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Abstract: The study aim was to derive a stem taper equation for Phyllostachys pubescens, a type of bamboo in South
Korea, and to develop a stem volume table. To derive the stem taper equation, three stem taper models (Max & Burkhart,
Kozak, and Lee) were used. Since bamboo stalks are hollow because of its woody characteristics, the outer and inner
diameters of the tree were calculated, and connecting them enabled estimating the tree curves. The results of the three
equations for estimating the outer and inner diameters led to selection of the Kozak model for determining the optimal
stem taper because it had the highest fitness index and lowest error and bias. We used the Kozak model to estimate
the diameter of Phyllostachys pubescens by stem height, which proved optimal, and drew the stem curve. After checking
the residual degree in the stem taper equation, all residuals were distributed around “0”, which proved the suitability
of the equation. To calculate the stem volume of Phyllostachys pubescens, a rotating cube was created by rotating the
stem curve with the outer diameter at 360°, and the volume was calculated by applying Smalian’s method. The volume
of Phyllostachys pubescens was calculated by deducting the inner diameter calculated volume from the outer diameter
calculated volume. The volume of Phyllostachys pubescens was only 20~30% of the volume of Larix kaempferi, which
is a general species. However, considering the current trees’ha of Phyllostachys pubescens and the amount of bamboo
shoots generated every year, the individual tree volume was predicted to be small, but the volume/ha was not very different
or perhaps more. The significance of this study is the stem taper equation and stem volume table for Phyllostachys
pubescens developed for the first time in South Korea. The results are expected to be used as basic data for bamboo
trading that is in increasing public and industrial demand and carbon absorption estimation.
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Table 1. Number of sample bamboos and characteristic of growth factors in surveyed area.

. Diameter at breast height  Diameter at root collar Height
Species Bamboo numbers
(cm) (cm) (m)
Phyllostachys 203 10.7 12.1 15.6
pubescens 4.9~14.8 5.9~18.2 7.8~19.9
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Table 2. Stem taper equations used for this study.

AN11E A435 (2022)

Model Taper Equation
2
d= DBH\/ b5 =D+ by (B 1) 4 by (o =) + by ey =10,
where d = diameter outside bark at height (cm)
Max & Burkhart DBH = diameter at breast height outside bark (cm)
h = height along stem (m) . o b
H = total height (m) b=115< a;
bi = parameters 0, otherwise
ai = inflection points (i=1;upper, i=2;lower)
» 122+ by In(Z+0.001) + byVZ + bye” + b, (LB
d=a,DBH"a}""X ' "
Kozak where Z = relative height ( = llz?)
-y
= - HI . ; :
X =y e HI ; inflection point)
a;, b; = parameters
o+ (GF) 46 (F)+e]
d,_b, - DBH} - (1—%) h h
Lee

where i = relative height, b;, ¢; = parameters

2. 22TMA =5
WEZ M FUTH RS A 91 chore

g
<
2
~
g
=
& o
[¢)
H
i)
filo
)
ofo
_?L
32

TH(Tabel 2). Max &
Burkhart2]2- 1976 7Hde Al o= A 7S AR o=
ol 279 MRS Addts FEEI I A (seg-
mented model regression) & &, TFOFSE 4220] 7FarAl

Aol 2531 QItHCao et al., 1980; Parresol et al., 1986).

KozakA]-2 W gFx|4=4](variable exponent taper equation,
or K2 equation) 02 =71 F= FEOZ o] 17]9] W
HHE 2=t o] MEH(p)S A grare] iRt A
Hgol2 ditdog Atz E T2 AAYsHA Hr o] 4
< 1988 Kozake]l ofsf 7idhE| o] ml=i} 7jutrholA
2] o]&E 11 Qlth(Figueiredo, 1995). LeeA]-> L-g|itato]
Al A THEE 1A Al (Lee, 1994) 02 A S EHIE

aRE/RE GARo|sy, ERAY, EEA - 259
W YRPOR TRAL, 2P S-S 24 o

index), H9|(Bias), XA EFL2}9] dlE-g(Standard
error of estimate, SEE%), H+At]HxKMean absolute
deviation, MAD) 59| A EA TS 0|83} tiTable 3).

Table 3. Statistical values for accuracy evaluation of stem taper equations.

Statistics Equation
Fitness index (FI) FI=1-3(Yi— Yi)?*/(Yi— Y)*
Bias D=3(Y:— V)/n

Standard error of estimate as percent of the mean (SEE%)

Mean absolute difference (MAD)

SEE% =V (ei— D)*/(N—1)/ Y=100
|Dl=3|(Y,— D)|/n

where Y, Yi,? = measurement, estimate and mean of weight, repectively

i

n = the number of sample trees
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Table 4. Parameter estimates for outer and inner diameter by stem taper equations.

Max and Burkhart Kozak Lee
Parameter Quter .Inner Parameter Quter .Inner Parameter Quter .Inner
diameter diameter diameter diameter diameter diameter
al 0.4844 0.3176 a0 0.7828 0.4416 bl 1.2483 0.7103
a2 0.0291 -0.2408 al 1.1974 1.3705 b2 0.9505 1.0528
bl -2.7972 -1.8699 a2 0.9780 0.9726 cl 0.5245 -0.7623
b2 1.3748 0.9378 bl 1.2956 1.1016 c2 -0.5448 1.6388
b3 -1.2743 -2.8378 b2 -0.2917 -0.1417 c3 1.0113 0.0957
b4 392.8324 1714.11 b3 2.8436 2.3588 - - -
- - - b4 -1.2922 -1.0278 - - -
- - - b5 0.2301 0.3136 - - -
Table S. Test statistics for outer and inner diameter by stem taper equations.
Max and Burkhart Kozak Lee
Model Outer Inner Outer Inner Outer Inner
diameter diameter diameter diameter diameter diameter
FI* 0.9883 0.9852 0.9890 0.9865 0.9862 0.9856
SEE 0.3954 0.3576 0.3825 0.3414 0.4299 0.3530
Bias 0.0097 -0.0166 -0.0027 -0.0043 0.0045 -0.0023
MAD 0.2685 0.2601 0.2599 0.2463 0.2926 0.2545

* FI : Fitness index, SEE : Standard error of estimate as percent of the mean, MAD : Mean absolute difference
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AN11E A435 (2022)
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Figure 1. Residual scatter plot for outer diameter
by relative height.

Figure 2. stem profile of outer and inner diameter
by relative height.
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Figure 3. Stem taper of outer and inner diameter
(in the case of DBH 14 cm and height 12 m).
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Table 6. Stem volume table for Phyllostachys pubescens.
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i 3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

0.0003
0.0005
0.0007
0.0008
0.0010
0.0011
0.0013
0.0015
0.0016
0.0018
0.0019
0.0021
0.0023
0.0024
0.0026
0.0027
0.0029
0.0031
0.0032
0.0034
0.0036
0.0037

25 0.0039

0.0006
0.0009
0.0011
0.0014
0.0017
0.0020
0.0023
0.0025
0.0028
0.0031
0.0034
0.0037
0.0039
0.0042
0.0045
0.0048
0.0051
0.0053
0.0056
0.0059
0.0062
0.0065
0.0067

0.0009
0.0013
0.0017
0.0021
0.0025
0.0030
0.0034
0.0038
0.0042
0.0047
0.0051
0.0055
0.0059
0.0064
0.0068
0.0072
0.0076
0.0081
0.0085
0.0089
0.0093
0.0098
0.0102

0.0011
0.0017
0.0023
0.0029
0.0035
0.0041
0.0046
0.0052
0.0058
0.0064
0.0070
0.0076
0.0082
0.0088
0.0094
0.0100
0.0105
0.0111
0.0117
0.0123
0.0129
0.0135
0.0141

0.0015
0.0022
0.0029
0.0037
0.0045
0.0052
0.0060
0.0068
0.0075
0.0083
0.0091
0.0099
0.0106
0.0114
0.0122
0.0129
0.0137
0.0145
0.0152
0.0160
0.0168
0.0176
0.0183

0.0018
0.0027
0.0036
0.0046
0.0055
0.0065
0.0074
0.0084
0.0094
0.0103
0.0113
0.0122
0.0132
0.0142
0.0151
0.0161
0.0171
0.0180
0.0190
0.0199
0.0209
0.0219
0.0228

0.0021
0.0032
0.0043
0.0055
0.0066
0.0078
0.0089
0.0101
0.0113
0.0124
0.0136
0.0147
0.0159
0.0171
0.0182
0.0194
0.0206
0.0217
0.0229
0.0240
0.0252
0.0264
0.0275

0.0024
0.0037
0.0050
0.0064
0.0077
0.0091
0.0105
0.0118
0.0132
0.0146
0.0159
0.0173
0.0187
0.0200
0.0214
0.0228
0.0241
0.0255
0.0269
0.0282
0.0296
0.0310
0.0323

0.0027
0.0042
0.0057
0.0073
0.0089
0.0104
0.0120
0.0136
0.0152
0.0168
0.0183
0.0199
0.0215
0.0231
0.0247
0.0262
0.0278
0.0294
0.0310
0.0325
0.0341
0.0357
0.0373

0.0030
0.0047
0.0064
0.0082
0.0100
0.0118
0.0136
0.0154
0.0172
0.0190
0.0208
0.0226
0.0244
0.0262
0.0279
0.0297
0.0315
0.0333
0.0351
0.0369
0.0387
0.0404
0.0422

0.0033
0.0052
0.0071
0.0091
0.0111
0.0131
0.0152
0.0172
0.0192
0.0212
0.0232
0.0252
0.0272
0.0292
0.0312
0.0332
0.0352
0.0372
0.0392
0.0412
0.0432
0.0452
0.0472

0.0035
0.0056
0.0078
0.0100
0.0122
0.0145
0.0167
0.0189
0.0212
0.0234
0.0256
0.0279
0.0301
0.0323
0.0345
0.0368
0.0390
0.0412
0.0434
0.0456
0.0478
0.0500
0.0523

0.0038
0.0061
0.0085
0.0109
0.0133
0.0158
0.0183
0.0207
0.0232
0.0256
0.0281
0.0305
0.0330
0.0354
0.0378
0.0403
0.0427
0.0451
0.0476
0.0500
0.0524
0.0548
0.0573

0.0040
0.0065
0.0091
0.0117
0.0144
0.0171
0.0198
0.0225
0.0251
0.0278
0.0305
0.0331
0.0358
0.0385
0.0411
0.0438
0.0464
0.0491
0.0517
0.0544
0.0570
0.0596
0.0623

0.0043
0.0069
0.0097
0.0126
0.0155
0.0184
0.0213
0.0242
0.0271
0.0300
0.0329
0.0358
0.0386
0.0415
0.0444
0.0472
0.0501
0.0530
0.0558
0.0587
0.0615
0.0644
0.0672

0.0045
0.0073
0.0103
0.0134
0.0165
0.0196
0.0227
0.0259
0.0290
0.0321
0.0352
0.0383
0.0414
0.0445
0.0476
0.0507
0.0538
0.0568
0.0599
0.0630
0.0661
0.0691
0.0722

0.0047
0.0077
0.0109
0.0142
0.0175
0.0208
0.0242
0.0275
0.0309
0.0342
0.0376
0.0409
0.0442
0.0475
0.0508
0.0541
0.0574
0.0607
0.0640
0.0673
0.0705
0.0738
0.0771

0.0049
0.0081
0.0115
0.0149
0.0185
0.0220
0.0256
0.0292
0.0327
0.0363
0.0398
0.0434
0.0469
0.0505
0.0540
0.0575
0.0610
0.0645
0.0680
0.0715
0.0750
0.0785
0.0819

* H:

Height (m), D: F.L

: Diameter at breast height outside bark (cm)

Table 7. Volume comparison between Phyllostachys pubescens and Larix kaepferi.

DBH
(cm)

Height
(m)

Phyllostachys pubescens

(m’)

Larix kaempferi

(m’)

Volume difference
(base, Larix kaepferi)

6

12

5

14
22

0.0023
0.0226
0.0715

0.0076
0.0827
0.3438

30.3%
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