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ABSTRACT

This study focused on the development of a land-use matrix to improve the accuracy of greenhouse gas inventories in
the LULUCF (Land Use, Land-Use Change and Forestry) sector. The matrix was constructed by analyzing land-use data
from Digital Forest-Type Maps (DFTM), Land Cover Maps (LCM), Smart Farm Maps (SFM), and Cadastral Maps (CDM)
adhering to Transparency, Accuracy, Completeness, Comparability, Consistency (TACCC) principles. The results of our
analysis showed an overlap of 3.5% and an omission of 10.3% in the sample area, mainly due to the conflation of
land-cover and land-use concepts, as well as different parcel criteria. The largest overlap (24.2% of the total) occurred
between the DFTM and miscellaneous land on the CDM. Similarly, omissions, which constituted 10.3% of the area, were
attributed to the mixing of land-use and land-cover concepts. To address this issue, we evaluated the agreement between
CDM and LCM, which was 71.3%. This indicates the need for a clear definition of land classification to ensure consistency
within land-use matrices. In addition, the importance of establishing a priority ranking for land classification when using
different spatial data, especially for internationally-reported areas such as forest and cropland, is emphasized. Lastly, a
cost-effective NFI sampling point method can be considered for periodic updates of land-use and land-use change matrices.
Considering these aspects, a land-use and land-use-change matrix should be constructed at the Approach 3 level to track

land-use change for GHG inventory reporting for the LULUCF sector.
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3-9ll7] 515} OF(United Nations Framework Convention
on Climate Change, UNFCCC)o]| W& =7} 24714 ol
EY AlE s i F EXCIE - EAol8HS ¥ Y
(Land Use, Land Use Change and Forestry, LULUCF)F-&
< QIZFE5ol ottt EX|o|-gHetet 1o wE 2A47MA &
T HIEHUR] Hio| Ul A, B, IANTIES] AHE, A=
214 Wsje] M2 247} QR /1S Sgstolol &
t}. GPG-2003 (Good Practice Guidance, 2003)°Al=
LULUCF B2 AHA], 534, 24, $A, 854 € 7
EtEA 2 FEIIEE 511, BEX| Hojet B =71 &
oflA] Aol EHEet W o E HrgE]ofof qrhal A
skal lrt EZH A7 AA S 7H EXol8e]
St HRE AFsHeS 5k3 QJUEKIPCC, 2003; Jeong et al,
2020). o]& IAMIE 2 EY v QHHs) 7|17ke st
of, IHA 2097te] EX|o]-8} Wst HHE EHEX|OA Hgh
¥l EX|(Land converted to other land)Q} 3 EX|Z 84
% EX|(Land remaining same land)Z &E5l] AR E 1=
S 0] T LAk WE - F4REE Bolsloio TS
OJu]StcHEggleston et al., 2006; Park et al., 2017).

EXo] g zto] gt 24L& 37FA] FH(Approach)
o] AIAIHAL AILIPCC, 2003), FA A A=t SR A}
2 &8 {500 o2t JUH 1~3 (Approach 1~3)0=%
THESkAL QITHIPCC, 2006). FHH 12 & EAJo]-8 |
< S85h= WRHoE EXolE 1t W] thet A&7t ¢l
o, I 2= W] WHelE 29t F EAo| |
A Amrt EAG A9l &8sk o R, BA]
A AA=7t Qs W AR AR HE 32
BAIZRl EXJolg H% AR E S8l WHOE EX|o
&l gt Al - 141 ¥ztof| tigt drgo] 7Fssitt. 0|9t
e BHIE 5t IPCC (Intergovernmental Panel on
Climate Change)of|Al= 24714 QHlEZ] o] st AgHiH
9 =215 31-71%(Measuring-Reporting-Verification, MRV)
of I3t W-E= Alsstal olom, sy A4z 133 o
2 MRV JRIE 2 A|AC] tistel £/, A<, 424,
v 7543, Y3Hd(Transparency, Accuracy, Completeness,
Comparability, Consistency, TACCC)S 1l2]d}o] Ao
of gt} webs] EX|ol-gHalo] tigt 4] A] TACCCE 1L
23t B17F dasit
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WS Busta 9ok webd Sefuet 2t
QlWllE=] X374 (National Inventory Report,
NIR)2} 27§ Al H 11 4 (Biennial Update Report, BUR)9]|
A A 1520 E EXolg W3t AJHglo] igdE
A& g-goto] Hiskal Qlom, BfEA|A g
H EXE §XH EXE ZIAA H1stn QJTME,
2022). WA H119] TACCCE &H3S7] YA EX|0]
SRl gk HE, Hloly 3 2 28 SolA EA
ke EYAE FHadlketal EXol&7o HJAE= &
B3l Zo] "asitt
S-gueto Al LULUCF F-E3} gt ohafet 37t
FAEE 55t 9loH, 72t AR E &8sl EX|
olgusie Ael] gig EYA 73 A7 W
31 ATH(Choi et al., 2020; GIR, 2015; Hong et al., 2021;
Hwang et al., 2018; KRIHS, 2014; MOLIT, 2018; Park et
al., 2018; Sim et al., 2017; Yim et al., 2015, 2019, 2020;
Yu et al, 2015). AT FAAAY AFE WA 24
58 $402 EAo|gTEE U Wet ¥ H14
R Y ZAH(National Forest Inventory, NFI)S] 14 FE7
2 g8olE WRke BHOR AT} SqEl0] gk, olo]
weby 7H 97 9 A7IEe) ARead o old
Apo|g EXo] gz ofzZo] EA 5ttt olet o]
EX o7& Ho9 og|Zg o g 7t BAA 153 &
A7 E £gsto] &-8ohe URtE =2% 1 ek S5HA|
gk eEuete] 3t FAE= 27 o E B4 wet 53
Ao = - &EStaL glo] EXolg &S Ftt &F
AAZF Aolst7] Wzol(KFS, 2019), 2+ FA oA =3¢
AzsE &8tV A= olsAALY =k 52 et
TYE EX0]GFE A|A7t BASIHH(IPCC, 2006; Jeong
et al., 2020). AFHA|9} FHA= YASAAE H 5HH
A ZAbol| w2t EX|o]-GHRE ZAAsHL 1o, dFE
(Digital Forest Type Map; DFTM), AU}EH(Smart
Farm Map; SFM)= 25t Qo 249} 54, A=A
= AHBAE &8st don, FAER ASAAE
(CaDastral Map; CDM)E &8 4 TtHME, 2022). wh
A @A EAOl TR V2] U EA0LE EAA
£ 727 49, EAolg WRY BeslET BuRRe)
Aol 2 Wo] FREAY AelA Y 59| BAYL 2

(1
=
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THHwang et al., 2018). WetA| o]t EAIE
s Bas Reoiel EA0lg W
2o AL AR 7o) FEa e
& sfesiolo 3k 200 oY 32 deoz o
AR SAES AA Ee B ke v
olg MEYAE FEelolo} Pt A B
HE 9 BA0lE MEYA T2 99
A %oaﬁ— A= FAES] T5 9 w2 B4, AR
el Ex0]8 F0] Aol Torstel EA0lS =
£ 722 9I510] T Fslolof s S ARkt nA
st

2~ olw

N

g Iz H YH

al
=

2.1, g5 X

AT AL M 1097 EX0] 8 9 EXo]gulst
b e AR R7ER AFssch AHEA
(MOLIT, 2022) A} 7|2+ 2022¢0]= 2012 tjH] of
Z]9] H]&©o] 9F 129.4%, =& 124.3%, 7|E} 117.3%=2 &
7Fotg o™, A 92.1%, H 88.3%, Yok 96.6%= A S}o]
EXolg H3l Hlgo] FSH AVIE=w HIFEAC
(Korean Demilitarized Zone, DMZ)Q} Z+-2 HAA IS &£
ety QT HQAo g2 JdB IRt AR &
ong FARTE EAGHA e HAAAGL AFolA
A YstAt A= A7 2 A4 AL 500 x 500 m
2 B33t AA AR 41,100719] 10.0%S A% FZ&35}9]
41107 AAE B4 A=

5T (Fig. 1).
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Systematic sampling area (500 x 500m)

- Forest land (Digital forest type map)
Fig. 1. The study area

Cropland (Smart farm map)

Grassland (Cadastral map)

using a systematic sampling
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2.2, A7 M=

AL XHE_— 202349 712 MRV A HA(GIR, 2022) U]
o|-g& & oo Rt SRR, 2 AR 0]
Ao 2019M 7K e DAECIE, aob
BUCAA), ASAHEEA, 57, 857 2 7|eh=
Fga ASAYEL BN 75 2 B
o Ba W ABeIA ek U 2879 A
TAELL, BAERS] EXO]EFEE V|[EOoRE
It A&AAT Weo| x| 2o] ulat dxj LULUCF
bEAE 2 e B dEs 4
4 9 TeEo] W3t HEO| wEt JEHo R 2}
P&, Tt 1 EX] 528 FoE= XY
£Aele 589 B4 BUIRE Tejsio] 7o
ALg, A, A5, 84, 9, FEEAE Z9det
o. AUfERES WA YAk 1B 5A7) AN
£ 557 fote] ARAPEE Aol 2A Azt
AAAEE TGS FBANL ol §5kT ALA A9}
FAANGE, EANELE FF0l0] = 2] AAE 79
3t A} Olth(Na et al. 2015)~ o|e} T2 FHAE £l
0 F2 9 ool 9 Hokg Ystel FEAYRY
oA AFst U= BAFFTIAAQ2019S E-E5HAH

B3, B4R 1 BA0E TR FolE meta] 9
A= EX0lE HEYA TS Ao && 7T &
FAZ=Z(GIR, 2015; Hwang et al., 2018; Park et al.,
2017) AlES EX|™E L (Subdivision Land Cover Map,
LOM)E 2gslo] 2t BUAE 749 E4S ua - BA
Sh= © 2-8&5k{tH(Table 1).
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Table 1. Spatial data for the analysis overlaps and
omission of land-use and land-use change
matrix
Data Source of Data |Management
name reviewed data format | ministry
National Spatial
Cadastral
M Infrastructure Portal Vector | MOLIT
ap

(http://data.nsdi.go.kr/dataset)

. Forest Geospatial
Digital Forest .
Information System Vector KFS

T M
ype Map (https://fgis.forest.go.kr/)

Agricultural and Rural
Smart Farm

M Affairs Farm map Service | Vector | MAFRA
a

P (https://agis.epis.or.kr/)

Subdivision Environmental Geographic

Land Cover Information Service Vector ME
Map (https://egis.me.go.kr)

National Geographic

Ortho-images | Information Institute Raster NGII

(http://map.ngii.go.kr)

MOLIT, Ministry of Land, Infrastructure and Transport; KFS,
Korea Forest Service; MAFRA, Ministry of Agriculture, Food and
Rural Affairs; NGII,

Geographic Information Institute

ME, Ministry of Environment; National
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A, AntERI FE AF] ds dwd
0] 5 AR

55
gho] WMol A 99 42 7+ ZHAEY] ==
RS FE0t S H, S5 2 w0 digt
B HAS melshal, YARFSARS E-8sto] AA]
T 548 ToIsAt(Fig. 2a). 53], FHA G o5
© AR 5 7l AoleF MRVAI Y| whaf 24,
A, AFA 9 7IBHEA] 9] EX|o] g2 2k AAE
28 T e AEAHEE 7o FHA Y gt
B2
Pl
=
%]

o
obo

F EADELS ASAAE

im0 f o o X Al mp Ox ek do o F

YA &S EA5cHFig. 2b). & AT} Ant
T 7 EXA 9ol whet 54 7P At Ahgo]
ok A 7|9t 5 A 919 EXjol&dF o] gt A=t

Table 2. Classification of spatial data attributes for land-use category

Division DFTM SFM CDM LCM
Deciduous,
Forest . . . . .
Land conifer, mixed - Forest land Deciduous, conifer, mixed forest
an
forest
Field, paddy,
. . Bounded paddy, untended paddy,
Croplands | - orchard, uncultivated, | Field, paddy, orchard . .
. . cultivated field, uncultivated field
facility, ginseng
Natural grassland,
Grasslands | - - Pasture
golf field, grave, other grassland
. . . Inland wetlands, mud flats, salt flats,
Wetlands | - - River, ditch, reservoir, fish farm . )
river, lake, marine
House, multi complex house,
Mineral spring site, salt flat, site, . . p' .
Settlements| - - ) ) ) industrial, commercial, mixed area,
factory site, school site, parking zone, . . .
et . N d cultural-athletic-recreation facilities,
as station, storage site, road, . .
g. & airport, harbor, railroads, roads, other
railroad, embankment, waterways, . o
. transportation and communication
Oth park, Sport site, amusement park, . . .
ther i e historic sit facilities, environmental infrastructure,
- - religion site, historic site, grave, . o . .
Land 'g i tand & education-administrative facilities,
miscellaneous lan
other public facilities

DFTM, Digital Forest Type Map; SFM, Smart Farm Map; CDM, Cadastral Map; LCM, Subdivision Land Cover Map
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!

Digital forest

Smart farm
type map map

‘ Combination of spatial data ‘

]

Extraction of overlap and omission area

|

Cadastral
map

/' Ortho-images /

Identification characteristics
of overlap and omission

Cadastral
map

Land cover
map

Forest land, cropland
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l

Combination of spatial data | | Land categorization of attribute data ‘

l

| Extraction of match and differences area

’ Combination of spatial data |

|

| Extraction of match and differences area |

Ortho-
images

Identification characteristics
of match and differences

Fig. 2. Overall study flow of the study. (a) analysis of overlaps and omissions in spatial data according to MRV
guidance, (b) consistency analysis thematic maps of forest land and croplands with land cover map and

cadastral map, (c) analysis of the land use classification matching area between subdivision Land Cover

Map and Cadastral Map

wetE|x) 7] o, Qe Y EX|ol-&Tio] B
Ho| ZAIFIh wetd oleld TAYS BA] giste]
A=Eo] 8] YW B0 8 TEo] FM5dt A4
Ao} AEF EXNEEole] ANYES Helste] 7}
FAEE gEsie Aued AR EAYERe %
AAwo] B8 H5Ae AESIA STk wHAe B
AL A o FEHE0] Y AER EANE
5ol A& HEo] EXjolg FEo| e} W7t YA H
£ Ao} YA EE A oe BAstol, TR T
wheh B 4 Qe Jolo] HhalA BASTHFig. 20)
B gEAdos EA7t 0] AsAdE
o] A#lo] HojE|x] ok x|olst A Ao wake|o]
AE5 EAYBEs} A4EA] ke MdoR, T g
29 2714 W7t T Ade BAolA Aelsheirh
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3.1. SUxz2

oM
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EAol&TE ¥ 33t Aol weh SEEAS 24T
A3}, HA BEA] W 98979.8 ha F 3,452.1 ha(3.5%)
7t SEHe AoE UEiEt JA S5 5 USA I

= VISR & AMERH(CEAA), ASAHE(ZA,
SA, AFA 9 7HEA)S] FEHUAZ 2,0722haC 2

AX FEHZ Q] 60.0%] sAFstATt. HE2 A=}
AUTERO] FEL 98.8 ha® A 59| 2.9%0°] i
stglon, & YAt AHAHre] FE2 1,973
ha(AA| SEHAY 57.1%)= AvTEFHNIS] SFEEG
t AEAHZete] FEo] ¢ Z o RIS
(Table 3). H&52 YL} AEKAH LY 5 F FFA
o] sigote FEALe FEo| 833.8 ha(FA] SEHHH
9] 242%)Z 7 AA Yo, S84, FANA
I 209.0 ha(6.1%), 180.2 ha(5.2%)2 Ar&x|9} AZz]9]
S8o| 71 wo] WAshs o2 et

Aot A9 FEAY KBS FAFTARK SR
elgt A3k, AEA o tigt FEoAE FAIA, HRAl
A 5 ErA 9] Aol ol o HA St ThFig.
3). FEAYAHEYA A Foh= FGAFTTARLS Het A
o diste] Aoz 91 st} Algeta 97| e
o, olg &8st U= HEF A=A = PGS
AR o2 FiEsto], AR EXo]&3} Zpol7t WAsh= A
o2 IRIstct o2 t5a gt AS-8A9
FEAE AL8A Y JdHoz Exshs 45X (1F
Z 0.1 hao]AhHE ti&4 YAtwo] A Fo R QI FE

1

o EABIA. FA9] FEL YA o] PEo] fyko
2 "o Slo] Aol ZFHU] wgo] LSt

AUERW(EAA) T AGKAH (2], FA, ZFA
4 7etEA)9 FEHAL 1,379.9 haZ A FEHZ 9
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Table 3. Overlap area analysis of Digital Forest-type Map, Smart Farm Map, and Cadastral Map

ﬂ
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EN

(Unit: ha)
Forest land
Spatial LULUCF Spatial data
data category category DFTM
Total Conifer Deciduous Mixed
Paddy 26.3 10.10 11.1 5.2
Field 429 9.5 28.5 49
Orchard 28.5 11.9 15.6 1.0
SFM Cropland Uncultivated 0.1 0.0 0.1 -
Facility 0.3 0.0 0.3 0.0
Ginseng 0.7 0.1 0.2 0.5
Total 98.8 31.6 55.8 11.6
River 78.9 13.8 55.4 9.7
Ditch 180.2 43.0 116.8 20.5
Wetlands Reservoir 7.3 1.2 4.6 1.5
Fish Farm 0.0 - 0.0 -
Total 266.4 58.0 176.8 31.7
Grassland Pasture 42.6 49 335 42
Total 42.6 49 335 42
Mineral spring site - - - -
Salt farm 0.2 - 0.15 -
Site 100.1 232 59.7 17.0
Factory site 51.3 20.01 223 8.78
School site 29.4 8.0 14.9 6.55
Parking zone 0.7 0.2 0.5 0.05
CDM Gas station 0.1 - 0.1 -
Storage site 2.6 1.0 1.3 0.29
Road 131.3 29.5 81.4 20.5
Settlements Railroad 52 0.4 3.1 1.7
and other lands Embankment 0.8 0.3 0.4 0.1
Waterways 43.8 2.0 31.3 10.5
Park 111.0 17.8 81.0 12.2
Sport site 209.0 64.0 103.8 41.2
Amusement park 7.0 1.5 3.5 2.0
Religion site 43 1.1 2.6 0.5
Historic site 53.2 6.7 40.1 6.5
Graveyard 80.7 12.2 57.9 10.7
Miscellaneous land 833.8 155.2 520.0 158.6
Total 1664.5 343.1 1024.1 297.2
Total 1,973.5 406.0 1,234.4 333.1
Total 2,072.2 437.4 1,290.2 344.4

DFTM, Digital Forest Type Map; SFM, Smart Farm Map; CDM, Cadastral Map
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Fig. 3. Overlapping of the
ortho-images security process (ortho-images
(left), Google Earth Map images (right)). (a)
airport zone, (b) military zone

Cropland on
smart farm map

I Ssite and ditch on

cadastral map

50250 50 100 150
[ . i)

e (a) and ditch (b) of
Cadastral Map and Smart Farm Map

X

40.0%0] BF3HSATE. ©1F FHAo] SFHe X2
Bo] 327.5 ha(AA SEHA] 9.5%)2 7HF 7oH, ot
202 77 203.6ha(5.9%), T2 180.4 ha(5.2%)°]1A] &
Bo] & Aoz yepyrt Eg $X2 FREE 519
A] 175.0 ha(5.1%)2 o] 2 A o2 JEP}THTable 4).

A 2te] FENAE HAE A BB R FEsta
= BE-Aom, 1At FE A HiFE 5L 5
A AR ZFAZoR It FEo|] LS CHFig.
4a). ESF AEKAAL] T & HARLG L2 5HA=
ARl w2 FEo] FRIE QUrhFig. 4b). o|¢} Zo] 7t B
Zo| g7 7120 B2 FEA G AR} HEA
A, 3AL AFA (WAL FEo] 7Hg Wol A}
At WA MRV A Zof] mE EX|o|-8-E Alof 1%
g = Aol gt EXolgE W3k, ASAL ol
Aok Y8 tigt & 71, 23 gAE A 5
AAZ 85k e Aot TAS AR A= =g
Sh= Aol disto] $A4E9 &8 A= HE 2 EXJol&
TE 7I% vHo] Eo Ao g ERIFh

21

B 222 spatial data xisted area

Spatial data does not

exist area

- field, paddy, orchard
area on cadastral map

. P77 Spatial data docs not
exist area

- forest area on
cadastral map

0 4# 000 W
Characteristics of the spatial data not exist
areas based on the current land use
classification system and the corresponding
Cadastral Map

3.2. ZUXRY &t

EZ o] &1E H FUARE S| 8T Ao &
Aot F2HAL 10,169.8 ha®, AA| HE WA 10.3%
of sFstAct. AHEANAE 4 Fof FfFEE A5
aiolst Ax}, YJof 4,569.2 ha, A, &, T<Y(Cropland on
Cadastral Map; CCM)©] 5,600.6 hao]Qltt. QJoF z]E (o]
o} Qlopyofl gt 2k Yof W A9} T2 2|7t EX
o= A9y A W A EANE o2 EXnE
g AR Exoks AYoA o] ARt Egt
Aok oAl LA AES7 9 EHAE o2 A
St BAX %} FAATE 2A5ks A GolA TR
gho] WAYstoitt. o]9} o] Qlof A& gt +&2 E
Aolg EAHo| M2 FEI} HA EXo]§ HAIHEA T
Eyol| tigt zfojof whah HAYsETE CCM A HoA e E
Zo]-& E&3} AR EXo]§ ¥ T Zjo]Z EX| 1]
B 4 YA, FAA, dtE BdorA A oA o]
At o, AntERHAA =5 EJolA] grop
Aotz o] EA5kUthFig. 5). et @4 MRVA|
o] @2 EX|o]&FEoll= EX|ol&y} EX & of
g id AR QIeE F=EE F1to] £45tH, ol 1
23t EXo] &8 E5F = ojoF 3 Ao ok

HEZ] W FAE WA 46,930.5 ha, JoF= 51,908.3 ha,
MNER EXTEL A} A X](Forest Land on Land Cover
Map; FLLCM)= 45,905.5 hag QJoFo] 27497} 7%
W ACE YuElTh AMERTO] WA 16,464.4 ha,
CCM WAL 21,178.4 hac]}tt. AlEF EX|TELO] &
73] (Cropland on Land Cover Map; CLLCM) HZ-&
19,141.7 haZ2 AFA]e} oR7HA| 2 AEA| A e o835t
7% Wl 2A ek olo 2ol ket BuA
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Table 4. Overlapping analysis of s Digital Forest-type Map and other spatial data

(Unit: ha)
Cropland
Spatial LULUCF Spatial data
data category category SEM
Total Paddy Field Orchard |Uncultivated| Facility Ginseng
River 175.0 79.3 78.6 5.8 0.1 10.0 1.2
Ditch 203.6 107.1 71.7 6.7 0.1 9.2 2.9
Wetlands Reservoir 46.1 30.6 12.7 1.0 0.0 1.9 0.0
Fish Farm 22 0.5 0.7 0.5 - 0.5 -
Total 426.9 217.5 169.7 14.0 0.2 21.6 4.1
Grassland Pasture 110.8 5.3 89.0 7.1 0.2 7.8 1.4
Total 110.8 5.3 89.0 7.1 0.2 7.8 1.4
Mineral spring site - - - - - - -
Salt farm 315 27.8 34 0.1 0.1 0.1 0.1
Site 327.5 30.9 267.5 10.5 1.7 16.3 0.7
Factory site 71.7 21.0 49.3 4.8 0.1 1.9 0.6
School site 6.4 0.3 53 0.6 0.0 0.1 0.1
Parking zone 3.1 0.6 2.5 0.0 - 0.1 -
DM Gas station 0.8 0.0 0.7 - 0.0 0.0 0.0
Storage site 23.8 4.8 15.0 1.5 0.5 1.9 0.1
Road 180.5 61.6 100.8 8.6 0.2 7.1 23
Settlements Railroad 8.9 1.7 6.9 0.1 0.0 0.2 0.0
and other lands Embankment 13.5 8.9 4.1 0.3 - 0.3 0.0
Waterways 1.9 0.4 1.4 - - 0.1 -
Park 5.8 0.6 4.5 0.6 0.0 0.1 -
Sport site 52 1.0 3.8 0.2 - 0.1 0.0
Amusement park 3.0 0.8 1.6 0.5 0.0 0.2 -
Religion site 2.2 0.1 1.9 0.1 0.0 0.1 -
Historic site 0.0 - 0.0 - - - -
Graveyard 14.7 0.9 11.9 0.9 0.3 0.4 0.2
Miscellaneous land 135.7 36.6 80.2 4.5 0.4 13.3 0.8
Total 842.2 198.0 560.8 333 33 42.3 49
Total 1,379.9 420.8 819.5 54.4 3.7 71.7 10.4

DFTM, Digital Forest Type Map; SFM, Smart Farm Map; CDM, Cadastral Map
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Table 5. The area of match and difference according to the land-use classification of spatial data

(Unit: ha)
CDM LCM
- Total Difference areas | Difference areas Difference areas| Difference areas
Division Total |Match areas . Total | Match areas .
(A) ®) © on thematic map |on cadastral map ®) © on thematic map|on land cover map
(A-C) (A-C) (B-C)
DFTM |46,930.5 | 51,908.3 | 43,805.1 3,1254 8,103.2 45,905.5 41,563.1 5,367.5 4,342.4
SFM | 16,464.4|21,178.4| 13,541.5 2,922.9 7,636.9 19,141.7 14,579.5 2,677.3 4,562.2

DFTM, Digital Forest Type Map; SFM, Smart Farm Map; CDM, Cadastral Map

I Digital forest type map

Forest land on cadastral map

I Forest land on land cover map
Smart-farm map

[ Cropland on cadastral map

Cropland on land cover map

0250 0 100 150
.

Fig. 6. Differences in spatial data characteristics. (a)
Digital Forest-type Map, Cadastral Map and
Land Cover Map, (b) Smart Farm Map,
Cadastral Map and Land Cover Map

(&A, §A4, AFA 2 7I8EA) dsfiME 2HaT7E7]
& 5T A AHEAR FESEAL 7] 2oll(KFS,

2011), F-HA], ASEA 5ol EAct= A& HiA=
AFA 2 Egskal QIdth FLLCMH] 2pol= A F
Al HAYSHE 37 78 Zpolof AT EX W EEA &
TR +8 A1 b oHE ARAR FE T2t
ST, HEY PPEIHE NHOR SBo| ¥
AR AL AAAZ BT AAAL, BT £
BEolAE 24 9 U 5 uiges Tusiel Bt
= ZFo)7t £A5F99tH(Jeon et al., 2013). ITESH <A ¢
troA s 5, dUFE JA9He g 7=t ARgst
EAE Aol EFA7IAL lof, Apol7h EART
(Hwang et al., 2018). A0tETL T} CCMO] ELX|+= &
RS W sA3A AEET, BAAE 5) 2 AR F
AR 5ol £A5}o] TAYSFATHMAFRA, 2015). CLLCM
I EYX= AUERY Wold == TAAEL 34

ox T

rr

A Yol EAiote AR BAA 52 EFAI7IA] LSHA]
9t CLLCMOA = o]& EFstal Q7] o] EY
Y 5HdTh(Fig. 6b).

OO0 2 AEX] Aol AEF EXWEES] EX|olE
2 A HAL 65491.9 ha(AA] HE HH 71.3%)°]
AtKTable 6). & F7HA= 7F 71 2 Apol7} Ay et W
L X2 EXTETA ZX|(GrassLand on Land Cover
Map; GLLCM):= 10,706.9 hao] A9, LR A Eo] %X
(EAL 7)) 570.2 ha2 GLLCMO] 5.3%0] £33t &
A5j= 4} 227} e Hshe AR Yol Lxsky
U Aol o1, 53] Yool Gl siEsh= 1971
A& YollAl EX|mE A} Zx|@zo] Zbzt 3,220.7 ha
(GLLCM9] 15.8%), 3,545.7 ha (GLLCMS] 17.4%)2 713
A et o0& AFA[oA EX|ol-8Ee] & X}
olF H3lon, A&KAH Lol Yot FLLCMET & &7t
Moz Ueith Qop A2 o] EAmEE 4 27
3,764.7 ha(Qok] 5.4%), AZA] 1,999.4 ha(Loke] 5.2%),
B34 1,386.4 ha(YoF2] 2.6%)7F EFFE o] Ql3itt. olet
2 A3ks Baolo] @A) ok o} 20| 2AeA Y= A
i3} et A%o] copet Fefe] EAmEo] ekt Qop
A23 Je) Bask Bors] AXsH] S-S BHlskich
weh QAAES Belo] EXolg WELLE 75
S Aloll= ok W g5 Bxzo] it & EAETF FUHE e
2 9g 3t Aoz ek £k FFA] U 7|EfEX] o)A
T HY R & Aolg HEHET, AFAR FiEEE
A& W EXE A 2] AR 7} 3,545.7 ha(A&5A| 4]
T A AFA] WA 13.6%), 2,035.6 ha(JEA AT AF &
FA| WA 7.8%)E w2 Hle= AAoH= 2o & YEy
o} ol AR B4 A Y, ASEA] SOl EEsh=
i, ZA|9] 3o wet EX|o|-§Ee] Zfo]7k HAYsHe]
7] dizoltt.
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E oA E LULUCF HE9] TACCCE ZZsl=
Ez]o]_g_ EIAS L2357 93], =Y MRVA| 9
7} EXo] g2 FHH S0 WE ARE S35t &8
gt Ao WSt 227t =2 WE 9 938 mjots
Ak FEI} RO FQ Q912 Exo]gy} EXuE
Ngel &4, HetA o] A, Ar & 3779
7]1Z0]9itt. o]glst 891 & A7|L o EXo|&1E ZE
o] 29 932 J&XAHE A} ZAEX O] LA, H&

A 58 AR R A sho] e Y29t A
A9l  FE(833.8ha, HA FEEXY 8%)0]041;].

(Appendix 1). ‘TZHYR 3= 9 ] 5o TS HE A]
B Asszo] mEE FEAL A ool Bt
B, $A18, $A4 D $4A43 FPAL 5o 27
£ AFAZ AAstEE Hof vtk 1Al AA=, A7
T AGFQ B0 FAEESTFHO] A H|go]
22.1% (225.2% ha)& B A|9o] H|5}o] H| WA &2 H|&
< AR5} H(Gyeonggi Provincial Office, 2023). Wa}HA]
FEALL QFETE FEE= A gt AA] EXol&
A% 72 4Es} WRsty, Bxolg FEE A2 AR
71208 & ZRIA], AAl EXo]-&AT AIA]
o that w7t mag Aol

o 2e ASAAE 4 S840 EA5te A=l
3t JAEY FE(209.0 ha, AA FEHAQ 0.2%)
(Appendix 2), AEA A= A thx]of|A 9] FAgEo] uhE
AUTELHIEO] FE(327.5 ha, HA] FEHZ 9] 0.3%)0°]
= 18|82 245}t (Appendix 3). o]Egt &9 ¥
= 24, 4, 454 9 7BEA A &E5te A&
ARt FES E4olg BAd Ut Pelsh] stel =
Aol WFe BALYE PR ARE AR EA NS
= Zpo)7F A & 917] fliEo]th(Jeong et al., 2020).
w0 EXMEEL BA0l80 % WIS X EH9|
8BS A =3t 3t Azol7] wizo] EX|o]8-Ea} 4folgt
o] EAgtct. webA T &p=of gt 7igAtelE olsfist
I, EXFE et EE SUste WFOE EX|ol&
W EZAT} L= Flojof & Zo|th(Achard et al., 2008).
A Y] EXo] & MES AET A%, EATEY A
g 2AR ool rIHE BAVL EAET o, A%
A4 Qois s Yire) A S Sl e
F2H4,569.2 ha A F2 WA 2] 4.6%)(Appendix 4), A,
W, Tl A2 v =5, WA Sol Avte] %

s

= g

]o] o
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S]] Q= F2(5,600.6 ha A EE HH O] 5.7%)0] &
A5+ HAppendix 5). AA| 5HAEE(MAFRA, 2015)
oflA] AntEET AL HELO] ZpolE 97 F-Hol of
st} BA5 A, oF -10%9] Zpol7b WS eIt
o} IPCC A Fof|A = EXo]go] It 7|2AQ] & vt
He At o, A 59 dAEA AEE &
|3 Aol EXYES] g &8st Ut wEkA
EZo]l&3} EXTE 719 TJrﬁﬂOﬂ o2 0 77 A ET
(Park et al., 2017). EX|o] &2 Al3] - AA|XQ BFOoZ
AFHA == L5} o]2fgt #ske] £7to] H&=
E2-g 7}AX] ™ (Martinez and Mollicone, 2012), EX| 1] E2-2
AREHY] £445 Hetde AR EY, AE, ¢4, dE
ol 98 Y= 322 A9 4 Irthk(Lambin and
Geis, 2008). 0|9} Z2 BEAlE= ALKAH Lo} A7 EX
DEE o] Exo]fLE vy A& gl 7p535gich &
AT AollA EX|o]&y} EXHE i3t F FAE
of ME EX|o|l &R WO AXE&L 71.3%0|Utt &
ZA A 7 2 ELX7 A=, @A MRV
A9] F7H7E B8R A& 3= o] 9
Z|o]-g 5ol wet etEX|o] theFel X R
ZA|7F e wfZo]ch(Appendix 6). o]t 2

}

} =X

U
rﬂh N

0.

(e =
P

F

0.9.1“

EAEA| AFo| o] EAok= e A ¥

7= B=351H(Jeon et al., 2020), Al &F EX|
LollA Uit Zat Zo] Aoy F22] & F
ZHEAH, F5s A W 24 & OdRt 24 /3
oIt Wt EXFEOCRE U=
ZA°] gk EXolE & HEE 8T Zolt} E3L

A9 EYA= AH FHA dokAatd Aot FFA 2
7IHEAR FREE 197] A5 71 Hol 23tE= A
O 2 Uelyt. oot Zo] EX|o]g HA o wabA theet

o]
d
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1z o
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EATE 39S el 5 9] o] Exjolg HEF

A% FEF A, TR 1ES EAREOR T AU £

Aol g3} Felo] HAL £ TS ST AU Gt
o7t Basht,

E}QOE EAYE 7202 Z4E FAE 71 EX

2 7% g Holrk ZABIT EH AY=oIA

L ARA9) FE71ES 98Y 0.1 ha, ALY 05 haol

Qo] etel A= Aolsta YA, EAH L]

A ol2fd FRA 71%o] glo] YHHoR Busty 9
L B0 feto] AgAR PRt Holrh WA
e g YAEIAE AHEE BES B
ARz WAE AY 5& FYRAZ TRpe] A
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EX0I3tHet HERA =S flot S

2 EI5HARE, 22 A17]9 EXMEEOHH% ZAZ T
oLt ATTERO|A = =, &, I % AA B&
g-50] o]FojA= EA] gt AAE FE 5t eE 5o
£5 9 #AK ol BAE AT WE Eoe o
7SIk s EAWBEOAL ojzid GBS EHs
of FAARE FESIA TEtA LS EXFE] 7|E
o] He FAZE €8 Frolx Ar 150 &&=
Z_ T 7|0l 7k BEA] HoJot RgEE=A] o ik 9t
Esfojof g Zojt}.
] ol MEHA ZAzto] tfgt FAALS]] Hhgt A=

2 271 fIste] EXo]& F&o] thste] FA]7|to] Al
Eoh= FAAERS] A4, AEA 5ol gt AE7F &
K5ITHGIR, 2022). & AFoA HERE HEel o] EX|o]
& 79 Ade FALE sto] AKAA L, EX|YE
L& &8 Aol oln A7l FAE A&t
U= AFEA], A0l tiet BA 27 HA7E aeE ook
o Aoltt. AA|E AMAI}F 53 A= =7 AR A
o 4tdA] AHoE +£85H ol= FAO (Food and
Agriculture Organization of the United Nations) %
UNFCCCY] A9Jof u}g} FAO2} UNEP (United Nations
Environment Program)sol] S4& A|&dl1 QYO HZE O]
23t FA9e] dPdS 1T EXolE WEYA £
o] 3 =jojof & Zoltt. A A= 20209 7|E FAO
g3t A2 6,287.04 has 15k QOH(FAO, 2020),
A AFHA Ydok= 6,363.5% ha (MOLIT, 2020), A&
EAYELo| A= 5,587.77 haZ UeRgTh E3 574
= FAOO]| AlA'sFZZAHWorld program for the Census
Agricultural, WCA) Zt=2E S7HeAIR] 5PHEE & A
£ 7IWte g AEstal glon, old mEE 5734 WA
1,120& ha (Statistics Korea, 2020)°2.& X 315}31 )t} 5}
ATt AFZFRAE sAAE, &, )2 1,9355ha
(MOLIT, 2020), AHFEEWO|A = 1,558.5ha2 A &
A9l 7]8to] E= ZAMPHI EA| A7 715 7|0l w
2t EX|o]-§ G2 WA o] Aolgt Ao ® Ykt whebA
EZol-& MEGAS AP FHPY] fsiM= =7t
BAA NE S 1ste] 7|ES WA shoof s,
Rt =71 A EAXolE WEEA 7HO] A &
Hoh7] fRt ks A7 stoiof & Zojth

NIRES AlEsh= 4F =7toAs EXYEEE &8s}
of EX|olg WEZYAE F535t1 UTHKRIHS, 2014;
MIfE, 2022). o]} Zo] dE 7|EC0 & EX o8&
F¥o7] Yol dAFAEE 8ot HHE 1T &

_OH

¢S B TV AgE SHe= 25

L ke ZARI S5, v)a
oM LA ‘ﬂtﬂiﬂ A4 U B30 g
gapo] st 9)
2g el BaARY SALAE 4
>/1}312]>2X]>—X]>7]E]- EZ £0= 5fof
& WEZAE ZA5II QUTHEPA, 2022). 5o
NFI 2=, 7| EYA L, F7IHEGALE, &
SARO] Ot vl F H EX0]&RF AE, $AFHE
d, EXNELe} AR AHEYEY TolHE &
&oto] EXo]g WEZYAS AJstal jlon, TR
oA trE HEEE EXolE HFE S Air
7133k ATHGEA, 2023; KFS, 2019). 0]9} Zo] o]
A oFet SHARE &85t EXolE WEEAE
T Aol FUARS] FAEAE 25t &85t
YR —’F U= Aol
H 7]Eo g EXolE Hj
3}7] HO}O% ﬁ%x} ql:-- EZMEEE &
F71 AL AT, EA
:‘3—1_ 1"401] ojgt %%X}EJ F7HAQl 50 N&@
5 Utk olgt T2 FAEE L83 EXo]& HEYA
T2 37 YAAR ¥skE gefste Aol UARE,
g H5 2 AYE A% F71 v89 I8 59 EA7F
XS, O, F7H 0% NFI AP REHS 7]&2
& She Sampling & E-83 EA0§ WEZA 7=
WA 7238 4 QQth(Lund, 1981; Vesterby and Heimlich,
1991; Yim et al., 2020). NFI 11 HEHS &&= 4
He A4, =290], 1t 59 ygtolA &85t
Jth. WHEE NFIE 7|9he 2 wid A== —}7}511
ZAK(National Land Survey of Finland)2} HZ H|8& A
Abotal &-8-5131 QJth(Park et al., 2018; Statistics Finland,
2023). T A oF 5,6007H2] NFI 117 IZEZ |
et #7149 2AE ST YL, oS Bhlo] £
Aolg HELL F2E I3 ATIF FBE AckPark
al., 2018; Yim et al., 2015, 2019, 2020). ©]#3t Sampling
2 S7RAEEe YARAARE oA 28510
AT e HRkE 8E80E RYEHY T = U=
3 Qltt. wEbA] NFI IPREHES &85t 48 E
1013 Tio] FolE Ao, F7H O EA|olE +
2 ARE FIScHH EAXolE MEYAE 5 & 5 U

< Z°ITK(Yim et al,, 2019). ©]2} o] EX[o]§ WEH
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it

°4¥°1WL °=UH F=H0] e TAHAEE EE5t
of LULUCF B.29] Ex|o]& WjEZA 129 95t oL
£ S EX]OIQ— WEZA F= Al dEstolof
3= TACCC 7|& 874 = shiz Z+ X9 d#s 7
w0 EXo]g ¥F 7 3E HgAol FEEofof gt
ot SHAIRE -2uEt MRV A3 4 EX]0]&
E F271E9 Aolz Wao] FEHAY FHEHe A
7b HASHA "ok wEbAd 2 dAFolAs 4B e B
AJo]-g FEI EX0]E WMER A F52 A 23|
ofste wAlEE AAISAT. 3ARS] S5 A o
gt 8 2902 HAAEY A, 33 79 7E
Zpol, 2|3 B0l EXHE Y AR 253
ot o]2fet £AIHS siEsh] skl fAdHoz B0
4 Ee EAYEY EA 72 7IE 4] st B
AulEg FAEE 8L Ffole &4 A Fod e
—ZrXﬂE«l tgoll tigt A=t =99 ARt ol &-&
© SRS PAEN A4 L I HE FHE H F
E*chﬁ of digt Heto] B agh Aotk 3t EX|0l8E
o] A¢FS Aot FLTHARRA AEAH R} B
AW EEE &8 Feole 4 EXo1E it & 7]
& AES FAFCE HAlsta Qe SALe] #AE 1
gfstojof & Zlojrt. niA|ete 2 S NFI A7 EE50]
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Appendix 1. Spatial data overlap exists between Cadastral Maps and Digital Forest-type Maps caused by

ortho-images masking for secure areas. the current status of ortho-images and spatial data (a),

and the actual land-use according to Google Earth Maps (b)
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Appendix 3. The area designated as a site in the land—use plan is currently being used for clop lands, resulting
in an overlap between the field on the Smart Farms Map and the site on the Cadastral Map
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Forest land on the Cadastral Map.
Appendix 4. Areas where differences in forest land spatial extent between Cadastral Map and Digital

Forest-type Map occur due to differences in land use and land cover concepts. Differences
mainly occur in forest boundaries and cemeteries within forests
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Appendix 5. Differences in croplands between Smart Farm Maps and Cadastral Maps are caused by

differences in spatial data construction methods. These differences are mainly observed in facility
areas and rice fields
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Appendix 6. Differences in spatial extent of grassland by land-use definition. ranch land is classified as
grassland on the Cadastral Map, while Land Cover Maps include a variety of grassland types
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