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Abstract: The aim of this study was to derive stem taper equations for Quercus acuta, one of main evergreen broad-leaved
tree species found in warm temperate regions, and to prepare a stem volume table using those stem taper equations.
A total of 688 individual trees were used in the analysis, which were collected from Jeonnam-do, Gyeongnam-do, and
Jeju-do. The stem taper models applied to derive the stem curve pattern were the Max and Burkhart, Kozak, and
Lee models. Among the three stem taper models, the best explanation of the stem curve shape of Q. acuta was found
to be given by the Kozak model, which showed a fitness index of 0.9583, bias of 0.0352, percentage of estimated
standard error of 1.1439, and mean absolute deviation of 0.6751. Thus, the stem taper of Q. acuta was estimated using
the Kozak model. Moreover,thestemvolumecalculationwasperforme d by applying the Smalian formula to the diameter
and height of each stem interval. In addition, an analysis of variance (ANOVA) was conducted to compare the two
existing Q. acuta stem volume tables (2007 and 2010) and the newly created stem volume table (2023). This analysis
revealed that the stem volume table constructed in the Wando region in 2007 included about twice as much as the
stem volume tables constructed in 2010 and 2023. The stem volume table (2023) developed in this study is not only
based on the regional collection range and number of utilized trees but also on a sound scientific basis. Therefore,
it can be used at the national level as an official stem volume table for Q. acuta.

Key words: analysis of variance (ANOVA), Quercus acuta, evergreen broad-leaved tree, stem volume table, kozak model
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(Parresol et al., 1986; Newnham, 1992).
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Table 1. General characteristic of sample plots in Quercus acuta.

Growth factors No. of DBH Height

Species sample trees (cm) (m) Tree age
688 _10.6 _ 105 3
Quercus acuta T1—%9 ST Yoy

TJoe ggsigon, oS Ae] Hej Table 29} 2th.  Hrh o] mye =} AurielA Qe o] gH ek
Max & Burkhart 28(1976)2 $=-71& A RO 2 UH (Figueiredo, 1995). Lee41(1999)2 L-gitetofA= A

of 27he] WRAHoIA Aok BERES T Aegmented  AHE FABAA 0 SRE| S 2RE R oz
model regression) 0.2 57b4 F4o] Bol o[ §H 9 o=, EEAW, E2A - 958 U A%gon prs
onl, 3hy Wold AW B TG AP olFoldl o] Ao EET Ao, IWE AURY 224
v} QIti(Cao et al., 1980; Parresol et al., 1986; Clark et al., e L Sof FL3t v} Yt

1991). Kozak X 3(1988)-2 W aFX]4=4](variable exponent

taper equation) &2, 7S & RO E LEal skt 2) FUFARFY FAA HA
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Table 2. Taper equations selected for this study.

Model Taper Equation

2
d= DBH¢ by = D+ by(Er =Dt by(ay =)+ by(ar— )7,

Max and Burkhart where d = diameter outside bark at height (cm)
(1976) DBH = diameter at breast height outside bark (cm)
h = height along stem (m) =1 if k< .
H = total height (m) > H g
bj = parameters 0, otherwise
a; = parameters (i=1; upper, i=2; lower)

2 Nea z _DBH
d— alDBHazaé)BHX 612" + by In(Z+0.001) + 0,V Z + bye” + by ()

where Z = relative height ( = %)

Kozak
(1988) . [
X = ﬁp—L p = fl_[]l, HI,; inflection point)
a, b; = parameters
T [(:1 . (i)z +c (i) +(:4]
Lee dac:bl'DBHg'(lfﬁ) " "
(1994)
where J}i = relative height
Table 3. Statistics for evaluating performance of taper equations.
Statistics Equation
Fitness index (FI) FI=1-3NYi— )2/ (Yi— Y)?
Bias D=3Y,— V/n
Standard error of estimate as percent of the mean (SEE%) SEE% —/ (ei—B)z /(N—1) /T/X 100

Mean absolute difference (MAD) | D| = 2 (Y~ /}7)|/ n
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Kok 2905 J/LLR $URAE £2T A7
2007 o] Son et al.(2007)0] =343t v} QJ31, 2010  of| =
Chung et al2010)0] ©J3} A7 u} Qli=r], 2007 =
Y3t ALof A 2] Kozak & 2] ¥33d-2 0.25, 201012
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Table 4. Parameter estimates for three taper equations in Quercus acuta.
Modl Max and Burkhart Kozak Lee
Estimate S.E. Estimate S.E. Estimate S.E.
a 0.6594 0.0382 ap 1.0744 0.0237 b; 1.5453 0.0181
a 0.0919 0.0302 a 0.9756 0.0112 b, 0.8899 0.0040
b; -3.3047 0.1833 a 0.9958 0.0005 cr 0.7607 0.1245
b, 1.5770 0.1027 b; 1.0632 0.1675 1) -0.9747 0.1606
Parameters
bs -1.2926 0.1220 b, -0.2155 0.0389 3 1.0789 0.0534
by 26.2685 19.6839 bs 1.9649 0.3850 - -
- - by -0.9399 0.2049 - -
- - bs 0.1848 0.0056 - -
FI 0.9306 0.9583 0.9412
Bias 0.3557 0.0352 0.1001
SEE 1.4744 1.1439 1.3577
MAD 0.8514 0.6751 0.8128

(note) S.E.: Sstandard error of the estimated parameter, FI: Fitness index, SEE: Standard error of estimate (%), MAD: Mean

absolute deviation



dejrle] BAARS] S7haAA B2 0 ST A 421

10.0

DBH by relative height {em)

5.0

0.0

o0 0.1 0.2 0.3

0.6 0.7 0.8 1.0

Relative height (h/H)

Figure 1. Stem taper curve pattern by taper models.

(Note) dob: Diameter outside bark (cm), dob m: Stem taper curve presented
in Max & Burkhart model, dob_k: Kozak model, dob L: Lee model
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(c) Residuals of Lee’s taper model

Figure 2. Residual error scattergram for the diameter
estimation by stem taper models.



422

FRELIMRRL R & 5

Table 5. Stem volume table for Quercus acuta.

Al24

A43 (2023)

(H$]; D(DBH): cm, H(Height): m)

D

T

4

6

8

10

12

14

16

18

20

22

24 26

28

30

0.0003
0.0005
0.0008
0.0010
0.0012
0.0014
0.0017
0.0019
0.0021
0.0023
0.0026
0.0028
0.0030
0.0032
0.0035
0.0037
0.0039
0.0041
0.0044

O 00 9 O W»n R WN

0.0011
0.0019
0.0027
0.0036
0.0044
0.0053
0.0061
0.0070
0.0078
0.0087
0.0095
0.0104
0.0112
0.0121
0.0129
0.0138
0.0147
0.0155
0.0164

0.0021
0.0038
0.0056
0.0074
0.0092
0.0110
0.0129
0.0147
0.0165
0.0184
0.0202
0.0221
0.0239
0.0258
0.0276
0.0295
0.0313
0.0332
0.0350

0.0033
0.0062
0.0092
0.0123
0.0153
0.0185
0.0216
0.0247
0.0279
0.0310
0.0342
0.0374
0.0406
0.0437
0.0469
0.0501
0.0533
0.0565
0.0597

0.0047
0.0090
0.0134
0.0180
0.0226
0.0273
0.0320
0.0367
0.0415
0.0463
0.0511
0.0559
0.0607
0.0655
0.0703
0.0751
0.0800
0.0848
0.0896

0.0063
0.0122
0.0183
0.0245
0.0309
0.0374
0.0439
0.0505
0.0571
0.0638
0.0705
0.0771
0.0839
0.0906
0.0973
0.1041
0.1108
0.1176
0.1244

0.0081
0.0157
0.0236
0.0318
0.0401
0.0486
0.0572
0.0658
0.0745
0.0833
0.0921
0.1010
0.1098
0.1187
0.1276
0.1366
0.1455
0.1545
0.1634

0.0100
0.0195
0.0294
0.0397
0.0501
0.0608
0.0716
0.0825
0.0935
0.1046
0.1158
0.1270
0.1383
0.1495
0.1609
0.1722
0.1836
0.1950
0.2064

0.0122
0.0238
0.0358
0.0482
0.0609
0.0739
0.0871
0.1005
0.1140
0.1276
0.1413
0.1551
0.1689
0.1828
0.1967
0.2107
0.2247
0.2388
0.2528

0.0145
0.0284
0.0427
0.0574
0.0725
0.0880
0.1037
0.1197
0.1358
0.1521
0.1685
0.1850
0.2016
0.2183
0.2350
0.2518
0.2686
0.2855
0.3024

0.0172
0.0335
0.0501
0.0672
0.0848
0.1028
0.1212
0.1399
0.1588
0.1779
0.1972
0.2166
0.2361
0.2557
0.2754
0.2952
0.3150
0.3349
0.3549

0.0201
0.0389
0.0580
0.0776
0.0978
0.1185
0.1396
0.1611
0.1829
0.2050
0.2272
0.2496
0.2722
0.2949
0.3178
0.3407
0.3637
0.3868
0.4099

0.0232
0.0449
0.0665
0.0887
0.1115
0.1349
0.1589
0.1833
0.2081
0.2332
0.2585
0.2841
0.3099
0.3358
03619
0.3881
0.4144
0.4408
0.4672

0.0267
0.0514
0.0756
0.1004
0.1259
0.1522
0.1790
0.2064
0.2343
0.2625
0.2910
0.3198
0.3489
0.3781
0.4076
0.4371
0.4669
0.4967
0.5266

0.0306
0.0584
0.0853
0.1128
0.1411
0.1702
0.2000
0.2304
0.2613
0.2928
0.3246
0.3567
0.3891
0.4218
0.4547
0.4878
0.5210
0.5544
0.5879

Table 6. ANOVA procedure table among 3 stem volume table in Quercus acuta.

Source

DF

SS

F-value

Pr. > F

Model

Error

2
81

2.4792
19.1769

5.24

0.0073

(note) DF: degree of freedom, SS: sum of square due to error

Table 7. Duncan test grouping by the time of developing a volume table.

Volume table

Mean stem volume

Significant grouping

Volume table (Wando, 2007)
Volume table (Jeju, 2010)
Volume table (this study, 2023)

0.6930 A
0.3439 B
0.3149 B
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