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Abstract: Since 2006, new national forest inventory in Korea has been restructured to assess current status and
and monitor the changes in forest resources based on permanent sample plots. The objective of estimate this
study is to assess changes in forest resources such as land use/cover categories and forest stand variables. For
this study, permanent plot data were collected between 2006-2008 and 2011-2013 in Chungcheongbuk-do,
respectively. In order to produce land use/cover change matrix which plays an important role as an activity data
for estimating GreenHouse Gas inventory, permanent plots were classified into six land use/cover categories.
Additionally, matrixes for assessing the changes in age class and dominant tree species can provide more
detailed information. For forest stand variables(tree density, basal area, growing stock, mean diameter at breath
height, and mean height), their growth and change were assessed. The periodic annual growth ratios for tree
density and basal area were slightly declined whereas that of growing stock was estimated to be about 3.7%.
The uncertainty of changes in forest stand variables is less than 5%, except for tree density (RSE: 58%). The
variation of tree density is relatively high compared to the other variables.

Key words: national forest inventory, permanent plot, monitoring, change matrix, forest stand variables, uncertainty
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at7] fste] 2o Frtol e F7HHE A AL
(National Forest Inventory; NFN)E <3313 ) tH(Tomppo
et al,, 2010). -F-2v2te] 739, 19709 H-E | s 4t
HETE 9ot AR AR Al o5 =4t
HE|ZARE 3101, 2006978 A2 A 52F =77k
A A ZAH2006-2010Y B &= AH 9] 7]% Sjjo] e
EQAFA NN A A, g, AR
73 W7 AT 5o AR aE a0 F-8st
7] flste] 2ALES] Sl 5 ZAA|AIE 7Y
gk, ZA A ZAN A = AR o] A RekS
Aoz ZARE AR (Temporary plot)S A %] B
LS FYEi oY, 715 st ol e Aol |
st& A&EHor HUHYSH] fste] 2 REH
(Permanent plot)yS A X|sle] 714 0.7 A A= A}
AAZ 7N Aste] 2A5E s skl QITHKEFRI, 2011a).
A7V ol mE ARk o] Wists RuUEPs] ¢
ZA) B e AR )

&
bl

o
i

© 2 HelRRS FUE R SIaL Aok(Shin et al., 200
al,, 2010; Kim et al,, 2012). 2|3 715915} 293} gt
o] mstel] mE AV EA Wl gAE 9 F71A
Aol M E Y F S 2-8-515L JTH(Chun and Lee,
2013; Kim et al., 2012; Pretzsch et al., 2014). 3}, 3L
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al.2007)> A= Abguto]l QuiAE FA 3o,
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RO, IHFEH ) AFgHThE /& A5 A94= &
23+ W3} AF(Yim et al,, 2013) B AL E=xF 2] &}t
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1. ARLHAK|

B ATe vt el fAREH et 939 &
Ao EAo] A2A HEFIL e FHEEE Ut
2 31T X EF AR AEACE 36°00'35"~37°15'20"
of 9x|te] F9Ee) &3t AEAO R 127°16'40"~
128°38'15" Mol $12]3k3L UTH(Figure 1). &S L&
U3l AL gk Axd o) 27|52 Ade ¥
3}7} 581 3}tH(Chungcheongbuk-do, 2013). 3529
A WAL 743,318 hao]H, AHHH A2 495,806 haZ 14|
WA 0] oF 66.7%= XA G UTh AR TRE JAEE
AT EE JG5Ho] AA) AH-HA L] 36.0%F XA 5L
Rom, ALY 31.2%, 123 TEH 28.4%O0.F U]
2 A2A FES Qlom, tFEe] A I-IVEF
(67.1%)° F-3E3}3L ATHKEFS, 2011).
2. FTRHXIHZAL

A 524 F7FIAFA ZAKNFIS)E FRUHL 4]
71 EAHOZ 4 km x 4 kme] ARV 2 AEFEHI
St REHS vl X3 F[Figure 2(a)], "d A
20%°] dFshe EEHS A 59 771 9

A zhe HEEEH (Cluster plot) o2 A A =
A FYREHE T40=2 0, 120, 2
2|32 2409] W2 AXEHH, FYREF A FHEAR =

Surveyed Year
* 2006
@ 2007
- 2008
A 2009
* 2010

Figure 1. Location of the study area and distribution of
samples by year.
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(a) Sampling design

(b) Cluster plot design

(c) Subplot design

Figure 2. Sampling and plot designs for the 5™ National Forest Inventory.

Table 1. Definition and areas by land-use categories under the LULUCF.

Land-use category

Definition

Land spanning more than 0.5ha with trees higher than 5 m and a canopy cover of more than 10% and minimum

Forest land width of more than 30 m (KFRI, 2011a)

Cropland Cropped land including rice field, and agro-forestry systems

Grassland Rangelands and pasture land that are considered cropland

Wetland Areas of peat extractions and land that is covered or saturated by water for all or part of the year
Settlements All developed land, including transportation infrastructure and human settlements of any size
Other land

Bare soil, rock, ice, and all land area that do not fall into any of the other categories

50 m®|THFigure 2(b)].

NFI6(2011-2015)y= NFISol|l A v x¥ YA F 248
o2 sdo] A AlHA AEAME FAL Q1S
(KFRI, 2011b), ¥ A-Fol|lA= A7UPIAE UdoE Al
ALY S E 18871 HEREEA (750 FREAE)S &85

g =
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3. &t A tESE Hs)

G e e FE FrEHd S 7]
o2 RREAS Yo E AGTH, FHd, 28
TaYo R FTRINOH, hEFF] AFole FREY
HE Sehe B Wy TS o R FuuHd s
2bEeh & FaTE A 9] Hlgo] 50%0]/d] ARdhe &
S EFFO 2 FH3 F(Jung et al., 2011), A7 3}

o ulZ ¥z HE 9 7}‘8}‘}11:]-(Table 2).

Table 2. Description for stratifying by forest cover type.

Classification Description
Coniferous >75% of sum of basal area by coniferous tree species
Deciduous >75% of sum of basal area by deciduous tree species
. 24-74% of sum of basal area by deciduous tree
Mixed .
species
Dominant tree

Speci >50% of sum of basal area by a tree species
pecies
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s(A) = Ax %_lph) 2
Relative standard error(%) = &h)x 100 3)

h
n : total number of points,
n, :number of points in land-use category #,
p, : the proportion of points in land-use category A,
A : the total land area,
A, : estimated area of land-use category 4, and
S(A,) : standard error of an area estimate for land-use
category A
2) YESAF W3t 2 B ot
AP A A QL AR op g} Q17ke] Q1917 Fs

o ogk st A AR 2 A= AlFA] <} H]

ANAAE FEIA FiL BE AEXE HFOR AT

Al HsteEs Blasklh o] A|7HE ol ot

E AAEL Pressler 2](2] 4)0l] 2J5t] F1AA, 3L,

T ae)al Ao g 4SS FA st o

719, v, ok v & 2AAE 43 el o] i 5

gAloltt
(Vtz_thJ /(Vt2+vtl) @)

t,—t, 2

AEFAZF] Hsl= F ZAR-
Aol dEFAF] 2ol o5 H717t 7Fs8hH (Dahm,
2006; Moon et al., 2014), YEFA = W3l B3

Table 3. Number of sub-plots by surveyed years.

A10434 A 2% (2015)

AR S AR BT AREER T 2
o] WshaF Ao $lojA= FEAH(CovarianceyS &8
@ W7hEe A gste] 14 shsithCochran, 1977;
Dahm, 2006). 5, Q97 Wk (Ay o] A4S of
ele] 4] 5ol el Aol Fhssict.

AY =y, Yy, )

v(4dy) = V(§t2)+v(§t1)_20(§t2a §tl) (6)

— — 1 n — —
C(ytl,ytz) = -l z (yi,tl_ytl)(yi,t2_ytz) @)
i=1

where,

y,, and y, : estimated mean forest growing stock per
ha for each subplot at surveyed years (t, and t,),

Yi,, and y; :forest growing stock per ha for each
subplot at surveyed years, and

c(y_tl ,)Tz ) : covariance between y_tl and )T .

Zny

{nE )
1. E2H g ¥ EX[0|8%35}

< 3d F2H2011~2013) H7HHEAFAZA A A2
AVE B wo] 2gE FEHO] sl 189 R E
(7520 F-EEZD)elIH, Al 3= FEE o] 7
T NFI59IX = 6667, 18] 3L NFI6| A= 66771 = A
%]l tH(Table 3). 200632} 20083 ] 7Z-$-oll&= 2+ 1744 2
FREHo] vakg o= HEkE gl om, 20079 FEEH L]

NFI5 NFI6
Classification
2006 2007 2008 Total 2011 2012 2013 Total
Forest 233 211 222 666 232 214 221 667
Non-forest 15 41 30 86 16 38 31 85
Total 248 252 252 752 248 252 252 752
Table 4. Change in number of sub-plots by LULUCEF categories.
NFI5
Classification Forest Non-forest Total
ota
Stocked  Un-stocked ~ Others Cropland ~ Wetland  Settlement  Other
Stocked 624 6 630
Forest Un-stocked 6 10 16
Other 7 10 4 21
NFI6 SJOlljlazd 55 1 5;
Non-forest ctlan 7
Settlement 1 1
Other 2 1 1 1 16 21
Total 639 17 10 56 7 2 21 752
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Aol 3 FELA ] APoz ABHAY. ol EA
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Eay

[*]

A 75270 FREEHS o2 7] $Hisg kA 8
Fale 67l WFo) W& FE(IPCC, 2006; GIR, 2014y
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Figure 3. Change in number of sub-plots by forest cover type
over time.

Table 5. Forest cover type change matrix between NFIS and
NFIe6.

NFI5
Coniferous Deciduous Mixed Total

Coniferous 100 4 16 120
Deciduous 1 275 19 295
Mixed 21 33 155 209

Total 122 312 190 624

Classification

NFI6
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Table 6. Estimated area and uncertainty by forest cover type.
NFI5

Coniferous Deciduous Mixed Total

Classification

Conforons 76004 3040 12061 91205
(92%)  (49.9%) (247%) (8.2%)
Deciduous 760 209011 14441 224212
(100%)  (45%) (22.6%) (4.2%)
NF16 Mixed 15961 25081 117,806 158,848
Q15%)  (17.0%) (7.0%)  (5.6%)

02725 237133 144,408
Total 81%)  (40%) (6.1%) 74265

*Figures in parentheses refer to relative standard errors.
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& FHE3 Qovl, 53] A% e AYAGS f4 BREES 2UTYOR FYE A0 BEHU 3H,
37 stel ve) 7)Fol Mgk el B ATE  F8 BUFPA AR, FIEE, YFLE Qi
ol $35 % Yk wehy & APAME AR W ASolE JE RS S0 fEsFe) WS} A
2 IAREAS) YEFFEE $H4F) WS 9B HOoR We A0 Uehth ol YT Lol §
A YBAZ FAHL G ) FEENS BFe  TGRAL /FOT PRI AR PP AZAHY
2 78 $95Fe) WalE EY S JuR BHAAT $ETRY Folv} lowl, 53] Adx wske 553 4
(Table 7) A5 QAR WA 77 5 SAste] A%H 0
ARG} BAC] FHEENE 20T, AZUE, 2 2UHZ & "7t o
ZEP, QR QPR gyt ) $%o] 4l
A FEAS) o 50%% A e Sl A0 Uehkonl 3 Szl Ms o EENA B
NFI6IA A5018-& oF 2004 ZHaak2ich, A 62470 1) QEEA L s
REEY FoIN 1E NEFES AT G FEE 2 A7oNE JEEAS Yehie Quis, Faw
e 3N ss%el™ ol REEACN tESES W WA, AL, B FuAA, 291 Barael A
a7t @A) o] FolA 607 FERHS YBAG Y o) upE WslE PN Table 8 ARGl e
JAe| 2]k 2k1 A WstolH, 267 FEEH-2 194 7 A AEFAF] = Ao, FENFE EA
FEFol o3l dFETEo] Mg 202 YRy o|-g®iste}l JEEA Wt YRR e 1959 I
HETEY HstE TTEE AR, AUFgoeR < A9 st ZARRFE Aol 7 St
FAHIL A FEELLE 11971(91%)°01H, 127 FEE A&-Eo] Aol Yol TAIGlo] dEEEs} &
e 7R E B 9o ® Ao og ol A JEES (103 /ha)2} T2 HHH (2.8 mYhayS A
Table 7. Dominant tree species change matrix between NFIS and NFI6.
NFI5
Classification
PD PR LK PK oC QM Qv QA RP ON Total
PD 119 2 2 1 4 128
PR 23 2 1 26
LK 31 5 36
PK 10 1 2 13
oC 4 6 2 11 23
NFEI6 QM 1 56 6 63
(0)% 38 6 44
QA 12 9 21
RP 1 10 4 15
ON 8 2 4 3 3 3 6 1 3 222 255
Total 131 33 38 13 20 60 45 13 13 258 624

PD : Pinus densiflora, PR : Pinus rigida, LK : Larix kaempferi, PK : Pinus koraiensis, OC : other conifer species,
QM : Quercus mongolica, QV : Quercus variabilis, QA : Quercus acutissima, RP : Robinia pseudo acacia, and ON : other non-conifer species

Table 8. Stand statistics by surveyed period and forest cover type.

Classification Number of Number of Basal area Growing stock DBH Height
sub-plots trees (n/ha) (m*ha) (m°/ha) (cm) (m)
Coniferous 123 1,361 53.7 159.2 14.1 114
Deciduous 311 1,144 45.9 106.9 143 10.5
NFI3 Mixed 194 1,284 51.2 1312 15.0 1.0
Total 628 1,230 49.1 124.7 14.5 10.8
Coniferous 118 1,237 50.8 193.7 18.0 12.1
Deciduous 291 1,031 424 129.2 16.2 11.5
NF16 Mixed 211 1,198 49.0 1538 16.4 116
Total 620 1,127 46.3 149.9 16.6 11.7
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Table 9. Periodic annual growth ratios by stand variables.

(unit: %)
Classification =~ Basal area Growing stock DBH  Height
Coniferous -1.1 3.9 49 1.4
Deciduous -1.6 3.8 24 1.7
Mixed -0.9 3.2 1.8 1.1
Total -1.2 3.7 2.7 1.5
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Table 10. Mean change and uncertainty by stand variables.

Tree density (n/ha) Basal area (m*/ha) Growing stock (m*/ha) DBH (cm) Height (m)

Change RSE(%) Change RSE(%) Change RSE(%) Change RSE(%) Change RSE(%)

-24.6 54.8 0.2 22 328 42 2.0 0.5 0.9 42
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23k U e AR-AEAl oo &3] flEiMe
TE5E 2p5e] 4 FHIE A F ook g, Al B
T F-&317] fl5te] TAGE U 9 FAGEE &
A ] X &H 02 fxd Havt ok S &
B2 o A=A AlFdH B GEE 9
Me BATEE FHA o tig 5844 (Uncertainty )<
Yetl= H7HA 271 Al S Eo] AR &8 e o/E
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° 2 JEc

X

Mg BEAA AW 0 22 8
o me A 53 FRIRANZARE BAZAR A1
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2 2 Aup 9re FFYIAEANA TP
FUTh FARL R ARUGL Ao AF P2
slol ARE FAste] FA HAAAZANIE B A
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o] eael A=Y
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