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Abstract: This study was conducted to develop models of the xylem volume utilization rate and merchantable log
utility rate of the Japanese larch (Larix kaempferi [Lamb.] Carriére), a major commercial species in South Korea. To
develop these models, models were fitted together for the xylem volume utilization rate and merchantable log utility
rate to the total stem volume. Data on the logs bucked by cut-to-length usage in the forestry field were used for
modeling, and the tree diameter at breast height (DBH) and small-end diameter of the last log were used as major
predictor variables. Considering the difference in the bucking rate between all logs and solely long-length logs, the
models for merchantable log utility rate were classified into two types: short- and long-length logs as well as only
long-length logs. Consequently, the models were significantly developed, and the predicted values showed high
accuracy within the range of observed values. The tables for bucking rate by cut-to-length log usage were finally
provided by applying the models of the xylem volume utilization rate and merchantable log utility rate. Because the
bucking rate for all logs and long-length logs can be easily calculated with the easy-to-use DBH and the required
small-end diameter of the last log, the developed models are highly expected to be applicable for predicting the timber
assortment using the cut-to-length log usage.
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CH(National Institute of Forest Science, 2016).

=W 24 Oq?‘h Kim (1963)°] ¢]59] o]-&A2 |
sl 3t AS ARe R 2Afle g 5 o A
7} 43 =o] th(Kim and Park, 1969; Park and Kim,
1978; Park and Chae, 1979; Woo et al., 1987). ©|% Lee
et al. (2000) AR HALRE gjaro 2 27kAs) 2ha
£ Bgstol HaupAel the 2AE 2HAL A
slgon, sjo Eagjﬂr glole]lE Z7}5to] Son et al.
(2016)2 47+ o|-g3to] T ZAYEE R0
st elels 4 eelaot deRG 2
E(MR) mizt A] 7129 2AE&S A85tH o] & Fsdt
o] Dok A Ho] B, ARIUAE FAIE
& B Qe 5 2AL) BARE 2T5H: A}
HIWs] Hhgsto] S ibgapstlo = Alat 2A&EE
A A3 th(National Institute of Forest Science, 2016).

Z A5 YA (Cut-to-length log)= A, A 5-9] 7]
zow R Sgol wet A3, T4, WA, 62
S 2ol7] g Y52 Sgol u
e 7142) Zjol7t 2w, 55 pAel ARAE S0
52 AlA=(Sawtimber) &2 25 o] & 7HH 0= of
=] 31 9Jth(Korea Forest Research Institute, 2013; Korea
Forestry Promotion Institute, 2024). 7]£9] AR & 23]
&9 %ﬂ 05?011*15 olz|jt ARt A SFIAIRE, =3t
A1) ABFZES ol 43t ABH oM A e
B35 A BN WA A A AR E B
B2 o]|Ro]x]A] &QFtHKwon et al., 2007; Kwon et al.,
2013; Son et al., 2016). o]0 wa} WA E3] t)ZZAA o
et Fadow A A ol gt AF AR 5
=] 7| = S} THLee, 1. et al, 2017; Lee et al.,, 2024).

PR = dH o] FHARE 0|83 o]-§A 4]
A7 ST o] ZAEE A5IT §7 o A E
= A3l YehEdminster et al.,, 1980; Honer, 1967; Spurr,
1952; Van Deusen et al., 1981). ¢]& A= E 17128]5}9]

mlo
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zH .H iy xH

A AEE AlSdhe FeAAE 7 %‘a‘ﬁﬂ, sud
7y 4= AYARAY Xﬁz‘iﬁg Agdhs 5 AE2A dd
A7l 2Hs] 8 Elo] $hriMesavage and G 1rard, 1946;

Wiant, 1986; Mawson and Conners, 1987; Scrivani, 1989).
53] f5o] g ikt vlso] o AAIe =2A
[ vl ek AE A Tl EAe =
A HEE dSdte Bdo] x&HHoR JfUEIL gtk
(Burkhart et al., 1971; Burkhart and Sprinz, 1984; Burkhart
and Bredenkamp, 1989; Keys and McGrath, 2002; Amateis
and Burkhart, 2005; Steenberg et al., 2023). “L2{L} =+ o]
A Aol that 2% 24T e dTant

A13E A3E (2024)

3 Ao R A&HAQl A7 a4F AL Qlrh
= A= 51”41 T8 BATEQ DS Larix kaempferi

= A5k S el Zagh A
xﬂ—r—o}j_x} 34t oS 93| 22
2 o] 850 i3t mdl sty ¢
g g AAE A& w4

le AAE vk s

1, Xtz
A EE FHE
HARA Ao A =3 =
= agem A5, XH ol
7)ol wheh AA AgdoldR 2 i &
o] qlt}. RN Y TUFREE LgEAE 2Y 5
‘il% 3.6 m&] AAA7E sk 4= =g 2AE S
94 A7 o ol 2AE 4§l 2.7
m, 2. |

A l‘IPEHl m, 1.8 m= ZXHl‘cl"*ﬂr Bikcs on
AuAFos BaEe neh X AR B
A2 FEA5FHtH(Korea Forest Research Institute, 2013;
Korea Law Information Center, 2023; Korea Forestry
Promotion Institute, 2024).
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meter), Y2 ZGROMEAE, Small-end or top diameter)<
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Table 1. Summary statistics of the data collected from the felled trees in study sites. The statistics of diameter at breast height
(DBH), top diameter, and volume indicate the corresponding values outside bark.

Felled trees (n=320)

Top diameter (cm) of last log of a tree

Statistics

DBH (cm) Height (m) Volume (m®) long-length log short-length log
Mean 24.1 233 0.7206 14.9 10.1
S.D. 8.0 42 0.6717 3.4 1.9
Minimum 11.2 12.0 0.0534 7.8 5.7
Maximum 66.0 35.1 3.9566 27.8 15.0

i’iD}(Table D).
3 Ao A A AFHRME,
Log volume)2 AE2]9H4](Smalian’s equation)S ©]-8-5}
, U9 T A A (REMATE, Tree stem volume)
= ]% (#ITEP, Ground part)o]] /q 2= H(FEES, Tip
part)7HA] Ao 2 Holr|glom, = YAAAE, L7|E &

A2 B4 240 ARGRTE HH, Sump volume), 28
AL B3 2T 8 A H(HEEEE #MFE Cone volume)S T
3t ko] EZIA o2 AREQtH(Lee, I et al., 2017;

Lee, 2018). 12 A5tof|A] o]- 824 (FI#1#E, Merchantable
volume) F-& AL 2elne} 2ERE Aol U8
A (JEARMEE, Log volume)2] Fo =2 A o) ¢l ti(Figure
1). ZA&(EMZ, Bucking rate)S 9] 14S E3 AlAke
SER JuAA o SAe) A vg R
7 oJ51 %l th(Son et al., 2016). A A o|-GE(REES
MFEF AR, Xylem volume utilization rate)S >3] L3} 4=
A F oA =749 HER, Y5 o] &E(FEA
FIFH=R, Merchantable log utilization rate)> 43 335} Q&
M2 mdo weh =u) -9 AR A ] vleR A
A}t
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et al., 2000; Son et al., 2016). H o
Sols shefolel F42) Bergae s ool
thgro@ o]2ojxl AseT el §elgktlo] opd % v}
sholEE PAE 4] 12 o83ttt 4% ol8% mEM
G of Rof whef A glen, A A ¢
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Figure 1. An illustrative figure of each volume part from a
standing tree with a total of n logs for definition of this study.
The log length and the number of logs were randomly chosen
for demonstration purpose.

= gpabek ARG WAL SRR FET A9
Q172 Fslel 4] 33} 4] 4] Wl WAL usiet
(Burkhart, 1977; Son et al., 2016; Lee, D. et al., 2017).
2 AL Qg R EAAZE0](R version 4.3.2)2]
nls9} Im TS o] &3FATHR core team, 2019).
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W: Xylem volume utilization rate with a scale of 0-1 or
a ratio of total wood volume to total stem volume,
D: Diameter at breast height (cm) outside bark,
In(): Natural logarithm of a number inside parenthesis,
M: Merchantable log utilization rate with a scale of 0-1,
exp(): Mathematical constant approximately equal to
2.71828 or Euler’s number with an exponentiation
of a number inside parenthesis,
d: Small-end diameter (cm) of the short- or long-length
log produced at the highest point of a tree depending
on the model type,

a;, a, az: Model parameters.

U= o] &E 2EO A, 2o wE RS Eo)]
sko] FANES e

e gk wdlg JrEske] 7f
Frde] glojels =W 5 14 A4S A
£ LB AEA, Sawlog) 0.2 # 31% XH’&} 3.6 m,
2.7 m AYAAYE A 2, HZ-Z(Pulpwood)
2.1 m, 1.8 m ABAAYE AR 2 18ste] BAS z_]‘(lj?‘; ik
(Korea Law Information Center, 2023; Korea Forestry Pro-
motion Institute, 2024). 7t BAEL A H=3] &
o] vy} vluste] AFES HAAL £, Y
o8 8 12 A FuAAT ar w4 olel 1
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2). F 24 nE: gatugls o3 oz 2AE|g o
U, 4 19] 04 mde] BA] AFARRY) V1%
0.0193 E‘] %9\}:_1__ Z-]E—__zr_‘g?_i].(syx) 7 T_r__ 0.0133 El \%]_9\)1\_

th 53] Wy 2Eo] A9 o vietuE 7} 098212 45

A13E A3E (2024)

o] s o] &EZHA] ML UE =, Ao
A sl 095419 $A18 o sholE g}
(Son et al., 2016).

B oaga A2 vad 23, AT T 2
e Q= TAR A2 o]8-Eo] Uk thFigure 2). 2 ¢
Fo] md] o &7k 7]Eo) N Son et al.(2016) 79
of vlsh Agol A4S ol HAF o] &Aool ¥ WA U
BT} Son et al(2016) HEL BE 7oA 85%-93%
S dZaiT, 2 AFe] HUS 18 em ofa} £ATFA
5% oA} o 2R Zlo 2 el tFigure 2). 1L AA
Eo] 2 AAE|= T A7 30 cm ©|AF L7 A x}

o] 2.3% u]uko| 11, 40 cmoj A= 1.0% o|3}2 4] 7

o] AW ol ZgHe] Aol ulustgic.

Mol HHl Aot ol g PREA, wd
Ao AFEE, Y2E Yo, BAGSA o] Holshe
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BB, SUBHAS Bl ol GBS B uhY, B
AT Al oA 919 WS S AEsHoict
AYATE AN SHE ERARI gob AN
A% QES 5 ok B A7et ol 4o Belel 4
L Fol7} BRlE|iek. whebd hpR Mo R o B
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Figure 2. Xylem volume utilization rate by model type. The
predicted lines were displayed with the modeling data points
and compared with the ratio of wood volume inside bark to
stem volume by Son et al. (2016). DBH: diameter at breast height
(cm) outside bark.

Table 2. The estimated parameters and fit statistics of the models for predicting the xylem volume utilization rate.

Equation Model Parameter ~ Estimate S.E. t-value Pr > |t R? Syx n
) Wi aj 0.9821 0.0130 75.57 <0.0001 0.3030 0.0370 194
a 2.9549 0.3564 8.29 <0.0001
)] Wa aj -0.0282 0.0125 225 0.0254 0.2837 0.0437 194

a; -2.5553 0.2930

-8.72 <0.0001
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Table 3. The estimated parameters and fit statistics of the models to predict the merchantable log utility rate to total stem volume
for all types of cut-to-length logs including short- and long-length logs (MVS).

Equation Type Model Parameter Estimate S.E. t-value Pr > |t| R? Syx n

3) dob MVS, a -0.4146 0.0450 -9.22 <0.0001 0.5310 0.0275 191
as 2.2634 0.1512 14.97 <0.0001

dib MVS, a -0.6161 0.0756 -8.15 <0.0001 0.3462 0.0582 191
az 1.2497 0.1316 9.49 <0.0001

4) dob MVS; a -0.2519 0.1298 -1.94 0.0539 0.5372 0.0274 191
as 2.2633 0.1773 12.77 <0.0001
as 2.1154 0.1619 13.06 <0.0001

dib MVS, a -0.8526 0.3224 -2.64 0.0089 0.3571 0.0577 191
as 0.9794 0.1566 6.26 <0.0001
az 1.1944 0.1262 9.46 <0.0001

Note: dob is small-end diameter outside bark (cm) of the cut-to-length log produced lastly at the highest point of a tree. dib
is small-end diameter inside bark (cm) of the cut-to-length log produced lastly at the highest point of a tree. n is the

number of sample trees.
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CH(Table 3). 22 4=1]3Z3}t 0|-2-2 %) (Merchantable volume
for short- and long-logs outside bark, MVS; and MVS;)i}
a4 2] o]-8& & (Merchantable volume for short- and
long-logs inside bark, MVS; and MVS,)2 &=, Z}
=uo] o Wgk 4 3, 49} Zo] FuART HAT
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A&} w27 o] AREE Gl A 35 o]&3F BA(MVS,,
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= Al3lo|th(Honer, 1983; Alegria, 2011). =W 4 a3
S aPstd s ARESHA] 92 WRlol S WeE
Lol Asprlol 7stel A80] €% ek ufeha,
2 Aol FAAAF T 4w AR T

5 o @M=
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Figure 3. Predicted merchantable log utility rate to total stem volume for all kinds of log length including short- and long-length
logs by model type for volume outside bark (left column) or volume inside bark (right column). The predicted lines were
displayed with the modeling data points and compared with the previous studies by Son et al.(2016) and Lee, D. et al.(2017).
DBH: diameter at breast height (cm) outside bark. dob: small-end diameter (cm) of the last log of a tree outside bark. dib:
small-end diameter (cm) of the last log of a tree inside bark.

(Figure 3). TLA 02 &2 wdl Hrof A3 e1e}e] Al mEy do] A fFolgE KAk U2} o]
H] | ol&7kS 183te] MVS, 2ELS F @E‘fi_‘i A &2 Z(Merchantable volume for long-logs outside bark,
A3t MVL;, MVL;)3} 4=1]#] 2] o]-&4) Z|(Merchantable volume
for long-logs inside bark, MVL,, MVL,) S & LE3}o] 7

3. T E=Z0IBE Lohich HHo] o SHa= A 3, 49F o, WA
EE AL GAE AB 168 o R A o Hithla YA A gate sk me 29

AZol g% BUL Auston], wd setuel mE o meh AL 43 EFHMVL, MVLy) gkt 5517

fO)20E HFFE LN Table 4). 3 R doleli ] GUMVL, MVL) grol AH§E9Ieh 4] 32 0§ MVL,

m RIS} 5 27 m AT FAELOW, A MVL,S} 4 45 o] 83 MVLy, MVL, 7ke] mdl A2l

A8 m 20 m WA BB Gk S AL Aol 24 gike, AR of 5 folaie o)

H Qe o UBolg muo] W] Wi enlEvt 24E A30] TA MVLT MVL,E HER

off AR A o=
Aghey. o] WpHe 4743

PRYEc B2 QR Sk @R AYsrkTable 4). MVL, B9 Ao SulAe]
YuAH] o UB oGBS HE T 4 YA, AYASE o Bu

Hi T /v\j_ p84
AEEE A8 E Pt dole B4 ZHolA Hol7k 57k B el A 5T 4 ok MVL, Bdlo] &
oleKSon et al, 2016). whebd, Aol & ZmA) AR S Tha FREICKTable 4).
& ABGawlo)?] o[ FAHS T B9, B AL A FuAg L L] BE =g mduR vjop
ABo|gE mdo] 483 wlw-PED & 9Urk shaix, oA Yol gEol BEHZ 10 em, 14 m,
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Table 4. The estimated parameters and fit statistics of the models to predict merchantable log utility rate to total stem volume

for long-length logs (MVL).

Equation  Type Model Parameter ~ Estimate S.E. t-value Pr > [t R Syx n

3) dob MVL, a -2.0888 0.3247 -6.43 <0.0001 0.5415 0.1388 163
az 3.5698 0.3310 10.78 <0.0001

dib MVL, a -1.8658 0.2248 -8.30 <0.0001 0.5412 0.1334 163
az 2.6586 0.2321 11.45 <0.0001

4) dob MVL; aj -6.2078 5.2818 -1.18 0.2416 0.5471 0.1384 163
ax 2.4365 0.2864 8.51 <0.0001
as 3.0126 0.2771 10.87 <0.0001

dib MVL, aj -6.6103 3.8999 -1.69 0.0920 0.5713 0.1293 163
az 1.6314 0.1955 8.34 <0.0001
as 2.2663 0.1872 12.11 <0.0001

Note: dob is small-end diameter outside bark (cm) of the long-length log produced lastly at the highest point of a tree. dib
is small-end diameter inside bark (cm) of the long-length log produced lastly at the highest point of a tree. n is the number

of sample trees.
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O god
Qo
re)
8 60 A
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®©
<
S 404
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Merchantable long-length log utility rate (%)

Volume inside bark
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201 © o === dib 14cm
0 Model: MVL, — -+ dib 18cm
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40 -
20 A
0 Model: MVL,
10 20 30 40 50 80
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Figure 4. Predicted merchantable log utility rate to total stem volume for only long-length logs by model type for volume
outside bark (left column) or volume inside bark (right column). The predicted lines were displayed with the modeling data
points. DBH: diameter at breast height (cm) outside bark. dob: small-end diameter (cm) of the last log of a tree outside bark.
dib: small-end diameter (cm) of the last log of a tree inside bark.
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Figure 5. Bucking rate of merchantable volume to total stem volume by model type for short- and long-length logs (left column)
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Table 5. Bucking rate (%) for short- and long-length logs with applying the developed models of W; and MVS; in a form of
multiplication.

Small-end diameter (cm) of the last short-length log of a tree outside bark

DBH (cm)

6 8 10 12 14 16
14 76.3 72.1
18 81.5 79.0 75.6
22 84.7 83.0 80.8 77.9 74.6
26 86.9 85.7 84.1 82.1 79.6 76.8
30 88.4 87.6 86.4 84.9 83.0 80.9
34 89.6 88.9 88.0 86.9 85.5 83.8
38 90.5 90.0 89.3 88.4 87.3 85.9
42 91.3 90.9 90.3 89.5 88.6 87.6
46 91.9 91.6 91.1 90.5 89.7 88.8
50 92.4 92.1 91.7 91.2 90.6 89.9
54 92.8 92.6 92.3 91.8 91.3 90.7
58 932 93.0 92.7 92.4 91.9 91.4
62 93.5 93.4 93.1 92.8 92.4 91.9

Table 6. Bucking rate (%) for long-length logs with applying the developed models of W, and MVL, in a form of multiplication.

DBH Small-end diameter (cm) of the last long-length log of a tree outside bark

(cm) 10 12 14 16 18 20

18 65.3

22 76.4 68.1 57.1

26 82.3 77.3 70.1 61.0 50.3

30 85.8 82.6 77.9 71.6 63.8 54.7

34 88.0 85.9 82.7 78.4 72.8 66.0

38 89.5 88.1 85.9 82.8 78.8 73.8

42 90.6 89.6 88.0 85.8 82.9 79.1

46 91.5 90.7 89.6 87.9 85.8 82.9

50 92.1 91.5 90.7 89.5 87.8 85.7

54 92.6 92.2 91.6 90.6 89.3 87.7

58 93.1 92.7 92.2 91.5 90.5 89.2

62 93.4 93.2 92.8 92.2 91.4 90.4
Lee, D. et al(2017) ZRBC} B A7) 2Ajgo] W o] givka werE,
i A2, B, dole) B40] th2y] iRelel 29| JPMATAME Bwoh o YR Syo
AR Z ARATE BT Gl A RS AT Aold U 4% 9 P45 ueiste] 248
ZARog HHE IS FYUst 78 (9 =31 0.2 m, 1.2 Y-S G5 A|Estar drh(Mesavage and Girard,
m,32m, 52 m, .. S)OZ £H3¥, FIAH, 511, 1946; Wiant, 1986; Mawson and Conners, 1987; Scrivani,
ARLT SO ghgste] 7144l B2 o]Hg A4 1989). Son et al.(2016) = ©+9] TUSHE BES A4
& stk o] B AT A4 A U8 Y Slof Qi BAS wrelshA kgl B A Ao
of whet theft doj(1.8 m, 2.1 m, 2.7 m, 3.6 m= A AR ARAYSAS Z3ste] F7H4}] i S W
Ao} BLE FEoo] A W AL AT o geba) 2 SRk meba, P Aol Mt otk o)
So] 2 AFARE A4 ik Aol wet o2 Ale) YR EAS TEY Be B SN U B4 F
(B2, cross-cut allowance) &2 <13t A &gk Zjo], Wz U & z2Ae =do| Au=E Dot Q)
A Al ghEom QI AR B4, FE ool et A 9 AnE Ediz FHF AEE =Ae HHBRS,
2 BgEX) 2o A 5 TR 89150] MAHUS  BRL)S ol §dlel 2L ES AE of ] 24E
T U7 w2l FiA s W AR 2AE0] A= Fe A BAAE 2= 3 Table 59F ATt
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