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Abstract

This study was conducted to provide data and stem information to establish a local volume table of Cryptomeria
japonica in Jeju Island. Stem analysis was performed on 26 trees by selecting two average trees from each site of the 13
plots of C. japonica stands in 2021 and 2022. During the analysis stage, one outlier tree was rejected, and a total of 260
observations of the specific stem height of 25 trees were used. Of the seven major taper equation models applied for
parameter estimation and statistical verification, the Muhairwe 1999 model was found to be the best fit and selected as
the optimal model. Stem shape-related estimates were acquired through the selected model, and sectional measurements
according to the Smalian formula applied at an interval of 10 cm from the height of the stem were used to develop a
volume table. A paired t-test comparison between the C. japonica volume obtained from the present study and those
selected from the current yield table by NIFoS(2020), revealed significant differences (p<0.05), highlighting the necessity

of a local volume table for C. japonica in Jeju Island.
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Table 1. Growth characteristics of C. japonica stands in study area

Diameter at

Dominant

Plots brea(st height Hzif)ht tree height H/D(%?tio Stz?seds;slity B(artj?lhe;r_le)a Stzg;% ;Zl}gne
cm) (m)

1 25.3+6.9 16.7£2.7 19.3£0.6 69.8+£15.6 1,625.0 87.7 733.5
2 26.9%£6.5 17.4+2.4 20.0+1.3 66.41+8.9 1,125.0 67.9 583.0
3 36.6+£10.5 21.7+4.7 27.6+£2.2 60.6£5.2 725.0 82.4 898.0
4 34.9+5.7 20.7+£2.5 24.2+0.6 59.9+3.2 775.0 76.1 743.6
5 43.0£8.5 22.7+£4.0 27.4%£2.9 53.4+5.4 575.0 86.9 935.0
6 31.6+10.1 19.3+£3.9 24.1+£1.0 64.3+10.9 825.0 71.5 700.0
7 26.4+5.4 18.1£2.2 19.9+1.4 69.8+£6.3 1,275.0 72.4 643.1
8 50.0+22.7 25.1+5.5 32.2%3.2 54.7+10.0 400.0 94.8 1,264.1
9 30.3+3.9 17.0+£0.8 17.8+0.5 56.8+7.1 800.0 58.7 461.3
10 18.6%£2.2 12.3+1.5 13.8+£1.0 67.1£10.1 1,425.0 39.1 241.4
11 22.1+4.5 11.5+£1.0 12.6%0.7 53.7£8.5 1,525.0 60.8 343.1
12 29.6+4.6 15.1+1.2 16.6£0.5 51.9£5.8 850.0 59.8 426.3
13 26.9£5.9 15.5£1.5 17.24£0.9 59.4+8.2 1,075.0 64.2 484.3

Total 28.3+10.1 16.8+4.4 21.9+3.5 61.8%£11.3 1,000.0 70.9 650.5
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AZ(Thomas and Parresol, 1991) ¥ H|ES4
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0 Qlek, RFRAA AL QlE 0] At A =l 71
2Rt I 5 shb= 4-8-9] WO A& =0l
7] 91eh A&4A Q0 mell At 9 2 o] o] 211 Qe
ZZodl= Aol titerrestrial laser scanning)s
ol-gsto] 7t P E Aot FESt= At
et A8 FoltkHeinzel and Huber, 2017;
Saarinen et al., 2017; Luoma et al., 2019).

MU Cryptomeria japonica)= 19008t = H
L SHA dEollA EYH o] ¢ FRA] thEAQl
FEOoR, o] FA sk A o] gpshH o] W
2} 82 ALY ZER) 7} ot G2 E T Sl 2 %
HaF o2 d#A Qth(Jin and Chon, 1987; Lee et
al., 2001; Gwon et al., 2014). ©]2{gF 4= 1970
A o] AL 38 XALFTOR Ao, |

A HA F 2F 61%0ll sligot= 3,818 ha?] W2 HA O]
A|FEof B35} It (National Institute of Forest
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Table 2. Status of C. japonica using stem analysis

Slet £ $23A4 HlL 943

Species Number of trees Ages (years) Average diameter at breast height(cm) Average height(m)
¢ von % 48 28.58 18.01
~Japonica 34— 60 16.13— 47.96 11.4—27.0
Table 3. General forms of taper equations applied to data
Model(yrs) Equations
dA* “ DaZaUXblszr bn (z+0.001)+ by + be™ + bs( D/ H)
il A
Kozak (1988) where: X, = [1.0*(hi/H)l/z}/[l-O*pl/z], p = proportional height of the “inflection
point” 0.1-0.3, depending on the species
J= a0 Dl X" b2+ b+ b+ barcsin (@) + [ 1/ (D) H+ 2) | + bl
Kozak (1994) oot 3 vz
where: X =as above, @ = [l.Of(hY-/H) } »=0.01
J=a D" oyt bal1/e ) b b
Kozak (2001) P ‘
where: X, =[1.0— (h,/H)"*]/[1.0—p"*], p=0.01
= D xte /e 0 X 01/ DI bt O b,
Kozak (2002) P i . .
where: X, = [L0—(i,/H)"?]/[1.0—p"*], @ = [10—(,/H)"?], p=1.3/H
Ind, = InB(B, + B,sin(z,7/2) + Bycos(2,37/2) + B,sin (z,7/2) /2, +
B (2000) B D+ B4z D+ B2/ H)
- B=1Insin(~ in(Zp) =13
where: B = Insin( 5% )/Insin( 5 b), b 7
Muhairwe (1999) Al: 41U'2(1 - \/g)b‘zﬂr byt 4 (by/ ) + bz + bsD+ bg(D/ H)
d, H—h, ,
Sharma and Parton (2009) S p (T (bt B
D Y H—1.37

Note: dA, is predicted outside bark diameter at %; height from ground(cm); D is a diameter at breast height (cm); %; is an upper height (m);

;

H is a total height (m); z; =

H
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; a;, b; are parameters to be estimated.

2 AT pTAA] S el getrE o s go]
A== Kozak 1988, 1994, 2001, 2002, Bi 2000,
Muhairwe 1999 ¥ Sharma and Parton 2009 5 771
o] F8 RES HE5tHTable 3). Kozak(1988)<>
719l Y2 EA|(neiloid), ZE4A(paraboloid) ¥
Y8 (conic) FHE AHWol= WH3A|4(changing
exponent)E Ahgste] @A WHFER|4=2(variable-
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Table 4. Model performance evaluation criteria(fitting and testing procedures)

Criterion Symbol Formula Optimum value
L (d:*dz‘ )
Coefficient of determination R? = = 1
£ (d—d)
Root mean square error RMSE 0
Mean absolute deviation MAD 0
i=1 n
. d—d
Bias Bias Lt 0
i=1 n
“Note: CZ is predicted diameter for the ith tree, d; is measured diameter for the ith tree, 1 is the number of observations.
Table 5. Estimated parameter of taper equations for experimental models
Model Estimated coefficients
names(yrs) @ ) a3 by by by by bs be by
Kozak 1988 1.485 0.823 1.002 0.596 -0.059  -1.219 0.511 0.120
Kozak 1994 1.592 0.836 1.001 85.406  -126.7  81.132 -38.857 -51.517 -0.281 0.003
Kozak 2001 1.782 0.840 0.616 -0.043 0.001 -0.229
Kozak 2002 1.088 0.932 0.056 0.524 -0.287 0.464 -1.534 0.054 -0.077
Bi 2000 45.716 0.984 2299  -30.239  0.004 -0.604 1.772
Muhairwe 1999 1.263 0.896 0.653 -0.880  -0.037 0.830 0.002 0.033
Sharma and
Parton 2009 1.339 -0.067  -0.228 0.488
exponent taper equation)o2 ¢ Q= BdS gt FEe 7l§tez PIEItMuhairwe, 1999).
NSHATE o] & Kozak(1994)2 Kozak 1988 7] Bi(20000= AFHE ol8dt A= JPAFH

Hro g tiiEo] 5o A8 4 = MER B
st oL, o5 (multicollinearity) 417}
wgttE ool AlZ1=E S Kozak 20013 2002
HJA] Kozak 1988= 7IfFe =& whsolf o, 7|&
Kozak 1988 ¥ 19949} H| WS o th5-3-47d0]
k= o] ltk(Kozak, 2004).

Kozak 1988 &2 A ofet e2ue} 8
5 AEAH 5 AT AFEE L Q& AR At
Bggdo]l =2 RFolx9K(National Institute of
Forest Science, 2020), =% 2 A 4=2] =113
o w2 HIH(inflection point)= FA3loF gt
Muhairwe 1999 222 Muhairwe(1993)7F HE7 o]
et =Y2E A ASH ] 9lell Kozak 1988 HH-& 73

(variable-form)2] $7+4A41
ol Q= Al 7ie] A2

WSS v

[e)
Ag ApEsigon, 4o
S 570 S0

Ll
T
7

ahRjet A o] W 2717} ke 4

5 Aole] 471} AfolS Telshe © AMgHc

Sharma and Parton(2009)-2 2F5ll4(dimensional

analysis)
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Fig. 1. Comparison of developed taper curves and observed values.
Table 6. Summary of fit statistics for taper models
Model FI RMSE Bias MAD
names
Kozak 1988 0.939 2.791 0.532 2.309
Kozak 1994 0.955 2.404 -1.145 1.810
Kozak 2001 0.964 2.158 0.500 1.767
Kozak 2002 0.985 1.368 0.019 1.013
Bi 2000 0.976 1.775 0.390 1.367
Muhairwe 1999 0.986 1.353 -0.011 0.962
Sharma and
Parton 2009 0.967 2.063 -0.007 1.560
ver. 9.4°] PROC NLIN Z2A|# 2] u|Ag Faxs deviation) 9 HO(bias)E 5l F4E Aol AT
3] F(nonlinear least squares regression)&#4-& Al 2 HAESIH O H(Table 4), ZF mdl o] A A5 2t
At £ vlisto] A7 AR08 4 ot H1e] 5
HRAAE HsAh
2.3. SAH A4
247} al 1zt
Akaike Information Criterion(AIC)® Bayesian 3.zt R
O H|=ZZ] -
Information Criterion(BIC)< HIZ%( non- nested) 31 AZKDMAl DA 2
2Yg vlEa] S Bel dgED gt AP B 1 AR e 2
7]&0|tHGregoire et al., 1995). 2134 &2 A9] 74 Kozak 1988% 2] 7% ¥ (inflection point)

$ ZF 7t Ao o §h BEg 4 (response variable)
7} 5 FYskA] 971 wj2el AICSt BICE &3t A%
AASS HdotA] @t mEhA] B dFes ARAS
(coefficient of determination), 2AFAlE(root

mean square error), HAtHHXmean absolute

pE AAsIok ste, $7540) BRRe YI=EA
A A5 Mz o] AF

o ZELAAZ v = A8 A
4 Fol= U479 2719 AEglo] F(fE) WellAl 4
Attt 987 vF tk(Kozak 1988). Kozak 1988

2R gD b $5HE 4o ANE WP
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Fig. 2. Stem taper curve pattern for C. japonica stands distributed in Juju island.

0.2°]M(NIFoS, 2020), 71& A+ 42" Kozak
1988 B2 Bt AlF L Aol =714 4] e
] Kang et al.(2015)= 0.2, Seo et al.(2015)2 0.22
2 HHS Ag5hvp 9tk Fig. 12 AA =4 74
a2 EEeL e Aol IAE YEerd
Ao Ho4al 20% A-FANA HLRo|EAZE 2E
AAZ v = Aol 1= e, 7|29 A4E &
AFst B3RS YERo] 2 AF4 9] Kozak 1988 &
dlof| thet BEH-E 0.22 2453t

dlof thgt HlAdY Haatks
SAEA oo FA A A4 4L Table 59 2t} Bi

A F 47124

20001 A= Alofet RE R AR oz 2)4
ofl sigshe 2 A E710 tiet A&z o

Abh £7rad Z7gu)ge] wHgte] mItr]o] itk
(McTague and Weiskittel, 2021). &, 49| Z|$&= 5
rard 7] S U AR B FFof ohE o
et oAl o] ejofl ofaf Ala: gk M9l g &
2 UEA] gt dvtdo s A4 (fixed
parameters)$t HA(random parameters)”F &
Eo] = FaAAe] SR P (mixed effect
model)ollA EHHSD, H Bl t-8-5k= vlifiHs
= i 252 2 45 &2 Hebdit(Zhang et al.,
2021). whehA] SRR O] F27F HlS:% Kozak 1988
|, 199400 NEE mElo] xE2] 9 9 £ &
A& Uetlie WS @) ~ a7t SAYSHA
Ao, Kozak A} TAH oef R
o g3k mifES a, 2 AlQS RE A
A ookt § 9= EA =S

o 327 Ato| mbE 7y B o] =714

ko

wp, 1

v w3t A3t Kozak 1988, 1994

N ERE={E)
S =2 YergthFig. 1). ©]
88, 1994 o Ao 27t oHE iyl
Aj4=ar0] Hate] w2 27 o] Mgt
=[10—(n/H)"?]/[1.0—p"])
Folatal HWorEct 7HEA of sfidsh
Kozak 20017 Sharma and Parton 2009 22
2 aH 2 A Bo] Zo| Fo 2 7Htke &
HE Holx it Tt Ale] 27} Thotal §
7t gR 22 Ao] ggAdo] yr El HjtJo] o
o= 9ol otY™, Kozak(2004)9] dA-tef JshA
Kozak 2001 222 Kozakell 23l HeE o2 374
o] mdHEct 3w 7Hs?t  =ol(merchantable
height)9] &4 71 A3kt Z o2 Yepyitt, 4
H ES4E HE8S BE AL #EX Y] S
HES Fifste] FAHIGNA @77t EASHA] ¢E2
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2 AFolA FHH 7709 B gt 344 A
A= Table 63 ZoH, AFk 4Rl 7 &
2t 2492 Muhairwe 199991 A& Uehyth Ak
o AFEL A H 9] ARe] tigk 770 A4S
2835 A4 (Lee et al., 20178 T GHAS Betula
alnoidesE W22 28719 &, 2 2 7= 9
FRAAE A-839F A7 Tang et al., 2017)°4 £
Aot FAFSHA Muhairwe 1999 2@ 9] A7t 7t
Z =A et ot E A Hof Ao 7Fed B



AFE AR AR TS 5 T8 $P44] v 947
Table 7. Stem volume table for C. japonica in Jeju island forests (unit: m%)
BH(cm)
8 10 12 14 16 18 20 22 24 26 28 30
Height(m]
5 0.0099 0.0161 0.0233 0.0315 0.0404 0.0500 0.0601 0.0707 0.0817 0.0931 0.1048 0.1167 0.1288
6 0.0120 0.0197 0.0286 0.0387 0.0499 0.0619 0.0747 0.0882 0.1023 0.1169 0.1320 0.1474 0.1632
7 0.0142 0.0232 0.0339 0.0460 0.0594 0.0739 0.0895 0.1058 0.1230 0.1409 0.1594 0.1785 0.1981
8 0.0163 0.0268 0.0392 0.0534¢ 0.0690 0.0860 0.1043 0.1236 0.1439 0.1651 0.1871 0.2099 0.2333
9 0.0185 0.0304 0.0446 0.0607 0.0786 0.0981 0.1191 0.1414 0.1649 0.1894 0.2150 0.2414 0.2687
10 0.0207 0.0340 0.0499 0.0680 0.0882 0.1103 0.1340 0.1592 0.1859 0.2138 0.2430 0.2731 0.3043
11 0.0228 0.0376 0.0552 0.0754 0.0979 0.1224 0.1489 0.1771 0.2070 0.2383 0.2710 0.3049 0.3400
12 0.0250 0.0412 0.0606 0.0828 0.1075 0.1346 0.1639 0.1951 0.2281 0.2629 0.2991 0.3368 0.3759
13 0.0272 0.0448 0.0659 0.0902 0.1172 0.1468 0.1788 0.2130 0.2493 0.2874 0.3273 0.3688 0.4118
14 0.0293 0.0485 0.0713 0.0975 0.1269 0.1590 0.1938 0.2310 0.2705 0.3121 0.3556 0.4009 0.4479
15 0.0315 0.0521 0.0767 0.1049 0.1366 0.1713 0.2088 0.2491 0.2917 0.3367 0.3839 0.4330 0.4839
16 0.0337 0.0557 0.0820 0.1123 0.1462 0.1835 0.2239 0.2671 0.3130 0.3614 0.4122 0.4651 0.5201
17 0.0359 0.0593 0.0874 0.1197 0.1559 0.1958 0.2389 0.2851 0.3343 0.3861 0.4405 0.4973 0.5563
18 0.0380 0.0629 0.0928 0.1271 0.1657 0.2080 0.2539 0.3032 0.3556 0.4109 0.4689 0.5295 0.5925
19 0.0402 0.0666 0.0982 0.1346 0.1754 0.2203 0.2690 0.3213 0.3769 0.4357 0.4974 0.5618 0.6288
20 0.0424 0.0702 0.1035 0.1420 0.1851 0.2326 0.2841 0.3394 0.3983 0.4605 0.5258 0.5941 0.6652
21 0.0446 0.0738 0.1089 0.1494 0.1948 0.2448 0.2992 0.3575 0.4196 0.4853 0.5543 0.6264 0.7015
22 0.0467 0.0775 0.1143 0.1568 0.2045 0.2571 03143 03756 0.4410 0.5101 0.5828 0.6588 0.7379
23 0.0489 0.0811 0.1197 0.1642 0.2143 0.2694 0.3294 0.3938 0.4624 0.5350 0.6113 0.6911 0.7743
24 0.0511 0.0847 0.1251 0.1717 0.2240 0.2817 0.3445 0.4119 0.4838 0.5598 0.6398 0.7235 0.8108
25 0.0533 0.0884 0.1305 0.1791 0.2338 0.2940 0.3596 0.4301 0.5052 0.5847 0.6684 0.7559 0.8472
A= e F2& 2 cm %(rounding off)& &85kl 4
Kozak®] 4714 B4 F Kozak 2002 22 <] 23} T 5mE ]Z 02 1 m ZFE B85t =74
T7t 7P =92 H, Kozak 1988, 1994 RE2 71 He 31 10 cm HEHerR HAAHE FHSHL,

2191 Kozak 2001 REHET} A3rrt Y2 Ao=2
ERT}. o] H&et ool o] Kozak 1988, 1994 &
g 9] o354 (multicollinearity) A7} EAY51
tjo]e] Ao 84 gk nxl At} g, 2
04:1194 Az AFE shtRel 2857100 AgtstA]
20 2 LT

24
=

2 782)
= 4o ol A1} A
Muhairwe 1999 nds B 3t
FAHRE AZstarhFig. 2,

=
= &9l &=

|2

3|

=
—|7EIL6_

Smalian}ef| &gt FEFLAH 0 2 AE5HTHSon et
al., 2012 Kang et al., 2014).

2 AFE Bl AlFE A w50 @A
O] =7 A B} H| oS off, AA = ZAS
A ' AT -’,\—7}1}17;1&7} wGo o2 yeigon 1
9] i =A el tH(Table 7). o2t DBH

a4 ] ]/\1—4 BAEA] 2ol & FeotA
£ T-test& A P53t

EE

3 ol

=

0

H]

D:

rel

—'FZJZH@.E(National Institute
of Forest Science, 2020) 2 7|& Ak AUF =71
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Table 8. Statistic of the paired T-test of this study and other studies

Volume(m?)
Standard DBH, height

(cm. m) This study Seo et al. NIFoS
(2022) (2015) (2020)

56 0.010 0.008 0.009
8,7 0.023 0.020 0.021
12,10 0.068 0.060 0.063
16, 12 0.135 0.123 0.128
20, 14 0.231 0.220 0.223
22,16 0.313 0.302 0.304
24,17 0.386 0.380 0.378
28, 19 0.562 0.573 0.558
30, 20 0.665 0.690 0.665
P-value 0.631 0.002

Table 9. Comparison of volume estimations obtained by this presented stand and the current volume table of NIFoS, 2020

DBH(cm) Volume differences(m?)

Height(m) 6 12 18 24 30

5 0.001 0.002 -0.001 -0.007 -0.019

10 0.002 0.005 0.005 -0.001 -0.012

15 0.004 0.008 0.010 0.006 -0.006

20 0.005 0.012 0.015 0.012 0

25 0.006 0.015 0.020 0.018 0.006
A Azt Bt A+ BIKSeo et al., 2015)2 H] oA 273287l Bls 257 msfol] ofgh £ A
WSHHTH(Table 8). stof| 9|3t 7| DBHS 1L Sz 2AETF 2 AT 250 A E I} L
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