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ABSTRACT

Following the Paris Agreement, countries are required to report their efforts to mitigate greenhouse gas emissions.
Particularly, reliable estimation of greenhouse gas sequestration by forest lands has gained significant attention. Nevertheless,
comprehensive guidelines for the Tier 3 method, which is regarded as the most reliable method, remain ambiguous. This study
analyzed the requirements for the Tier 3 method by reviewing IPCC guidelines and national inventory reports from developed
countries such as the United States, Canada, and Sweden. Additionally, the study proposed methodologies for the Tier 3
inventory report tailored to the situation in South Korea by reviewing domestic modeling research studies and available data.
The requirements for the Tier 3 method included seven criteria, including the combined use of measurement- and model-based
inventories, temporal and spatial interpolation of measurement data, and model verification and validation. However, the
degree to which these requirements were met varied among the United States, Canada, and Sweden. This study proposed that
South Korea could report a Tier 3 forest land greenhouse gas inventory using national forest inventory data and domestic
models. For the Tier 3 inventory, it is necessary to assess the uncertainty of national forest inventory data, perform spatial
interpolation, adjust model parameters, and conduct model verification and validation. This study will facilitate discussions
among relevant departments and experts involved in the forest land greenhouse gas inventory report. Moreover, the proposed
methodologies in this study will adhere to the Tier 3 inventory requirements, using time and resources effectively and

progressively advancing the reliability of greenhouse gas inventory reports.
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1. M2

QUZtof| ofgt 2A7EA ST A AR|F 7] 20| A5
st glom, olo] W /s A5 24 A
5}l ATH(Arrhenius, 1896; Callendar, 1938; IPCC, 2023;
Keeling, 1970; Pales and Keeling, 1965). =AH|AS]& O]
23k 7]5R3ke] A QASHL 2015W T FFE X
g5ttt F2EAY BxE= AAF 72 7 &S 4
J2} o] o] 2T ostE FA|stL, Yo7t 7|2 S
15T olst= Ajtst7] ¢sfl B =7H7F st Ao]
o} o] o Zh2 2AVMA S FHE AAR A5 A4
Arglo] of&star Aisfiof sh, SAAMS= 1 o] 3o
Q]’SHH IE5o0= 7450]-1:}

sl Egel Aolate Fole A4 FRARDAE
gafo] L7~ 2% FHYE 2d F712 B sof S0,
27} 24712 BAS EolW 44 58 muAo| X3
A|ACF JIEHUNFCCC, 2016). =7} 2A47FA A= =
7o) gEIES AT 5 AL A AR 715 Wl
W3 AE7E E 9 A (Intergovernmental Panel on Climate
Change; IPCC)7} Al33t A ¥ whe} =7} 2A47EA <
W E 2] X314 (National Inventory Report; NIR)E 2144 %
AEstRoH, 2024357 He 2A7IA JHED] £4
(National Inventory Document; NID) FEjZ 214 6]]0]: ot
E]'(IPCC 2006, 2019). IPCC A|ZH-2 AHA 9] AlFE 4

5258 ESTFASLE FESEY] Tier 1, Tier 2,

2

Tier 3 ’G“—E A Aotz BEEFAS2] 3% Tier 12
IPCC A2 o] A6t 7| & vj&E5A|S:, Tier 2= =7}
15 WS AS, Tier 3= 9] 114 BEHA F

71H o7 e 243 27 e U He5i= 445_3,_
ojujgtet. of7]o) A IPCCE 7+ =717t R/ AR &
o] 9= Tierg ©]&sty 7Fsotd A= 4, 29 7H5;_
5o =8L 7|20 Bt} &2 TierE 0|88 AL Hsh
t} E3}F [PCC AL LA7IA wj&sF 9 54
2], A TA, =9, ¥7]|E, 187 EX|o]L, EX|o]&
W3} 9 9JA(Land Use, Land Use Change, and Forestry;
LULUCF) 5 57 ZEoxfiE®)2 FEsty, =7t
LULUCF¥-oFE 53}5}o] Agriculture, Forestry and Other
Land Use (AFOLU)Z &3ttt

LULUCF Hok= th2 Rofg} ge] 247tA 54 o
42 T & Utk 2ATIAZIY HANE (Greenhouse Gas
Inventory and Research Center; GIR)7} 273t -2}
NIRO| w2, 20204 7]& 247k SHHETFHLULUCF
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FoF A|9])2 654.4 WTEE COeqo|™, LULUCF £oF&
E35t _9_/\17]-/\ S L 379 WUIE COzerIE]-(GIR
2023). =, 247 A ZHEFFY oF 5.8%7} LULUCF &
o2 53 5%k LULUCF ool 417, 57
7, 27, A, BFA, 7HEA, 2 ZHAE 5 77
9] RE(FER)o] 23E =1, 20204 7|F0F AFHA],
ZA, $£3E BEQAE BELS ZH7 405, 0.02, 0.5 Hi9E
£ COxq 2A7IAE F5ai9ith T8 57379 7
L 939 77 28 @ 0.3 WIHE C0q.9] LATIAS
MEsiglon, 457 9 VHEAE $EAR RES of
2 4= YSIT LULUCE o} Sl 48

FE2 B8t 2ATEA(CF 98.7%)7F FEAL 9
om, Az H 4 A WP} T Tier £230] Z&ub
of &2z}l thE LULUCF 229 AHgL 943k AA] o
2 83 gt

AHA] 29 AP AR R A A, BREA]

oA A-gE AFEA, da AHE ‘ﬂﬁi N0 HiZ, AHA]
Hro| uf A laxof o3 vijE Sog R *2uet

£ BEAA H8H AR = *J A= FAH" A
o] Zalslo] AHgslgon, A4 AJH|Z 918t N,O HjZT}
AFEA] Hpo]l @u A A4 Ot HiES AR HH|E
AP 9L SITHGIR, 2023), AFIAIZ §A1% AHA
o] A4 BEe U vloleua, 1A, YD, £F o
4 5 4] ©a Ao Setek Y jol or)
24t Tier 282 APYsaL 9l om, Y] g4 &4 arof of
St ALA L Tier 1 530 227 9t} o]# 3t o]9 uj
Boll KA B AFge] BAvIwel FURLAER o
A4, 710 SR, 28719 GIR, 1
T8 A9 ARIFES Tier $22 £0]7] Ysf =
7 75, 28 24 71 Y 5 ohHe =82 TS
o] UTKGIR, 2020).

Iy LULUCF Ay 28 =0l AL =43
Aol Tier 1 +5& Tier 2 =02 l,—';— ]7] ) A
= B2 A8 vlES 5o A7 OF g5 ARE
£Z 3ok gtth(Han et al., 2017; Ham et 1 2020; Park
et al,, 2018). S ztoll A= AFA] B2 H¢ F7HE
YA Y ZAH(National Forest Inventory; NFI)& -85}
Tier 2 539 AFYo| 7}55kA| T, Tier 2 &2 Tier 3
TEOE Fo|= A2 AR 15T UE ofERo] EA
glt}. o]= IPCC AR o] Tier 1, 2 £=ZF3 & Tier 3 &
=0 tslixl= AR RES ASsHAl 271 diZolt
IPCC AR A&l A Tier 3 ¢} st o237 2
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o] AFdlal JUt}. “The methods and data presented focus
on Tier 1 inventories. The methods will be generally
applicable to Tier 2 inventories, but the default data
presented for Tier 1 will be partly or wholly replaced with
national data as part of a Tier 2 estimation. Tier 3
methods are not described in detail, but good practice in
application is outlined.” =, IPCC A& A}A|7} Tier 1, 2

Zezo] i) WEHL ok obLe Tier 3 53] Tt
QAL 7VekelT ke §j7ko] wol HEI}7} ofuH A
gol A Z83st7] o

T =9 AXFEL THEERE Tier 3 AT} thd7ho
Am 524 9 2l A S oA Z85k9] Tier 3 &
FOE2 NIRS A4kl Qv dA= &4 3 247k
SHE 2osts Bde 1930dtRE 2000 th7HA] oF
2509177} 7Rt= 9131 (Campbell and Paustian, 2015), 71
% CENTURY, DAYCENT, CBM-CFS3, Yasso 59 &
ol 0] A=] NIR Z4o] A&t g Lot
sfo] gge ofs 27ket uje v e 2006
ol SolAAMoF 14 EEH AA Y NFIE 2831, &
9 7o) H4q] v AtiHon e Aol B
st} 58] Lelutets NIR 47 BeE $29, B
713, AR 7|3o] Ay Fof g1 = ol YjojA]
= 43 28] 2 ol o183 433 eae
A A& wobe AHdHeh, FEA el A% nd
g o3 tjofslrh o]y 3t AlgloA wWastu AMA|SH
54 AR FA7E 713 9 AETHE Ael9] =29t 9
A &2 oEA skl Ak

oo & A= (1) IPCC A,
< ol&sh= =71 AHA 72
7

(2) Tier 3 =5 YHE
= NIR 3) =54 & 14

F

Bt 8 8 A, el (4) Tier 3 5529) 4Pgo] 28
T 5 U Y 42e Axatn, ol Bz 2l
A7) B Tier 3 50] A HHEL ANSTA &
oh A7) WY X RE o ARAR $E A
A2 SHAst, F7|EF(Organic soil), EF F7|¢t4,

non-CO, 2417 }* 23 o] QufA Aho] ot W&
2 OHEA] gttt ol= FUol BHEA| 9
A Agd *&%XL i AHR QI N,O Hi&E, 4HdA] vt
o|QufjA Aio] O3t HjE, Hio]RUjA A4of Ofgh HY
ol tgt SRR vHsta, S A §U1E
, E 7194 3, non-CO, 2A7FA HjE0|

&
@2 FEol7] fZoltt.
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2. g+ 44

IPCC A2 2006 0] A= A H = 2006 IPCC Guidelines
for national greenhouse gas inventories(°|3} IPCC A %)
9] Tier 3 ] et W& SHLE AESIIOH,
2019 Refinement to 2006 IPCC Guidelines for national
greenhouse gas inventories(°]5} 2019 IPCC A3 7HAE;
IPCC, 2019)°] 37}€ ‘419“01 UE B olE I AR

stk ol Tier 1, 2 &3 xRt AAH L&
= 9] e} A+ =5 (Han et al., 2017; Ham et al., 2020;
Park et al.,, 2018)0|4] o]u] T} oER B JFofA=
g WE&e E== 7]&stA gttt ok IPCC A
o] 8ol F&s] FAHolA] ek B ARt A &
TR A AAE AAISHAT

=71 NIR-2 -5-2117]1 5 ¥ 5} 9K(United Nations Framework
Convention on Climate Change; UNFCCC)7} &7lgh
20234 7]Z9] NIRS &+8-5}o] 2412 438 5}9] ch(https://
unfccc.int/ghg-inventories-annex-i-parties/2023).

Tier 3 428 ols: 7l v, Auth, A9,
5%, QaEzol, WS, B, ofgol, YR, w29
o, 3ARE Fo| gort, AT FAE A4 WL o
Bol 1SS A}, NFIE ol 85t BA0] A=
oe WHES A8 v, At Aqde] NRE
quz FEsielr)

3.1. IPCC X

IPCC A2 Tier 3 %9 AH4 HJ%*% A E T
wota, Zrzte] W ol dis heRet e AlEdt
(IPCC, 2006). AHA = Z7g o] 7|43t
based Tier 3 inventories)°|™, FHAE mdof 7]|ukgt At
A (Model-based Tier 3 inventories)O|TH(Fig. 1).

IPCC A FL Tier 3 $F0] 247tA F5 4 wWi&9]
1488 e EUtE FolA Tier 1, 2 523} 7
EEHGA GITh Tier 1, 2 52 7| & HiEESAT E
= 77t IF wEEs ]—r(oﬂ A7t B B4 HIRHE
ol gaTh 27| YR BE Tier 2ES ExJo] g5}
o 91 felo] od) EoF vas ARAoE Wal
Schy ZPgRieh Teg AAE B shal HYRoR
H3l51R] gkom o)X g ojo] dhAgH ‘:“\]Oﬂ A Hst

t AH4 (Measurement-
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A) Measurement-based Tier 3 inventories

1. Develop sampling schemes
2. Select sampling sites

3. Collect initial samples
4
5

Re-sample the monitoring network on a periodic basis
Analyze data and determine carbon stock changes/
non-CO, emissions, and infer national emissions and

removal estimates and measures of uncertainty
6. Reporting and Documentation
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B) Model-based Tier 3 inventories

Model selection or development

Model calibration

Evaluate model behavior

Collect and collate require model data inputs
Implement the model

Quantify uncertainties

Validation of inventory estimates

Reporting and documentation

NGO ON S

Fig. 1. Methodologies for measurement-based Tier 3 inventories (A) and model-based tier 3 inventories (B)
represented by international panel on climate change good practice guideline (IPCC, 2006, 2019).

sicthrl WAt o] 7MY ASE LE A Wdtels S o]
AP S Btk &, IPCC A HL o]t H|AF 3]

= Zo] Tier 3 59| E4o|H, £ 7]
uksl AF43 melo] 7]Eket /;}Xg} BE o3 54wt
QJofof et ettt

IPCC A3} 2019 IPCC A7 7fAdEo] WaH S50
71915t AL (1) &4 A& 4Y(Develop sampling
schemes), (2) E2 A% (Select sampling sites), (3) 74
9 A& $F](Collect initial samples), (4) F7|4 HIE =
Z(Re-sample the monitoring network on a periodic
basis), (5) A& B4, LAVIA QHIED AHY, B34
A AF(Analyze data and determine carbon stock changes/
non-CO, emissions, and infer national emissions and
removal estimates and measures of uncertainty), (6) Hil
2 E A SHReporting and Documentation) 5 oAl ©A| 9]
o] LAt

A WA 9 5 1A DA = 7] 4bg WA} o
AR el 7Rt TRt 189 Aol dijt S0
O|FO|A =5 dfjof Tt ol= Atg9 olilsles F4
Ul HHZ _1,]-7(40 /\}El_,] _|C_>’_ pj—?ﬂ _9_?1, J—]—E] tﬂ—lﬂq
g} & ®lolE Hol7] fF M 18y IPCC A2 A4
Il 1‘:_]—_?4\:4;{41:1- _JH‘-_ELZ—]Q,] 7]]/\14— H]—E _Z_Fg 7]E Eg
AAIBHA =t Al Y2t BlaE =2 A Akl

15«] Hol7h =9 giigoly i EolA s W

F715 27 ste 5 715 545 LA HHE
F718 AAsteE Agstal . F71& IPCC 1]
29 WS o 33 A2S AYshEA M 24
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& Wsbh 27 ekt g o] Bas
S5 tH(Smith, 2004).
4 Y #A dAAE AMEY S5
L zas g9 NAEE B8] A2 UV
QMER] 24 AL F7h A 12A BRsks o
o) 14 BRAOIN o AYTE F714 02 W =
Aol= ZAo|d, o]& E3J| =ZFXo]w(Stock-difference
method) 0.2 A7t &4 AA=F HElE AP 4 Qi
B By AAUL o BRA AAHUS 0|83
of tf7|et AF Atol9] &= AEjA o] 4tshetA W BkEF(Net
Ecosystem CO, Exchange)2 AHgsl= Zo|t}. 18y
IPCC AL B2 ehe] A2do] % 74 FAS A
O eItk AR, 71 A 4] olusieks £
bl Eela oele) WEsl 329 kol @
ehele] MAsh Pl ulgo] of T
+&35t7] o"t. &4, IPCC A<
se anont Bes o9 20e 4
o]4kaleta & ALt
‘TH—Ev—Oﬂ A Ao e gk BA A
A7) gl Weel 4 0] 2793
2910] F742 olojxlth, 712 ot 2
g 272 99 BAIE UeE olgsid,
oFelAL ofe] i WA A4de] B4
ofA t(Hollinger and Richardson, 2005). oF2& o]
B4 A28 RS FEINE 717 2, 04,
A9 o) BAZ AT A% B4, $H7E ok W A0
A% 24, oA 1A 59 7o) Wasith XL 9
o) choper %13 EE0] AEELY|, of Be] wgt
47} o] B4 EEAANL HA A Arte] B

o= olojAlrt.
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A Sl A Ee B e Aestel 1t
SO 2% B oFel IRE By
th. o] WA 2% ARt A7) A
ULF G BF EE 1E BF PEE o
A4EE AEEOD Sel 3o B asit
BEAO) A4t AR AL AHo] Hle) AAL, v
24 2717b UR 29 24 A7k A4 4 WAl =
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A4S HHESTIL H7] ojgfE 4 Utk o] Bl &
AgS FAHAY T B 1 715 B+ Y oAl 2
=3le 37 B7F 9 Q)4 (interpolation and extrapolation)

WS ol-8gith
2019 IPCC A AR = &0 o]FojxA] ¢

2 AM O] Hiolem A 272 915f Hio|ujA Wk A&

(biomass density map)2 &8% 4 = AOo7 AFEH0]

Uk Hio|euiA WE AEi= AAFAE AL AR}

=24 ZA3E o] 85to] wrEojX |, HEAHA =AHH A

ARE WARE F7F Hibcts W EC|H AAE B

AL volujA I A=F ARESEe] opikE §99 &

& TGS FAsHReH, 4077 mEHANA S &

55 o]&5to] HiolemiA Ix AE9] A4S AAst

H(Chave et al.,, 2014; Longo et al., 2016).
oA WA A= A AaE a9stal, &4 A

ALt A8 A WY 52 BASI 19 R A

7He &9 AP I A4S B7REAL QA/QC I

A& AxH

m?ki

[‘Il‘

3.1.2. 20| 7|gret A

2R A FRANA LolLk kTt BL 574
3} AYS B9 FHOE WEky, AR AnE 4L
AFeNN TS Aol mge AFS Fretn 2
% qow, 9Edag ndd You FUdRE 9
% siet

IPCC Aol A Ttz el 77 7]HERE (process-
based model) = ATHA%4] (allometric equations)S 2]
Uls}q 7R E e g4 Fet oS, g4 A 5

SEHS TAE F, AR, dE AL HAYEA A
H, 2712 Bol, AR 57 5O WAL 245 of
sAoz2 ety AT
nde 7] ‘j Ny
o, olusteba B 9 WS BA A B4 A
A= ol 52 A9 £83HKim et al., 2018). 37}
& 2019 IPCC A7 NS ¥ 7|t Ay} o34

QIIER| Tt ot 431
Ae AP FYo) nuE BLY 5 oS AFeL
et

HAGHL Azl hE Qe A Bt 2AE T

o Ao= F2 el A9H4o}
;g'oi A AAA L olHo] =g &
AARE AHARE AT, AR AAL
Anz zee 3712 AATAS 1%, B B4
2 A9A%E 20K Tda o] A8HE Ae
7o, 29E QR Ao 55y 2 Uk, B
B RS BN AR vl e B ALTS
72 2% ok

2019 IPCC A 7R ol wp=d Hdof 7|9kt 4
2 (1) 29 A= 2 7k (Model selection or development),
(2) 24 HEZ(Model calibration), (3) 29 7|Z H7}
(Evaluate model behavior), (4) 24 ¢ A& $£F
(Collect and collate require model data inputs) (5) 2 &
T5(Implement the model), (6) 244 H7HQuantify
uncertainties), (7) 374 A3} 7 A (Validation of inventory
estimates), (8) X211 W F-A]SHReporting and documentation)
S o9 949 Bl sttt TPy o] L @A
o et &Aoo E XFPE= Ao] ofym, "aof wzt
oA TAZ Fo ALY o GATE FAlo AP =

mhlzé

A A BANAL Bae Addd. nde J)E
A 2Ee B S5 UL BT 39 2l
1

A A 01§ %
st Luzks g4
off mdlolet FEY 4 om} wae %7} EIRE
SJolA] B ZAHE THYE GIS 4RE HiEo.
WA, EF, EXolgHst 59| FuE Fusy, o
A7k W2 W Fool X E G wdtel 4]
BT FYAQ 5 k. 53 BDS A PG o
ao] WHYH Fehg BT 4 Ylolof @k, et B
9 750 YRT YIRS SUY S dA, BY 7

—_

=
=

i)

2
R0z Tesiel BUE AEH o
IPCC AFL =] W L20} i FHE 71
HatthFig 2). 3 WA, 2D 44 32 U wlo]
QHH*, TN, JEE, B Ta 5 449 Bk A3
g 722 TPl Pt T WA, 2D Y= vlol o)
29] Sk AT WS} 4% I, FYAF 52 B
& % Slofof Atk Al WA, U= TASE dgAT 3
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Biomass carbon stock change H
I _ Combust;on
Biomass J Harvested wood
(above- and below-ground) e products
- - Hawest :....-..........—...E.................J
Mortality Litterfall
Abiotic & biotic Dead e l Rl il
factors wood  [Resp. REBD, gty 4
:  Solid waste i __
\Decay Decay ] | disposal sites 'Resp
Soils
Resp

Fig. 2. Basic model structure (solid lines) and additional model structure for harvested wood products (dotted

lines) represented by international panel on climate change good practice guideline (Resp. indicates

heterotrophic respiration; IPCC, 2006, 2019).

AR 9950 g4 AT #ele] nAe ddE 1LY
sfof ot |l WA, ARSI YPSo] E24or v
o EY ¥4E fAEE S ZYsfoF gtk o
A A, EF vdE SF0] ot IAE, 94ES, BEY
40 #oiE RoJsfof gttt 1Pl vpA o R AgLt
7%, AT, BEY 2RISR, % 74 59 e
A 9 B=2 29o] g4 FHO vA= FFZ 1L
of gt} 7tz Rl $8H FAAES g4 AFL
T ZIA71AL, AE Hio|eufj A 8k, ke A A2
A4 Ee 7] 55 B4 FHE ZAE = ek ot
=2 2019 IPCC A|J /A2 2do] EF 4] 4 ¥
Z, 18|31 vho] 2} AfHlo] OJjt EoF Bax AR ¥st
& mojo] xR 4 ek ATt

IPCC A FL 2he] QI A, YA, A=} o
2ol B4 mst 5 g o5 2wt 4 Ha
Ao Welg R YA AAS) LAstA B L o
23 §FH o Jxstoiof Arhn FRI) g =
B AR A3 P Hloleuf wa AYY gat
ol IRt IANE A AT F7IeE dAISof At &
o HEe EX ol-&3 ¥ T2a vt 2 2.1
71%, B 84 9)°l EFLE fdHE &4 Al
Q&9 AAT UHUR| ] AT EYF n|PEQ {IE
ool A= JF 52 LAY 4 U AE 50, B
e 7k EX A 4 GAdAg dact 48
el e BEY 2= 57V EY = A=
T 1T 5 Aok

T WA AN e RS B Bd B2 2

l‘

0.
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X
fo

= = P
S, 2 %9] FE 715 % EY &4, ¥
i gt B wat Al "R A
A1, oA WA GA A g
A3t 220l AaE=A FUsfof gt BE HAd

T Eota 77 vehtar B840l & Hfole A
AR AR Eopt B AAHs|of & =% it} g
H 2019 IPCC A HAEL HAHY E= Ho|x]Ad &
AE EEolA 54 AIH: B4 AFF W) g &
FHHHE R FAAYE S A= BFEFFY T £

o]r;]-“l ;].Oﬂr;].

Al WA dAoM = REe ASeATh dRtFor
d U= AZ(Verification)¥} 77 (Validation) IO
2 FEEE=Y(Luo and Smith, 2022), A& o] A

A oJ=o quq’ Al A5 Hol=A| gelst=
Aol A& i Aol 257t HAY ©as H
Sego] Soauch 2 GO T RGOl A5
2 3Rt AnE Hol- mde sze] 443 o2
o fHi=EE Bgsitta & 4 Qitk 2019 IPCC A
AL e AZS U} ARE B0 WP ¥
Ao 2esta, 24 Azyb dukzel WS wiojulA
U £4 $A(Mass balance)o] A= =4 &2l
SH== SFal St

vl ®iA dAA e BE 5o 2a% 714, 7% B
& 54, 5, AAA6 o, A B ol¥ 59 dF
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ARE FHT 2Y o] 83 JYAEE AT
T Gl Aole A 1A dARE Sopt o F2 A=A
29 TFHE 8= ZES A"stAY A H At
Ol B dAA = EEE A ZES Y HA &
AoA 53t AEE o€ 53ttt
AA AR dA A= 4 A} S A=E H|wst
of RS HAst, ESAAGE UKt AXol AHEE
= 54 ARe BY B ARRER g2 2L A=
of gt} E3t H|wE s BAZF WS ol&sHAY
NZHo R Be AR 24 ARl AR FAShE
A thEold BelFolo dth 1He 9 BAA
S22 AR AL (Coefficient of determination)?} F++ A
I 2*KMean squared error) 52 AAS 5= glow, A|Z+
Aoz AL}t S|AEIME o8& & Utk 2019
IPCC A3 /NAEL Monte Carlo A|EF|0]HAL o]-&3f
g ix%_o,] E—‘;’J'}‘]/‘E}‘Q‘ .\“I:]7]-"]— 2= 011;}_,__ LH@_];}‘
o]— 7—11103” lﬂ_Q_‘é‘]— qu(j_o]— ZX—] 75_1,}—_- _‘E'_fg- Z,\_ %—]}\‘15_‘
fole I F7F A 71E0 Hid A ARE
A 7o E &8 4 Aokl Agsta Atk
=y A 78 AelA Y A Bdo] ofyzt 71&
o] A|A3} o] &, 171 & AR A NA 70T 5
T Stk B2 V[EHoR Y X(EE AR By
& Aol7] 2ol 274 A=sk A AAANA Lolrps
S5 L Mol el Ao 242 2 s
& Eg4AAE Hol7] fiEo|th AAR IPCC A2
49 S 2AVEA 4 ¢ HiE 8T O 44'79
o FFS vlA= 8RS0 e EXHT 2404 712l
Stokar AYStal QUTH( “Uncertainties are due to imperfect

fr

o)

m! o, l-Fi

o)

knowledge about the activities or processes leading to
greenhouse gas fluxes, and are typically manifested in the
model structure and inputs.”).

A A2 QAT A= A g4 8] 7 2
TS A= PHOIANE, Al o] whE & WOl
9} B34S YzgthMcMahon et al., 2019). o]2|gt
EGAAGE Ao R P& F’J\}‘?ﬂ AFE BES
AL, Y& AR Rl hetshe Zlo] oy 7] wwo]
Aottt WA J&50] 1ol Z=_‘J_ J&E AP EAsh=
/‘lﬁol Z7] A& A% 94 1 X‘Zﬂoi W7] ol &
o A7} ol
Fo) TAB WY o, F, 2
F5F 5L ot 4 UEehE, YBol 1AL Al
22 9A) aee 27 ot

a|LIa} ARIX| 2A71A

QHIES| JHM Yot 433

37] ofgict. olejat ol¢ WEe] Y% TAle Beiw o
T e £719) 4449 BUHRS 2781, 1%
AT AA} o)X e A WA HFEIH JL

34 o]&ste] P& AL AT 1 S ESHAGH
FoH "t 223 P A ARl JE 7o) A
A, BF, 7%, EL, Al & ot 8210 A
A gH(McDowell et al., 2018), o]&3F 8Q150] o3 7|7k
(&, 459 11 1) 5% AR F52Eol d& TA
o - vA)7] ol P& 1At A9lE FAKCE
BESHA wetstr] ot

olZfdt ESAEE EHE 144 BY 412 AdAA
A A 2ojo] ESHAAJ O R o]ojx|1l, Lo}yl JIA}
Ho] oJ3FS n|X U= EoF B4 10ojo] EaFAlA
o7 A&HT tA| E zx* 2w AA Y] A4 o]
& Aole BEE ] EASAY 2 ZdE A9
stelgte 378 237t 7A=7] ojfh(Loucks and van
Beek, 2017). IPCC Ao W& AFEH A= FQrA|qt, =
94 AHA oldo] &4 Ao ESALS WA AESH:
Aol Bigeitt. 18| &7 A Eg/go] AA &
Sol= Bty e A4 A3t £ god dde

2ES oAl BAstAL A Esof gt

A HA dAA= BE HA 23E Q°oFstal, o

AR FAA = AA GAE 89Fsto] o] 1Lx9

, 48 AR, 29 47, 121 29 AA0 AR
A8E EASRIC. 181 R HEVRE B9 A
o] A=dS H7HEL QA/QC IS AX

0.

oxt AN > EEL

LO_Nu .[Z'a

3.1.3. S RAS TIF HEF Tier 3 &9 MF

IPCC Z]&o] Tier 3 $59] 4AH4
A3t 2d 7]hke] Ao 2 :[L_E_f)-ﬂ 1
We £ b HE BT 983 42 Ansty gk
WAPCC AW 274 7luke] A4 8] RS BE
I 2 AWk ol 1Y glo] FY A= ol g
Wge FuSIE 243 wo ugo] a7z, 249
W9 WeRkE @71 AAoIA e ekt ale)
NBZHH Wol2 dES] off7] wEoltk “However,

measurement networks, which serve as the basis for a

Hog 24 7))
AAB7 e s,

complete inventory, will have a considerably larger
sampling density to minimize uncertainty, and to represent
all management systems and associated land-use changes,

across all climatic regions and major soil types”).
AqE =0, F2t NFI= oF 4500712 #EHOZ

http://www.ekscc.re.kr
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=] Jlom, REHE AR 4km BojA ot wht
A shte] 20l F19 4H 1,600 had 3T 1
23l 7 #20NA 59 F7|E A& "ol QujAet TA
52 W S5k glon, 4719 &4 F shollA] 10
d 718 Gg5T EY @45 B S5k ) o]
o S-2uebrt Agof] NFIgE o]-g3tctd, 1 AP =
7H 7S Z9tsHAl Huh ARA 7HEe 224 st
o &4 AR 11 #skE 9 1,600 had] AN (SRS
I EYF ©AE 6,400 hadl 4Hg)S tiESTH= Aojth
I3 1,600 ha A Yol : 715, EoF 314, ¥ o
W 5ol thdstA vebuH, ol2et ]l whet g4 A
A 9 O WS g yedth F WA 7P3E o]
1,600 ha A 9] &4 AAFo] 59 E= 109 59 A3
Ao w W3Rt 7Pk Aot
:Lﬂiq- Ok AZ3t e}l ZHo] Tier 3 322 LA7IA
5 4 HiE9] HARE FHIE F4erhs FHolAl Tier
2 W FEEY &, F 7HA] 7P BF Tier 3 2
94 A @710 BRbehA] h=tt. g NFI #E3 9] 74
T EYAY 34 F71E 9Sohe AL ot AR
gk, obRE] W iiLo] EAstE gty #iEo] HMAE W
7 = flths TAE Adr o]#g o|fE IPCC A
2 S ABA ME oty Yl FEg A
Hdolgte AR A

based inventories, e.g., based on repeated measurements

=z

Ba18}al QT “Purely measurement-

using a national forest inventory can derive carbon stock
change estimates without relying on process models, but

they do require appropriate statistical models for the

g - 01ge - oy -

[®]
St

Ik
rigk

spatial and temporal scaling of plot measurements to a
national inventory.”).
[PCC AAL gd A= gl AXo]| A}LE = 24 22
b 2% BRAAIA BEH0E 2gsolor ok, 1
HEAHO) i T 22 7150, B 54, 2o ¥
YT 4 YIS JER SRl drhn sty o
It olet Ao S A AHT 40l 7
? ol B ot A et A FUstH, IPCC A E
b o2 Zo] ol AHAo=m AFsta Sl I
addition to model-based approaches, Tier 3 methods afford

—1 mlo

olr rlI.

the opportunity to develop a measurement-based inventory
using a similar monitoring network as needed for model
evaluation.” &, B Eof 7|4kt AHA 3} T FHE5of AREE
£ AR 24o] s ARolE AH8E 4 9, 1
g9 A9E M5ttt Zole T e = F]ute)
A= 54 A1) st w5 20 54 ARt
" sl AL ouldth WA IPCC X|AS B
T 27 08 FaT 9o st 24 J)ae] 4
I 2d 7o AME B ggokekal dalskal ik

3.2. CIZ 7t A% £ NIR

IPCC A|0] Tier 3 +=9] Ao &75h= 842 &
oFst A (1) 574 7INke] At 2d 7Rke] A<
A B, (2) i AT ARt wE wAPg A et
a1, 3) HFet 71F, B &4, T o] g@a A%
g Hol vjAE 9F 13, 4) 54 A= T3 B3
(5) &4 A=) Azt B, (6) ©ra ARG 2HY] ghA o

—

Table 1. Tier 3 criteria for the land use, land use change, and forestry sector described in the international
panel on climate change good practice guideline (IPCC, 2006, 2019).

No. Tier 3 criteria U.s. Canada Sweden
1 Integrating measurement- and model-based approaches O A

2 Non-linear changes in carbon stock over time O A

N Impacts of climate, soil physicochemical properties, and management on changes in A o A

carbon stock over time

4 Spatial interpolation of measurement data A X X

5 Temporal interpolation of measurement data o (6] (6]

6 Carbon transfer between carbon pools as well as between atmosphere and land X (¢} X

7 Verification and validation A o X

*0: Fully addressed; A: Partially addressed; X: Not addressed

Journal of Climate Change Research 2024, Vol. 15, No. 4
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3.2.1. 0=

ul=2 NFI9®} &4 AAF $HSE HO|st= Forest
Carbon Accounting Framework (FCAF)S &7 &8sttt
(Table 1; No. 1; EPA, 2023). u]= EEo] Ax|¥ NFI #
24 7ig= 9 130,0007]0]9, shto] FEF o] oF 2,400
ha®] HAS HIH BHE 4 F7]= NFI 2AF 24
(cycle)2} F(state)o]] W2} thEm YFA 02 5 A 7
Afolo]ch. BE FRY)A] 2 243} AR (Standing
dead wood)o] SAEA|TE, *HA ZE(Downed dead
wood), $95, EY @4 52 1671 #EH F st
A9t S EH o] W7o w52 HHZHAE Hdo
7IRket 33t B2F 71 A 59, 71, A5, 1k,
EY 54 59 JEE ol&3sto] B NFI 279 2¢
A Z=E(Smith et al., 2022), 9 ¥Z(Domke et al., 2016),
EoF g4 (Domke et al., 2017)E 4ol ot 13y
HEFT EE2F Ato]9 Ao thigk F3F BIEE o] o]
A A Fow], R 7t I 2 2,400 ha®] HZLS of
H3Itha 7H43cH(Table 1; No. 4).

FCAF= 374 EX|o]8¥H3} WE(Land use dynamics
module)¥} YE5E] H-E(Forest dynamics module)Z -
/= HNFI #2327 ZH249] ©a A3 1 "Ik ALt
SchH(Coulston et al., 2015). EX|0]-&H3}I R EL A7t E
o] 8HsES AAbstal, AEEH HEZ AR A
7 A AT HIkE 43T FCAFY] JE5H 2E
2 Y EY(Matrix mode)Z FEFTH o] FPF HdL
A= 47, 53 WA 5o i 728 ofe Aol A
RS, Azl T2 Qi T3 thA| HskE molah
E7%o] Qth(Liang and Picard, 2013). YEFE ZEL ¢
B 729} J2e Tl AL 26719 AT Bol(Age
class; OWH-E 125W71%4] 5 7HE)2 FESHAL, (1) U
A At WA PE(26x1; ha), (2) YT TAE SHH
A g A A5t PH(1x26; Mg C ha! year™), (3)
SIS A7 DA WS FH(26x26; Age class year)
< o]-gsto] Azt A AT HSHMg C year )& 57
gtk T8l o] PEE9 74+ §F, & Hy= NFI ARE
o] &3l A=, NFI A=7} 7341d wjujt} F7]20s
FA=|o] ALgHT) FCAFE o|&3t F2& &3 5HofA
T F712 SAE= NFI ARE AZHACoE Hitsta

2iLi2t AR 2a7tA QIMIES] T 2ot 435

(Table 1; No. 5), Ao whe} g4 2Z=go] BlAF A0
2 WsotE 4TS RHYStth(Table 1; No 2).
o=k NFI #2382 7|9, EF 34, ¥ 3 5 o
gk 99lo] Yett= vl AH AA] 2 S}
Atk 1Y FCAFQ 42412 o]t QQlo] &4 A
o
_‘c‘)z‘_

o2
N T_E‘ ol

l.

A=
T W3t mA e FFE ALPotA] et wEbA 7]
& &4, Ty B o] ©a AR W3t mA
NFI HHE &4 F7](5do)A 74d)o] S0
Y = tH(Table 1; No. 3). o2 FCAF=
A9 A& WMsk= wolstA|, BA A&
Bt o] HOJ5HR] 9=TH(Table 1; No. 6).
& Bo] FCARE: Yol d 29 Sao] agh A4 W
Sl 24elAT, Uizl 22Moe wHsiEol £
AR SUATE F 2 Pt 3, s v
FS

i

fLoex e o o R
i)
oo
flo

S
>
K

o]
Lo

A WS B o] A wste] 4 o
A7 o

nlso] NFI= 24 ko] 2% EE 5Y, 5U% B
RAo] et 8 2%, 2% /1% k0] 4T vlL 5L
Bof A4HoR B4 BE 9 B4 ¥ }4L AL
ole. oh2 ¥ NFI AHEE Fo 24T Sh 4GS o

E AR5 259} H|WEE o m(Oswalt et al.,
2019), 274 A= 243} Dol BF AT 2AE o8
stof T g S4o) BIHAES ATt T2t
H]= NIR, NIR 5=, %3 7|ZH(USDA Forest service)2]
BIA, #H =F(Coulston et al, 2015) 52 ZF HS
2 A4 ol gk A We= 71AsHA] @i low,
4 Aaet 34 23E AAF o= Huste] AAISHA|
2ottt Hl= NIRS F3 4Hg A|lA’S 7jAdsta, &5
A 4 PHES 123 Aol AFstlet o
A A EAE= Hl5o] IPCC AFo] a+6h= HF H
AR AAE 2435 w2y Hr] ofgcay wodEd
(Table 1; No. 7).

3.2.2. F{LICt

7Y}t National Forest Carbon Monitoring, Accounting
and Reporting System (NFCMARS)S AHgof 2831},
NFCMARS+= NFI9} &4 A5 H3tE Holots 2d,
Carbon Budget Model of the Canadian Forest Sector 3
(CBM-CFS3)E E3stti(Table 1; No. 1; ECCC, 2023).
NFI 23 7}4L% oF 26,0007]0]0, BRE FEHo||A 3
T E= YA ARRo]l £ ETHNFI, 2021; Vidal et al.,
2016). 1Y} E NFI EEFGS diAfog IRRAE

http://www.ekscc.re.kr
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SR &A1, 1,1147] NFI BEEZOJAT & =2, 11
AbE, 9HS, EY ©4 50 108 37|12 ¥ SA
7hucio] *]'E]E, & (Forest land; 2F 360,000,000 ha)2 11
o AARZAPE FEE B2 SHU7E °F 330,000
ha®] HAS ti#sHA HANL ol BT 57 HYlo]
Y= A=A = AT 4= IItK(Table 1; No. 4).

Kurz et al. (2009)2 CBM-CFS37} IPCC A|Zof w2t
e 2dolzt Agstal Jlow, AARE vl= W A9
g Eakolol Tier 3 558 olse he #7159 ¥
& Tier 3 52 4P 27& @ol =3t th(Table
1), CBM-CFS3 %HE 7]5ke] % %] Ao g74]}
I ol gsto] A7t QIS Hlol oA Tha A WS}
= 2gan o] o SoRE okt A A9 ¥ 7|
9 ARQIoA TEE ARE F5E Ao, 4= 242
EtA Ao 2 Welsl=s AL Futlol A RAE oF
133,000719] EEH =25 F9SH HIAE F8513
tH(Boudewyn et al., 2007).

Sa AT 20 B oj5T Gr2e] e WS
IR, A, BHE 5O B4R YR volou)
2, T, %, B e AR ool A Bz
ﬂ]/}}%ﬂ-(Table 1; No. 6). 183 o]} -2 &4 o]F Y
B WEe ST At At e A% AsE A
A olele 7S B9 108 F12 2HTE N
Ag7t AP0 R B EW(Table 1; No. 5), Al7H}
Bof| et ga Aol vAdFA o2 HIlshe Aol
W HTH(Table 1; No 2).

A CBM-CFS3+= A, $44F, JAFAH=E 0l wh=t
BHERA Y] BeE 2, 7 sl IE EolE
S7F 1Esto] 7199 ESF 50| A A4 WSt
U2 Fke vty ]-E]-(Table 1; No 3). o8 & 9
H(Disturbance matrix)S -85l H| 9 71d 59 &
o wra Al Aee] §7 D ZES} S AR Aol
o Bz o5} e HjZ W] vlAE AP AT
o of W Ay AGI BAR 5A A2ot A Ao
29, 93, T4 WS 25| 95 24 WA At
8 HH(Kurz et al., 2013).

fa) m[

50, 4

yrrel NIRS A4S BY A% 9 A% BHEL o
QI & JES Tl FTEALS A5 ITHTable I;

No. 7). CBM-CFS39] 7% E&14-2 Monte Carlo A&
goldS Foll AALE Y O (Metsaranta et al., 2017),
CBM-CFS39] Bha A&eF 274 Az oF 700712] NFI
HFEHO 2% A9} v Ath(Shaw et al., 2014). O]

Journal of Climate Change Research 2024, Vol. 15, No. 4

- O -

[®]
St

Ik
rigk

e
{
o
=2
9,
%
i)
jiA)
)

o wlmo) AHE 24 B R

Amel @8 EdHos PRI, ARASNS
olgsto] 24 Ao} 24 AT} Aol BAYL XHs
At} o}2# CBM-CFS3: Hjo]x]9l

Chain Monte Carlo (MCMC) 7| & ©
Bslgon, oo we BHA4 P4t =g
(Hararuk et al., 2017).

3.2.3. AYHE

A9Eo] NIRS NFI9} 7 Rdg Abgo] g3ttt
Foht, mde] GBS =4 SLINFIS ZHFjo|H
| 71915t AFY-& $=395}3L QITh(Table 1; No. 1). NFI #
23 A%t o 3000070H, AdE Akl WA
280,000,000 ha)E 11 23PH 9] HEHo] 2F 9,300 ha
£ diEdth 320 e HEHT 5Xo] ¢ WA
A==, o= 5& A 9] 21714 autocorrelation)
o) ot U ERH AAF BRSA 7] ol
(Fridman et al., 2014). & FEHo|A 59 F7|2 A&
243 ARG W 24017 glon, % Ajo] B
% shfold] TES, ol je] 22 5 shold =g
ARietel 104 5712 e ZHgct et medn
E27 Apolo] Aol de B M BE, BF 274
27} Qe EEHC) gt B3 B S5 e
(Table 1; No. 4).

Q% vlol ol s Ba AYFe BRAOIH 2AE -

< 9 FuFA T o] Quj A A4S o] 85t A

b TANE A AR BN RARE AR
3101] T35 U R 55E SAULe} g4 I E &

AET EY g4 AR 2R 9 HEY] ¥4
ZH|, AEE, 4YTT 5= o83 AtEH.
wlolorl2, TANE, Ok ke AT Wk 2H7)

WS me} o) A719] B AR 1 ol A7l
B AR Aolg W 24 712 U Ak
2712 B4 58 ol% WAR AelR vlolona ta
Ao wske 2407 98 2a) mdo] g eur)
(Melin et al., 2009).

HAS ©@a AT #dke 2A (1) ZAREANA 73
3t 7HR(AA 1~ 10 em), (2) IR, (3) dHgdE o
FCmmu|9t JxhHo g FESo] APFE T AR A
ST A0 B AR A e AR 15%
P AP 7] A AN B
R EEE R SEEE SEEERE

A |

)
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9 52 o|83sto] A=t Berg, Albrektson, et al.,
1999; Berg, Johansson, et al., 1999). ISR F 1dH
RES {§7]E3(03)0l =3tEo] SHHEH 7P,
el BAL AN Qoktt. el sEske G
FEO] §71BE Fi BARMR)0] EEo] 2590
7 AFsias

9 EE 109 72 2HEE NFARES A7
2 wgaly] oo R 2ol ool ot 2 WA
o] Z-&Hth(Table 1; No. 5). L2t <4 3 W4t 7]
For0) B AR WEre V|20 24 Aol &
Sfoha 4] dhl, W 2 27 YoMt wa
Ag=Fo] HAgHd W3yt nEA g=th(Table 1;
No. 2).

299l NFI #2542 715, EG &4, o U
Clopg @olo] e A AAe] Bmehm oy
299 A AJAELE o3t Qlo] BhA A W
o MA= YFE LHSHA etk TEtA 7%, BEY
7, o] A AT Wl A= JFS
NFI ¥ 24 7)) @ol 54l EL 10d F712 A1
Ao = tH(Table 1; No. 3). 3 ALdQ] 4t
v} DR R S AT Afol] B
9J5}A] QF=t}(Table 1; No. 6).
of NIRZ & A5 Hsh 4] =44
574 Ane 2L AN T2 &

ANE H|wokA] gon, FHo] AREH
B4 8912 AFSHARE 11 ESAA
orokth Ao NIR € 11 BES H|E
4= PCC 7o) 2ok A% 8 7
BA WE= 22 4 QIS EjF HES
sfof walstol @ 74 7HE BT gl
U, 71499 2AS AASHA okt metd] et 2
9ol IPCC Aol AT A2 2 WA S Y2
o}al H7] o] ti(Table 1; No. 7).
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3.2.4. HlW &4

B o] 24 2 sy [PCC AT} e 2719
NIRE AES}A], Tier 3 $39] AFJo g QlAuky] Q%
AL molsis Aok a8y v|=, Auth, AYd 2
T 59T IPCC AL @EolE Estal =7t
IPCC A o] AAIStE 2% SE5te F=7T Aolstad
Ch(Table 1). = IPCC Ao tizt sj4o] S7hd= o=

o} wEba 2 Aol AFEgl Tier 3 229 AHFY 87
2 Tier 1, 28} Tier 35 F-&oh= B3 7|F 0= Hhol=
o7] Hrt=, B} AF4d Q= APgE Ht 9o = &
&5t= Zo] § g3 Aol

o2 B oA EAT =7t F IPCC A A9 Tier
388 A 84S BF 5%k A7 gle AL
e TH(Table 1). 3] /iUt o8 842 2% 35
SHAIRE, =3} Adlo] s A2 Wxo] NFI #2248
+& FUoE I S oA Aotk vga A
Ad2 AutEc o 22 54 ARE FHSFUO,
19 A= vy g W EgE 8okl 18
& Al 57Fs A5 o] QulA, YA, YT, EY
IE A Ao gis) 4AE ARt F
= ARE 5o, 1=sHE Y
A2 A7} Q18] BAICE o
4 gltth. wEkA o] =7k= IPCC A3
d 84S F5AY, & 1%
ART= BRoa e A=}
ggoto] At BA A8 of
o},
A2 Adth= IPCC AFZ Fasts, Ao &8
= Zdgte] AEet HES o]&ste =Eotyl
uth= IPCC A ET o 1=3tE 39 HHE
g8t dFd 4= gl o= 2017d Ayttt
IPCC A Zo] A Ao 2 AFSHA] &S Monte Carlo A]
Ed o)A MCMC 7]H< 0|83, AAZE 2019 IPCC
AEo] o]lE HHg B B € B 1%t AL
A2 Aot JAZA EREo| ZFAF7] g&olot.
gt IPCC Ao gt Zr=49] s Aof whet 4 =52
HHsk= WH4lo] e = A& wgE. AYES
=3} Fjvkete] Bls| IPCC A o] AJASt= Tier 3 871
g wkedstal QAT Tier 3 9] WHES ol8stn
T NIRO|| =21 YA|staL Qlet. §HH, v]=-9] NIR-
A9dlE 1 EstE 2dg o]gsty, Ay syt
Ho}d 52 YEof NFI 23S &85t IATE, Tier 3
29 WHES ol&stal Utk PAIsHA] =t =
o] NIRWY ©2 LULUCF B-E2 Tier 3 4:39] W2 S
W20t PAok= AR Hof, ula-2 AR HEo
Tier 3 9] AP3E ol A AAE B} 1= 2
871 dvtar wetAY A A] Rl g Tier 452
BAIZE 2 Qsittal diols AR Helth
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3.3. I 2H HE JHE R E2E ARl

SUollA Atd a4 At O Ml S0k 2
9 st &8 AF7E o A A=A
20109¢ o] Ao E9F EtA 4312 W O5t= Yasso7} =
W Atgo] L% QT (Lee et al, 2009), 20108t} Z7]]
+ KFSCet E9&= =3 4Hd EY &4 &8 2dS
Ndola &85 th(Park, Lee, et al., 2013; Park, Yi, et
al., 2013; Yi et al., 2013). 12|14} Yasso?} KFSC= Z+zF
B59 AAdauFEY A= AUFHE o= o
(7] Hizel, 2o Ayt FHH e eyt 4dS
t#st7] oY AFgol] &8 & gl A Atk

0]% KFSCx= FBDCZ &= 2dE 13515 o] EQF
4 2 ohfel, U vjoloTA, A, Y93 €
A AFH O HIlgE 2T 5 A FHUAh(Lee et
al, 2014). FBDCE= 7Juic}ol CBM—CFS39]- ubkA 2
23 AN A% 28 JRPPAT UFS ol §oe
2ol EAolu, TAET TYAE, 1217 o8} 2
o mer e B AT AT =oAL
74, SURE 2 24U FBDCE= Yasso 9
KFSCet g f-2juet 4he] AAE o g mojrt 7}
Labn], 1954 5E 20129744 mojat An} 7]E o
Aol JABAAL, NFI ARofe] TS o) HH
2 24E 3t} o F FBDCE Fet ofjzh, Rekles,
Dorji, et al., 2016), E]7|(Lee, Tolunay, et al., 2016), 22
Uol(Lee J et al., 2017) 5 T3t Z7}o]| g FL=
o} ok&¥ FBDC= Al g0l &4 Ayt 11 #s}

o PRz TS B7Iot= Holle E-&=Uth(Lee, Lim,
et al., 2018; Lee, Makineci, et al., 2018; Lee et al., 2020).
T2y FBDC= Tier 3 9] AFYS 93 842 &
22517 QIthT 7] o]ith(Table 1). WA FBDC:
IARE, YESAE, EAlE 59 vt 22 0”1'77]1“4“
Qeleha A1gatem, WA char

%
el W) <t AT Bl DA FTE S
L

S

< offl

125HA] Fs}al QitkTable 1; No 3). £3] FBDC
of wg 7]& Aol7k Esf&ol A= 2 &t
, 1 99 & & A pAe FFS HHISHA]
u}
ol2d FBDCE: 1o AWE 24 A5 g A5
AEe AdUs] AFta ®7] o]FHtK(Table 1; No 7). Lee
et al. (2014)= FBDCY] Y& Hlo| QufjA kA A&FeF 2
o] 24¥3= Syt AA A § A& 3 (Volume) 2

§O X X o e [
igr‘j JRL"oﬁ—ln
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& WHgsal, 11 HekH S AdYEAREY] F dE 5
X3} vmato] Aatect. et ol2ie MEke AA
31, FBDCO] ®9o] ZATE NFI A& 2] Y& Ho]ujA
o] &4 A F 1t E Hwske o] ¥ Ehgsitt
ESE Lee et al. (2014)= Y¥S 9 B9 &4 AAF 2
o] AE PHTAEHNSEEA, 75, FEE R
sl o|% NFI 24 Asel slmalsict. T2t of
gl v 7 st PHTS Yo ek AL o
% U S Bivta e 2ol 9. g
Bt AAS fsiAe B 29E PATIERE B

Zrol ofye}, NFI 75 ZHztof| tigt ®o] AxE df
oA S4E Aot YR Hwste], o]
T, EG &4, ] HHo] g4 AT Wl
Fe ot A=A BT 5 YA sfjof g
TH(Table 1; No 3).

2020l E°4] FBDCE ©4 £ ofygt A4 &%
T dh ego] ga 8o RA= YA B
Q= FA7HEEE FBD-CANOCZ T T3S HATHKim,
2021). &3] FBD-CANZ 7jytt}9] CBM-
CFS39} tpzk7FA| 2 NFIAFES} MCMC 7|H-& o]-&3}o]
542 2351900, 129 FCAFS thAE 9
md2 BEREth FBD-CAN2 AH =3} AlQjo] ghA &
AA ARy 7 #Hslko u|A= JokS =A5t, NFI
A= 2}e] H|WE Ea) A= JAHKim, Noulékoun, et al.,
2021). E3+ FBD-CANE ujgfo] 7|5Ms} 4 Q7 &5
o] Syt A 9] g4 9 A4 AR wX= FF
S FA5F¥(Kim et al., 2022), thoFst =22 2du}o]
AT Hln Z2AES 9 WHE 2AY F5 4=
A H(Hou et al., 2023). 22 Kim, Luo, et al. (2021)
= 99 4 EY d4 AHgS ST 4F NFI #2
Aol tigiA gt FBD-CANS] 25 AHstaL, A4 A%
e AR &S ThE NFI 220 dist 44 2=
AAISHA] Qkot Hdl A BHE 245 AT &
4 gitk(Table 1; No 7).

B A 7d= VISITS o]8&3ta] 1981 X E 2010
7R F§k B35t A9l GPP @ NPP7}F 3274 & QItH(Cui et
al,, 2014). 3 A= EA] o] ¥slof wE AH Ba
A HelE 2 9oJ5t9i o, o] A¥= Moderate Resolution
Imaging Spectroradiometer GPP/NPP Project (MODIS17) &}
=8} Hlwsto] FAEHA 1y MODIS17 A& FA| %
-3 8 2 A Photosynthetically active radiation)?} 2= 2
TEY B BpE olgsto] 4 gholH, oY ARE

P

i
i

Luo, et al.,

!
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zd A4 Rz 28317] Jers F A oA
53 2glot vlweks WEe] Ige] 712 Wasi.

o VISIT 9-2u1ete] 4k B Agof| o] 8511 9l
£ NFI A=E &8o14] g49t, 9] 23S NFIREE &
o AHSHA = A97] el &7 7|9ke] Agat ndl 7]
uko] A4S sl g-gslrty H7) o]FI(Table 1; No 1),
ool 24 A=E ol8o) A AHE AXTL & 5 ¢
THTable 1; No 7).

Auctol A 7iE CBM-CFS3& o]-&sto] 19921d%
g 2092W712] Ly}t A AA Q] Y& Hio] QU
IAE, Y935, EG B4 A O Aol nojEH
ATHKim et al., 2017). i A= FHolA &8F &
Ue YAE, NFI A7 52 299 oY A== &85}
I, AhAHO A&7Hss A A G Ao wek 7HE
4 A7} g4 3o vXE= T 1St 18
U 49 E, 23& 59 A+E CBM-CFS30] AlF
St 7|2 gk(default)yS ARE-sto] S-2uhEt QA4 UrEt
U g4 3 348 9hgstal QA tk(Table 1; No
3). B3 A AEE Ao FH3 NFI SHHS
AHE37] o]l FBDCS} ulz7EA] 2 IPCC A o] A A|
o= BFge A4 3ge ARG B7] o] P Th(Table 1;
No 7).

KO-G-Dynamic ©o]-&3}0] 1961W5E] 20144714 9]
A A7 HIHKim et al., 2019)2} TRt AFEA G Al
U] 7} ujE Ak g4 F<4(Hong et al., 2022)°] |||
£ 9Tl 2=t} 18y KO-G-Dynamic Y& H}
o|QuiA ghA AT WO = Uil MAME, AT,
EYG g4 5 Ogs B@A AF I Afo]9] BhA o]l5S I
9latA] F=rhe A7 itk(Table 1; No 6).

7 9o Cho et al. (2021)2 WAHYT A EfY
24 AgE o]8&sto] 2000W 1} 2018 Alo]o] GPPL}
NEEE F4ot3th. 1=y did AolA Zd 7t
Aol AHgH EYA Y9 e 10740 Exfsto]
g Ayt vt A HAE dET 2] ofF
t}. T3t FBDC 2 CBM-CFS3E AE3F g9} uparA]
2 NFI ARE 0|83t AAA H=Z o= A3 NFI
ZA%HS o837 Wj&of IPCC A Fo] AAoh= EFFSh
AR AHE AT H7] ofFri(Table 1; No 7). THH
Yu et al. (2023} #{Alg)d 7]4t wje} B} NFIAR S
olgste] u|F 7| THS} Alye]eo] e Mt A g
ARZFE FH519ou, &4 A5g ol8st nd HA
AIE EAISFoHA] ¢k9kth(Table 1; No 7).

U2t NFI= 9F 4500709 #E3 .
7 HEHo] AAH 2006 HE 2 EHA 58 F7]
2 Y5 "ol euj A}t JAMEO] HHE S E 1 gloH, 4
Aol BEH F ottollA 109 72 YIS ES ©
A5 ¥ SAH ok @A 52H2006 ~2010), 63F
(2011 ~2015), 72K2016 ~ 2020) NFI7} 9&E T, 83F
(2021 ~2025) NFI7} XgFolct. ubate] #24 U

= u, AUt AYHED o9, vHE &2 FU)=
293t FAFSECE NFI ZAkgE S0 7|9kt Tier 3 5=
9] Aol E-8E= ARO[, IPCC A Ho] AF3l vt
o Zo] By} AA = o] AREEoJof H& Aol =
oh £ 2l A Eo] E8EEe A HE By
A3 HA NFI A=5E |8 4 Ut

el EA B AlAH0] EXstATE AAERA=
Tier 3 9] 4Pgol| AFH o0& &gol7|= oj=& A
oz AzteEt vk Aol X" S g9
M4=7t & 107085 E94H, 35 A9, HepiE I
Ad, His e, Qhay, 8%, AFE, 34 o
SHi 4HE AHE4L BA Zheg4hel Bk, 284
=9 fEHHL oF 1 km’E F2dt}h, =7 $3 7)7e
7] gEo]th(Cho et al., 2021; Lee B et al., 2017). ©]°]
e} S-2uhEl AR oA YEhE oheFst EA] o] 83t
e, I8 ¥ 8Rlo] olilstetA F4= ¢ HiEof Tl
A= ¥ FES] 18st7] ofgth. oked &84 &
9 A Ao ZHret mdlg st Ao &-g-shtEt
T, WA AL = e 7P FHAT 3 AR
NFI At25 &3l thA] AR = ojof 1 Al A
5 Utk wEtA] 284 599 £271 o A1, F
3t A7 3 7|7to] FRET] H7A| = Tier 3 $52
Aol 23 &8ol7] Hrh= SYA B9 34 AAE
NFIo| 7|9kst 37 Z3e} vluots P2 Lok A
o] f gst Aoz wekEc

I 9ok 713 AE, L, EY YAE 59 ARE
NFI 2t=.9] 37t B203 2dof 883 4= Q). 71% 3
B d¥d7)L, Q45 59 ZEET ofle, 7MY
o 2o g7, 7P Axe g9 A A 5 o
et JEE 2ot 4= ok o] V¥ HAEE= 71 H
< &9 52 & Aom, WorldClima} 22 HAX| 7]
z 2dS 83 £5 Qitt. ot YA o}
AHRQAAESE = AT AU AE 5o 5T &

http://www.ekscc.re.kr
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ot AT B A4, 9, 5 8 59 ARE
Shotal, ARIJAEGE = EA, EGE, H9, B4 5
¥ E94 ARE 2t T8y ARSI EA |
27 Algohs Y=L} ARJAEGE = FAHEAA
<A 9] <F 350,000 haof| sjFot= FHE7}L FFEo] o
oz Ag Ao f-osfiof gt

olZ7| & AtEel WSt AR ¥ =/d F8H
B AAH, fSFFPEAAE, AHAY A
g, 29 £7H7] ol e AAH], AAFEAAH, E
Ao]-& AR EAHA, F=ESA Y G dHoleHo]A
A A|AEH 52 &85 4 Qlth(Ham et al., 2020). 3]
AE 2 TR AEPE AARCE 7M7), 2,
U2 Sof thgt AE7) 20189 3Y 7]&o= <oF 1804t
oj7do] SEE QU 1=y olgfet s E5AEE F
o= TAPE, AF wWH, A HA, T4 Fo] +HEA
U &5X8718 SEEE A7 A, €71, 29,
A 5 A9e 3T A7 = B 27|99 B¢
T Ut wetA &R 3 9L 9] 5o
1, ol& AHske AagS /AT "art oot

M R 2o

4. HA

IPCC A, TH2 =7t9] NIR, = 7 5 7 o
28 AL U 7R AR 55 AES A, dA 2y
A

o
)
1o
=
e
W
>
N
1o
2
o,
o
N
o
ot
2
|o
u
re HU
p
(i
O
0,

o] A= vZ Aok AA, SAFEH TA7HA o]l
NFIZ 3] 4% mol s, IAE, 49, &9 ga
of thgt ¥HE S7o] LRt ok=E f-2ue}t NFI=
ul=, iy, A9Hl 5 Tier 3 29 AMS 35<
O IA7iEY 2 22 U E 7HA D T =4,
Seluet A Bk 3 WOjshe Tt RYES )
Watar Fg3k AE 7} oln] i EAEH ot B At
Aol &8 4= Utk 1 5 FBDC, FBD-CAN, 538437%
1y 52 NFI AE8E &9 o|n] A 3HS AHLt &
3] FBDC ¥ FBD-CANE CBM-CFS38} §AlRE 122
AY1 9Jow, CBM-CFS39} ufx7A & MCMC 7|H<
olgs H4E FASHALL, U9 FCAFS} mER7IA|=
FE 2dlo] E4Z Adrh AlA, 33t H1to] a3t 7|
T AH, AL, ARJAESE 59 ArE &8 ¢

ke3 2 T
otk o2 F3 U¥ EEHAY Z4E UgS L E
& g4 ARE Ee F2H0 His) 3HH R ST
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g - oz -

glovl, EEHN EEH Aol9] A7 Ta AYFE 7]
5. B 84 59 RS olgsle] 24T & Ak
A q

o
S2vtet Ao 9h= Tier 3 59] AHY WHHE
=
=

o webd 24 ARolA Uehis ose B34 8
QS Tefstal A A= Ao] fAlolth 54 A= 2
e AR, SIAETY 52 S ARE AlA36o
oot 4= ok 4 Ao EAA AEE FdsHA
+ A AATF wske] EARS v A Alsh= ®Hol 9L
Oom, Hrt} 1E3lE HH O 2= Monte Carlo Al &EY|o|A
= Z&st= WHo] Q. oY & =73 uRrHA|
2 o= v g HES E-85to] 4At &
A APE GEst, 1 o]%o] Hop 1E3tE WHES
ZEafoF Azt QIEE AE&A R ARESIHA L AHY
o] &L FAACE NLdAF 4 Qlth

A, NFIRIRE Z7Hd oz B7isith g3y E9F
A RAFE AYSHA] Y EEAF Higt 37k Bito]
Aojw, 11 o]fo R HEY Ate]9] Abglo] of

A2 PYZIHAE IS AR 4= glon, 1 ook
regression-kriging®|L Inverse distance weighted =
= 28 5 Qltt oy Lyl 7% HHE, 9
Ae, AFRAANEYE 59 ARE &8 5 JoEE,
o| 3t A=el A A4 W3l 1He] WAE s
T B 7S ARSotE Hoh AFE £ Qe 37t
7

AR, NF12} oM &8 2dS 7Y = A=sta,
e BA, A5 2 38 S AR o2 Aol 28
oh. e [PCC A|3o] AAISh= Tier 3 2] A &
AL W=Ejof Stoi(Table 1; No. 2, 3, 5, 6). o|Hf] A|2-&
B9 Asls|uet ofn] S| Aol 28 A7} 9
= RS &85l At S HofstHAE HEA
S SRS § dS Aotk 1Py B HAE
919 o Az F/FEIE NFES oloe] mel] mag
A&Hoz wAY Bast Yo, oy v
CBM-CFS3 ¥ FBD-CANo] &85 MCMC 7|HH& A&
T 5 US Aot FUIE Wil HHEEE B B 9
29 4% BAE ARE ALEGolx A5k, o

Q3 A7} 8-S 4HY A|AHIS] 1 gto] &89

4 =2
sk
fijo
paus
o
o



SHERIUTAR BUS BB 2
5. 4=

& A= U Aol S Tier 3 &2 AHA
= 2V JMIER] AR HES A6
IPCC A, & =719 NIR, =] ¥ =29 7 o &
& AL =d 7HE AR 52 24T o# e A=
Tier 3 &2 A3 B" FAAQA Aol EAISHA]
%= JolA, LULUCF 4HgR] 223 #d J7 7
# 8l A7t 3 =28 Y5 she A7 2 Aol
ES pEuEre] A B2 24A7Rs MR A
S84, 24 T B F29 A d= &&= 7,
& A9 A= AHA B oty B B2 Al
=TS 4 g Aotk ok & Aol ARt
Tier 3 &2 AHY WHES W=, IPCC AHo] AA
g Tier 3 £ 235 5T & doH, AR 9

o mgHog Agsln HUHor AHo| 2L Tk

AAL
£ A7 SPAgsstae] BelAA e e
o 247k %A MRV A7 JE(FM0200-2023-01-
2024)7 FEEH SAEAY LANA AFE At

FEEAZ7 A8 2 D74 AE(RS-2020-KA158194)
Ssha A7) Argeks Aol

LR = gy
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