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Development of an Estimator of Annual Mortality
from the National Forest Inventory of South Korea

Jongsu YIM" - Sunjeong Lee' - Minwoo Lee?
!National Institute of Forest Science, Forest Carbon Center on Climate Change, 02455 Seoul, Republic of Korea

’Korea Forest Covservation Association, Forestland Policy Research Center, 35262 Daejeon, Republic of Korea

89F : TAREL AR A OA S JEZEO] AR I TRkt AHAF gRlof WAYsHA Hrt IARES HAY ZTHHoA o8 ks
g Ape] SAS SJulotng AbdollA] TARFS] HAIEAS iote] ARIAE 84 0= o] figh ¥ikte] atd) %
U] A9, F7IERY] TARE] TS A= 20069FE AlRRE A5A}F =7RAFIARIZRA National Forest Inventroy, NFI)Y-E]
IPREHE 839 IAMES] mYEFo] $eET Qltk B AT SYRIEAERA IHEEHN SHE A ARE &
|3t A7F TARRS F5] IRt WS Jidel] {5t SRET HE 5t Ho5F 15808 A IAEE Al
2 A Ao= JPYsilon, HA RAWVY BEA oib] £953 1530 8% 32 Maeo vledt 2554 1539
IARRS E8oto] A7 TARRS BAISE 2t 20208 7129] had A7 AR 0.19 m/had R ARE7)(0.22 wt/hald)Eet ZF
A% AoZ yehton, Ao R 2020 7|&9] A7t TARES 1,139 Hnrold, A7t TARES 0.11%= EA4=Q)ck dubxo
2 49 Tk A= HAo] AstE|o] TARo] FIeke FAIOIA|TE £ AFoAE AF At B o4 E 1R
o] /gy SEUEre] AFRIEAGS TSt TARE IRl Bt AJAE Ao Bet A7t " asih

ABSTRACT : Deadwood in forest ecosystems arises due to competition among standing trees and various natural factors. From an
ecological perspective, deadwood plays crucial roles, such as maintaining biodiversity and acting as a carbon reservoir. However,
from an economic perspective, it signifies a loss of usable resources. Therefore, identifying the characteristics of deadwood
occurrence in forests is necessary to manage forest resources effectively. In South Korea, monitoring of deadwood at a national
level began with the 5th National Forest Inventory (NFI), initiated in 2006, which applied a permanent sample plots (PSP).
Therefore, recently deceased trees identified as decay class 1 over the last five years were assumed to have newly died. Using
the ratio of sample plots with decay class 1 to the total number of sample plots surveyed, and the volume of trees in decay class
1, the annual mortality was analyzed. The results showed that as of 2020, the annual mortality per hectare was 0.19 m’/ha/year, a
decrease from the previous period (0.22 m*/ha/year). The total annual mortality in 2020 was analyzed to be 1.1 Mm? with an
annual mortality rate of 0.11%. In general, an increase in stand age tends to intensify competition among trees, resulting in a
trend of increasing mortality rate. However, this study observed a slight decrease. This indicates the need for further research on
potential sampling errors, the representativeness of the sample for deadwood, and a time-series analysis of the causes of deadwood
occurrence, taking into account the characteristics of forests in South Korea.
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Figure 1. Sampling and plot designs for dead wood (DW) in the Korean NFI (KFS and KoFPI, 2017)

Table 1. Criteria for the classification of dead wood by decay class

Decay class Classification criteria Description
I Recently dead soon after being dead, but with leaves or branches
I Incipient deca The stage in which there are neither branches nor leaves,
P Y with the stem decayed partly
The stage in which the stem is not only decayed completely but
P d d .
I rogressed decay the sapwood is also partly decayed
v Intense decay The stage in which only the empty shell of the tree remains to

the extent to which it can be destroyed by just one touch

Source: KFS and KoFPI(2017).
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Decay class( 1) Decay class(IT)
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Figure 2. Decay classes of dead wood(KFS and KoFPI, 2017)
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Table 2. The number of samples stocked and observed dead woods

NFI5(2006-2010)

NFI6(2011-2015) NFI7(2016-2020)

Survey Observed Observed Observed
Stocked dead wood Stocked dead wood Stocked dead wood
N. of samples 3,591 3,235 3,491 2,911 3,462 2,629
M T
1,200 1130 1,800
1,541 1,600
1,000 1336
1,400
200 1,200
1,000
500 B
400 £00
200 0
200
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
I Total growing stocks Annual mortality
Figure 3. Total forest growing stocks and annual mortality
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Table 3. Selection of analysed samples for estimating annual mortality

N. of plots
Classification Permanl;r;ttssamp le Not changed Decreased Increased
NF PF NF PF NF PF
NFI5vsNFI6 2,704 1,171 192 624 154 445 118
NFI6vsNFI7 2,683 1,409 222 457 80 431 84

*NF: Natural forest, PF: Planted forest
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Table 4. Statistical indicators related to annaul mortality for decay class 1

Increased mortality for Annual mortality in Annual mortality for Total annual
Classification last 5 year increased plots stocked forests mortality
(m*/ha/period) (m'/ha/year) (m*/ha/year) (m’)
NFI5vsNFI6 6.43 1.286 0.22 ('15) 1,366,226
NFI6vsNFI7 5.38 1.076 0.19 ('20) 1,139,282
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ABSTRACT : This study aimed to investigate the distribution area and factors influencing changes in Honey Plants across forests
in South Korea through literature review and spatial analysis. The results derived from this study are as follows. Firstly, it was
confirmed that the Robinia pseudoacacia L. is mainly distributed in the forests of Seoul City, and its area has been increasing
over time. The increase was attributed to the impacts of the First Afforestation Project’ and the ‘Robinia pseudoacacia L.
Preservation Plan.” Secondly, it was confirmed that the Castanea crenata Siebold & Zucc. is mainly distributed in the forests of
Chungcheongnam-do, and its area has been decreasing over time. The decrease was attributed to the impacts of the ‘Castanea
crenata Siebold & Zucc. Production Adjustment’ and the ‘continuous damage caused by pests.” Thirdly, it was confirmed that the
Liriodendron tulipifera L. is mainly distributed in Sejong City, Chungcheongbuk-do, Chungcheongnam-do, and Jeonbuk-do, with a
continuous increase in area. These regions commonly benefited from national policies promoting the cultivation of Liriodendron
tulipifera L.
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Corresponding author : Chang-Hun Lee
Tel : 061-450-2366
E-mail : leech4298@nate.com

Vol. 14, No. 2, 2024 9



. M

M

FUEhs 2R oF 63%01d2 AAohs At
25t7] Ysto] A=A AR A National Forest Inventory,
NFD) 5, ZYEHE X|<&011L JTi(Tak et al, 2013; Lee

et al., 2019).
AP F F - 42 T2 AeA A0 B4A

?l 840tk 11 & ‘*Huﬂ7ﬂxﬂ(x¥nﬁ<f\ﬁ@)”‘ BETF
4 FAE A Axz BrHH &S0 ATl &
Aot A=Y § dRtol 2 2177 2
_9_0]—\11(Y00n et al,, 2017), A AlA 100t 535 & 715
LS. FH(Honey Bee)o] 2]&3ITHGREENPEACE. 2023). ¥Hd
N9z Qs o] A 4 2A dashi gle
QP95 5, 2017), 28] Hol€el WAL
o w3 747} F2 Yoo Hesw It
S W] get AFe SUSHS Bag AT
FEARe] WE AAA T EL 9% A, B
O]:,] A7t FE o|ZQOH(Kim et al., 2007; Han et
L 2008), o]T BHM2] EXy} wels Eo| Aozt
%Cﬂ] it A(Kim et al,, 2020), 7|FHSIZ QIgH of7}
AR gl dlSR g S Kim e al, 202105, A4
g 9 Belo) 2ago] Y2 A7t APEAS. =
7] Wl A2t doleg Sdske Apold H%
slo] Fluisto] thgal] Sigt welo® AgE Aol
Jo et al.(2001)= —rﬂ‘/}a} Okiﬂg % s 314
SEEIE
AR B et ﬂo]az —‘%*iob.x} sl Bl 712
49l 7k 20| TAE sARoL, Y| WS B
24 dpel Waye FEstignis | oot gk
Kim et al.2017) HM|E JAICE MaxentLFL 2
8ol Wil WT BYe| A4A BA - P2l
AUFE EE0TA sjoL, o hAILRE, Tiselo]
W 4% A2 dute BE g JgEe A

2
=)
ﬂ

X m&?i

¥7] oldtk= aA7} 9k Sim et al2022)e 71E A
T 5 o] ASs AAR HEA 01:11«] U]U@' A&
AFGot o, WEdi7to] Aot YLsFE 352 A
o2 AAR A BAL A5t o}x]u]— HHEr,HZl-
olgt= 714 ESAT WEAZ nEFo2HE ASH

Sof QI Hole WA AR QI8 Setet WAs
Aol 542 cpEsvlo] ofgithe BAS AU Kk

ojAd " X A ditt A= s dd

AA ol A AREER= () o itk A Jide
AYEe] A don, o] EE ol o= WS Kk
YA 02k B Ur‘je Kok (el omlE o
stol ‘Weet Holz BHHT U8

~

10 ABHDSEIK, M43 RI2S, 202448

S A - BT

Fo IS, Al - 2 B9 5 FAA(RLIN AT
o mgel glol, Sefibet Mojo] WS RES o
& olzige) e sick

B ATE Fu A9 2UsY g7 Wste Uwnr)
g Aoz, AYHNA AT YAES BEINY
ou, 0|2 B3] WUsel Wa wel 8l Av|ER Ut
o] AvinuA sk

1. @0l el

B A7 304 Wgs AT Wd 5 A
o w4 A Goas oo 2(574021)0 2 4
Hehsict.

AIZHE WY A ARZ7HY B A 8] A(https:/map.
forest.go.kr/)ol| A ‘=2 GAIE(1:5,0000 & 5170E Al
wkoko | 2013W(T1), 20194 (T2), 2022(T3)7HA] 37 /\]

R o] OpMAILRE, BT, WERe e W
sig Asus

A= '—?%*}E’J—}@ A, A, HAIA
= & 71HoA Agste EErSE 5 IEF
SRSt oH, nER F 37] 7|¥o] 35FH R
OFZIAIUE, BT, Witube, AAFE 22380 s

]- 1:]- o]_]_ 01/\}_1:,_3) £XA Hof| ZEER] =
= AQste] 32 ERIS AF

H Hgog HFE AYEH "YEFFTE oHAIUF
(Robinia pseudoacacia L.), Tr5-(Castanea crenata Siebold
& Zucc.), WA YUE(Liriodendron tulipifera 1.)°01H, A1}
7§ <Figure 1>3} LTt

Al

R

ol

E
9 Mt of
oSk b g

L2

1
—L
2
=]

2 |o

y

(
=

&

I
i

2. Aol LY

B A7 EazAe HEAE WPstich Fux
A ARAE 2YAe} BEAR 5 AR F
Yoz Wls WA wate a9l BN APstAch 3
7F BAL QGIS (ver. 32622 8ot JATEES B

2) WA BRIEA AL BIHEA], AX|, FAR], 24|, FHA,
A, IR 2 77 =9

) B HAssle pad BiAeg 95T S gk A2t
1:5,0004948 =7 FgotH, 1:25,000 A==
S AR $£Fo] ofd dAAHE 9F=E A9k OMJE A&
G BED AN RIAE B9 ALED Slon, 1 5
G4 BEL ALY DL BAS Aoz, ol gt
sl WEFOF 2ERE ARt wEF IR LLFE
% ATy Hol2 B



WYES TEE FR WAL AAY F7 Wst A7

2 paretel ENEE My
LA+ IF ER2TE LR+ 40F & D2 4T YRS 515 & D163
YLD, B4 oLt 0L, Eeis: Wi e HLLRE OPIIAILIZ,
S{BILLE, OFTRAILLR, SIHLLR, OPIMAILLR,  |——{ ZELIE S oL,
B2, WIS SELIR DL, LS, BHLIR, T|LIRE S,
HELT, QELI2 AL, HFLIT, OELIR o
BLUR LR, gHLiR AHELR, LR BLIR

. =,
CHEUR grle

HE AR
OPIFA|LHR (Robinia pseudoacacia L)
‘LI (Castanea crenata Siebold & Zucc)
WS Liriodendron tulipifera L)

Figure 1. Selection of Study Subjects

Table 1. Research method

Methods Details

- Selection of target honey tree species

- Analysis of factors influencing changes
in honey trees

- GIS analysis (QGIS 3.26.2)

- Utilization of Forest Map data from the

Literature Review

Spatial Analysis
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Figure 2. Temporal Changes Map of Robinia pseudoacacia L.
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Figure 3. Temporal Changes Map of Castanea crenata Siebold & Zucc
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Figure 4. Temporal Changes Map of Liriodendron tulipifera L.
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A Study on Changes of Diameter Distribution of
Quercus variabifis through Stand Table Projection

Sanghyun Jung' - Daesung Lee? - Jungkee Choi"”

'Department of Forest Management, Kangwon National University, Chuncheon 24341, Korea
’Natural Resources Institute Finland (Luke), Latokartanonkaari 9, 00790 Helsinki, Finland

8 : & A TR B XA ARE HFOR JIEHS7]H(Stand Table Projection)E 28510 39 F9o] Z|AEAE
WIS ojshn YRS S AT e BTl Tgsiglon) 3 e ZhojRe] mhE AP
£(Growth Index Ratio for 3 years; GIR;) X}o]& BASI9ch B4 Ax}, 7PE19] B GIR;S 0492 F7Hd19] 041ETH &A
yeht, 7S Bl 2780l EXEE ERIE 4= Q9lth E3L AEE FHERE E8dle] dEAFE Akest 2 3d &
A& YEAAL Het 246 mVha® HSE 245 m/ha®t FARE RS HYAE & Aol =EE ke ST AR EX
W3} ol &t AR Al AlY ol 783t 7124 2 Ao J|diEch

ABSTRACT : This study was performed using stand table projection to predict changes in diameter distribution and estimate stand
volume in Quercus variabilis based on repeated inventory data. The study area included both thinned and unthinned plots, and
differences in growth index ratio for 3 years (GIR;) according to thinning treatment were analyzed. The results showed that the
average GIR; in thinned plots was 0.49, higher than 0.41 in unthinned plots, indicating that thinning promoted diameter growth.
In addition, the stand volume was calculated using the predicted diameter distribution, and the predicted stand volume after 3
years was 246 m’/ha on average, which was similar to the observed 246 m’/ha. The results are expected to serve as valuable

basic data for predicting diameter distribution changes and establishing rational silvicultural plans in Quercus variabilis.

Key words : Stand table projection, Diameter distribution, Growth index ratio, Quercus variabilis, Thinning.
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2004; Poudel and Cao, 2012; Siipilehto and Mehtatalo,
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Table 1. Summary statistics of the experimental plots in this study

Average DBH

Average height

Stand basal area No. of stems

Proportion of

A,
Thinning Statistics (ye%:;) (cm) (m) (m*/ha) (trees/ha) Ov basal area”

Ov All Ov All Ov All Ov All (%)

Mean 62 22.5 22.1 154 14.9 393 39.7 921 9638 79.0

SD 7 5.9 6.6 33 3.6 6.9 6.8 271 301 142

Unthinned

Min 53 10.4 6.6 43 2.7 27.1 27.1 491 491 52.5

Max 73 40.3 40.3 21.6 21.6 47.1 47.1 1267 1329 96.7

Mean 62 26.7 25.6 17.6 16.7 36.1 36.5 630 654 90.1

SD 7 6.7 7.5 33 4.1 8.8 9.0 189 212 13.4

Thinned

Min 53 10.9 6.0 1.8 1.8 19.1 19.1 333 333 47.0
Max 73 472 47.2 26.2 26.2 51.7 51.7 898 1001 100.0

20 AAYHDSEK, M43 R2E, 202448



i)
19
o
oft
:gg
w
L
=2
e
&
o
o
)
P
o
)
Z
o
2
e
ol
e[}
2
W

G, =4 W)

g = Diameter increment for 3 years (cm);

i = Diameter class interval in centimeters

A AATES B8oto] 39 39 JEEs |
3= A&ttt dE S0 §4 dElA HF 20 em
QJEE47} 100 Bha, 34 7H] HAMGF] 0.8 cme}
1 Mgsae W, 48RS AF okl 2 omz
o], GIRs= 042 AFEHh o] E2 39 F A&
20 cmof FSH= 100 E/ha = 40%20 40 E/hal o &
A AEst] e 22 emz o3, olE ARt
60 2/ha> e 20 emof| FAIHE ACE STt 7}
g GIR7F 129 9 20%%] 20 E/had 294 AF9A%
Sto] ZAF 24 cmE o|53HH A 80%= 194 AHY
Agsto] Ae 22 emE olEshE ZA2E ASTHTH(Son
et al., 2000; Avery and Burkhart, 2019).

d&d AFERE o YEAAS AEStaA A
VS IS, Choi et al.(2007)9] AZ 3744
ottt WAE 11342 Chapman-Richards 3}
S Z8sto] Jfdetgion, mdo] HIGS A
171 flste] AHARR), BF AFE 2AHRMSE),
At QAHMAE), B+ A H[-& QAHMAPE)E A
19 tH(Richards, 1959; Chapman, 1961). 7H¥&¥ 4=31=f

4
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ro oo
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: i

iy o ot 4> tlo I

[¢]

A B 24 AAE =25 AFFFAAE] 3)o o
Jste] AFE AFHS AHESH T AR AJ-Q] JEES,
39§ 324 YBEES 3E T 2AY JBESL| 747t
I5to] JEAAS A&

H=124a(1—¢ ") @

Volume (m®) = 0.0182 + 0.0000335 < D* < H 3)

H = Tree height(m);
D = Diameter at breast height(cm);
a, b, ¢ = Parameters for the formula;

e = The base of the natural logarithm.

. Zap & 0

1. 4¥XFE(GIR) M=

AAEE W9 &g 98 AEH GIRyEe 4Fo]
S7Feol wet 6] Stk AdS B ch(Figure 1).
2 AFoA &8H ATAEE Hd Yol 629439
Qroz Wi FIZAHo| 225267 emQl YHO|A A
AEL mdEd Aoz wotHEch FFo] 2L JEds
5 A= W BAoNA " ARkl WobA, AxHoR
GIR;o] WA Ueht Aoz Holth HF GIRy:= 0452
Vet diZFgoz FFUE AQEoA Y& HRke 3
W S 1949 A%, & 2 em oY AR &
= Stk E3F BE AFolA GIRs= 1 vTe g, 33 &

0.8 Unthinned Thinned
0.6 11
. _ i I
X 0.4 B
©)
0.2
0.0
10 20 40 50 10 20 30 40 50
DBH class (cm)

Figure 1. Growth index ratio for 3 years (GIR;) by DBH class in
unthinned and thinned plots
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Table 2. An example of Quercus variabilis unthinned stand applying stand table projection method with growth index

ratio (GIR) of 3 years

DBH Present Upgrowth Predicted No. of Observed No. of
class No. of stems GIR; No change | class stems stems
(trees/ha) 2 (trees/ha) (trees/ha)
12 90 0.20 72 18 72 60
14 0 0.23 0 0 18 30
16 120 0.26 88 32 88 60
18 90 0.35 58 32 90 120
20 150 0.50 74 76 106 120
22 150 0.48 78 72 154 150
24 90 0.53 43 47 115 90
26 30 0.41 18 12 65 90
28 30 0.54 14 16 26 0
30 30 0.50 15 15 31 60
32 60 0.45 33 27 48 60
34 0 0.45 0 0 27 0
Total 840 493 347 840 840

Table 3. An example of Quercus variabilis thinned stand applying stand table projection method with growth index ratio

(GIR) of 3 years

DBH Present Upgrowth Predicted No. Observed No.
class No. of stems GIR; of stems of stems
(trees/ha) No change I class (trees/ha) (trees/ha)
16 13 0.29 9 4 9 13
18 54 0.35 35 19 39 27
20 68 0.43 39 29 56 68

22 AMABYHBSEK, M43 RI2E, 202448



AEFAS7HS E83 ST PR sl Wk A+
DBH Present Upgrowth Predicted No. Observed No.
class No. of stems GIR; of stems of stems
(trees/ha) No change I class (trees/ha) (trees/ha)

22 137 0.48 72 65 103 123

24 123 0.52 59 64 124 96

26 68 0.55 30 38 97 96

28 27 0.52 13 14 48 54

30 54 0.51 26 28 40 41

32 41 0.58 17 24 46 27

34 41 0.64 15 26 39 68

36 13 0.57 6 7 31 27

38 0 0.63 0 7 0

40 27 0.61 11 16 11 13

42 13 0.70 4 20 13

44 0 0.70 0 9 13

Total 679 336 343 679 679
" — 39 9] &EEe} AR 39 & AHEEE H| WS 1,
= i YF A=ESo] Zol7t Sl= ZAFol SAsHARE, SHHIA
” 9 H9 5 X9 FH7F FARE AR ”&%%l .
” Aol AFEE GIR:Z Ut SR AHEX

30

20 30

150

120

90

No. stems (trees/ha)

20 30

10 20 30

DBH class (cm)

40 50

D observation (present) D observation (3 years later) D prediction (3 years later)

Figure 2. An example of present, predicted, and observed
diameter distributions after 3 years in Quercus variabilis
stand from thinned plot

et 39 T S, AA FE =527 oEA
| P9 AHE T8kl th(Figure 2). ¢
& ¥3) A28 ARRRE A A8 4
A AL $202 o
AR AABEZ 5 A AJA9]
A}o} el Lepgeh. 39o) 7|zte] HlmA
Zo} fju Fe7t A WA ke Ao TaE,

el

-lOlI

2~ O
e

W3} ojZ2o] 8= NEZE Appendix 12 ?q]/\]_}(ﬂ

Zgol o}7] 98l Chapman-
Richards S 7ol th(Figure
3). Tiﬁﬂdﬂ nE Ass %ﬁﬂﬂ_ Fofet 2w
UERGTHp<0.001). 2HASR= 048, RMSEE 2.360,
MAEX 1.850, MAPE= 0.1242 UEbgth Kim et al.
(2023)0l 4 7HdE SRl XA A4 Bl a3
< 9 AFEAFC] FARE £E02 Y FHE L6

g ST2Ae] Tgo] sHsslcta weksrd.
30
25
2220
£
E15
2
(6]
1o
5
. R?=048
0 H =12 +20.09(1 — e~07D)138

40 50

20 30
DBH (cm)

Figure 3. Allometric curve on scatter plot of height-DBH
for Quercus variabilis
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Table 4. An example of the predicted stand volume by DBH class according to stand table projection method in Quercus
variabilis thinned stand

Predicted Observed
DBH Tree height Stem volume Stand volume stand volume stand volume
class (m) (m®) (m*/ha) after 3 years after 3 years
(m*/ha) (m’/ha)
16 13.2 0.1317 1.7 1.2 1.7
18 14.3 0.1735 4.7 6.8 4.7
20 15.3 0.2227 15.1 12.9 15.1
22 16.1 0.2793 344 28.2 344
24 16.9 0.3434 33.0 42.6 33.0
26 17.5 0.4147 39.8 39.0 39.8
28 18.1 0.4932 26.6 252 26.6
30 18.6 0.5787 23.7 23.1 23.7
32 19.0 0.6712 18.1 30.2 18.1
34 194 0.7705 52.4 30.0 52.4
36 19.8 0.8764 23.7 28.0 23.7
38 20.1 0.9888 0.0 6.9 0.0
40 20.3 1.1076 144 12.2 144
42 20.6 1.2327 16.0 24.7 16.0
44 20.8 1.3640 17.7 12.3 17.7
Total 3214 3233 3214
YERAS7IHE E8oto] dFH HAHEZE 39 ot A E E&E HEA 9 AE dSE JdEAFS A
Axe} 39 F A, AA AEAAE TSI (Table 4). Al 3d & %1—E#XH14EE} 1.9 m’/ha Zitt.
2 ATolA AgE Fugdo] BEE dddstq £1E A} 3d & A5, H3H AFELE 53 F8E
FAstRoH, F4%E s QAT FEste] A AEAAY] BEE TAISH A, Table 49] ARe} Zo
A% RS A2k ASE AAE A4 Table 3 29T QAo wmA 3 ekiekFigwe 3). 94
oM FHE YBESES BEIN] YRAALS FHSY /I1F TET AT 242 @A) B JEAHo|
400 Non thinned Thinned
/('u\
=
"’ESOO
(0]
€
S |
3 | |
> x X
e} X
§200 . s «
0 X
100 Present Predicted Observed Present Predicted Observed

Figure 4. Comparison of stand volume between the initial diameter distribution,
the 3-year growth distribution based on the stand table projection method, and
the measured distribution after 3-year
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Appendix 1. Growth index ratio (GIR) of 3 years by thinning in Quercus variabilis stands for stand table projection

Unthinned Thinned

DBH class (cm) GIR; Numbe(rtrsz:sjamples DBH class (cm) GIR; Numbe(rtrzef:siamples
10~12 0.20 25 10~12 0.24 15
14 0.23 24 14 0.27 35
16 0.26 38 16 0.29 81
18 0.35 43 18 0.35 114
20 0.50 55 20 0.43 143
22 0.48 59 22 0.48 174
24 0.53 46 24 0.52 186
26 0.41 45 26 0.55 144
28 0.54 27 28 0.52 103
30 0.50 16 30 0.51 98
32~42 0.45 20 32 0.58 75
34 0.64 48
36 0.57 49
38 0.63 18
40 0.61 17
42~44 0.70 18
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Extraction of Forest Resource Information using Airborne Laser
Scanning for Larix kaempferi in South Korea

Yeonok Seo - Jungmook Park’ - Jintaek Kang

Forest Management Research Division, Natioanl Institute of Forest Science, Seoul 02455, Korea

8 : B A= ALS 7N ARAIFEIE U, 137, S8 2E5] Y8l $E diiRle YE SHEEEE
AlEjo] YRI5t dEQIZUEZ ALS 7HF it FRE FEsion, A h:’éil‘i H|W - B4 9o FFRAE it
CHM T&2 w7 37}(IDW, Kriging, TIN)— ZIzoE M URE S 2ot B3t &9 ME Ui
DBHE F74517] 5l 47 RAF ARGE7HI-EAARAL, 1858, 1*&1“4014, FYFAY 719kl DBH $441& =&dl0] 24
sioitt. 24 A3}, 7P A N R 35 9 1 3249 B7PPE2 Kriging-Radius variableo|4] WYL DBH 79412
IR oA 77t y=1.2829x + 0.6252 9] Alo] 7Y Ajlgt Ao s FRIEQILt /WE U =& ZIL Kriging (80&) > IDW
(79%) > TIN (845) &02 FYRAF /E UT 720l 987} A LR 427 Kriging (13.4m), IDW (13.5m), TIN
(13.0m)Z PGt DBH 24418 1458t4] (28.8cm), 2to|th (28.3cm), BYFAL (33.9cm), Z7HAIERILZRA} (16.6cm)E 324
Alof| wet Ajo|7t E ACoE ERIEST °§—r ALS 7|8t DBH 749 2L g FIAI7)7] Foke dF, 9, 9% 52 11
St 953 DBH 544]9] 7fidto] Hadh Zo= woEch
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i
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ABSTRACT : This study aimed to extract forest resource information—individual trees, tree height, and diameter at breast height
(DBH)—using airborne laser scanning (ALS). The study site was Larix kaempferi forests in the National Forest Seed and Variety
Center (NFSV) in Gangwon-do Province, South Korea. Point clouds for the three variables were obtained using ALS, and a field
survey was conducted to compare the accuracy between the ALS method and field measurements. A canopy height model (CHM)
based on three interpolation methods—IDW, Kriging, and TIN—was applied to identify the number of individual trees and estimate
their heights. For DBH estimation, equations were derived using data from four different sources: the National Forest Inventory
(NFI), Fixed Yield Experimental Forest (FYEF), LiDAR, and field surveys. The findings showed that the optimal interpolation
method for extarcting individual trees and estimating their heights was Kriging-Radius Variable, while the optimal DBH estimation
equation was y=1.2829x+0.6252 derived from FYEF data. The individual tree extraction results were as follows: Kriging (80
trees), IDW (79 trees), and TIN (84 trees), closely aligning with the field survey result (82 trees). The estimated heights were
134 m (Kriging), 13.5 m (IDW), and 13.0 m (TIN). For DBH, the results were 28.8 cm (FYEF), 28.3 cm (LiDAR), 33.9 cm
(field survey), and 16.6 cm (NFI), showing significant differences among the equations. These results suggest that improving
ALS-based DBH estimation requires the development of customized DBH estimation equations tailored to forest speices, forest
type and age.

Key words : LiDAR, Canopy Height Model (CHM), Diameter of Breast Height (DBH), Interpolation methods, National Forest Inventory
(NFI), Fixed Yield Experimental Forest (FYEF)
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2. ALS Xtg F5

ALS AR F52 fld] EIZ4UF 02has Y
2 RieglAkGit) Mini VUX-1UAV AIAE o]&3fo] ALS

Figure 1. Study area photograph of a drone LiDAR
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Airborne Laser Scanning 7|4t 4

Table 1. Target species and survey factors

N
3

Location

Larix kaempferi clone bank in Chuncheon

Total: approximately 33 ha

Site Recording area site: approximately 0.2 ha
Cluster point density 593 points per m’
Laser sensor RieglLtd.Mini VUX-1UAV
Scan distances Max 250 m
LiDAR Number of returns 5
Data collection speed Max 500,000 point/sec
Accuracy +3 cm
Recording altitude 60 metre relative altitude
Flight Overlapping rate tran_svelise: 80%,
(Cinemato graphy longitudinal: 70%
terms) Flight speed 2.7 m/sec
Collection time 20 minute

7|9kl JHE S5t ALS Am 50| AHgE =
22 DIl AKGit)e] Matrice 600 Pro2 &G E 60m AMH
1% H|F, HPELE 2 7m/sec, AESFH &L 505 pe/sec,
A HAUEE 593m HFYZANA Y5 h(Table 1).
ALS =& 2023 99 ABEA7]9) HESHCH

ot $X|E VR (Digital Elevation Model, DEM) %
JHEH 2 (Digital Surface Model, DSM)y& AJAJStH H,
ST X (Canopy Height Model, CHM)S ZFAJ3l3tt.
oF CHM ¥4& B ¥ ue Auskn 39}

SRS pBstgon, Aguiolt Hueh AAste]

A

=1 X—,7E,‘(D1ameter of Breast Height, DBH)}& F%3}it}.
3. 917w spAsto® S48 DBH @g B4 24 718 A=A
IR, AT RdE ARE @8 A% A
B d9= ALS 7[NS AHRAEAE & TRede 2)9 ulm - A25le] ALS 7|HHe] AR =20
B7keb7] fsl dE AeElolHE SO, o8 HA slu4e WrlslothFigure 2).
Operation of a drone LiDAR
Selection of the study site
Data collection from a drone LiDAR
il
ALS data preprocessing
¢ — Cell size{0.1to 1 m)
DEM and DSM creation Interpolation method
J' | (1IDW, Kriging, TIN)
; < Down-sampling of point clouds
CHM creation L—| (fixed cell size 0.5 m and the Kriging)
¢ Estimate DEH
— h i
Tree and height calculation | 77 NFI Height{measure) |
—| PES™ Height{measure) |
v —| Field survey Height |
Comparison of the extraction of forest resource _| LIDAR Height |
information based on a drone LiDAR data * Permanent experimental site
Figure 2. Individual tree extraction using drone LiDAR data
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HHHS  [IDW(Inverse Distance Weighting), Kriging, TIN
(Triangulated Irregular Network)e] 371X ®PHE #8519
t}. IDW, Kriging, TINS ALSOIA 53 AHZ AH
2 HEsle B7Ho g [DWO| 49 Alito] 7hdsiar
A9l PHow, QYR 4o B o A Wt
A%, AUEY BE7h 95X gow B3] A
S 93, oA o] ujQ wIZSICHWhite et al, 2013).
Kriging®] ¢ &7t A71dEs ZEdste] ¥ &2
e g Algcta EAAE 5T & AR 2EY
of Hagt <4ito] EFSEa ARte] ol AQFHG
(Gonzalez-Ferreiro et al., 2014). TINS] HL FojX H&
= AAger AZsto] FASHA A¥2 RHIsHAIRE A
o WEeF RO uEt Ay Mo ¥ vE
O]E}(Vauhkonen et al, 2012). WA ALS 7]9F AHdzpY
AH =& A JHO EAI AL W, AL BX g
So] wet 21e] wrbigol gkl 4 oo,

O A4 A2 UENBAEY) A4 P

ALSE 29 Ht) e 47 ABE HSsh] 3349
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o}_; TEH AR AE A8 AAE Y I A

SMEY Aottt A thA1E%-2 Nominal
point spacing(NPS)y& ARSI OH EQIE 7HAL FEQIE
eo] Al d4E ALtEd d AR 100%004
0.78% F=7H] 2AEHY S 53 MAE &0 2T
ot S Hw BAsH

@ ¥ Yx & 9y

Ay A Z7] - B - A dErE AREE,
DEMH SIS} 43 $e0] Aol olfelel Cig 44
S SOBA WIS B Y U sERe F4%
2 2S5tk A U 2B FHH0) 2299,
A RS Bo) 4uR AAENDE sl
AFZE51ITHZhen et al., 2016).

1. 48 & 37| 93

D A 37 & 7Hiﬂ5 —’F% H]

Ego}giq. WA At E UE 252 flste] IDW,
Kriging, TINS| 37}2] Whog £y Ho] ok 7/fH v
2 220 FF A I7|E £&st9or A 7|7} 2RSS
= 7N Wi ATt SFeke BdE BT ALS 7IRE
AL AE HE A AW AF HH7} B2Hslo] HF
ol o3t DEM &0 7L Qe A Zelskiith
@Azl vweh An, Z4 A 27]% 0.5m~0.6mo]
A Kriging (80&) > IDW (79%) > TIN (84%) <02 &
BEAL 8223} FARSHA LERATHTable 2 & Figure 3.).



Table 2. Selection of optimal cell size

Airborne Laser Scanning 7|8t QEJZUEO] AHAAFE =&

DEM / DSM / CHM
Classification
Paramaters No. of trees No. of trees
: : (extracted) (survey)
Interpolation Method X size Y size Etc.

(m) (m)
0.1 0.1 1186
0.4 0.4 88

IDW
0.5 0.5 79
1.0 1.0 52
0.1 0.1 1198
0.4 0.4 85

Kriging

0.5 0.5 Default 80 82
1.0 1.0 53
0.1 0.1 3004
0.4 0.4 132

TIN 0.5 0.5 104
0.6 0.6 84
1.0 1.0 54

DEM

DSM

CHM

Kriging 0.1 m

Kriging 1.0 m

Figure 3. Comparison of Crown delineation by spatial resolution
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M UF =29 HH A 275 05m= 145t
IDW, Kriging, TINS 37}1] E7F}HOo® CHM F& 9
oA o) ot M URE 7MY A ==
3 B7PP L Kriging-Radius Variable ¥ 0 8 B4 %9l
o} o] 2 I Ui & et 51 FHA 5
5= BF 1S W 7PY Aet o th(Figure
4. & Table 3). £3], AFTE A O ZE Kriging B7HH
A& A77F TIN B2 A-gHo) nAgt Zpo]2 FHo]
FdEths 2ot FAREITHJo et al, 2023). TR, 7
H UE 25 o7 d/les HIPFIHEEHRH) Jsf of

o
-0,

oo yo
4t T

BE SEE AN 87 wse A
Soitk. Figwe 59 2ol CHMO| 3FHL A
UR F S37b et s Qaskn e A
QT 4 QITHEFA, 24, E3k ARZ] Feo]
9 AABEG JHoR Sart 2L ARRS A4
SR, S3 Aol ol E AAAEA
QHe oW Stz QA FOE WA=
A, WP, FI7b H Qo s gk
3} M08 QXSG BT olske] U 37t <
Hol glom 71y 2uR ShiE LS 4P B
chzh ),

O

Table 3. Comparison of individual trees using interpolation methods

Classification Method Number of individual trees
Field survey 82
Handhel 82
3D Drone ALS 140
Handhel+Dron 82
Delaunay 104
TIN
Spike Free TIN 74
Radius Fixed 82
2D
(Cell size 0.5m) Ibw
Radius Variable 79
Radius Fixed 81
Kriging
Radius Variable 80
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AuTe] AYAUYE F2

IDW

Kriging

Delaunay

Spike Free TIN

Figure 4. Comparison of crown delineation by interpolation methods
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Compare

Handhel / DronCHM(2D) Handhel / DronCHM(3D)

Dron / DronCHM

* CHM shp file :

IDW > DSM, DEM x,y size 0.5m > Ridus Fixed

36

—

Figure 5. Causes of errors in Individual tree extraction
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Airborne Laser Scanning 7|8t QEJZUEO] AHAAFE =&

3) A RAEY0 BE AAF F& HE (G784 3), Foltk AHFAA 4) A=ol ot LEAZ
A 37]= 0.5m, B7PHE Kriging® & 143511 The 5o 178k 1137 A4S =& 1 (Table 5),
BEYo)] 2 AR & A7, A4 AL ASE Ha  FLAD 24 AN A82 welq 2A] algs
1508/m olAo] Elojob FAZAL AHE 4of 9t O8I EEE FAAH FE4 8 FaAFe
Aoz UehtHFigure 6 & Table 4). %2 A 742 % A3, iAE & 2 S S AR F
E3 CHM 222 7153Aut HRo= 220 3+ 273 S48 %—’S‘&Oﬂ etz & Aom e
7} Q= AL FHolskych ot 34 FuAAY @& Aole 1A (28.8cm) >
glo|t} (28.3cm) > BZZAL (33.9cm) > NFI (16.6cm) 3=

2. BOXZH AHAS FHA B4 woR HERLTHTable 6). §147 SIS 4

Ao whgl zjolzt AW Ed| ZIMIEALRAF FHAS
ALS 719 HA §IAZ FH4 £2L ete] Fb A8 e AgzAel] ulg) oF 29 WA epget. of
AAAARNERA ) DAFFAGHA 2, BIRAE = IHRAGLARA AR G B chivo] @

.r""
&' -a',..-nd J ‘ ‘U.ﬂ.
: -.mmun A U" K*L‘ d&m m’"
mm
“":""m. : :J[“"bﬁ ¥ ';",l'f"fjﬁ'b‘ :‘,F"
{ngdhtg?—- 00% 52" ,,{509‘3}'*,;.“3;'3‘-«25%} - :F'l.wuz 5%)
‘.appr_p;;:.ggl?{ .;_approxjg_ﬁfm--ﬁ-appmx 150fm i -approx ?5

s e e

(0.7 s OWH . o &3 | h o
-approx. s/m-- [ ApProx. o/ -.-.appmx ﬂ?.’ni!‘,\appmx 38J'nr-

Figure 6. Comparison of individual tree extraction by downsampling raw data to 100~0.78%

Table 4. The optimal number of downsampling points

Rate (%) Number of point clouds Point/n’ Individual tree AVg'(n}:; ight
100 1,122 593 76 13.53
50 561 296 81 13.16
25 280 148 78 13.49
12.5 140 74 78 12.35
6.25 70 37 75 10.62
3.125 35 18 63 8.28
1.56 17 9 55 4.66
0.78 9 5 27 2.33
Table 5. DBH equation of the 7" NFI and the field survey
Species DBH equation R? ing:;g::{ t(;:es Note
(eq. 1) Y = 1.3712x-2.6600 0.5181 7,145 NFI Height(measure)
Larix (eq- 2) Y = 1.2829x-0.6252 0.5353 2,598 PES Height(measure)
kaempferi (eq. 3) Y = 2.5328x-0.0973 0.6423 17 Field survey Height
(eq. 4) Y = 1.5626x-7.2817 0.1342 82 LiDAR Height
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Table 6. Optimal equation to estimate DBH

DBH equation (cm)

Method incli\iI\LflircriIEZIr t(;tffes H(er:ng)ht NFI FYEF A LiDAR
survey
TIN Delaunay 104 11.2 13.8 25.6 28.3 24.8
Spike Free TIN 74 13.0 16.1 26.8 329 27.6
W Radius Fixed 82 13.2 16.3 27.6 333 279
Radius Variable 79 13.5 16.7 28.2 34.1 28.4
. Radius Fixed 81 13.2 16.3 28.0 333 279
Kriging
Radius Variable 80 13.4 16.6 28.8 339 28.3
* Field survey data: (the number of individual trees) 82 / (Height) 13.4cm / (DBH) 30.1cm
LE AU JEAAUYRE AZ2S fAteg 3t Rgo|l= small  footprint LiDAR  Data.  Photogrammetric
2 FH qAARE 18st 135EA] Bif 17 34 Engineering and Remote Sensing 72(8):923-932.
SRSt Ao g WotEct % FVMAEIRIAZRA AR & Cho, D.Y. and Kim, EM. 2012. Extraction of street tree
& Aol BRI FARE dESHY = 3%t A9 information using airborne LiDAR data. Journal of the
A=2E &8st olgfet EAE MAs) v d8rt 9 Korean Society for Geospatial Information System
£ Zo=g woErh 20(6):45-57.
Gonzalez-Ferreiro, E., Vega Isuhuaylas, L.A., Boyd, D.S.,
Alboreca, A.R., Mosquera-Losada, R., Miranda, D.
V. 7E=| E 2014. Use of Airborne LiDAR and Aerial Photography
in the Estimation of Individual Tree Heights in Forest
W QIToAL ALS JluF 14 §ua7 =S ga Plantations in Northwest Spain. Forests 5:1783-1808.
= = - C AT TR o= TIY Hwang, S.R., Lee, MJ. and Lee, LP. 2012. Detection of
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89 : B A7 A U495 929 244 BPINE BY 4 9 )8 Wk B 9t BHlow SyEilt o2 ¢
s mo] ARFAe dhet Aol B Ba Yio) A7le] me A TisT BAREC] SRet ke ASSL ol
Al A B Aol EAsich B4 Avk ERAAN BUSHE 2ol Hls) QuReA A A F ABAAL 6,
TR AL A e s S7hele] deid U AAe) BAPIE B 4 Qs Ao® Utk B3 dese 49
FAA70] 26em OO THE AHES YA 5 Y Fo BAEIEY, ool B AHEo giEs BE A
o FEEAE L 5 G o] ofiet 2AE U=o) T7l] weh A TRsT BAAEC] Feb Ao HRIEh
Webd 8} 4] ks 98 SEo whet TR o} WA She e FHeke Aol FAER S Auo] B
Qs

=

ABSTRACT : This study was conducted to analyze utilization methods to increase the economic value-added of domestic larch
(Larix kaempferi) logs. A simulation of the sawing process was performed to calculate the types and quantities of wood products
producible according to the log size and to analyze economic benefits under various utilization scenarios. The results showed that
producing sawn timber increased the total product value by up to six times compared to producing only supporting materials.
Furthermore, producing structural timber increased the value by up to eight times, demonstrating its potential to enhance the
economic value of larch log production. It was also found that structural timber could only be produced from logs with a
diameter at breast height (DBH) of 26 cm or more. Even in these cases, the types of wood products that could be produced
varied depending on the size of the processed logs. Therefore, sorting harvested logs based on their intended use and supplying
them to the appropriate demand sectors is necessary to enhance the value chain of domestic wood.

Key words : Value-added products, Sawing simulation, Utilization methods, Value chain, Larix kaempferi
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42 MABYHDSEX, M43 R2S, 202418



Larch Tree Information
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Figure 2. Research Framework

tree information of larch trees (Larix kaempferi) used in the analysis

Site Index Stand Age (yrs) Mean Diameter (cm) Mean Height (m) Number of Trees
20 13.35 12.30 1,288
25 16.90 14.95 927
30 20.25 16.95 723
35 23.40 18.55 595
40 26.25 19.80 510
18~20 45 28.85 20.75 451
50 31.10 21.45 409
55 33.15 22.05 377
60 35.00 22.50 353
65 36.55 22.90 335
70 37.90 23.15 321

*Calculated as the midpoint between site index 18 and site index 20 from the yield table (National Institute of Forest Science, 2021)
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Figure 3. Structure and schematic diagram of the sawing simulation model (Kwon et al., 2013)
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Figure 4. Value-added (million KRW per ha) from wood production by scenario
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Table 3. Dimensions and unit prices by wood products
Uses of Dimensions (mm) Unit Price per Unit Price
Sawn Timber Thickness Width Length Product (KRW) per Sai’ (KRW)
Structural Timber 30 210 3,600 48,000 7,069
38 140 3,600 24,500 4,273
20 200 3,600 21,000 4,871
38 235 3,600 45,000 4,675
15 95 3,600 7,000 4,558
38 89 3,600 15,500 4,252
Sawn Timber 38 184 3,600 32,000 4,246
38 38 3,600 6,500 4,176
89 89 3,600 65,000 4,100
140 140 3,600 85,000 4,024
89 140 3,600 54,000 4,021
180 180 3,600 140,000 4,009
30 65 3,600 3,000 1,427
Supporting Materials 27 27 3,600 1,100 1,400
81 81 3,600 9,300 1,315

"The “Sai” refers to the traditional Korean wood trading unit, representing a bundle of logs measuring 3.03 cm x 3.03 cm x 30.3 cm each.
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Figure 5. Recovery rate of wood products by scenario
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Table 5. Product dimensions and value-added (KRW per ha) for scenario 2 and 3

Stand Scenairo 2 Scenairo 3
8?5 Dimensions (mm) Ql(lpa:st;ty T(()E;\;\]/alrl::;ag:)e d Dimensions (mm) Ql(lpa:st;ty T?g\;al;::;aiied
20 38 X 89 X 3600 1 22,000 38 X 89 X 3600 1 22,000
38 X 38 X 3600 1 38 X 38 X 3600 1
’s 15 X 95 X 3600 8 62,500 15 X 95 X 3600 8 62,500
38 X 38 X 3600 1 38 X 38 X 3600 1
89 X 140 X 3600 1 89 X 140 X 3600 1
30 15 X 95 X 3600 5 104,500 15 X 95 X 3600 5 104,500
38 X 89 X 3600 1 38 X 89 X 3600 1
140 X 140 X 3600 1 140 X 140 X 3600 1
35 89 X 140 X 3600 1 180,500 89 X 140 X 3600 1 180,500
89 X 89 X 3600 1 89 X 89 X 3600 1
38 X 38 X 3600 1 38 X 38 X 3600 1
184 X 38 X 3600 3 38 X 140 X 3600 4
40 140 X 140 X 3600 1 243,000 140 X 140 X 3600 1 245,000
38 X 89 X 3600 4 38 X 89 X 3600 4
180 X 180 X 3600 1 30 X 210 X 3600 4
140 X 140 X 3600 1 38 X 140 X 3600 4
45 89 X 140 X 3600 1 320,500 89 X 140 X 3600 1 385,500
89 X 89 X 3600 1 89 X 89 X 3600 1
38 X 38 X 3600 1 38 X 38 X 3600 1
20 X 200 X 3600 7 30 X 210 X 3600 8
89 X 140 X 3600 2 140 X 140 X 3600 1
50 140 X 140 X 3600 1 381,500 15 X 95 X 3600 5 510,500
15 X 95 X 3600 5 38 X 38 X 3600 1
38 X 38 X 3600 1
38 X 235 X 3600 4 30 X 210 X 3600 9
180 X 180 X 3600 1 140 X 140 X 3600 1
55 140 X 140 X 3600 1 458,000 38 X 89 X 3600 3 570,000
38 X 89 X 3600 3 38 X 38 X 3600 1
38 X 38 X 3600 1
20 X 200 X 3600 16 30 X 210 X 3600 10
60 184 X 38 X 3600 3 501,500 38 X 140 X 3600 4 647,500
89 X 140 X 3600 1 89 X 140 X 3600 1
38 X 89 X 3600 1 38 X 89 X 3600 1
38 X 235 X 3600 5 30 X 210 X 3600 14
6 20 X 200 X 3600 7 549,500 89 X 140 X 3600 1 741,500
89 X 140 X 3600 3 38 X 89 X 3600 1
38 X 89 X 3600 1
38 X 235 X 3600 9 30 X 210 X 3600 15
70 89 X 140 X 3600 3 588,000 89 X 140 X 3600 1 795,000
15 X 95 X 3600 3 15 X 95 X 3600 3
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ﬁ
2

ABSTRACT : This study aimed to provide basic data on moisture control and specific surface area in materials essential for energy
conversion and the production of high value-added materials, and promote the use of high value-added forest by-products. To
achieve this, we examined the morphological changes and moisture absorption/desorption performance of Quercus mongolica wood
chips and sawdust treated with convection heating and conduction heating rapid pressure. The analysis showed that, compared to
untreated wood, convection-heated wood samples exhibited the closure of bordered fits and simple fits between vessel elements.
Conduction heating rapid pressure samples showed aspirated pits due to tissue compression from thermal pressure and fiber
orientation angle. In addition, moisture absorption/desorption curve evaluations under different heat treatment conditions showed that
equilibrium moisture content followed the order: umtreated wood > conduction heating rapid pressure-treated wood >
convection-heated wood. This result suggests that conduction heating rapid pressure treated specimens, exposed to high temperatures
for shorter durations than convection heated specimens, exhibit relatively high equilibrium moisture content and enhanced moisture
absorption/desorption performance under identical relative humidity conditions. These findings suggest that conduction heating rapid
pressure treatment increases the specific surface area of unused forest biomass, thereby improving its reactivity with chemicals and
biological materials in bioethanol production and biorefinery processes. In addition, it is expected that controlling the moisture
content of the raw material through the evaluation of equilibrium moisture content in response to changes in environmental

conditions will improve the storage stability, processing quality, and product performance of the by-products.

Key words : Heat treatment, By-products, Oak wood, Morphological changes, Moisture absorption/desorption
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Figure 1. Convection heating treatment device (left) and conduction heating rapid pressure treatment device (right)
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Figure 2. Macroscopic morphological changes of the oak chips subjected to rapid
heating and pressure treatment(left: untreated, right: heat-treated)
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Figure 3. Surface morphology changes of heat-treated oak chips
((a) untreated, (b) convection heat treatment, (c), (d) conduction heating rapid pressure treatment)
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Figure 4. Surface morphology changes of milled oak wood chips after heat treatment
((a) untreated, (b) convection heat treatment, (c) conduction heating rapid pressure treatment)
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Figure 5. Surface morphology changes of heat-treated oak sawdust
((a) convection heat treatment, (b, c, d) conduction heating rapid pressure treatment)

(=]

EMC(%)

0 20% A0% B0 b2 gt 1009
Relatwe Hum|d|ty{%]

0% 209 4."}-. (cTin B9 100%
Relative Humidity(%)

¥UT: untreatment, CHPT: conduction heating rapid pressure treatment, CHT: convection heat treatment

Figure 6. Moisture absorption/desorption curves at heat treatment conditions
(left: woodchip, right: sawdust)
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Estimation and Comparison of Local Stem Volume for Pinus
densiflora in Three Regions Using a Suitable Stem Taper Model

Jin-Taek Kang - Yeonok Seo - Jeongmook Park - Chiung Ko

Division of Forest Management Research, National Institute of Forest Science, Seoul 02455, Korea

ABSTRACT : This study aimed to develop local stem volume tables for Jeju, Hongcheon, and Yeongju by reflecting
region-specific growth patterns and properties using stem taper equations for Pinus densiflora, a widely planted species throughout
the country. Because current standard volume tables were created based on broad nationwide data, they may underestimate or
overestimate the volume of individual trees in specific regions. To address this issue, three models (Max and Burkhart, Kozak,
and Parresol et al) were applied to derive the most suitable taper equation for estimating regional stem volume. The Fitness
Index, Bias, and the Standard Error of Bias were used as verification statistics to evaluate the goodness of fit of each model.
Among the three models, the Kozak model exhibited the highest Fitness Index for estimating the growth pattern of Pinus
densiflora and was therefore chosen as the most suitable taper equation to generate local stem volume tables for the species. The
results from these newly developed regional stem volume tables were compared with the standard stem volume tables that were
constructed from nationwide growth data. The findings indicate that the local stem volume tables for Hongcheon, Yeongju, and
Jeju yielded higher values than the existing standard tables, and these differences were statistically significant (p < 0.05).
Moreover, there was a significant difference (p < 0.05) between Jeju and the other two regions, whereas no difference was
observed between Hongcheon and Yeongju. In comparing the mean volumes among regions, Jeju exhibited the highest mean stem
volume, followed by Yeongju and then Hongcheon.

Key words : Stem volume table, Stem taper equations, Local stem volume table, Kozak model

|. Introduction superior wood quality and commercial value. Besides
providing economic benefits such as timber production

forests serve multiple functions, including carbon

Forests exhibit geographical variations in morphological, sequestration, ecosystem regeneration, and recreation.

anatomical, and physiological traits depending on local Therefore, to maximize these diverse roles, optimal forest

environmental conditions. Pinus densiflora, the predominant .
management must be implemented. As management

pine species on the Korean Peninsula, is distributed from intensity influences the quality and structure of a stand,
Hamgyeongbuk-do in the north (at approximately 43° 20’
N latitude) to Mt. Halla in Jeju (33° 20" N latitude), and

from sea level (~10 m) to around 1,300 m in elevation.

accurate stand-level estimations are essential.

Efforts to enhance the accuracy of forest stand
estimation begin by refining the estimation of individual
Owing to its high adaptability to diverse climate conditions tree volume, Such estimations often rely on an equation
that includes diameter at breast height (DBH), height (H),

and form factor (F). However, because changes in form

and biomes in Korea, P. densiflora occupies most of the
nation's forests and has traditionally been a major source

of construction and pulp materials. Uyeki (1928) classified factor have minimal influence on outcomes and for certain

Korean pine trees into six groups based on their shapes. species, no particular effect regardless of tree size (Clutter

For instance, he named the group near Mt. Taebaek

et al., 1983) tree volume is generally determined by DBH
“Gangsong” (P. densiflora for. erecta), highlighting its

and total tree height. On this basis, a standard volume

} . table can be developed, and various methods have been
Corresponding author : Jin-Taek Kang . . . .
Tel : 482-2-961-2881 proposed internationally, including form factor-based

E-mail : beg8bune@korea.kr
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methods (Park and Chung, 1985; Seo, 1998) and curve
equation—based or stem taper—based approaches (Kim et al.,
1994; Kim et al., 1986). Early volume tables typically
among DBH, height, and
empirical formulas (Chapman and Meyer, 1949; Bruce and
Schumacher, 1950; Amateis and Burkhart, 1987
Demaerschalk, 1972; Hotvedt and Cao, 1985; Jeon et al.,
2007). Recently, advances in computational power and

used relationships relevant

statistical analysis have allowed researchers to generate
volume tables with improved accuracy. With the exception
of pine trees, however, the volume tables currently
employed in Korean forestry (Korea Forest Service, 1981)
were established prior to such advancements.

1970s,

maturation phase, and management and policy objectives

Since the Korea's forests have entered a
for forest resources are gradually diversifying. Although
some species-specific volume tables conceived in the 1960s
were revised and updated in the 1980s and 2009, much of
the data originates from over 40 years ago, making them
less representative of current forest conditions and
associated management needs. Between 1964 and 2010, the
proportion of young stands in age classes II and III (i.e.,
11~30 years old) decreased from 69.4% to 23% of the
total forest area, while age classes IV and V increased
from 22.7% to 65.6% 2013).

Because volume tables in use are largely based on data

(Korea Forest Service,
from younger stands, applying them to today's older stands
can lead to significant over- or underestimations, depending
on the region. Consequently, from a forest manager's
perspective, inaccurate data can hinder the development of
effective management strategies.

As Korean forests continue to age, the discrepancy in
stem volume among different regions has become more
pronounced, and existing stem volume tables often fail to
reflect the actual state of mature forests. In response, the
current study developed new stem volume tables
specifically for pine trees (P. densiflora), which cover the

largest forest area in South Korea (424,668 ha; Korea

Forest Service, 2012). We derived an optimal stem taper
equation for each region and then used it to create
regional stem volume tables. Subsequently, these local
tables were compared and analyzed against existing national
data. Since 2010, various studies in the Republic of Korea
have employed the Kozak model to estimate stem taper
equations. Examples include the estimation of carbon
storage for P. densiflora using Kozak-based taper equations
(Kang et al., 2017), the development of taper equations for
Quercus serrata with national carbon emission coefficients
(Kang et al., 2015), and the establishment of stem taper
equations and stem volume tables for Chamaecyparis
obtusa in Jeju and southern coastal regions (Kang er al,
2020). More recently, the Kozak model was applied to
derive a stem taper equation for bamboo (Kang er dal.,
2022), and Jang et al. (2023) utilized the same model to

estimate the stem taper of Quercus palustris.

[I. Materials and Methods

1. Materials

In this study, a minimum of 30 P. densiflora trees per
region (with varying DBH classes) were selected from
Hongcheon, Yeongju, and Jeju areas where pine trees are
widely distributed and then felled for stem analysis. Annual
growth of each sampled tree was measured, and the
number of sampled trees along with their measured

variables are shown in Table 1.

2. Analytical Methods

tables tend not to
exponential or logarithmic formulas popular in the 1970s
and 1980s (Korea Forest Service, 1981), but rather on the

integration of a stem taper equation. This integration based

Recent stem volume rely on

method allows users to easily estimate a tree's merchantable

Table 1. Data summary of stem analysis by survey regions of pinus densiflora used in this study

DBH(cm) Height(m)
Region No. of Trees
Min. Max. Mean Min. Max. Mean
Hongcheon 106 12.0 442 27.8 6.5 26.3 17.7
Yeongju 98 8.0 59.0 31.1 33 32.6 20.2
Jeju 103 8.0 534 23.8 3.0 114 15.2

56 ARASHPSS|X|, H14H K25, 20244



Estimation and Comparison of Local Stem Volume for Pinus densiflora in Three Regions Using a -

volume by specifying both the small end diameter and the
butt end diameter. It also facilitates calculations when logs
are cut into segments of several meters (Lee et al., 1999).
flexibility,
developed to estimate stem taper (Kim ez al., 1994; Shin
et al., 1996; Son et al, 2009). In this study, we applied
three stem taper models Max and Burkhart, Kozak, and
Parresol et al. to determine the optimal equation for

Owing to this various models have been

constructing a stem volume table. Model suitability was
evaluated using statistical indicators derived from the three

taper equations, and the best performing model was then

Table 2. Taper equations selected for this study

used to obtain the shape of the stem taper. Stem volume
was calculated by rotating the taper curve around the
central axis (Lee et al., 2003; Kozak, 1988; Parresol et al.,
1987, Max and Burkhart, 1976).

To assess how well each stem taper equation estimates
specific heights,
including Fit Index (FI), Bias, Standard Error of Estimate
(SEE%), and Mean Absolute Deviation (MAD) (Son et al.,
2009; Lee et al., 1999).

Of these statistical indices, FI is analogous to the

diameters at we used test statistics

coefficient of determination (R?) in regression but is not

Function Taper Equation
h h? h\? h\?
d:DBH\/bl(E—1)+b2(?—1 + by =y L +by Ay = 7 1
where, d = diameter outside bark at height (cm)
Max and Burkhart DBH = diameter at breast height outside bark (cm)
(1976) h = height along stem (m)
H = total height (m) li=11i <a
bi = tree total height (m) Ii=0 )a;
a; = function parameters
inflection points (i=1;upper, i=2;lower)
b, 2%+ bIn(Z+ 0.001)+ by v/ Z+ be? + b,)( DBH)
d=a,DBH"“a??"Xx " o n
Kozak where d = tree diameter inside bark at height (cm)
(1988) DBH = tree diameter at breath height (m)
h = tree height along stem (m), H = tree total tree height(m)
Z = vrelative height ( = )
X = (, = inflection point)
a, b; = function parameters
d; = d(Z*(by + b, 2)+ (Z— a)*(bs + b,(Z+ 20))) 1"
Parresol et al. Where d; = tree inside diameter at height h (cm)
(1987) Z = (H-h)/H, a: join point, I = 1, if Z=a = 0. if Z <a
a, b = function parameters
h = tree height along stem (m), H = tree total tree height(m)
Table 3. Statistics for evaluating performance of taper equations
Statistics Equation
Fitness index (FI) FI=1— E( Y — 2)2/( Y, _f/)?
Bias TFZ(K’ 3/1')/"
Standard error of estimate as percent of the mean (SEE) SEE= \/ E(Yl — f/[)z /(n—p)
Mean absolute difference (MAD) D=3 |(v,- Y;)|/n

Where Y; and
sample trees, p is the number of parameters

are observed and estimated of i-# sample tree respectively,

is sample mean of observed values, » is the number of
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strictly significant in nonlinear regression analysis; rather, it lll. Results and Discussion
indicates the degree of correlation between observed and

estimated values.
between

underestimation),

Bias measures the average difference ) _ )
observed  volumes 1. Estimation of Stem Taper Equation Parameters
SEEY

relative accuracy. MAD is the average absolute residual,

estimated and (over or

while represents the model's

Stem taper equations for P. densiflora were estimated
using three different taper models. Table 4 presents the pa-

reflecting the mean deviation of individual estimates.

Table 4. Parameter estimates for three taper equations by regions of Hongcheon and Yeongju for Pinus densiflora

Region Model Max and Burkhart Kozak Parresol. et. al.
a 0.791435 a 42.501655 a 0.757252
ax 0.183503 a -0.637761 b, 2.841149
b, -3.517518 a; 1.054574 b, -2.346425
Parameter b, 2.664500 b, -0.525333 bs -105.742615
bz -1.531044 b, 0.552827 by 46.551373
by 13.890276 b; -1.447316
Hongcheon by 0.943278
bs 0.063409
FI 0.87641 0.92073 0.085136
SEE 3.07851 2.46757 3.37462
Bias 0.30882 -0.01973 0.85225
MAD 1.88882 1.92665 2.25658
a 0.715325 a 1.021054 a 0.747334
ax 0.163323 a 0.939454 b, 2.368578
b, -3.52380 a 0.999953 b, -1.807123
Parameter b, 1.746077 b, -0.248397 bz -86.423131
bz -1.829507 b, 0.078796 by 38.545926
Yeongju by 18.923803 b; -1.757936
by 0.995425
bs 0.099022
FI 0.97598 0.97828 0.96773
SEE 2.11574 2.01540 2.45079
Bias 0.14623 0.03500 0.82648
MAD 1.58198 1.46198 1.86666
a -4.479488 a 1.7026520 a 0.854743
ax 0.956972 a 0.781606 b, 1.254265
b, 57.528392 a 1.003558 b, -2.325452
Parameter b, -30.245778 b, 0.577590 bz -5.658756
b; -2.189901 b, -0.278397 by 11.254875
Jeju by 31.142481 bs 3.3802702
by -1.420903
bs 0.009721
FI 0.94712 0.97064 0.65482
SEE 2.02432 1.51256 2.18542
Bias -0.01021 0.05764 0.34252
MAD 1.40922 1.12446 1.52463
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Figure 1. Residual distribution of estimated diameter by relative height of regions,
Hongcheon(a), Yeongju(b) and Jeju(c) for Pinus densiflora

rameters and test statistics for each model.

As shown in Table 4, model adequacy was evaluated
using F/ and Bias, and residual plots were generated to
verify whether the residuals were randomly distributed
around the mean. The Kozak model demonstrated a 92%
fit for Hongcheon and a 97% fit for Yeongju, alongside
lower Bias compared to the other models, indicating superi-
or performance (Son er al., 2002, 2009, 2012; Chung et
al., 2010). To further verify the suitability of the Kozak
model, we plotted residuals, which were evenly distributed
around zero for both regions (Figure 1).

Kang et al. (2017) applied the Kozak model to derive
an optimal stem taper equation that maximally reflects the
regional growth characteristics of natural P. densiflora,
aiming for high-accuracy carbon storage estimates. By
comparing volumes generated by different stem taper
equations with measured volumes, the authors found that
the bark-inclusive Kozak model provided the best fit.
Similarly, Jung et al. (2020) utilized the Kozak function
(Kozak, 1988), widely adopted in the United States and
Canada and frequently employed in Korea for stem volume

table construction, to analyze regional growth characteristics

of P. densiflora in southern areas. A notable advantage of
the Kozak model is its high explanatory power when using
DBH and total tree height in
framework, allowing reliable diameter estimations at various
heights (Ko ef al., 2019).

Therefore, the Kozak model excelled at explaining the

a variable-exponent

stem taper of pine trees in both regions, confirming it as
the most suitable equation for stem taper estimation.
Consequently, we selected this model to develop the new
stem volume table.

In the Kozak model, the user-defined inflection point

relative tree height. For
a relative height of 20%
(inflection point 0.2) was appropriate (Figure 2). Kozak

can be chosen based on

Hongcheon and Yeongju,

(1988) also reported various inflection points for different
species, including 0.25 for pine, 0.30 for spruce, and 0.20
for aspen. In an analysis of stem taper equations, Son et
al. (2012) found that

pseudoacacia and Quercus acuta in Wando, as well as Q.

inflection points for Robinia

acuta in Jeju, were 0.25, 0.25, and 0.22, respectively.

These results indicate that inflection points can vary by
species and region (Son et al., 2007).
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2. Comparison Between Stem Tapers

Using parameters from the Kozak model, we plotted the
stem taper of regional pine trees based on relative height
(RH) (Figure 3). Although it may be difficult to precisely
discern the taper visually, the diagram suggests that pine
trees in Hongcheon generally have larger diameters at
given heights compared to those in Yeongju. By contrast,
P. densiflora in Yeongju exhibits a more pronounced taper,

resulting in lower total volume.

3. Design of Larix kaempferi Stem Volume

Tables by Region

The actual stem volume of each sample tree (including

bark) was calculated via the Smalian formula, using the

measured diameter and section length. Estimating volume
via the stem taper equation requires first determining the
relationship between diameter and height at different points.
The resulting taper equation can then be used to calculate
stem volumes by applying Smalian's formula in 10-cm
increments (Son ef al., 2012). Upon comparing measured
volumes with those generated by the three taper models,
the

inclusive stem volume. Table 5 presents the stem volume

Kozak equation most accurately represented bark-

table derived using the Kozak equation.

To test for differences between the existing national
stem volume table and the newly created regional volume
tables, a Duncan test was conducted. The results of the
variance analysis are shown in Table 6.

Table 6 reveals significant differences (p < 0.05) between
the existing volume tables for Hongcheon, Yeongju, and
Jeju and those derived in this study, particularly regarding

Table 5. Local stem volume table within bark by region of, Hongcheon(a), and Yeongju(b) and Jeju(c) for Pinus densiflora

(a) Hongcheon

(Unit : D cm, H m)

o Dlem)| ¢ 8 10 12 14 16 18 20 2 24 26 28 30
5 0.0130 | 0.0216 | 0.0320 | 0.0442 | 0.0581 | 0.0737 | 0.0910 | 0.1100 | 0.1306 | 0.1529 | 0.1767 | 02023 | 0.2294
6 0.0157 | 0.0261 | 0.0387 | 0.0535 | 0.0704 | 0.0893 | 0.1102 | 0.1332 | 0.1582 | 0.1851 | 0.2141 | 02450 | 0.2779
7 0.0185 | 0.0307 | 0.0455 | 0.0628 | 0.0826 | 0.1049 | 0.1295 | 0.1565 | 0.1858 | 0.2174 | 0.2514 | 0.2877 | 03264
8 0.0212 | 0.0352 | 0.0522 | 0.0722 | 0.0949 | 0.1204 | 0.1487 | 0.1797 | 0.2134 | 0.2497 | 0.2888 | 0.3305 | 0.3749
9 0.0240 | 0.0398 | 0.0590 | 0.0815 | 0.1072 | 0.1360 | 0.1679 | 0.2029 | 0.2410 | 0.2820 | 0.3261 | 0.3732 | 0.4233
10 0.0267 | 0.0443 | 0.0657 | 0.0908 | 0.1194 | 0.1516 | 0.1872 | 0.2262 | 0.2685 | 0.3143 | 0.3634 | 0.4159 | 0.4718
1 0.0295 | 0.0489 | 0.0725 | 0.1001 | 0.1317 | 0.1672 | 0.2064 | 0.2494 | 0.2961 | 03466 | 0.4008 | 0.4587 | 0.5203
12 0.0322 | 0.0534 | 0.0792 | 0.1095 | 0.1440 | 0.1827 | 02256 | 0.2726 | 03237 | 0.3789 | 0.4381 | 0.5014 | 0.5688
13 0.0350 | 0.0580 | 0.0860 | 0.1188 | 0.1563 | 0.1983 | 0.2448 | 0.2959 | 03513 | 0.4112 | 0.4755 | 05441 | 0.6172
14 0.0377 | 0.0625 | 0.0928 | 0.1281 | 0.1685 | 0.2139 | 02641 | 0.3191 | 0.3789 | 0.4435 | 0.5128 | 0.5869 | 0.6657
15 0.0404 | 0.0671 | 0.0995 | 0.1375 | 0.1808 | 0.2294 | 0.2833 | 0.3423 | 0.4065 | 0.4758 | 0.5501 | 0.6296 | 0.7142
16 0.0435 | 0.0717 | 0.1063 | 0.1468 | 0.1931 | 0.2450 | 03025 | 0.3656 | 0.4341 | 0.5081 | 0.5875 | 0.6723 | 0.7627
17 0.0459 | 0.0762 | 0.1130 | 0.1561 | 0.2053 | 0.2606 | 0.3218 | 0.3888 | 0.4617 | 0.5404 | 0.6248 | 0.7151 | 0.8111
18 0.0487 | 0.0808 | 0.1198 | 0.1654 | 02176 | 0.2762 | 0.3410 | 0.4120 | 0.4893 | 0.5726 | 0.6622 | 0.7578 | 0.8596
19 0.0514 | 0.0853 | 0.1265 | 0.1748 | 02299 | 0.2917 | 0.3602 | 0.4353 | 0.5169 | 0.6049 | 0.6995 | 0.8005 | 0.9081
20 0.0539 | 0.0894 | 0.1326 | 0.1832 | 02409 | 0.3058 | 03775 | 0.4562 | 0.5417 | 0.6340 | 0.7331 | 0.8390 | 0.9517
21 0.0566 | 0.0940 | 0.1394 | 0.1925 | 02532 | 0.3213 | 03968 | 0.4794 | 0.5693 | 0.6663 | 0.7705 | 0.8817 | 1.0002
2 0.0594 | 0.0985 | 0.1461 | 02018 | 02655 | 0.3369 | 0.4160 | 0.5027 | 0.5969 | 0.6986 | 0.8078 | 0.9245 | 1.0486
23 0.0621 | 0.1031 | 0.1529 | 02112 | 02778 | 0.3525 | 0.4352 | 0.5259 | 0.6245 | 0.7309 | 0.8451 | 09672 | 1.0971
2% 0.0649 | 0.1076 | 0.1596 | 0.2205 | 02900 | 0.3680 | 0.4544 | 0.5491 | 0.6521 | 0.7632 | 0.8825 | 1.0099 | 1.1456
25 0.0676 | 0.1122 | 0.1664 | 0.2298 | 03023 | 0.3836 | 0.4737 | 0.5724 | 0.6796 | 0.7955 | 0.9198 | 1.0527 | 1.1941

*H: Height, D: DBH
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(b) Yeongju
o) Dlem)| ¢ 8 10 12 14 16 18 20 2 24 26 28 30
5 0.0096 | 0.0130 | 0.0164 | 0.0197 | 0.0231 | 0.0265 | 0.0298 | 0.0330 | 0.0364 | 0.0398 | 0.0431 | 0.0465 | 0.0498
6 0.0136 | 0.0183 | 0.0231 | 0.0278 | 0.0325 | 0.0373 | 0.0420 | 0.0465 | 0.0512 | 0.0560 | 0.0607 | 0.0655 | 0.0702
7 0.0181 | 0.0245 | 0.0308 | 0.0371 | 0.0435 | 0.0498 | 0.0561 | 0.0621 | 0.0685 | 0.0748 | 0.0811 | 0.0874 | 0.0938
8 0.0233 | 0.0314 | 0.0396 | 0.0477 | 0.0558 | 0.0640 | 0.0721 | 0.0798 | 0.0880 | 0.0961 | 0.1042 | 0.1124 | 0.1205
9 0.0291 | 0.0392 | 0.0494 | 0.0595 | 0.0697 | 0.0798 | 0.0899 | 0.0996 | 0.1097 | 0.1199 | 0.1300 | 0.1402 | 0.1503
10 0.0354 | 0.0478 | 0.0602 | 0.0725 | 0.0849 | 0.0973 | 0.1096 | 0.1214 | 0.1337 | 0.1461 | 0.1585 | 0.1708 | 0.1832
1 0.0424 | 0.0572 | 0.0720 | 0.0867 | 0.1015 | 0.1163 | 0.1311 | 0.1451 | 0.1599 | 0.1747 | 0.1895 | 0.2043 | 0.2191
12 0.0499 | 0.0673 | 0.0847 | 0.1021 | 0.1195 | 0.1369 | 0.1544 | 0.1709 | 0.1883 | 0.2057 | 02231 | 0.2405 | 0.2579
13 0.0580 | 0.0782 | 0.0985 | 0.1187 | 0.1389 | 0.1591 | 0.1794 | 0.1986 | 0.2188 | 0.2391 | 02593 | 0.2795 | 0.2998
14 0.0667 | 0.0899 | 0.1132 | 0.1364 | 0.1597 | 0.1829 | 0.2062 | 0.2282 | 0.2515 | 02747 | 02980 | 0.3212 | 0.3445
15 0.0759 | 0.1023 | 0.1288 | 0.1553 | 0.1817 | 0.2082 | 0.2347 | 02598 | 0.2863 | 0.3127 | 03392 | 0.3657 | 03921
16 0.0856 | 0.1155 | 0.1454 | 0.1753 | 02051 | 0.2350 | 0.2649 | 0.2932 | 03231 | 0.3530 | 03829 | 0.4127 | 0.4426
17 0.0960 | 0.1294 | 0.1629 | 0.1964 | 0.2298 | 0.2633 | 0.2968 | 0.3286 | 0.3621 | 0.3955 | 0.4290 | 0.4625 | 0.4959
18 0.1068 | 0.1441 | 0.1813 | 0.2186 | 0.2559 | 0.2931 | 0.3304 | 0.3658 | 0.4031 | 0.4403 | 0.4776 | 0.5148 | 0.5521
19 0.1182 | 0.1595 | 02007 | 0.2419 | 0.2832 | 03244 | 0.3657 | 0.4049 | 0.4461 | 0.4873 | 0.5286 | 0.5698 | 0.6111
20 0.1302 | 0.1756 | 02210 | 0.2664 | 03118 | 03572 | 0.4026 | 0.4458 | 0.4912 | 0.5366 | 0.5820 | 0.6274 | 0.6728
21 0.1427 | 0.1924 | 02422 | 02919 | 03417 | 03915 | 0.4412 | 0.4885 | 0.5383 | 0.5880 | 0.6378 | 0.6875 | 0.7373
2 0.1557 | 02100 | 0.2643 | 0.3186 | 0.3729 | 0.4272 | 0.4815 | 0.5330 | 0.5873 | 0.6416 | 0.6959 | 0.7502 | 0.8045
23 0.1692 | 0.2282 | 0.2872 | 0.3463 | 0.4053 | 0.4643 | 0.5233 | 0.5794 | 0.6384 | 0.6975 | 0.7565 | 0.8155 | 0.8745
24 0.1833 | 02472 | 03111 | 0.3751 | 0.4390 | 0.5029 | 0.5668 | 0.6276 | 0.6915 | 0.7554 | 0.8194 | 0.8833 | 0.9472
25 0.1978 | 0.2669 | 03359 | 0.4049 | 0.4739 | 0.5429 | 0.6120 | 0.6775 | 0.7465 | 0.8156 | 0.8846 | 0.9536 | 1.0226
() Jeju
HE) Dlem)| ¢ 8 10 12 14 16 18 20 2 24 26 28 30
5 0.0185 | 0.0294 | 0.0423 | 0.0571 | 0.0737 | 0.0921 | 0.1123 | 0.1343 | 0.1581 | 0.1837 | 0.2112 | 0.2405 | 02717
6 0.0224 | 0.0357 | 0.0513 | 0.0691 | 0.0892 | 0.1115 | 0.136 | 0.1626 | 0.1915 | 02225 | 0.2558 | 0.2913 | 0.3291
7 0.0263 | 0.0419 | 0.0602 | 0.0812 | 0.1048 | 0.1310 | 0.1597 | 0.1910 | 0.2249 | 0.2613 | 0.3004 | 0.3421 | 0.3865
8 0.0302 | 0.0481 | 0.0691 | 0.0933 | 0.1204 | 0.1504 | 0.1834 | 02194 | 0.2583 | 03001 | 0.3450 | 03929 | 0.4439
9 0.0342 | 0.0543 | 0.0781 | 0.1053 | 0.1359 | 0.1699 | 0.2072 | 0.2477 | 02917 | 03389 | 0.3896 | 0.4437 | 0.5013
10 0.0381 | 0.0605 | 0.0870 | 0.1174 | 0.1515 | 0.1893 | 0.2309 | 0.2761 | 0.3250 | 0.3777 | 0.4342 | 0.4945 | 0.5587
11 0.0420 | 0.0668 | 0.0960 | 0.1294 | 0.1671 | 0.2088 | 0.2546 | 0.3045 | 0.3584 | 0.4165 | 0.4788 | 0.5453 | 0.6161
12 0.0459 | 0.0730 | 0.1049 | 0.1415 | 0.1826 | 0.2282 | 0.2783 | 0.3328 | 03918 | 0.4553 | 0.5234 | 0.5961 | 0.6735
13 0.0498 | 0.0792 | 0.1139 | 0.1536 | 0.1982 | 02477 | 0.302 | 0.3612 | 0.4252 | 0.4942 | 0.568 | 0.6469 | 0.7309
14 0.0537 | 0.0854 | 0.1228 | 0.1656 | 0.2138 | 0.2672 | 0.3258 | 0.3896 | 0.4586 | 0.5330 | 0.6126 | 0.6977 | 0.7883
15 0.0576 | 0.0916 | 0.1317 | 0.1777 | 02293 | 0.2866 | 0.3495 | 0.4179 | 0.492 | 0.5718 | 0.6573 | 0.7485 | 0.8457
16 0.0615 | 0.0978 | 0.1407 | 0.1897 | 0.2449 | 0.3061 | 0.3732 | 0.4463 | 0.5254 | 0.6106 | 0.7019 | 0.7993 | 0.9031
17 0.0654 | 0.1041 | 0.1496 | 02018 | 0.2605 | 0.3255 | 0.3969 | 0.4747 | 0.5588 | 0.6494 | 0.7465 | 0.8501 | 0.9605
18 0.0694 | 0.1103 | 0.1586 | 02139 | 02760 | 0.345 | 0.4206 | 0.5030 | 0.5922 | 0.6882 | 0.7911 | 0.9010 | 1.0179
19 0.0733 | 0.1165 | 0.1675 | 02259 | 0.2916 | 0.3644 | 0.4444 | 0.5314 | 0.6256 | 0.7270 | 0.8357 | 0.9518 | 1.0753
20 0.0768 | 0.1221 | 0.1755 | 0.2368 | 0.3056 | 0.3819 | 0.4657 | 0.5569 | 0.6557 | 0.7619 | 0.8758 | 0.9975 | 1.1270
21 0.0807 | 0.1283 | 0.1845 | 02488 | 03212 | 0.4014 | 0.4894 | 0.5853 | 0.6891 | 0.8007 | 0.9205 | 1.0483 | 1.1844
2 0.0846 | 0.1345 | 0.1934 | 02609 | 0.3367 | 0.4208 | 0.5131 | 0.6137 | 0.7224 | 0.8395 | 0.9651 | 1.0991 | 1.2418
23 0.0885 | 0.1408 | 0.2024 | 02730 | 0.3523 | 0.4403 | 0.5369 | 0.642 | 0.7558 | 0.8784 | 1.0097 | 1.1499 | 1.2992
24 0.0924 | 0.1470 | 02113 | 0.2850 | 0.3679 | 0.4597 | 0.5606 | 0.6704 | 0.7892 | 0.9172 | 1.0543 | 1.2007 | 1.3566
25 0.0963 | 0.1532 | 0.2203 | 02971 | 0.3834 | 0.4792 | 0.5843 | 0.6988 | 0.8226 | 0.9560 | 1.0989 | 1.2515 | 1.4140
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Table 6. Duncan's multiple range test among stem volume table

Regions Mean N Duncan Grouping p-value
Hongcheon 0.9923 713 B <0.05
Yeongju 1.0137 713 B
Jeju 1.1751 713 A

stem volume per DBH and tree height (Korea Forest
Research Institute, 2009). Jeju exhibited notably significant
differences compared to Hongcheon and Yeongju (Table 6).
Although individual tree volumes may not differ drastically
from previously reported estimates, the total volume per
hectare can show large discrepancies. Such differences can
lead to insufficient data for sound forest management and
of domestic timber resources,

to inaccurate valuations

potentially impacting national or private property assessments.

IV. Conclusion

By integrating diameter measurements at various stem
heights and three commonly used taper equations, we
developed local stem volume tables for Larix kaempferi,
the second most predominant conifer species in South
Korea after pine (P. densiflora). The principal findings and
implications are as follows:

Among the three stem taper equations (Max and
Burkhart, Kozak, Parresol et al.), the Kozak model yielded
the best results in terms of the goodness of fit index and
other statistical measures for local L. kaempferi stands.
Based on the Kozak model, diameter values at each stem
segment were calculated, and these segment volumes were
summed using Smalian's formula to obtain total stem
volume. Compared with existing stem volume tables, the
newly derived values were higher in all three regions.

Although no statistically significant difference was found
between the two interregional volume tables, mean values
did differ slightly. Overall, the results significantly diverged
from existing tables, indicating a need for region specific
volume tables.

Stem volume tables are essential for assessing the
economic value of stands and for compiling accurate forest
resource statistics. Given the variations in growth conditions
both latitudinal and elevational even the same species can

exhibit different stem growth patterns. Hence, the demand

for region-specific stem volume tables is likely to increase,
serving as a critical management tool in timber production

and precise carbon stock estimation.
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