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ABSTRACT

Land-Use Change Matrix (LUCM) is critical activity data in the Land-Use, Land-Use Change and Forestry
(LULUCEF) sector for reporting National Greenhouse Gas Inventory. To produce a LUCM, it is necessary to clearly
define six land-use categories and apply a consistent methodology according to the IPCC guideline. This study was
conducted to develop a LUCM at national level in South Korea using the point sampling approach. In this study,
5,600 mapped sample points systematically distributed across the country were used to detect land-use categories
with interpretation of ortho-photos and national spatial information including satellite images. With a produced
LUCM based on classified sampling points in 1992 and 2005, simple and modified ratio estimators were used to
estimate the areas and uncertainties for each land-use category and converted land-use category in 2005. The
uncertainties from both estimators were acceptable according to the National GHG report. However, the total areas
for each land-use category estimated by the simple estimator were different from the official national statistics. As
a result, the modified estimator, which employed the official national statistics of total area by land-use category
in 2005, can be used for the consistency and uncertainty assessment. To apply point sampling, an optimal sampling
intensity should be determined considering economic efficiency and statistical accuracy.
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@R ol M= =7 247 QMIE] Halxo] By HiE 9 SRS RUERS] flste] AR A= =7t
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It} (Hayashi et al., 2008; NIES, 2018).
SHH, wAHEE YA ARE B85t FReR
EAOE FA=E AlAbste] EX|o|§ S} vjER A Ao
Z-gstal Qe (ME, 2013), REDD+ AF49] v H7tst
7] 9ot ARAAZRH|E7]541 (Forest Reference Emission
Level;, FREL) @ AFJ2}27]%A41 (Forest Reference Level,
FRL) 4142 93 $494-S 283t whlo] o) o] g
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of ot WHe digker Atk 53], tida A=
Qg A FEA S EAHA 2 9 EXo|§Hste) T
Alseo] HARA AARE 283 wall-to-wall 33} ¥l
sto] Hl-Ga&A Yoz AAE vk gt (Lund, 1982;
Vesterby and Heimlich, 1991).
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ARE AlFste] 3719]e] A7k QHlE o] H85h=
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A 4=aysteict.
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2.1 AKX

2 Ae SEuEre] AR =ARGE AlQlgh HA| HE
£ e siglet. feuete] S EHA AR 9 A
AE 5ol o8l vid S7Fste] 1990 Eolli= 9,873% hao]
o, 20150l 10,030 ha® |yt 251 7F 1574 ha
7} S7Vstoict (Fig. 1). 71 3H3Fg o] wh2 =7} 247k
JHIE D] O] ARPAE= 1990 e 0] SA7F Q=] A4,
Exjo] g1zt jEE A Loz HFTUES] HHS 7|&
o= 2HgE|ojof gt} (IPCC, 2006). P-2fuftel o] djid
SEHZ o] H3lel= Aol HFUE 7150 HEAaR
i AfARS: RgE|ofof SR FARME fItt 7]EdE
7b dasicy 2 Arolals A4 AdEEAr Zojol ¢
BAES sty 20059EE HETAER AAEon,
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= 7HAFAAFZA) (National Forest Inventory; NFI)= 2=+
of ARIS THeHAIR) WHoR HAh W Hobslo] ARZIE
A% shusln Aelele] WSS 71402 Tefell
A5 7Rt A ARG Slek AlRAR 2 Al
Aol vz ARS BHoR 1972 S

k. ANAF (72~74) 58 AR (96~°05) NFIOA = &5

AR Eed 9 ko] Ofjt S8k5-EH (Stratified sampling)-
g8t o, AISA} (06~"10)7E = A= (Systematic
sampling)o]| I3t -5 ujx|sto] 285kl Qlrt (KFRI,
2011).

A|SZF Z7AHFIAFR ALY TAH TR LS FHAMS F
O & 4 km x 4 km®] ARA7|R AFFERol ofsf i
< wiXgE % (Fig 2), mid AA] F2HC] 20%0l| 3igsh
H2S 2ABRE 59 5] AdzAAACd sl 3=
th AASES Fez 4 km AAZ #ijXEH 6,2647 25
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Fig. 1. Trend of total land area from 1990 to 2015 (MOLIT, 2019).
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Fig. 2. Sampling and plot designs for the National Forest Inventory (KFRI, 2011).
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of A3} Ao R THIE ¥, AYOR SRIH 40657048 AZPAESE 7] Ee] Exol§ i AHsl aE. B
2 oPoR FEEYUS] (Subplone] Exolg W AR ATl A EEH WS A8 glstel AR (86
Qe moke I3t A ZALE SSIGTE (KFRI, 2011). 2 ~'92) D A43} (96~'05) 7R Z=A A Bl 4=
AN HojE Al gl AN Foll N A AABA Slol ASK RAAZARA X
AL WEo] Brisle] W] JHsd SO0 EEYS  TAEEAS] JNAYRES FUsle] LEHO| ExogRR
o % A AEY EXolgTES St 2 WESGON], FANHNN 21 AT KRR
Yx) B EATEAE SO RS AL
23 EXOISTE U EXOISHE} HEZA T Hsjol EAOIGTRS Rt BuARE 2L (Park,

Selbete] LULUCF S-tollA] 2} Exjol g5 ol
Table 13} Zc} (GIR, 2018b). AFL-S- FAOOA] &

515 (land-coven)el] SJ3F g2le] Slate] 2 W] Fo| B
#olg 0§k Slek (KFRL, 2011). 577
919y AR BB o3t EAuEI Exolg B

% 7]z0] w2

2019).

Table 2= FE7|4UF Ex|o|&H3} njEE
el 202 Azlo] Auilelw st
o fAEHE ¥
s, EAlo]g7be] Wt Yl TR

ExjolgEel

Ho 5= Holslod =

= zasjo] Golali 9} (Statistics Korea, 2019), 3hl, = o 1= 7185 FORIEE = ny; ol
7], 4] W A2 Exjo]o] WE A= H83}iL 9lo] o] F27NE oulsh, n = FBACNA ARl ® HE
IPCC 7ol =etelol ] AAE 67] EXo|§TE-S get adgp ¥ EEHL ojldick
H A7t gl EAREE 7HAAL St} (Table 1).

Table 1o AAE 2ARAE ejels B oA 2.4 EE27|H EX|O|SHE HEAS 25 BN
o AXNE AR AR on YE 22| retEo] =3
o, FAHAL AAFA AR s A, §A], ol FE7H Exo| W3} nEgA ZEe} 2005 7% 2
o] WaE Agsilek 7IetEA 9] A, WA, A, | Q.

E
HA] Fom Al S EXolgor FEEA & BEAR T2 Exjolgwst

HolalaL glovt (IPCC, 2006), 2uzie] Aok BHE  coig we
of YA SRS 918 2R AQOR BN EF o) ) 2gume ojp

Y 4 glom, PHAE AR 2102 05 ha ) £ ool
RS |

Eojo] AR FUEA] ZPARR L AP HE g

7o) WRe “0nom FPgsigt. weh ARAHae A
SEE Ao 9lo] 47) Exlolg7E WAE Alelet We
o 714519} (Table 1)

Table 1. Definition and land area by land-use categories at 2005 year

4] $lste] & AolaE
]

~
—
~

Land-use o Area
Definition

category (ha)

Forest land (F) Land s.pe?nning more than 0.5 ha with trees higher than 5 m and a canopy cover of more than 10% 6.393.949
and minimum width of more than 30 m

Cropland (C) | Cropped land including rice field, and agro-forestry systems 1,824,039
Grassland (G) |Rangelands and pasture land that don't be considered cropland 57,200
Wetlands (W) | Areas of peat extractions and land that is covered or saturated by water for all or part of the year 572,808
Settlements (S) | All developed land, including transportation infrastructure and human settlements of any size 1,689,428
Other land (O) |Bare soil, rock, ice, and all land area that do not fall into any of the other categories 0
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App=AXp gy (where ppp=—5) Eq. (1)

n  : total number of samples,

ny; - number of samples in remaining forest land,

P’ s¢ - the proportion of points in remaining forest land,
A 47 - estimated area of remaining forest,

and A : total land area at final year
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Table 2. Land-use change matrix by point sampling

St 2I7eF EXOIE
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—) Eq. @)
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st tfE2IA JHe 303

ol Hluwste] A87lsAde BrIsHIeh EqL
3} mjEE 20 oJgt 7} EX|o] 8 _irxgcﬂxj'gq ==
(Uncertainty)= 2] (3) @ 2] @)o] ¢J3 A=3}3ict (IPCC,
2006).

(1 =pgs)
= X | ——— Eq. (3
S(Aff) Af \/ n—1 q- (3)
s(Ay)
Relative standard error (%) = ————X 100 Eq. (4)

Af/

s(A4 ff) : standard error of an area estimate for remaining

forest land

3. 713'. al 1=k

3.1 EX[0|E8+E H EX|0|E
2 A7 ARESARIe] FYEA o2 ARG E Al
QJgt 5,6007] P HEEH Y] AXHEE S8} FJr74 A
FEARIL] EAOlGLEL Sapsigict £
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AR 0] o] 63% 7 Bekon], X (26%), A
Al (%), 54 (%), Lejal 24 (1%) o= YERgth
DR RS Beeo] 136G EAolpusE
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(Unit: number of points)

Initial year
Classification Forest Total
land Cropland Grassland Wetlands Settlements
Forest land Ny Nes Mgy Ny r Ngr Ny
Cropland Nge o Ny, Nye Mg, N,
Final year Grassland Nge Mgy : : ng,
Wetlands Ny Ty
Settlements N n,
Total Z ng. E n,. E ng. E Ny, . Z ng . n
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IR 0] EXolgto] Qlo] HAEAIE ARt A

At A SR S S A

Kol g4
o] Zo}

=} 1
5 Ew (S W) E EAolg T B
2 (AFE VIEPNE B! T 7 el o)

Table 4= 7|'W ALY F FEHAT} T v Ho| 9
o] % Exol-gHst viERAS ERd Aotk o] Xy
& Table 39| EEH[ES 283 A o2 H|IF A7 atof| ot
2 EXjo] 88 7to] 3l ARE =Ash 4= Qo) 7jEhd
Lo] BExjo| gt F HAL H7MEA| (Table 1)$} 2fo|7}
Ut AR FgHAL oF 707t ha® =7 AALE S} vl
3to] oF 60% T E A oR ehton, 57429 4
of oF 42% ] FA= e v iAoz wao] W
AHdA1e] Bfolle of 2% MAFgEH Ao YER

b, 2719 Aol Hgol ot 2gE =AW
£ oF 933 haw RAHEIIT: 2AABAY AAEAL) 2L

Table 3. Number of points in Land-use change matrix from 1992 to 2005 year

(Unit: N. of points)

1992 year
Classification
Forest land Cropland Grassland Wetlands Settlements Total
Forest land 3,474 41 5 0 1 3,521 (63%)
Cropland 16 1,432 1 5 1 1,455 (26%)
Grassland 2 6 42 2 0 52 (1%)
2005 year

Wetlands 0 9 1 168 0 178 (3%)
Settlements 36 102 3 7 246 394 (7%)

Total 3,528 1,590 52 182 248 5,600

Table 4. Estimated area by simple ratio estimator in Land-use change matrix

(Unit: ha)
Classification 1992 year Total
Forest land Cropland Grassland Wetlands Settlements

Forest land 6,181,621 72,954 8,898 0 1,780 6,265,253

Cropland 28,467 2,548,095 1,780 8,897 1,780 2,589,019

2}’(:3(:5 Grassland 3,559 10,677 74,735 3,558 0 92,529
Wetlands 0 16,014 1,780 298,939 0 316,733

Settlements 64,059 181,499 5,336 12,456 437,732 701,082

Total 6,277,706 2,829,239 92,529 323,850 441,292 9,964,616
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SEHA NI BTSSP, AR WS BAE g g wizguie) ol mlolg st si=elae) 2ot

Srejoke SAEAGNA AT BA (57 bt gol &

7V8t Ai= 747} Table 6 W Table 73} Zth the

= o
AE]= Ao c}al Ao hvi
gE= 2o Eredt 222 UddEn: 2AMS G ool 7 EAolgTEY F WAl
.

Table 5t 7|2AES] EAOIGTRE AT 2k BAO o i savne s 2 WAl B wirlol o]
LEY gHyjs0] H|8-S Z83Fle] Ex|o]8 3} ujEE Lalc} 2AE WA Balvl WA wAst T4} gle.
A5 3T Aol 249 B AARAIE A7 AL o, AjAo s HAo] Yo Al}alxlg} LeAz]0] Balris 20,
of Aol wel e wEAel ofs) FHE was A 0 n e se e
WAow Ageigion, AR YA WAL AR g 1 e e
Eviolx] ehEA] WA TS Aole WA (L081% ha) oo

Aoz
i G o g o A (Yim et al, 2015)9} B]iso] ”“41** °
Stk olol| wet ga) Hae %ﬂiﬂli AR o owe 5w gz Beg 1 uheh et 57 dolAo.

B ;2‘";@ ﬂiﬂoj DU T B il A7} g on A
sved WA @fEh k= Xﬂ Shale W 10% o2 W Ao

it olefeh SAS M Y WS Hgehs Aol

Uehihs Qe R oA Eue g
(Statistic Finland, 2018). 2%]2] 7-¢-ofl+= A& o7 HZ o]
X3 Exlolg2e] Helr} WelshA slot wEeA} At

J‘_IZi

Table 5. Estimated area by modified ratio estimator in Land-use change matrix

(Unit: ha)
Classification 1992 year Total
Forest land Cropland Grassland Wetlands Settlements
Forest land 6,308,600 74,454 9,079 - 1,816 6,393,949
Cropland 20,059 1,795,206 1,254 6,266 1,254 1,824,039
2005 year Grassland 3,558 10,677 74,735 3,559 - 92,529
Wetlands - 28,963 3,217 540,628 - 572,808
Settlements 98,799 279,929 8,231 19,211 675,121 1,081,291
Total 6,431,016 2,189,229 96,516 569,664 678,191 9,964,616
Table 6. Uncertainty assessment in land-use change matrix by SRE
(Unit: %)
Classification 1992 year Total
Forest land Cropland Grassland Wetlands Settlements
Forest land 1 15 43 - 97 1
Cropland 24 2 97 43 97 2
2005 year Grassland 68 39 15 68 - 13
Wetlands - 32 97 7 - 7
Settlements 16 9 56 36 6 5
Total 1 2 13 7 6 -
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Table 7. Uncertainty assessment in land-use change matrix by MRE

(Unit: %)
Classification 1992 year
Forest land Cropland Grassland Wetlands Settlements
Forest land 0.2 15 45 - 100
Cropland 25 0.3 100 45 100
2005 year Grassland 70 39 7 70 -
Wetlands - 33 100 2 -
Settlements 16 8 58 37 4
Hom Z Aor ey EXolg+aike] Hake HH Ao Hjzld of 5,6007]9) PR o= AT
o) BEwl AL BANG £E Aow e, o] BART WERE Beal RN Aol 57
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2 Huska Qo v @ (Statistic Finland, 2018) % F&23 2} 2o w2 WHAYRE FA59ck
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MRV AAE &-Fstal =71 31429 BA] (Transparency),
42Hd  (Accuracy), 25173 275
(Comparability) 12|11 LA (Consistency)S S 317] 9
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(Completeness),

Journal of Climate Change Research 2019, Vol. 10, No. 4

(]

Fgstol Exlolguel HEYAS HAR Auk St
efo] ol gulal BT fARE A4RES LRI 9l 2
o ekt T aEANE 8% Ak AdEow 3
o WA AF A F WA F/PEANCG o
2% Ths FARUATE AFAE oF 60% A T A
qlon] fs74A| s oF 420 T S Aoz et ot
R T E R P L g
2 mefele] Pelute} =S4 HEY 4 U AR
BT AAe] T A7rt asi,

Sejuete] SRS 11 Hof Aeloz i 71e
1 glomg IPCColA AXE Z|IUE 7|29 Exjo] g
o} e Ael] Sl ol Ex F7)Ho= )
7 A2 AAe] AFHBRE olefst B4 Tefstel 5
A T|FAER A Asle] A4 85H Alo] HgHol
wE YRS AT 5 ek

W EEY PUE EXol8/m% FA|me} umste] 214
o] Exjolg Ul wjEuislel B NS AFSHA ot
£ R AT QA B0 WAE EEAS BE

[

%

OID o,

e
flo iy M

e

O
afo] AIZFATI) e WalE EgHo e MUY o 4 9
L 7o) glome Seliet AL Tefsle] Qe £4)

olgTie] Holg HYsha, 7|0 FrYo| Exlols
TR ARE ASSHA Bt LAk QMEDS 93t BE
AR 2ol 7hs o ekt



H #2F(Point sampling) WE 0183 Z7ke&E EX[0IZHS} THERIA JHE 307

Al AL

2 Ae IEAlEER AR (S7MERAR AT
A=o] 5% E871e M) % AR @E=ddrs )
Il e AEAR A7 1AA g =7k A
ol gz} mExy A 15 9 H2Y|<E s ¢ 2017045C10-

1919-BB01)°9] =Yoo & Fax|gl&uch

REFERENCES

Achard F, Eva H, Mayaux P. 2001. Tropical forest mapping
from coarse spatial resolution satellite data : production
and accuracy assessment issues. International Journal of
Remote Sensing 22: 2741-2762.

Achard F, Grassi G, Herold M, Teobaldelli M, Mollicone
D. 2008. Use of satellite remote sensing in LULUCF
sector. GOFC-GOLD Report 33.

FEA (Federal Environment Agency). 2018. Land-use,
Land-use change and forestry. In: National Inventory
Report, Germany 2018. p.514-664.

GIR (Greenhouse Gas Inventory & Researches Center).
2018a. 2018 National Greenhouse Gas Inventory Report
of Korea. (in Korean)

GIR (Greenhouse Gas Inventory & Researches Center).
2018b. National Greenhouse Gas Inventory - Guideline
for Measurement, Reporting, Verification -. (in Korean)

Hayashi M, Hori S, Awaya Y, Matsumoto M, Iehara T.
2008. Evaluation of ARD monitoring method under
Article 3.3 of the Kyoto Protocol. J Japan Soc Photo &
Remote sensing 47 (3): 48-58. (In Japanese with English
abstract)

Henders S, Stiimer W, Gensiors A, Laggner A, Dunger K,
Riiter S. 2017. Germany’s LULUCF inventory 2017.
Braunschweig: Johann Heinrich von Thiinen-Institut.

IPCC (Intergovernmental Panel on Climate Change). 2006.
Chapter 3. Consistent representation of lands. In: IPCC
Guidelines for national Greenhouse gas inventories.
p.3.1-3.42.

IPCC (Intergovernmental Panel on Climate Change). 2019.
Chapter 3. Consistent representation of lands. 2019
refinement to the 2006 IPCC Guidelines for National
Greenhouse Gas Inventories. p.3.1-3.68.

KFRI (Korea Forest Research Institute). 2011. The 5"

National forest Inventory Report. Seoul: National
Institute of Forest Science. (in Korean)

Lund HG. 1982. Point sampling - the role in-place
resources inventories. pp 79-84 In Brann TB, House LO,
Lund H. (eds.). In-place resources inventories; principles
and practices. Proceedings of a national workshop. 9-14
August. 1981. Society of American Forest.

ME (Ministry for the Environment). 2013. LULUCF GHG
emission projections for the first commitment period of
the Kyoto Protocol from LULUCF activities under
article 3.3: results, data and methodology.

MOLIT (Ministry Of Land, Infrastructure and Transport).
2019. Cadastral statistic 2018.

National Institute of Forest Science (NIoFS). 2016. The
major provision under the Paris Agreement related to
Forest sector. (in Korean)

NIES (National Institute for Environmental Studies). 2018.
National Greenhouse Gas Inventory Report of Japan
(2018). p.6.1.~6.98. / 11.1.~11.62.

Park EB, Song CH, Ham BY, Kim JW, Lee JY, Choi SE,
Lee WK. 2018.
wall-to-wall methodologies for reporting the GHG

Comparison of sampling and

inventory of the LULUCF sector in Korea. Journal of
Climate Change Research 9 (4): 385-398.

Park JM. 2019. Construction of scale-up LULUCF matrix
based on Deep-learning model. Dissertation. Kangwon
National University.

Park JW, Na HS, Yim JS. 2017a. Comparison of Land-use
Change Assessment Methods for Greenhouse Gas
Inventory in Land Sector. Journal of Climate Change
Research 8 (4): 329-337.

Park JW, Yim JS, Lee JS. 2017b. Evaluation of a Land Use
Change Matrix in the IPCC’s Land Use, Land Use
Change, and Forestry Sector Using National Spatial
Information. Journal of Forest and Environmental
Science 33 (4): 295-304.

Reimer F, Asner GP, Joseph S. 2015. Advancing reference
emission levels in subnational and national REDD+
initiatives: a CLASlite approach. Carbon balance and
management 10:5.

SEPA (Sweden Environmental Protection Agency). 2018.
Land-use, land-use change and forestry. In: National
Inventory report Sweden 2018. p.361-401.

Statistics Finland. 2018. Land-use, land-use change and

http://www.ekscc.re.kr



308 i R =

forestry. In: Greenhouse Gas Emissions in Finland Land Economics 67 (3): 279-291.

1990-2016. p.277-372. Yim JS, Kim RH, Lee SJ, Son, YM. 2015. Land-use
Statistics Korea. 2019. Statistics of Agricultural area. (in Change Assessment by Permanent Sample Plots in

Korean) National Foreset Inventory. Journal of Climate Change
Vesterby M, Heimlich RE. 1991. Land use and Research. 6 (1): 33-40.

demographic change : results from fast-growth counties.

Journal of Climate Change Research 2019, Vol. 10, No. 4



	점 표본점(Point sampling) 방법을 이용한 국가수준 토지이용변화 매트릭스 개발
	ABSTRACT
	1. 서론
	2. 재료 및 방법
	3. 결과 및 고찰
	4. 결론
	REFERENCES


