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Land-use Change Assessment by Permanent Sample Plots
in National Forest Inventory

Yim, Jong-Su*, Kim, Rae Hyun, Lee, Sun Jeoung and Son, Yeong Mo

Center for Forest and Climate Change, Korea Forest Research Institute, Seoulm Korea

ABSTRACT

Forests are to be recognized as an important carbon sink under the UNFCCC that consist of above- and
below-biomass, dead organic matter (DOM) such as dead wood and litter, and soil organic matter (SOM). In order
to asses for DOM and SOM, however, it is relevant to land-use change matrices over last 20 years for each land-use
category. In this study, a land-use change matrix was produced and its uncertainty was assessed using a point
sampling technique with permanent sample plots in national forest inventory at Chungbuk province. With point
sampling estimated areas at 2012 year for each land-use category were significantly similar to the true areas by
given six land-use categories. Relative standard error in terms of uncertainty of land-use change among land-use
categories ranged in 4.3~44.4%, excluding the other land. Forest and cropland covered relatively large areas
showed lower uncertainty compared to the other land-use categories. This result showed that selected permanent
samples in the NFI are able to support for producing land-use change matrix at a national or province level. If
the 6™ NFI data are fully collected, the uncertainty of estimated area should be improved.

Key words :

ey 9 gelow QIgE R
A Ak o] 2ofs, A}
SAIBEARE U1, AR T80 B R 2u
SHIPCC 2000, 2lele) 215 Ak Qe sl
w2 ol @l oK BASR o SIEIATE A jET
9] oF 6%S T2=313 QITHGIR, 2014a).

Aol A 7]$B4§Pﬂ°k°ﬂ 55171 f15te] 2006 F-E
A|ZFE A|52) =7 A AR 2 A K National Forest Inventory; NFT)
oL EAGEL zlmo}oq AR S e Bl S

X}E_(acnwty data)S =25} QTHKFRI, 2006). E3F 2417}
Mz Ele] ARES A1) Gte] Seluele) e
459 oz vlolonl s B EANEHISE et 1%

oN

39,
o
=
=
ol
£ o
)
o
2
Y
Kl
rlr
B

Carbon Sink, Land-use Change, Point Sampling, National Forest Inventory, Permanent Sample

Bajo] 27t WGASE 4H0E ek gick
MR AN 24} 8 E40] 48] TALR T AL

mlo

HES FaA e ob ghagrdoz H7Pt o]Rof%]
2] 9331 QITHGIR, 2014a). IPCC 7}0]5a}<ﬂ(2006)oﬂ o5} Ak

HEGT TAR71ES] Aol ©art Bago] o] Folx]= Al
AEL 208 Tefoio] BAle) Aol T 209 e AL
Blo As ol Aol o Exlolgst Ansl Base
2 a7y, vlo|onjae] AoolE e} Halal ehafy
S 4] SlEIAE Exol gl te Exjolgust i
22 o] Basi.

Algo] Z3BtE|o] Q)= EX|o|8,
use, Land-use change and Forestry; LULUCF) 522 A& S
ez ATt o}, HAA|, 24|, $4, 54, 1EaL
22 FRelol 7 BAlolg W Hha

7)er B0 67 W

d

EX] o].&tﬂﬁ]_ ol 9] ‘{;}(Land-

' Corresponding author : yimjs@korea.kr

Received December 19, 2014 / Revised February 27, 2015(1st), March 12, 2015(2nd) / Accepted March 23, 2015



34 QU4 - 2o

A St vilE e APk QIEHIPCC, 2006). -2fut
21| Z-f-oll= LULUCF #of8] 247k SAES A5
HEAERS W7o R ZF EAYSE "Yst
g

o, 22lal SEA)l s FeAtE 5 W S (E)
Al 7ol 3=l QIEHGIR, 2014b). SEAIRE, 2} A7
M F2 2 BEXHFEY] vj&/SAl9(emission factor) 7Hgh
= SHORE A9 FAEAL o, EEAR(EAHA) F-9
SRl EX|o]- g e} mlERA Fhuo] et At vEe A
Holck,

W0z Al B Exolg U X5l s}
of Tk A B 9 A WSS nslel 7740w
YIS ARE A5 S ARE Bglo] S
Tt Achard et al., 2008; Cho ef al., 2009). $-2]Uzle] AR
ofofAl= At widb el FH7, T2|al AFEEA ] RS
S, a4, 10D BaY) PES BH0R FPA U
AAAFAT A RS 83l oH(Kim et al, 1989; Yim et al.,
2010; Kim et al., 2011), E3] R ZA} A7 9] FEo| 2L2kst
SholaRe At Baixole] Al @ WskE Ble)
flste] DY HEE B8sto] Y=L UK Achard et al,
2001; Lee et al, 2003; Yoo et al, 2011). 3}FA|9L, Achard et
al(2008)= F7}ek] EAjolgust T o] 2ol §)
AGa Aas 83t wall-to-wall HHS Exjo]gw3lo] &
704 RS b Aol Sl v, ARAS 9 oj8ek 1
= A5 SRt 7t vEe] T G E4e SRt
A2 5o A e B2 s (sampling)of] 27 HIHE o
ke & AAJHL 53], tiHA AR 917t A EE4 (point
sampling) 7|2 EAHE 37 5l EX[o]gHste] ©XsH
o] YA} A7 E -3t wall-to-wall el v|slo] H[ER
£249] v o 2 AAIH v} QJtHLund, 1982; Vesterby and Heim-
lich, 1991).

IPCC(2006)0141+= EA|0-8 18t M ES A 155 9fto] 1)
YA R -8, 2) A FEH(point sampling)7|9Fe] FEA 2}
2 3) 929} U GIS ARE B3 B4R 1A 5o 37
A RS AlAsEAT olef wste] dRo] o= A
25 B8sh= e A8sto] 57 24V e Bl
AE AASEaL IS H(NIES, 2014), 99 At=s A=
Ui R S7HEEAR AL D RS 28 ) 22 7T
2 A831a1 QITHSEPA, 2014; Statistics Finland, 2014). Z¢2
Aol SMYALRAE FNoR o YR Aast
EANERRE 5o BMRE WNRE B8
(FEA, 2014; BMELV, 2011). gHH, | 1=9]5]31 9= WEQ]

Journal of Climate Change Research 2015, Vol. 6, No. 1

>

COIMY - 2R

[

AAe) ARGt EE, Axd, 2Ean AREE)t
o dE9| o= FeARE g2 FE-S i[5}
o] Al A el et 27k 9 B St
CHHayashi er al., 2008).

3 A7 ARAgle) W7k 9 W) BUERS Sfslel 1
of vjR]E F7HREIRFAZA} 314 27 (Permanent sample plot)
2 2H8310] 67 EAlo|8H WA 24 W EAlo| st v
2o 72 TR HESA AT o} sto] A7
o] whE Ex[o]-gHS} TH] Bl EX|o]-§HI} iER A
% WS ANSHL X0l guiste] BAUAE Btk

o o

2.1 HFHEX

2 At v Sl SAs SRS
St SHEEE AP oR FEEe R 1A
Om(Fig. 1), -2utEtol|A] vittol] 5] g2 F-Ust WS
olty. AEA YA YEArO & 36°00 35" ~37°15 20 "o
olx)to] FYwo| &3, AEAFO R 127°16 140 7 ~128°3
8715”7 Rl fx|atar girt.

FTAELY] AA| WA oF 740,624 hao]w, X|&-LEof| u}
2 oJopHAL 497,301 ha® AAH| WA 2] oF 67.1%S x}A|5}3L

o, FAA(H, o, I4e)E 18.4%(136,108 hayS 21A|3}
11 QK Chungcheongbuk-do, 2013). &4Ex=2] HZ-2 2011
tiB] oF 3% ha7} A=, ol Fewte] YR wHo] A
TEEAAAE HYH Aok

i

e

A&}l

o
H 3o

=
o
=

e

30 [

d

2.2 IIMAXRFEZAL

=7 MAFHAEI ZAH(National Forest Inventory; NFI)= Z1=+9]
ARS ekl Woz AL W Hrlslo] A7 REAE
shusha, AKARle] Wsh BejE 2|20 R slefste] A4
TR ARG ARS 913 A7IEAR 0 AR
PNZAR AL BHOT 19726RE 27149l ZAS s}
aL Qlek ANAKT72~75) 58 A4EH96~'05) NFIO| A= &
AP 29 W S| |3k Z815 2 Stratfied sampling)S %]
Bstglom, ASAH 06~ 10)FEl= Al'e5="H(Systematic sam-
pling)oll Ot 5 HiAISFATHKFRI, 2011a). A|5A}F =7kt
HAFAZAKNFIS)O| A S50 vix|el A= g sEasd
H3= Fig 17} Zom(Yim et al, 2012), 4 km BR} S04
FEo] g XYWL Mo R BYE HEHORE A 2Al
oA AejE FExoch

Lo



ZINRIRIRIEAL DHHE

H X=E 0l

St EX|0|2H3 It 35
= |
ma LN S
A *- @ n
*OCE ate oW ad
itk o HAdO LHMA +e
OF IV N DN LN R Hade Ha
. ol Y Lo | At e L P
{ T O Ead L] THA e +*
®" WM aAte-ma + e Haite
mae *oWa L FOWA; @ +OE e
i som o +omeatmE
on I ® EHik ONAW Wit
e Ha o+ eHa. +
P —1 Had @ NHa
AL kW LI R
n ® a4 $ me
') +oma0tC N
L ] Ol _IFY e+
o _ + Wi ®
-Hesd+-HOe 4t
[ ] " +-0oHa+
+ *: B a
At He .
* : enm
(X FEox T | Surveyed Year
+-o® WHa +
Fi P ® 2006
. ;f:‘. 2007
-0 a0+ g | 2008
[} | ' J L
oHaiW A 2009
ok emate
WAt ma * 2010

Fig. 1. Location of the study area and distribution of samples by year.
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Fig. 2. Sampling and plot designs for the 5" National Forest Inventory.
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Table 1. Defintion and areas by land—use categories under the LULUCF
Land-use category Definition Area (ha)
Fos B P ST
Cropland Cropped land including rice field, and agro-forestry systems 136,108
Grassland Rangelands and pasture land that are considered cropland 2,879
Wetland Areas of peat extractions and land that is covered or saturated by water for all or part of the year 46,674
Settlements All developed land, including transportation infrastructure and human settlements of any size 53,306
Other land Bare soil, rock, ice, and all land area that do not fall into any of the other categories 4,356
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n : Total number of points
n, : Number of points in land-use category /

py, : The proportion of points in land-use category A
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A : The total land area

A, : Estimated area of land-use category /
5(4,) : Standard error of an area estimate for land-use cate-
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Table 2. Number of plots by land—use categories over 5 years in Chungbuk province

NFI5 (2006~2008)

Land-use category

Forest land Cropland Grassland Wetland Settlements ~ Other land Total
Forest land 183 183
Cropland 1 56 57
NFI6 Grassland 1 5 1 7
(2011~ Wetland 9 9
2013) Settlements 1 20 21
Other land 1 1
Total 186 56 5 9 20 2 278
o] Aol P, HA|, IAMEA] ol ZEo] lenr  FAHA 2 g F= Ao YUEth 2 dFolM=
(KFRI, 2011b), LULUCF®] Ex|o]-g# 5= oo Hat offflof] @ 7] ZARAAl|A 34zt Al2g 28351300, NFI67| ¢
ofe ek A1 mhelo] Wag Ac® el 28 olF 335w M F 458 FEAS BgohY =
FHEE(2013)] F WAL FFA 0l OfFh 740,624 has  AolSHFE FHUAS] A= JiAE o= YdEn,

olgste] 4] (1ol €Js EARRo] W Exlo] T W

Q AW Z-2- 487,533 ha(65.8%)% 714
WA AR glow, HAR20.5%), HFAT.6%), 57
(3.2%), 7|EH0.6%), L)1 ZR](0.4%) <07 =Aw|och
Ex|o]gRlFE WA HlE A, AFlHAS 495,525
haoj|4] 7,992 ha7} 734t 487,533 ha= £ =|QIch Table 39
A & 4 o), Abelol 223 o] AAMA, 24, 17
HEAR 7 1] BN EA 8} Ll )
2 HE7}E(sampling intensity)ol] 2J3t g3Fo & wittEc) =,
3 Aol 0§38 THLEA 1= oF 2,600 hao] WA o)
WIS} QlojA] R Spe] EAlol sk EAjolg Y

3.2 EX|o|8Hste] SEAN I}

YU ARE B EAClGNFY HARA
AE FRHE] AAFAQL D)9 HmotE
4), AV} A 22 13%2} 3.1% Ta AR,
Aok 2R oF 2.1% Hof FAHYE T2 BFAY 7)e £
A9] 7ol 0.2% o|the] Hol7k Gl Ao Vehgirh. 2
B0 FMIRALEA TYEEY A2E BET ]
S AL ox) ue) Weld A WA EAR
SR Row e} QA 2%

Aoz 7). g, 2 AT

o 5
FYRELYS)TS olg5tH

Table 3. Land—use change matrix from NFI5 to NFI6 (unit: ha)
NFIS (2006 ~2008)
Land-use category
Forest land  Cropland Grassland Wetland Settlements  Other land Total
Forest land 487,533 - - - - - 487,533
Cropland 2,664 149,190 - - - - 151,855
NFI6 Grassland 2,664 - 13,321 - - 2,664 18,649
(2011- Wetland - - - 23,977 - - 23,977
2013)
Settlements 2,664 - - - 53,282 - 55,946
Other land - - - - - 2,664 2,664
Total 495,525 149,190 13,321 23,977 53,282 5,328 740,624
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Table 4. Uncertainty assessment for land—use change by land—use categories

Land-use category

Classification

Forest land Cropland Grassland Wetland Settlements Other land
NFT (%) 65.8 20.5 2.5 32 7.6 0.4
Area proportion
Yearbook (%) 67.1 18.4 0.4 6.3 7.2 0.6
Uncertainty SE (ha) 21,106 17,848 5,914 7,876 11,498 2,664
in change RSE (%) 43 12.0 44.4 32.8 21.6 100
U, 4 REEGUS) ARES S BEAE Z0] e oz aqEd.
3479 Hekert AnE 4 9 Ao ket B AL FHRES HYOE 6%} EE F7ME
® AL B B WAL APOR AEHUOU  YUR} WYREH ARS BElo] A2 5ULe] EA|
(Table 1), 247k QMERlol A AHgat A9 9ol s} mERAS Tas), walagol that BEHAS Bk
7} mxlo]g o] Aols melste] AUEAANCL Sl Ak Wao] AR ¥e Aa A oxpt 491X
2 ARE BEARE BT YOBRGR, 2014b), BT vk ATHHOER AASH o] AL 24, H4), 7Iek EAe]
7} EAJo] 8 0] AHOE gt WA Aol Fastn,  Afols B8Adol 2 AoR H7HEIh sk 2 At
LAk o] Ado] HEEofok gt o= A AF= ] 60%RHS o83t Auk=, - STk A=
7} EXo|gRFE EX|ol-gHe} WA A0 #Eeatet  7h FHSEW SIS Fad o VidiEch webA A
Ao eaes AEt 2y ddides 2@l B BERS] EXo]8E 4 2Jet LULUCFS] EX|o]-g 151 4
AF AR o S-S A2 4.5%9F 12%E AriFer oof tigh ekt grio] e 7R AA R
=& AY=E UEhaL AL iAo s HAo] A2 thg ] AlEe EXo]Hst MER A 52 o7t AlRe 28

ERol- T A= 21.6~44.4%0] EEH/do] & Aow &
HE|ITHTable 4). 2, W= Z2ol= A FES gipe
2 EAolguste] Atjay 98-S BAE Ak Ao
2 HAo] W2 AR 0.8%2) LAReS WEh AL, A e}
57, 183 HFEAE 10% o) 18] 31 7| K92 24.4%=
7 =2 0388 ERYQIck(Statistic Finland, 2014).
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7183} mope] Aol THaol
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2} EX|o]g1H3} njEAL A E-FAH(activity data)7}
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