 2 @) Topographic map TEAYFEY
Topography y
Aspect 2 O 1:1,000 (www.ngii.go.kr)
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(KMA, 2015; 2018). @A 7143 71T 84 A= % dlo]
B dHZ AIZ== AL PRISM (Parameter-elevation
Regressions an Independent Slopes Model)o]] 2]$F 2000
oF Am@le, AHT % YHAYILY AR, ABS
ol tgt xR RO |tk PRISME B3 42 7|55 dgt
o tigt AARE AP, 1%, AFE, HIE 5 17
3 1km spkEe] FAe] F1TEolA Belet 4 gl
(Jeong, 2021). 7L Qo= 7]%9} BAH EYARE A7
SoAGE, APLEAS 5O 4RE 8T & 9o,
£ §4%, B4, 9ol 59 £F £4 ¥ Ant
FE2 ENETHY FEFOIA ATstaL e E3E A4
Au BIARAZANA AL e ARE of
goto] AEA 5 AURAFS FAT 4 o, 4
At B FAEZE AAEANA 1:25,000 = 1:5,000
zx02 A QA Uk 125000 PAES] 7
% 20109 °o]F2 ZYASA] oIk, 1:5,000 UFL= vh
| AL T QITHKES, 2019). ol9lo|E B4Ro] @A
AT D ARALE So| glom, s JlTlA x4
B4 g HeS S9ota Qi AHROAE diER
(1:50,000), ZE-(1:25,000), A|E-2(1:5,000)2 A2
EX]TJ}EX]F._—— @ al ;(ﬂ.’slﬁ].j_y_ %1\01:1 A]—alp,] Alxﬂﬁﬂ
2 72 9 24T 5 gtk AA4ES ¥ 59 49 B
FAEE FEALHEAA 1:1,000, 1:5,000, 1:25,000,
1:50,000, 1:250,000 5-9] t}ofst 2H o8 AP
T-5o5to] IEkQlofA FFstal Ut 1:5,000 %2 9] 3%
29 F712 A= HE JRE 7YAlsHH, 25 ERIE
¥ AE T2 59 F8 HHE PR FHAY
(National Geographic Information Institute, 2019). ¥l
249 S BAT 23t EFAEE 1:25,000, 7|52}
= ikm SRS ARE 8T 5 i v Ay
ARLE 1:5,000, AFARE 1:1,0000.5 v 77 AL}
O FNARE BEY + A
ool gd YeiARo] that AELTho 2 B8]
L AR gurroz EXuEA L, o]——J—A}-X] g AF
5°] ZEFHHKim et al., 2009). EX|TEX = F2 9
AR T8t ARAY YL Het 7)ol wret
24 2 ST A2 BAAE o DS 1% 494
FARE EED Uk B, PBALE P
S} AR BB ARE 49 AAAEL AR
o) NS B8 BAT ARE 2000938 AT ohdz
S QBAag UG AR govl, AP 2 A
5 5ol B80] Fssteh oA 289 4 AL 9

AFS thE A Al2-914 (ol H) 23(KOMSAT-2)& 2

my L= 277 AA =FF Aol
FEE 0] 9lom, 2015d0] TAbE thEA 4894 (ot
&) 3A5(KOMSAT-3A)= 55 cme AAPGE 7| 2ket &
A AA7ZE GAE R T Y Y B AR
£ AlZsto] &go] 7sd Zo=E HAtKSong et al,
2018).

3.5. ZHo| 2 X MY 24

20104 ol F, Selvteto] A8 4 Bk BY B
AGt= Table 59 o, ZY oA CLM3.5-DGVM
(Lim et al., 2010), MC1 (Choi, Lee, Kwak, Kim et al.,
2011; Kwon et al., 2012; Byun et al., 2012; Cui et al.,
2016), VISIT (Yoo et al., 2012; Cui et al., 2014; Kim et
al., 2016), BIOME-BGC (Jang et al., 2015; Kang et al.,
2016), BGC-MAN (Song et al., 2019) 2§ 50| & A}
$H9t Y BFES A4 B AT FRE
240l 7Fsdlen, dEdAzE MCIZ 7|15 9 EGA
2, CLM3.5-DGVMI} VISIT= 7|5, EQF 9 AAR R,
BGC-MANZ} BIOME-BGC+= 7|%, E9F, A1 2 X]3=}
25 &8 AR YEHH

Song et al.(2019)2 BGC-MANZ ©]-g75}o] EHO]'/\]
ofo] thFet 9L E H A HELS Ll 23
A= o]P(MLE; Mid-Latitude Ecotone)?] AFHZHGSV;
Growing Stem Volume) W &£UXAYAHY WIS 7o}
At T AT Jole] HAHoR Exd ddsol
w7l Sske A ARt Zbsa 3 AR 543
o 3th= ool FUTh

BIOME-BGC X3S €83t A+E Jang et al.(2015)2
7158317} k= AHFAke] 91 Picea jezoensis Z)A|T2]
AL E4:35 9 A7)0 u|X= gk BA5H] 9
o =mPS BEto] Ak 1 Wk W Y] 5 s,
Uh ALY o 299 e Aol e Fasisie
o, 71 A3} AZES 71$RSo) g o] ATt dFS
w1 Ql}ith. Kang et al.(2016)2 BIOME- BGC 2ge 3

&oto] Sl A=A FeHol et gapA] AlEdeld o
;L— Systgon], 7lgusler Eomzol A4 A8
SR Ggre BAste] S Ak 1AL @Al That 7]
2 = 3F /ML AASIR. e, %L st
7H1ﬂi 74sto] ZEES] TRt BSdRS FESH X
Sh= BIOME-BGC R.39] SHAR Qs 7/iE $&2] 1A}

Ol‘ =y
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2 WAHow wolslr Earhs @40l tepgrt

Lim et al.(2010)2 335 EH5Hof| A CLM3.5-DGVM
o WaRgY Bol5EE e Sio) Aol 4
se 1% B

- YR

0Pt

Ao, AE4YS BYFY0] FEINE Aol

o RYolde ddrde A=

ol Wol7t YA stk BT,
G ol A Bt 5ol et F2o] iy

=7 =Hris

£47H A7) 9t

7135 2ZAo] AYEZ]
o] A=

A717}

MC1 RgE& &85t 2 93 2E Choi, Lee, Kwak,
Kim et al.(2011), Kwon et al.(2012), Byun et al.(2012),

Table 5. Description of models applied to Korea
Model Outcome Data format Output Locations Years
To assessed forest volume and net . .
. . . five pilot sites from each
BGC-MAN primary productivity changes in the Vector GSV, GPP, NPP 1960 ~ 2005
. of the southern parts
MLE of Northeast Asia
. . GPP, NPP, MR,
The impact of climate on Mt. L Eulsudong Valley
Evapotranspiration, sun
Gyebang and on growth of the Vector watershed at Mt. 1972 ~ 2006
e lict P. i . lati leaf and shade leaf Gveb
site’s relict P. jezoensis population eban
BIOME-BGC ! pop photosynthetic rate Y &
Simulating seasonal and
. . GPP, NPP, MR, Carbon . .
inter-annual dynamics of carbon Vector . Milyang and Unljin 1988 ~ 2015
storage
and water processes for forest &
Evaluating performance of Vegetation distribution,
CLM3.5-DGVM Raster Gwangneung 1994 ~ 2003
CLM3.5 -DGVM LAI, Carbon storage
Assessing the vulnerability of
forest ecosystem to climate change Raster NPP, SCS Entirety of South Korea | 1971 ~2000
in Korea
Estimating the spatial-temporal 1971 ~ 2000,
Seoul, Incheon,
NPP and SCS of forest ecosystem Raster NPP, SCS ] 2021 ~ 2050,
. Gyeonggi
MC1 under climate change 2071 ~ 2100
Assessing the vulnerability of
. . 1971 ~ 2000,
forest ecosystem to climate change Raster NPP, SCS Entirety of South Korea 2021 ~ 2050
in South Korea
Development of spatially stratified 1970 ~ 2010,
. . Forest type .
and normalized vulnerability Raster o Entirety of South Korea | 2010 ~ 2050,
o distribution, NPP, SCS
indices 2050 ~ 2090
Estimating carbon budgets of GPP, NPP, NEP, SR, .
. Raster Entirety of South Korea | 1999 ~ 2008
vegetation ecosystem HR, Carbon storage
Identifying the influences of land
cover and climate changes on GPP, NPP, NEP, SR, .
. Raster Korean peninsula 1981 ~ 2010
VISIT changes in carbon budgets of each HR, AR, Carbon storage
period
Assessing and compare the impact .
. GPP, NPP, NEP, SR, Entirety of 1980 ~ 2000,
of changes in forest area and Raster
. AR, HR, ER North Korea 2020 ~ 2050
climate on the carbon budget

*SCS: Soil carbon storage
*AR: Autotrophic respiration
*ER: Ecosystem respiration
*MR: Maintenance respiration
*HR: Heterotrophic respiration

*SR: Soil respiration
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Cui et al.(2016) o] 9o, MCI& U Arol 2&
° wAE FolA 1% ol BeEE Ao vk
t}. Choi, Lee, Kwak, Kim et al.(2011) MC1 2§ 0]
&5to] M=o 7|3 sl wE AYERE Hol o& 9
Are AEA FHF S Br7skTh 1 23, g9 A
Ae dFE Eadolon, 95 WsAdL AR5
5oAbA9] Ab AEA FoFdo] Wilf w2 Ao= g
A= RO, eh=-2] A Hof gt 4t AJE A 2] F
oFdZ RAY A7t #FoIUT Kwon et al.(2012)
7123t tf-gst7] Yol 4k 9] 7|5 F CO, Y9
TET MCI 2R B8otol SR A1) £UAA
Ao} mopRaAgere] A WMok R ehelr.
Byun et al.(2012)2 MC12 B3] =49 &AL =F
9 EQRAR Y]
E 9 7159 U 48
I B AR S A 5 ]
2 7|FHgko| g -yt At AEAY 9F 2 F
kS H7I5FR . TS, Cui et al.(2016)2 7| S SO
AH AEAY FoFdE B7kekr] flste] MClL &
ol A gAa EYA 9 AETEE 6o,
Aoz AS3t 9 A3t FHoFd AeE NIk
. ZF Bore] st F oY A4S ATEet 43,
I FE5R UE A Go|A A¥tHo=w Abg

(2012)0] HYE E-8olo] AF7t AAHAHEE 7[Fto =
S-Evete] A gA £=XE F46t2H, Cui et al.
(2014)2 13- S8l FETHO A 30:(1981 ~2010)
B FAAGTFS Bt 9 HFstotal, 7| st u}
£ e EXTE Hol 9 ga st njAs IR
A5}t ESE Kim et al.(2016)2 VISIT 23S £
o2 7| s 53 4 A 2 ARG g
Aol nxs FFE Hrloral v Wkt

MCI1, VISIT 5-& 2010d% o]Ho|& t}4 &8o| &
9loH, 20104 AZE slo] BIOME-BGC AY 23
£9] &840] 7ot Ao = fetE . olE 2P
gt A E MRt o R motslls o, A FH U Ak
He 5ol FAZHoR xIE EHoM= EY (HE F
Aoz 3§t ¥E 49l BGC-MAN, BIOME-BGC 5-9]
1gE &gote Aol HEst Ao=R motE gt gk

rt Az

Rom, A% &oE AT F9ole CLM3.5-DGVM,
MCI, VISITY] Hgo] &-8-do] & 2= Yt
a2y, 47 33 Y] EAIE ARt Ao 4
ol 2a% Zog molsigitt. ot 2 ATl 7]
& B4E 53] Google Scholar®} RISSS] &3 oA
AGAow PASStEPo] AwH AE2 THOE £
25197 gEo] di A U A4 5o E5tE 1Yol
A oA AQEs AFE wtetE itk £3], o] A%
sHA L= 9" FBDC 232 HolE X (Data fusion)
59 ¥4 53 FBDC-CAN (Carbon and Nitrogen) X
Yo jMEen U FHIIuge] 4ol 37}
H Aog mobEth(Kim, Luo et al., 2021). 0|5 REE
FUSAL . A3 BN AR} Aot 92
et AlRle] B4 wrh AlUs) vt A9
W} Ak e 5 Eikohs A 9 FelEe v
o] "ot Aoz wWodE

20109 o]F Akgo] =
o uhel Aure myoz shwel AP, AY 9 )]
F5Y1IFE
A7 2AsRo0, ) A e Ae] 4HH oz ux
= qgare 1S ofe) A Aol o) g AR
A2 710 Aol7h WA o2 Reslr] A of
zae Hasiha, Seuee 49 S4L v o
9 A4 299 LT o8 AFT 4 Y= A=A
Shag g8 et A|efe garo s el 4] A4
ZAT 983k Aoz HAtH(Kwon et al., 2012; Choi,
Lee, Jeon et al., 2014; Choi, Lee, Song et al., 2014; Kim
et al., 2018). E3, FARY A9 FaA7IAL, @
£94g AT 2o ATAVIN T2 TAAE
UeAne 43 Yool 29 759 A4S Fols
AL 835} (Yoo et al, 2012). 2P 2] YZARE AL
He 71 BEY, A Y ARES diEE =W 718l
A g 7HssH, ol =W ARl gk Axsketny
5 9 o] oiA 71xAmRE E8E 5 S A= 9
A Yoy, 714478004 Algsta e sARE Alvd
Q(RCP; Representative Concentration Pathways)o]] <A 3%t
S7HEE 7RIS AP E 71 2ARE B85t Tl

2
ol ol:o
rid

3
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)
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T, A, 55, B 5)7F Aol mAlE I3l
g 2 aiHn. o= By Y=
SHoA v S PR 59 &S Bl 7|FH
3t g3 A7 EHE 5 US AeE J|dHn
T, 28 59 440l
L7t 7] gzl A=
Py Aty AMER S4HE 7t A, iR At &
! QItHKim et al., 2009). uabA AH
o t7], B, A8 o] Q1zte] 7t
= Z1o] HFFZA 5t (Alcamo, 1998; Field et
al., 1995; Kim et al., 2009; Kim, Kraxner et al., 2021).
3L vk BT ABoR s AAYEH A T
Aok @] Apol7E Aste] 7] Frsto] tigh AEA 9
FE Aot & o AP 245 HiAE & Qo
(Kim et al,, 2020). 12t} tolA] AgH 23 5 thR=
d7iu B 9 AT Hlwste] AP AHiFoR
A Q7 o it THRIANE A9 HiAlE A= A
A0l JPYLT A4 L EF 5FY BN Wl
T 9= AAolct,
olzig Sl HAT Fro RFES B Wt 9
olx Setete} Zol AmHo] FL Xode] Bitat 4
= AEH HASHA] 3tk A0l AAtk(Song et al,
2019). whebs AA, ddAl, At AY 2] 24
TelolA AEAPTA] metd 4= Q= YAFAES 2
&oto] By 759 A 4 A2 2 5 dofof
s, 5E 2P0 At dAste=t FE6] £4 E
AST & J= T AFE7}F vk ofof grh(Muraoka
and Koizumi, 2009; Kim et al., 2009; Kim et al., 2018).
=, 914 et AU B mEe e U 4
U= Aotk 1171 7t By gt A Sk
H sk A9 A5 3 BT AoE HIIth
2 A= 20109 o] % Atgo] A8H By AFE A
B BAZ FskH. diid At Fio] AR sket
S &8 A7 EUoH, o] A AFE &
g A g Sy JEA HAE 5= &
SEuet Aol A8 2 284 w2
St EAo] BEsilon, =i At 5700
AotE =9 BPo] Frt & Ao et A7
z71°l= 9] ARt YS U
of A&ste Aol 2HoH, o AFZ A=REY W
Lo Algto] Qlo] fEutet A o) B4 542 HEYS
7] ol##eh. 12y FZoll= Seutetol] At A4t

.
l

H
ool o
o,

Ir

2,

Lo
e
ok

_,d
=}
fo

ol
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2021). o33t Sl =i el Aol 28d 2Ye ¥
HEH SHAA &

& AAe FF U Ab-ol ARt A ekt
719k 2y Jdat ojof whE AH A =dEdTE 1
of 71992 & Ad& AelH

5. 22

715¥ebrt AshEel wet A YA SALES
sfotshe e Fa% dAloleh. Zeuh, 20104 ©
et ARgiokl A Ty A stelRgel &
Sorsl 3 A 2 gl et AT Ry
th mebd B ATOlAE A AHAE gos A
sfetnge A8 el BAS Susky B4stact
of BoIA 7 wPe] WHEA ZH, Y2 A, F
7k Azo] G 48 7hs Aol setsigle 20104 ol
T8 BY 72 3y 5, o9 ofE FEE 6
18 EFstel 3 13749 BYo] £2H9ith 2 BYY
74 fEk AT 5L AGH FRGom, FY, 4
L A4 59| Bool A thersiAl B8H T k. 2010
1% Seuetel 488 AASetEGS BGC-MAN,
BIOME-BGC, CLM3.5-DGVM, MCI1, VISIT 5o| &
258 Zo® Uehgrh SYE % A B Zeo)
gRy 24 gaHE FA02 AU 2o ojojy
A, Bl e SEelA ETE HAjo] ool et
154N, EPYR, APHRE 20 JUAEE sl B
&S BASHE A} dokigon, Fa 20E

T
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o of

fLodl of g
N,

¢}

ol

B7F, 71 FHsket EQkxzdo] Ao H|R= FFRAY T
o2 ettt I8y BPES FE5HoE W2 AFt
TS Zta glom f-Euet A A Q] 43 A
3 2 7|5Q1AE AEsHA WGt B3t AR UE
ok % 23 /i oA+ FBDC-CANI Zo| 3}
71 g3t FARSHA A ZAHL B4 5= 9l
£ 1YY ZiksT 7|E BASEIEFES AiEo| H|
ASHY 1=sF 9Qest Aoz Hlth E3 7%
3 S flol ZF9 A& E &8 S|4 RCP
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wgol ) 4o st FEIL kol7] P o
23} 22 Aol TefElolo} & Zolth. HA, BE T
o] AEm2ALS} AFTHHE 08T YA E GIS
Zgo] BT AAEE 94 ety dros Aot
= AAE 7ES1= Aol Wasid. A,

i

0l

3t Bloleioh 4
et PeA 12 2 71 5 18 SH0l A4gn
Aoid 720 BYE AFHHCE BEY 4 YEE 7

Zstolof Stk AA|, 71A-EF-A 7ke] AAHQ B
US4 E DB3}7} o|FojAof gtk YA, FEE nF<]
Augre ished A8 45T 5 A Ad L 71F
st wE AP AR, A% AR, 299 Ao 4
% wlar} o] FojAof Fhrt. B AT 9] Argd] A4
2= AX|Fstngo] 2 FE 7tsA BEAS aF

=g QA st skt gt 9]

94 BaesTE 30l 7o & UL
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