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ABSTRACT

Although the importance of developing reliable and systematic GHG inventory has increased, the GIS/RS-based
national scale LULUCF (Land Use, Land-Use Change and Forestry) sector analysis is insufficient in the context of
the Paris Agreement. In this study, the change in CO, storage of forest land due to land use change is estimated
using two GIS/RS methodologies, Sampling and Wall-to-Wall methods, from 2000 to 2010. Particularly, various
imagery with sampling data and land cover maps are used for Sampling and Wall-to-Wall methods, respectively.
This land use matrix of these methodologies and the national cadastral statistics are classified by six land-use
categories (Forest land, Cropland, Grassland, Wetlands, Settlements, and Other land). The difference of area
between the result of Sampling methods and the cadastral statistics decreases as the sample plot distance decreases.
However, the difference is not significant under a 2 km sample plot. In the 2000s, the Wall-to-Wall method showed
similar results to sampling under a 2 km distance except for the Settlement category. With the Wall-to-Wall method,
CO; storage is higher than that of the Sampling method. Accordingly, the Wall-to-Wall method would be more
advantageous than the Sampling method in the presence of sufficient spatial data for GHG inventory assessment.
These results can contribute to establish an annual report system of national greenhouse gas inventory in the
LULUCF sector.
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1. M B Determined Contributions, NDC) 2432 $Jafj4]= IPCC #|Z
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ul2] @& (Paris Agreement) 0% XJHFA 71==53% (Nationally Inventory Report, NIR) 2}4Jo] H4=2jo]c} (IPCC, 2000). &
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3], Z< NDCo|| x3+E LULUCF (Land Use, Land-Use
Change and Forestry) 72 IPCC GL (2006)°]4 A 2]t 6
7 BEX|ol g/ F (AFHAL, S8 Al, 241, 541, B4, 7'
EANE 7oz stof, ¥ W fAEs Hae HEH=
A2 FhEsto] A ofof gtk Teuh AR v
oA ZEEAL Qs MR w7 54 WA AR B EA
oA AEEE WS A eR AFSHA] Fsal qlew,
A9} 7IHEA] W] ol AA| WA o] AFYEA|
7] el HA 9] Ayt Al o] EAE EHuiaL 8l
t} (GIR, 2017; Yu et al., 2015). #A] 27} L4714 olMlE
o mIAols Wb SAks AMY-ET-AE A2
(Measurement, Reporting and Verification, MRV)2] HEH
T 9 WA A4 Rl wet SARRE 7Rk s HAls
APl QITHGIR, 2014). E3F, thekeh FAjolA Ex|
SUHEE Algsial Qo 2t FAjo] Al2F B2y} a=d
710 Afo|= W HA o] FEEAL UAISHA] o=
5o wAI7E AL glo] IPCC AR oflA] AlAlsh= A4
2 B 7188l= Ao] HRsict (Hwang et al., 2018; GIR,
2017).

IPCC GL (2006)°l|4+= ol=3t Al sidst] ¢Iet &
P2 A (Approach 3)©.2 Sampling HH3 Wall-to-
Wall %ii& AAJsaL Qlek. 53], AFglA] (Forest Land)+= ©|
Abeletaro] o Fol] wizel AR wsk #Ae
LULUCF mjEZA ZHAof| 293514 2838k} (Fuchs et al.,
2009). DeFries et al. (2007)0]] w2 Approach 32| = 71X
WHES 7t Fle] 5, Akl 54 Sol weh HelA] 2
ool siul, Aol e AAAHe ApHoln
Erjel] e 4 QLES sjof Tk o] FeAl R
A2 B A BARS 25K Sampling W} 27}
G912 204 o] =2 s Tlelal 4 gl Wallto-Wall
W] TS wlslo] Hgslof Tt (PCC, 2003). 7]
o 3= H thEAQ] AR Park et al. (20172) HEHY
2ol e ER A Eesek e RS ol g
slo] 2H4jgh A =2l Ag v, wATs}elon], Park o
al. (20176} Sampling o] F4S £ EEH 7120
e AR EAEAES Haae] HEAs
HAgalole. T, Yu et al. (0152 VIR ) B
A7 59 Aas &8sl 200083} 20099 2] EXAES
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B HuA 2ol Zagt w7t gatfEAs, A=
P 5= sk Aol tig HEZA]= o]
FL 9lck o} M o] g Hrs vk
N & CRIET T
of (Kim, 2009), H&4t&3} CO, A= AAA
< el A7 Bagt Aotk 53] RS 28
Sh= A AR IPCC GL (2006)°f14 7Hg a1=3kE W
L glom, AFgE WAE vige s ookt A
AR} AT R AAlElo] AR IHIE ] AF
oz ofofro} sz AHolH FRaM cho] A 4 rk
£5] ojiisiela] 2 G490l AR WRe| 27t &
A7k QIHIE D] A|ABLS 7P A ZA) (National Forest
Inventory, NFI)&] SsAt7 9 A ¥ SARE}F =71
Al FidEElo] SRl =7t Af wiEAlTE iR e R dAE
2 B35kl it} (GIR, 2017). whepa] L=obe SA4A7ES ¢
HEe] HaA 2de feliMe 373 S At o
A =715 WESATE 483 COo, APdedat dE
ohFst AbRA el 284S aesto] A MIEY AAE
FA7l= Bgo]l dasieh olof wel 7 dAtols=
Sampling ®H} Wall-to-Wall 9] 371 28 7S AF
S FHes oA wofsiqltt. o] apgollA] 71EL) w7ks
A, =7t SRR, 7L iEA 5= aLEsto] AR
9] CO, A At g5 3T 7HE37E WS AAIsH
t}. o5 &3l &% LULUCF 2Hy 2p7ga} =7} 247k 9l
HIE ] 2 Tl A WAYsk= AT 74 bl His
weofstial gk
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B e oA mASKR Qi) Peluet el of
50%7} Wxaka 9lom, LULUCF Exjo]4 MFE thofs}
A Yot Qs R Aejolct, WY RS ket A =
A A3k DMZ Q1 A 5L A7 BEEAS veistol
A5 AlelAl ASskct (Fig. 1),

2.2 Sz

Sampling 17} Wall-to-Wall W o] EX|o]-EH3} &
2 2t Ak CO; AR 43S 99l 2 A The
A7), £ 5= T8 er HESKIH. 53], Approach 3¢]]
ot SR Aol qlolAl BAE Ak AlZE Al717h
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Fig. 1. Study area and land cover map.

Zdolstar AFw o] £/dof wet &-gdo] th=7] wizoll A
20009iEke} 2010dthe] Ao T FRs A2 sjobst
it} (Table 1).

2.2.1 Sampling &&E 2|8t Xt=

Sampling HHof] ARGl AFERFSARE =7 A
ARS S8l 1971 dRE 2005E7H4] 42tof] A4 &
], G SO R AFEL Qlrt Al4x} AREEk
S s AYLS FAloz 20020 FFE o,
o2 20014, 20030 ZF=Ack = HeHt 59 o]
2 DMZ (DeMilitarized Zone) XY 52 AlHE]A] kat 9
), SQH=Eo] ofgle- g0l HEX 2 H oA gk
FrARSE Al719] ZgARARI T BFE-ARR], Google Earth 52
sfo] MAAZE BEIAL.
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2.2.2 Wallto—Wall 2fHe 2|5t Xj=2

Wall-to-Wall ¥Ho] Ex|o] 835} sjERA 2H4S Q)|
oA AFBl= 2000-2004E, 2013 0] Al2RE FEF
EAHEAEE o]83lth 2000-2004d EA|TE 2] E=
Landsat 1999 %417} IRS-IC 2000 FAFO 2 AJ&tE| 9l o,

500N

20138 EXTEAES 20108 gAaiE oked 25
200720114 GHo R ALHT, FER EATEAEE
LULUCF 2 EAjolgilsg W5 2elotal glo] =
Z78A wfete] golotaL, A =Eof gt dA ExJol§H
A HA S wole 4= Qlrh= d] Aol Ut (GIR, 2015).
5 EXOEAE 57 A= 2371 3golw, 53] A
19] A$- A, S, Eagor FEREo Stk F87
7 EAMEA =] b s e 5 m, E2]t FE|Y] HE
(Vector) B4 02 A=l QT (ME, 2002).
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2.2.3 Sampling & 2 Wall-to—Wall gfHof| = Al
M EALte] HuE St XI=

A A EAAE S FEAZGEYAAA 1970958 225
ol S5 A R WA A 5 AFER FA 5]
Ao r AFItEe 7R ACIH FHFAER ok,
Ao, TR 5 29719 ERolgdme R A E o] XA
B 7]Hke) wao] AlgEar glon, & dAgeld= 24 el
AAIEAIL ] HlaE P ARSE AT A AEA AR A H
JE 7Rk M o2 AP tiEe] AUTAAEE vl
o B FAE =x] B S, MRVOM 9] = wza) 2}
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Table 1. Available Data for LULUCF matrix (2000-2010) and Forest CO, storage estimation analysis
. Y f dat
Sector Data Description car of data Source
taken
. . National Geographic
Aerial Photography Aerial photography for 2000s 2001-2003 Information Institute
Orthonhoto Orthophoto for 2010s 2000-2003 National Geographic
Sampling P and additional data for 2000s 2010-2013 Information Institute
Matrix
National Forest Inventory NEFT location information Kore.:a Fores.t
Promotion Institute
. Sample Point for visual interpretation
le Point
Sample Poin (4 km, 2 km, 1 km)
Ministry of
Land Cover Land Cover map for 2000s 1999-2000 .
Wall-to-Wall Environment
Matrix ini
Land Cover Land Cover map for 2010s 2011 Mn?lstry of
Environment
Matrix Cadastral Statistics Accuracy for estimated matrix by Sampling, 2000, 2011 NatlonalA Geographlc
Accuracy Wall-to-Wall method Information Institute
. NFI data attr1b1.1te 2006-2010 Korea Forest
National Forest Inventory (volume, forest species, etc) 20112015 Promotion Institute
Forest CO, (2006-2010, 2011-2015)
storage Forest Type Map 5™ Forest type map Korea Forest Service
estimation Carbon Emission Factors by species in National Institute of

Carbon Emission Factors .
Forest Science

2000, 2011, 2016 Korea Forest Service

Korea

Forest Statistics Accuracy for CO, storage estimation

o7k itk eyt AR EA A= FA MRV S} A = A A= AF, A 5 A T S 3 &
B, 2], 54 Wajo] ARgEAL glom], LULUCF +&oF RS EIsIaL Qe FAEolth AlISAF == AlsAt

X0l HRE wE w3kt A7t dlolE Bt FPsairhs
#70] Qlrk (MOLIT, 2016). wheha] RAWz Afels 24
B B % shke] B ol ek Qs Auel vag
9l AHEAARE AR BARR 71810] Aol g5}
At

o
g=

9

2.2.4 Aol CO, MEY FHS 98t A=

SIMIIARRARE 197265 @A) Aae vt
U, 2AAEA AR 5O B BHoE 4
w31 glek. ASH F7MIAURAL (200613-20101) ] 3
71802 Sduleh A} aE|T glon], i RA Al
ABFEHOT A A} BEAA} atstel A /1%
0 OF 4,00072] FAHIEHO] 4 km x 4 km 7HA O b
#]£|019]e} (KFRL, 2011b). 53], 4|53 SHAGALRAR
o B EEAS GO R QRN 45, FNAY, 3
5o ARE w}s 4 glck (KFRI, 2009).

QAL 192U SRR Astel A
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SRR A1 AAsle] GIS 7)vkel tixEey
o8 AekE F4 1:25,000 =HHE AlgEar glom, At
W QP RSRY WA sl 2ol sel 4 9)
t} (KFRI, 2011c).

Brhng wiEAE IS SEEE A
skal Qlod, | 227 =%, 6671 AGTt BEE o =7t 2
AZIAETEATE (GIROIN 4% o ax7} AL 9)
T} (KFRI, 2014). S7F9 HjZA12s Ba)7| 50 (Basic
wood density), Ho]QujjA FAAS> (Biomass expansion
factor), #22]&FH] (Root-shoot ratio), E-4A~Z13FA|4~ (Carbon
fraction) 5©] 23}t=]o] Q)

PP EAAE = AFAANA A= AFS dides AL
Brielo] AURH e |EARe ARskuA AL
glou], 19685 E] AA7lA] oz AEET gk 72 9
Aoy, A 58 VjEoR ARiud, ABEHS S
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2.3 gy

H L= Sampling WY} Wall-to-Wall 32 =3
LULUCF 28 Exjo} 815} ij=elag 2sto] ulmsla,
Zh Hilof] A7 QIME AdS fIRE 4ele] CO, A%+
% AHOR olofX B Agekad shck. o) 919
Approach 3 =502 2% LULUCF WjEZAE F3 H
A& sk, o wigor FAHE Ao COo, ARES
71ze] BAARS} HITs}o] 7F TolA] WAlsls A2 T}
ofsigict. olefdt BYS Aelshd F Aol Samplinga}
Wall-to-Wall HHHE8 £31 Ex|o] 83} jEalA 2] 3}
3} o) AbRle] CO, AR A9 S E3 QlEe) 28 7}
e olshs s SR (Fig 2).

i3

2.3.1 Sampling i

Sampling ¥-e 47| BAIge] thet AnE HEO o
Zote WHoE FE WHo] He B9 BRI} &0
B3] @Rl QilEe ST A5 9Ie Aue
AT (IPCC, 2006). - oAl HEE BAHA71E 7]
Z02 20011d-200314-2 2000 ] =, 20101201312 2010
Az sbgatel F A7lE TRSIIT. SRS Sla
TAYELA (Sample point) FEAA] B9, 35 FHY
AzAt ARok] 7 B TR Gl Fof NFI
o BEAO| FA2 S| BRHO| PHARE /|ZOR AS
A NFL 2AHE ARgst gl ABFE (Systematic

Sampling method

OMIEZ| =S ISt SamplingZt Wallto—-Wall 2= H

m 389

sampling)= A-§51].on, A Mol 4 km (7327)), 2
km (2,9357])), 1km (11,7347) 74802 #2519t} (KFRI,
al=

TRAS

T H=

2011a).

HigoR SUWE A EATBEFL

IPCC GL (2006014 AIAJ5H= LULUCF 5-29] 671%] 4]
olgHEE v|zom HRSlGon, B FEoR WEEX|

[¢]

¥

L =S
ox rr

o

n;
A, =p; < A (where P, = 7)

A: Total area

Brols 7IBEA] HER 255tk EAol8HA
Aol LRk o g

W (eq. & A8 S ek

24 (eq. DI HYAZ

(eq. 1)

A;: Estimated area of land-use category %

P;: Estimation of proportions of land-use category ¢

n,;: Number of point located in land-use category 4

n: Total number of points

A, =n; <1’

(eq- 2)

A;: Estimated area of land-use category %

n;: Number of point located in land-use category

r: Distance between the points

‘Wall-to-Wall method

Land Cover Change Matrix
‘by Sample Point distances

Aerial Photography Othophoto Land Cover map Land Cover map
(2000s) (2010s) (2000s) (2010s)
NFI Point . ;
information ¥ ! ]
. [ Rty 0L |
e — }

‘ Land Cover Change Matrix ‘

Cadastral Statistics
(2000, 2011)

5% Forest Type Map

Carbon Emission Factors

Comparison of accuracy with National Statistics

Estimation of Forest CO, Storage

-

-

Data fusion to estimate spatial tree volume

¥

Sample Points from sampling method
(2000s and 2010s with 4km, 2km, and 1km standard)

l

‘ Land Cover maps from Wall-to-Wall method ‘

(2000s and 20105)

Calculate CO, storage of 2000s (estimated 4% NFI), 2010s (5% NFI), and 2015s (6 NFI)

by sampling method (4km, 2km, and Tkm) and Wall-to-Wall method

A

Comparison with National Statistics

Forest Statistics
(2000, 2011, 2015)

Fig. 2. Research flow of comparing Sampling and Wall-to-Wall method considering Forest CO; storage calculation.
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HlEEA e SR SuH Rt 2 A4S
o 7t Exo|§FI BE B wEE Fatel o2
& 4 itk AW WAFPPRS FE FUA Gut 245
A G A9 e 5 glow] 2 o] B S
5 F3lo =& 4= 9} (IPCC, 2006; IPCC, 2003). 2L}
SR AR QIlER] BARALS 7] H0= AAIste] Hlaw
2 Aol Zhssha, Tl 27} grnete] B4

Zs|
SHollA S3HAQl Ao R Ay HAFYHol ks3]
Tzl 7 7 e L A8 o Aok 2 delMe
Exjolgust tEels 2y A] WSWH SRS Tes)
Sick. WA Sl g BIHIA Brhe A R 717
off we} FESIGON, PR WAL HEHA 2R
O3 (eq. 3). °1& IR IPCC GL (2006)°]14] A[A]
3} Standard Error (SE), Relative Standard Error (RSE)2] 2]
< o3l 22ddE BRI (eq. 4, eq. 5)

A, =P, xA (eq. 3)
P(1—P)
SE=s(4;)=AX | ———— (eq. 4)
n—1
SE= 34y
RSE = VE < 100 (eq. 5)

A: Total area

P;: Estimation of proportions of land-use category i
A, Estimated area of land-use category ¢

n: Total number of points

s(A,) Standard error of an area estimate for land-use

category 1

2.3.2 Wall—to—Wall &t

Wall-to-Wall HFHS thalz] Ha A2 2A8ke] @7
H3lE ulolsl= o, 22 ez 5o YA
Rl 57MeA|, Bx XA =dHolHE A &-8sto] 31t
¢l M3l molsit} (MFE, 2017; IPCC, 2006). & ¢15to]|
A A7 SR FEF EXTEAEE EE8slgon B
A EA| 20] GFAIZIE dLeste] 20001-2004 EA| T =
| EE= 20006, 20138 EX|uEE= 201082 7F4
Shal F Al7|2 FESH 2 dollAls EXTEAE 7]
= 23719 = F A, PR, deAeR Theofl

B
A Al 59 Aol ATFAR ERsilen, Ao 7
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S VEEAR BR, oS A2 BF5H 5 IPCC GL
(2006)2] LULUCF 2E 67}%] MFe resiqr). 28
T 5 A0 EXSEAEE Skl 300 FHE
BES BAsgon Exolgust mER A A4 A WAL

uE| Wag Asiel B3k

) 1
o

2.3.3 Sampling & & Wall—to—Wall gfgHo]| m= Al
A SAH2e| H|w

B Lol A= 20004, 201149 2| HEA JHE 2h85)
2000 el 2010t o] Z} W Eo] mE EX|o] 8T
HAT vl askgleh. A A FAARL] 297) EAJo]8E
FALA], FA, TR 50] AJHL AFA R BEslglon,
A, o e A, ok AFAIR Rk & IPCC
GL (2006)2] LULUCF H-5 6712 Wx2 AE=sick

nE

ol

H

[ o 8] RLN

ol mEE 2 i 0] HA oA AHRAIR R
FEotelen, 5% 4tel HW4E Sampling W

1 km®} Wall-to-Wall oA =55 &

V) A9 ek S ARE AERARE selet 4
S1o0], COx MRS Aste] Bas % AH 52
ERT BRI Basith oIS $19) 2153 NFI 2 A6
A NFI A5, QQIEA, S7hg ilEA4S 2ess
oh ShA QIR A7) 99 4HY CO; A 42 )
St 37F Am =2 Sampling B Wall-to-Wall 2 o] 4]
ARG A=A 719F AX|BHES A|SZF NFI, A6 NF19] 57t
SARHE Bk FHoks Aow ARSI o of
A EZ3E Sampling W o] WA RS F115l617] el #
R0l 1 =S ool ARESHIT (eq. 2). AFHZEA
£ AAs7] Sl At Aleshe 53 =S =85t
om, NFI A=el A=, =7klf A& Lesto]
CO, A 345 St 55 Adgsioltt s HEte]
STHEA Al TR e, NFIO 43417 dAS
B A g a2 Agsilen aFEEE AASHA|
&AL Sampling B 9] 2 km, 1 kmof|4] NFI 24| glo] &
23 Aeole Y=Y FFHEE TRte R Y FY
T NFI et A4 3k A-8sieich 249 530 A4
e e 7L WiEAle 9 g AEAlE S

u
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Aol Zgsle] Ae] HAAYHS &SI (KFRL,
2014; TPCC, 2003; GIR, 2017; KFRI, 2012) (eq. 6). AFH9]
CO AR TAAR olteteavets HTALE
Sfef | sl £APH: 255 NRS] Aol
of e 913 COx GFo FUste] BAsIer

tCO, = Y,V X D. X BEF, % (1+ R,)] < CFx 44/12
(eq. 6)

tCO;: Estimated CO, storage

Vi Estimated Volume of Forest land by tree species ¢
D;: Basic wood density by tree species 4 (td.m./n’)
BEF;: Biomass expansion factor by tree species ¢

Ri: Root-shoot ratio by tree species ¢

CF: Carbon fraction (¢tC/td.m.)

44/12: Stoichiometric ratio of CO, and C

A4} NFI (19953-20059)= B RE Al2ER] ok,
AR 2AHAAL Aolakr] witol 2000t e] Ak CO, A
Leg;g 224 A] A|52} NFI A2E vigko 2 20004t A%
OIJLSM A g AolE S8 BAATE 59
Ao 24319t (GIR, 2017; Lee et al., 2016). 2000
e} 2010 CO, AAFERS =A% ) glo] F714el 7
b mhore- 9lal] 2015dt) CO, AReRe: Wﬂ e o
A AL} Sampling, Wall-to-Wall ¥ 0 &2 4= 47}%]
99 AH CO, AFEE vlwsly] 3 AAEA= @3
HED] S AP Al 288kl 9l AATAIARE Ao A

o

[‘_8.
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=)
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>1E
IV
2
oX I
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il
o%
ol
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lo
:E
1
i
it}
Q
=
2
o
[e)
%

2 doMs A =7 AR F 7P 28 70
=2 EX &R L9} NFI, QJAIE AHEE 8-83}0] Approach
30 28 7Fsd vhaet el disl w=ofskarAt sk wh
2h4] 1990WE] 2010W7HA] 2061710] Ex]o] 8 W3S mjot
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sl7lol obA 7t Apmzke] AAde] AR 2000d 5
201037142] £ 71 uhgo] w2 10d7re] EAolgus}
| E8gAE ©=5la, ¥8) LULUCF F& oEs] APgH)r
WS ulgro s BNl Akle] €O, AYS loksha v

WSk

3.1 Sampling EHHE 0|25t EX|0|ZI|EZIA

Sampling YO = 2% 2000L4EHQP 2010t} EA]
813t mjEgAaz 248 W fA1E HWya) d8H
2 A= et Lt (Table ) A W :5_341 H]
2 7HA, Al719} IsHAl AFE AL S8, A,
7IEREA], 24 o= YElth Ml fA1E= EH_@
x| o) A F2A 7te] A7} 4 kmollA] 1 kmz ZAadss
7¥7} 2.5%, 0.3% Z71eto] HEH O 4 kmol|A] 1 km= ¥
st Al F 2.8% S7I8ER oM, FAoA= 4 kmoflA] 1 km
2 W3} A] 2427} 1.3% 72, 0.5% Z7Fskgieh B BX] 3
oAM= EEY 1k A7t dastol wet AR S7ksk=
ZAIAGE 20|71 0.2% olstE Foju|slA] itk B W
A A8 WA HIEE R 1Ho] Ao FHskA Al
(F 8.0%), 57341 (oF 5.0%), AFEA] (9F 4.1%) o, B} EX]
ol tisAl= Hl&o] Hat oF 3.0% olstzE  zfo|7t 1

ERLA] 2okt
23 BH7F AukE 20002} 2010 ol A BE H
FollA A 7he] A7 adle] whe} WolAl= A &
13} 2= 9JQJT} (Table 3). E3] AFdR]Q] A g} W20 H]
3f RSE%M 7P wgkon, 3y A 1Ho] uE Hake

< Aasielch
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Table 2. Land-use change matrix using Sampling

- BEE - B - AR - 0FY - £20] - 027

method from 2000s-2010s (4 km, 2 km, 1 km)

(unit: ha, (%))

2010s
LULC class  Forest land ~ Cropland  Grassland Wetland ~ Settlements  Other land Total 2000s
Forest land 498,154 22,425 20,823 0 20,823 9,611 571,835
(42.5) (1.9) (1.8) (0.0) (1.8) (0.8) (48.8)

Cropland 25,628 229,055 12,814 4,805 51,257 11212 334772
22) (19.5) (1.1) (0.4) (4.4) (1.0) (28.6)

Grassland 4,805 1,602 0 0 1,602 1,602 9,611
(04) (0.1) (0.0) (0.0) ©.1) ©.1) 0.8)

tm o Wemd o on  on  @n  on @9 69
S 16,018 28,832 3,204 6,407 121,735 4,805 181,001
(1.4) (2.5) (0.3) (0.5) (10.4) (0.4) (15.4)

Othor land 4,805 3,204 0 4,805 12,814 6,407 32,036
(0.4) (0.3) (0.0) (0.4) (1.1) (0.5) @2.7)

Total 2010 549411 289,922 38,443 44,850 209,833 40,045 1,172,503
(46.9) (24.7) (3.3) (3.8) (17.9) (34 (100.0)

Forest land 515,342 23,969 38,443 1,598 27,964 8,789 589,248
(44.0) (2.0) (3.3) (0.1) 24 (0.7) (50.3)

Cropland 23,170 213,727 11,585 4,794 47,539 12,784 310,803
2.0) (18.2) (1.0) (0.4) 4.1) (1.1) (26.5)

Grassland 4,794 1,198 8,789 799 1,598 799 10,387
(0.4) (0.1) (0.7) (0.1) (0.1) (0.1) (0.9)

2000s 2 km  Wetland (329) 3{3?3? %iﬁ 318?;; 7£2 3(,32&; 47{2.319)
R 16,379 25,967 1,598 3,196 122,244 5593 179,371
(1.4) 22 (0.1) (0.3) (10.4) (0.5) (15.3)

Other land 6,392 3,196 5,992 4,394 13,982 5,193 34,756
(0.5) (0.3) (0.5) 0.4 (1.2) 0.4) (3.0)

Total 2010 566,876 271,653 1,598 46,341 220,518 36,354 1,172,503
(48.3) (23.2) (0.1) (4.0) (18.8) (3.1) (100.0)

Forest land 519,602 21,583 30,761 1,899 26,879 8394 591,248
(44.3) (1.8) (2.6) (0.2) (2.3) (0.7) (50.4)

Cropland 17,487 219,832 12,890 5,396 47,863 12291 309,963
(1.5) (18.7) (1.1) (0.5) (4.1) (1.0) (26.4)

Grassland 4,596 1,799 7,095 400 1,699 400 10,492
(0.4) (0.2) (0.6) (0.0) (0.1) (0.0) (0.9)

i Welwd G0 Ty Gy en oo oa
Settlements 15,288 24,581 1,199 2,198 123,306 7394 177,464
(13 2.1 (0.1) (0.2) (10.5) (0.6) (15.1)

Other land 4,596 4,896 4,696 4,497 13,889 4,796 34,074
©4) 04 04 (0.4) (1.2) (0.4) (2.9)

Total 2010 563,060 275,789 1,399 46,365 220,232 38,171 1,172,503
(48.0) (23.5) (0.1) (4.0) (18.8) (3.3) (100.0)

Journal of Climate Change Research 2018, Vol. 9, No. 4



LULUCF B2 M3 2ATtA QMIER] S 2I$t Samplingzt Wall-to-Wall B2 H|w 393

Table 3. Uncertainty analysis from 2000s-2010s by Sample Point (4 km, 2 km, 1 km)

2000s
LULC class Forest land Cropland Grassland Wetland Settlements Other land
SE (ha) 200 164 7 28 105 21
4km
RSE (%) 0.04 0.05 0.07 0.06 0.16 0.07
SE (ha) 50 39 2 8 26 6
2km
RSE (%) 0.01 0.01 0.02 0.02 0.01 0.02
SE (ha) 12 10 0 2 7 1
lkm
RSE (%) 0.00 0.00 0.00 0.00 0.00 0.00
2010s
LULC class Forest land Cropland Grassland Wetland Settlements Other land
Ak SE (ha) 200 149 25 30 118 26
RSE (%) 0.04 0.05 0.07 0.07 0.06 0.07
SE (ha) 50 36 5 8 31 6
2km
RSE (%) 0.01 0.01 0.02 0.02 0.01 0.02
SE (ha) 12 9 1 2 8 2
RSE (%) 0.00 0.00 0.00 0.00 0.00 0.00
M A wela 4 gl B BriRete] Bio] WA 2 Uehgrh Wl H8E WAL FA (74%), 744
sk B3], B AFoIAE AAFEAAL ol 8slo] £ 9%, AR @1%) S0 Uerdowm, oy A

N
o
o
b
nﬁ%
_|>i
Ll
il
N

vho2 okt ER714S A
B3jo] HjEelas A4Stk A EgAel WS B

AR ARO) A 2] DMZ 28] 5]
Qe Aoz AR B
S5 0O AR T Tl B Fo) 4
Q1B WA WSS slesp] e o B SEY
AAto] 53t AR oIt NESE Bad Aol

o
4
ofr
lo
)
)
et
o’
‘
et
Sy

3.2 Wall-to—Wall 22 0|25t EX|0|8 HHEZIA

Wall-to-Wall ¥ o2 2= 2000 e} 20108 H]e] &
olgs) e as 248 W gx)8 W 48
WA Auks thed} 2t} (Table 4). 5 A|719] 23] @
WA Hl S Sampling Mk S Ablx), 574X, A
A, £, 7IEHER], 24 &ow Uepirl Wi gAEE
WA Ax) (@3.9%), 57 (18.6%), HFA (11.0%) =
olglem, &7, 7IEHEX], 22]0] % o] oF 3% ol

Sampling {2} WA

Wall-to-Wall ¥[8 9]
+ WA H8E= WA v AAE weekA sxH4
o7 mef & 4= QIiek et 7 AtollA EeE R
SEF EXTEX = 2000 o]$of AZtE|¢lom, o]
Al7] BAolle QARAL AR E ol8ste] EX|uES B
ZdYafjorsh= HolA GdA] 9 ©do] A&
Yim et al., 2015). T3}, dA] H|E == EX|T]EX]
YA AZA7|7F Aolgt 97t Qlol =7t A
S = Y EXEAE 152 Qg Aot 7
7 A7 F4skel7] $13t A7 SR RS
wlojolgt Flog AlaEch

4
2 A

filo

8

O x
Y

kol
5
A<
T

-

£
= 230w
2 oM.

o

O:

o
Off

]_

)

=

‘

H
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i

i

3.3 Samplingz} Wall—to—Wall BiHof| = Alx| £
A2te| Hjw
Sampling 537} Wall-to-Wall W52 E3] 43 H
EX]o]-8HA-S LULUCF 671X EX|o|-gHEZ AETe
2000, 2011 A% 2| &34 WA v]askeict (Fig. 3). A4
A WA HL A] F 7RR] ] R A7 FashA] Ab
A2} FAoA AT =] GloH, 2000 tholl A 78 A<}
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Table 4. Land use change matrix using Wall-to-Wall (Vector) method

(unit: ha, (%))

2010s
LULC class  Forest land Cropland Grassland Wetland Settlements Other land  Total 2000s
Forest land 514,907 21,626 12,631 1,148 23,574 9,208 583,094
(43.9) (1.8) 1.1 0.1) 2.0) 0.8) (49.7)
Cropland 20,205 217,962 7,150 6,664 44,307 12,713 309,001
P (1.7) (18.6) (0.6) (0.6) (3.8) (L.1) (26.4)
Grassland 4,231 2,058 1,360 724 1,475 541 10,389
0.4) 0.2) 0.1 0.1) 0.1) (0.0) 0.9
1,383 3,418 1,244 38,355 4,574 4,842 53,816
2000s Wetland 0.1) (0.3) 0.1) (3.3) (0.4) (0.4) (4.6)
Settlements 16,709 26,139 4,369 2,230 128,664 7,869 185,980
(1.9 2.2) 0.4 0.2) (11.0) 0.7) (15.9)
Other Tand 4,855 4,556 2,227 1,726 12,911 3,949 30,224
0.4) 0.4) 0.2) 0.1) (1.1 (0.3) (2.6)
562,290 275,760 28,981 50,847 215,506 39,121 1,172,503
Total 2010s

(48.0) (23.5) 2.5) 4.3) (18.4) (3.3) (100.0)

(a) > Sampling method Wall-to-Wall method

s (20008)

%
i
/
g
N

N\
N\

3

8
]
2

4kem 2lem liem
=50
m Forestland % Cropland # Grassland uWetland Settlements Other land
(b) 50 — . —
ampling method Wall-to-Wall method

MmN
I
N
1
AN
W
N
oy

Difference from Cadastel Statistics (2010x)

mForest land % Cropland % Grasdand uWetland Settlements Other land

Fig. 3. Difference from Cadastral Statistics of Sampling method and Wall-to-Wall method (a: 2000s, b: 2010s).

jud

A2, 201088l 24, AFA7E Fof S AR B} ulmslel oF 5% ofh= Afolt 24 elolek. Sampling
2 wlola 4+ Qlgieh W Aol b W B AH e EEA 719] ArlZh 4 kmolA] 1 kms gt uteh
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g7 emele] jol} astol AA Aot &
& 3tk T2 kol k2 52 12
2 1% ofshe ot
Afo] & HolA| u:?%t‘”— , 01% %Q*E‘*é 37} Aol vl
3 pzoz Uehdeh

FEA (2014):= Sampling o4l drb€ o= 3 Az
2ol et BEpgo] 2hashR, 9 71 olalel A

S s gherhin SR 29Ee 500 m 7e] o
T FE2AT 200 m FE4 HEC] EEEHE AR 228E
w2 5to] Wi FARSHL 125k 9lon (SEPA, 2017),
29| Aol At dg-sol izt B2 E 2UEEE 9
3] Sampling FEZFA-S 500 m= AASF] EA4351aL ot
(NIES, 2017). o]2fgt & 12fd off & AtoflAl= 2 km
olst T AzlolA] WA Wskgol ToalA LEpiA| ok
QFoTR 25 2 km o o] Tieel T2 Azlo] mE v
£ B3 = Aol A3 3EY 1S A4S 28U 9
g o AmsEr,

Wall-to-Wall =2 2000 <]
G Sampling 42| 2 km ol5t ERA Azle] gt GAF
Bhoick. FAATE 1030 m3 S 71 SRR
£ &-85to] 199095 AR 7HA] Wall-to-Wall e 28
331 Approach 3 5%0] MAEAS Tasto] QllEe A
2ES FEeje] Wus ok YAl AR B A
LUCAS (Land Use and Carbon Analysis System) A]~E]-2-
olgslo] BUFAES} WA 2HE B9 T2e] AFHR
YATEE ol gskar Itk (MFE, 2017). ZL2fuf, EA| 954
ol 49 A B A8 N0 Arslel Atk
= 7IHke g Sk AATAAELL Had o] AfolofA
o W Aolr} Al 5 QloBE ) EAolg 9 5%
542 Tejs LULUCF 22 w5 Holade sist o)
o] Bz Aol

O

Jut

HFA WEE AL

_1

Ty =3

3.4 L9l CO. x

E Ao L3t 471K S (Sampling 2] 4 km,
2 km, 1 km, Wall-to-Wall #) 2 343 hatd CO, A3k
9 2 CO, ARk} 7|2 S gh83to] 2431 CO, AR
o vla TR 2tk (Fig 4). F 714 Hhol ohE e
< QA AR S| 71 AEE AAR Sho] L Zfol7t 9l
Qo) FAel ARl A7 7he] A3t £9] FHA % 7]

29S ghgste] A% ) AvkRo R Ak 24
Ark

) rl-N

2|5t SamplingZt Wall—to—Wall 2fHE H|w 395

Sampling B o2 F431 20008 t) 2] had CO, A&

35 710] 27} 4 kmolA] | km= g2l et 2t
89.7, 101.0, 100.4 tCOyhaZ FA =] o™, Wall-to-Wall
02 F0 U2 1065 COM UBAS ol
g

o

T
Sampling BH O 2 SA%F had CO, AR ZHZF 234.1,
230.8, 228.7 tCOyhazZ YYUZA = F743t 234.7 tCO»/ha2}
H S o 3pA=H Qo Wall-to-Wall FHo=2 =
Xq‘:‘_]' 249.8 tCOy/ha= o= @itk 2015 o=

A2 FA4%F 270.3 tCOyha®} H|n Y-S ] Sampling W
ngi ZFA5t Zkel 284.5, 2824, 281.7 tCOyha <}

Wall-to-Wall HPH o 2 243} 303.1 tCOy/ha 312 25 Tf)
4 H g ol & 5 ek

Sampling FH O 2 243t hatd CO, A2
d 1 ﬂﬂﬂ AATRE Fasie APHS Baow,
Wall-to-Wall 2o =2 ——T—Xé st %}% Sampling ‘:‘01"?:19—] 4 km
270 A %Xé k /3
o] At 7EWE && POfl S 47} | B2
ggkolAl Zpol7k Upehh= o]8+= @3 LULUCF # E
Q=] AP Al 9% “%" iﬂﬂﬁﬁl %}‘lo} i,
Atollis 5 g
oA A 4 ‘Ebﬂ LEJ%E}. EUJ 20009‘1’419}
At o] hag CO, A= & CO, Aol i ’%‘%{P
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AlsZF NFI SRS HP‘*EE 2000t 574 Al AE-SA
H o] had 54 Hle= 28sto] AEsIe7] wleoll 71
FES2 ARFA 2ARA ZiH g Zfo]7t HhdE
Aog HetE olefgt ZAIE sjdsh] feiie A5 =
2 QALY RS S8l Heksfokd Aol (KFS, 2010; Kim
et al., 2018).
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Fig. 4. Comparison of Forest Statistics of Sampling method and Wall-to-Wall method (a: CO, storage per ha, b:
Total CO, storage).

2 3 ) o &ed O 4 ook de R el /o] ARE BEFoRN Exolgusl Fud He
4km oJS}2 ZhAgk v 7} SEEHeIAO] CO AT AT 7ho] 2w, Sampling HPHOAS] A A gl
B0 B HFele] A AT AV Qo] oS Bkt B BEYF F7he] WAES B & 4 gk s

1)

7] 1g Q= 5o) B BARele] ARl I TajEle]  Bh MO EXTEAR Alxwo]
oF e}, Wall-to-Wall ‘e EXMEAE EAA QAT E Wall-to-Wall o] 714 Sl A2
2 7mnkg FRIT 4 glof I QMR AES Sl 73] whiEe] sk Ak Qe 4bY
SAR W S5 A Sl S ol B ARIEOAESE Wall-to-Wall o] upAel S~ glek.

o] A3 Tefshz 77t BR Aotk (Jeon, 2015).

.

B A ARE ufgto 2 O, AN 24 I S5 4, Z=2

How WeklAe 0 7M8e B0NRe} SARRS] el

Yol A 5 714 ) 5= AR A} 10% velz dol7k 2 AAPolMs LULUCE % Approach 3 PHE9l
UERLOL AR Szol i) Zale 228 4= ololck Zak Sampling W7 Wall-to-Wall 42 vlmstgic. 32045
Moz W AolAe] Wallto-Wall ML 7] 728 wlE] 2 444 37F AACH HAskn A= 710] §3HS SR 144
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o T HHE B Aol S,
Sampling WloAi= NFI EHE vlgtom BEg 75
ol uhe) Exjo§HBLE Golsh] Shefat 4 qlglont,
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