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Abstract: The aim of this study was to utilize Kozak’s stem taper model to develop both a stem taper equation and
a stem volume table for Criptomeria japonica, a tree species distributed across Korea. A total of 1,000 sample trees
were cut and collected across the country to measure their diameters by stem height. The equation was then used
to estimate examine their stem shapes. Our results show that the Fitness Index for the equation was 98.7%, the Mean
Absolute Deviation (MAD) was -0.0142, and the MAD was 1.1640, thus indicating a high level of fitness. A
statistically significant difference (p < 0.05) was also found from the analysis of discrepancies between a current table
and the new table used in this study. It is therefore suggested that the new table—with data from actual stands—will
contribute to enhancing the accuracy of national and municipal forest statistics and reducing losses caused by
imprecise data on available forest resources.
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Table 1. Characteristics of the sample trees surveyed.
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Figure 1. Location of the study area.
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Table 2. Characteristics of the trees used for validation data.

variable n Mean Std. Min Max variable n Mean Std. Min Max
Dev Dev
Age 31.5 9.2 8 52 Age 33.0 10.5 10 52
DBH (cm) 844 223 10.5 6.0 60 DBH (cm) 156 229 10.6 6.0 49.6

Height (m) 15.5 4 3.0 26

Height (m) 157 45 28 247
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Table 3. Applied stem taper equation for fitting of in Criptomeria japonica this study.

Model Taper equation
by 2%+ by In(Z+0.001) + bVZ + by e+ by (PBH)
d=a,DBH"a?%"X " B
where Z = relative height ( = %)
Kozak(1988)
X = iy b7 = inflecti i
= 1=V (p = inflection point)
ai, bi = parameters

d = diameter(estimated) when h/H

Table 4. Accuracy assessment for estimation of Kozak’s stem
profile model.

Statistics Calculation forms

Fitness index (FI)  Fr=1-3(Yi— Yi)*/(Yi— Y)*

Bias D=3(Y,— V)/n

Standard error of
estimate of the
mean (SEE)

Mean Absolute
Deviation (MAD)

SEE=+/(ei— D)?/(N—1)/Y

| D=3 (v:— D|/n

where Y},Y;, Y = measurement, estimate and mean of diameter,

repectively,
n = the number of sample trees.
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Table 5. Parameters and statistics of Kozak’s stem profile model for Criptomeria japonica.

Parameter Estimate FI Bias SEE MAD
al 1.1858
a2 09116
a3 0.9997
bl 1.3045
b2 -0.3416 0.9874 -0.0142 1.1640 0.8399
b3 1.9307
b4 -0.9738
b5 0.0795
p 0.2
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Figure 2. Residual distribution of estimated diameter
based on relative height.
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Figure 3. Validation of parameters in a stem taper equation.
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Figure 4. Stem taper curve patten of Criptomeria japonica.

Table 6. Stem volume table for Criptomeria japonica.
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5 0.0088  0.0147 0.0218 0.0300 0.0392 0.0495 0.0607 0.0729 0.0861 0.1001 0.1151  0.131  0.1479
6 0.0107  0.0179  0.0265 0.0366  0.0479  0.0605 0.0743  0.0893 0.1054 0.1226  0.1409 0.1603  0.1808
7 0.0126  0.0211  0.0313  0.0432 0.0567 0.0716  0.088  0.1058 0.1249  0.1453  0.167  0.1900 0.2142
8 0.0145  0.0243  0.0361 0.0499 0.0654 0.0828 0.1017 0.1223  0.1445 0.1682  0.1933  0.2200  0.2480
9 0.0164  0.0275 0.0409 0.0565 0.0742 0.0939 0.1156  0.139  0.1642 0.1912 0.2199 0.2502  0.2821
10 0.0183  0.0307 0.0457 0.0632 0.0831 0.1052 0.1294  0.1557 0.1841 0.2144 0.2465 0.2806 0.3164
11 0.0202  0.0339  0.0505 0.0699 0.0919 0.1164 0.1433  0.1725 0204 0.2376 0.2733  0.3111  0.3509
12 0.0221  0.0371  0.0553 0.0766  0.1007 0.1277  0.1572  0.1893  0.2239  0.2609  0.3002 0.3417  0.3855
13 0.0240  0.0403  0.0601 0.0833 0.1096 0.1389 0.1712 02062 0.2439 0.2842 0.3271  0.3724  0.4202
14 0.0259  0.0435  0.065 0.0900 0.1185 0.1502 0.1851 02230 0.2639 0.3076 0.3541  0.4032  0.4550
15 0.0278  0.0467 0.0698  0.0967 0.1273  0.1615 0.1991 02399 0.2839 0.3310 0.3811 0.4341  0.4899
16 0.0297  0.0500 0.0746  0.1034 0.1362 0.1728 02130 02568 0.3040 0.3545 0.4082 0.4650  0.5249
17 0.0317  0.0532 0.0794 0.1101 0.1451 0.1841 02270 02737 0.3241 0.3780 0.4353 0.4960 0.5599
18 0.0336  0.0564 0.0843 0.1169 0.1540 0.1954 02410 02907 0.3442 0.4015 0.4624 0.5269  0.5950
19 0.0355 0.0596 0.0891 0.1236  0.1629 02067 0.2550 03076 0.3643 0.4250 0.4896 0.5580 0.6301
20 0.0374  0.0628  0.0939 0.1303 0.1718 02181 02691 03245 03844 0.4485 0.5168 0.5890  0.6652
21 0.0393  0.0661  0.0987  0.137  0.1806 0.2294 02831 03415 0.4046 0.4721 0.5440 0.6201  0.7004
22 0.0412  0.0693 0.1036 0.1438  0.1895 02407 02971 03585 04247 04957 0.5712 0.6512 0.7356
23 0.0431  0.0725 0.1084 0.1505 0.1984 02521 03111 03754 0.4449 0.5192 0.5984 0.6823 0.7708
24 0.0450  0.0757 0.1132  0.1572 02073 02634 03252 03924 04650 0.5428 0.6257 0.7135  0.806
25 0.0469 0.0789 0.1181 0.1639 02162 02747 03392 04094 04852 0.5664 0.6529 0.7446  0.8413
26 0.0488  0.0822  0.1229 0.1707 0.2252 02861 03532 0.4264 0.5054 0.5900 0.6802 0.7758  0.8766
27 0.0507 0.0854  0.1277 0.1774 0.2341 02974 03673 04434 0.5256 0.6136 0.7075 0.8069  0.9119
28 0.0527 0.0886 0.1326  0.1841  0.243  0.3088 03813  0.4604 0.5457 0.6373  0.7348  0.8381  0.9472
29 0.0546  0.0918 0.1374 0.1909 02519 03201 03954 04774 0.5659 0.6609 0.7621  0.8693  0.9825
30 0.0565 0.0951 0.1422  0.1976 02608 03315 0.4094 0.4944 0.5861 0.6845 0.7894  0.9005 1.0178
31 0.0584  0.0983  0.1471  0.2043  0.2697 03428 0.4235 05114 0.6063  0.7082  0.8167 0.9317 1.0532
32 0.0603  0.1015 0.1519 02111 02786 03542 04375 0.5284 0.6265 0.7318 0.8440 0.9630  1.0885
33 0.0622  0.1047 0.1568 0.2178 0.2875 0.3655 0.4516 0.5454 0.6467 0.7555 0.8713 0.9942  1.1239
34 0.0641  0.1079 0.1616 0.2245 02964 03769 0.4656 0.5624 0.6669 0.7791  0.8987  1.0254  1.1593
35 0.0660 0.1112  0.1664 0.2313  0.3053 0.3882 0.4797 0.5794 0.6872 0.8028 0.9260 1.0567 1.1946
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Table 7. Analysis of T-test between Original stem volume table and New stem volume table.

Volume N Mean S.D. S.E. t value Pr>|t]
Original 380 0.4172 0.3261 0.0167
2.2475 0.002
New 380 0.4747 0.3780 0.0193
?=_=| E kaempferi using Kozak’s stem taper model. Journal of
Agriculture & Life Science 48(6): 119-131.

H A3 egvete] R 9 AFof BxstE At Kang, J.T., Moon, H.S., Son, Y.M. and Ahn, K.W. 2015. An
2o A= B ATE NEstaRt 3= Sl estimation on the stem volume of Cryptomeria Japonica
o} 2 A LoA AFRE Kozak £7FEAAL £2d 4~ in Jeju using Kozak’s Stem Taper Model. The Journal of
7+e] 71318k FHE 24T Aste 7t 2o AHog Korean Island. 27(3): 145-160.
oA 9tk 18y KozakAlL 4% =9] AHRRI Korea Forest Service. 2013. Assessment of the Korea Forest
w2} gtebu)g gho] gekA]7] i) tE4E = o) Resources. pp. 59.

2 A7) A2E d8sio] fuy 7] Ao 2 Korea Forest Service. 2018. Statistical Yearbook of Forestry.
i 27 gre) F4o] R4 & 4 gk oo & o pp. 444.

FoE =5 Kozak 427tz Alalo] AL AHA S} Ko, C.U,, Kim, D.G. and Kang, J.T. 2019. Estimating stem
7] 95te] EAAQ AAL A 48 sk B A1 volume table of quercus acutissima in South Korea using
Aol w2 d3 PHEE= A2 e YR 7o) = variable exponent equation. Journal of Korean Forest
A3t FuRA A A4 o7} ZA LASFAL) w Society of Forest Science 108(3): 357-363.

A A zpao] 7)ukste] ZAE HH AHEE A Kozak, A. 1988. A Variable-exponent Taper Equation.
Y AR olEoo] AL AR wrelskx] Eirin Canadian Journal of Forest Research 18(11): 1363-1368.
TohEE, AFIA A AR 7| Z2AEEA B3l Lee, K.H., Son, Y.M., Chung, Y.G. and Lee, W.K. 1999. A
3 Aoz goEc) o]o] HYHdZe] FSE Zwo| A taper and volume prediction system for Pinus densiflora
NEA MarE A QHES AFRSHe Ao] vlgRIE in Kangwon province, Korea. Korea Forest Institute
Aoz gyt Journal of Forest Science 62: 155-166.
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