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ABSTRACT

Current volume tables might underestimate or overestimate the volumes of individual trees in a
specific region because the tables were made using the data from broad regions within South Korea.
Therefore, to solve this problem, this study was conducted to develop local stem volume tables
reflecting the local growth pattern and properties using stem taper equations in the regions of
Hongcheon and Yeongju. We developed the local stem volume table for Pinus densiflora, which is the
widely planted species in South Korea. To derive the most suitable taper equation for estimating the
stem volume of region, three models of Max & Burkhart, Kozak and Parresol ez al. were applied and
their fitness were statistically analyzed by using the Fitness Index, Bias, and Standard Error of Bias.
The result showed that there is a significant difference among the three models, and the Fitness Index
of the Kozak model was highest compared to the other models. Therefore, the Kozak model was
chosen for generating stem taper equation and stem volume tables for P densiflora. The result from
the developed stem volume tables of each region was compared to the current stem volume tables with
driven by the data of tree growth obtained throughout the nation. The result showed that there is a
significant difference (0.000<0=0.05) in two regions, Hongcheon and Yeongju, and also there is a
significant difference (0.000<0=0.05) between the two regions.
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Table 1. Data summary of stem analysis by survey regions of pinus densiflora used in this study

. DBH(cm) Height(m)
Region No. of Trees - -
Min. Max. Mean Min. Max. Mean
Hongcheon 106 12.0 442 27.8 6.5 26.3 17.7
Yeongju 98 0.8 59.0 31.1 33 32.6 20.2
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Table 2. Taper equations selected for this study

Model Taper Equation
2 2 2
4=DBH Jbl(g_l)wz[g.z_l}%(al_g) oo 2
M d Burkhart where d = diameter outside bark at height (cm)
axand Burkha DBH = diameter at breast height outside bark (cm) h
h = height a}long stem (m) ;=1 if <%
H = total height (m)
b; = parameters 0, otherwise
a; = inflection points (i=1; upper, i=2; lower)
) o DsH b, 22 +byIn(Z+0.01)+bsZ+ b4e2+b5(’2§—”)
d=a,DBH a,
_ . ... h
Kozak where Z = relative height (= [T])

h
-
e H

-7

HI

(p = = . Hi; inflection point)

H

a;, b; = parameters

Parresol et al.

d.= d(Z* (b, +byZ)+(Z—a) (bs +by(Z+2a))])

Z = (h-hj)/h, a: join point, [ = 1,if Z>a=0.ifZ<a

Table 3. Statistics for evaluating performance of taper equations

Statistics

Equation

Fitness index (FI)
Bias

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

Mean absolute difference (MAD)

~ -2
FI=1-3(Y~V,) A¥,-Y)
D=3(Y,-Y)/n
SEE% = (,/(e,~D) /(N—1))/Yx 100
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Table 4. Parameter estimates for three taper equations by regions of Hongcheon and Yeongju for Pinus densiflora

Region Model Max and Burkhart Kozak Parresol et al.
a 0.791435 2 42.501655 a 0.757252
a 0.183503 a -0.637761 b, 2.841149
b, 3.517518 a 1.054574 by 2346425
Parameter b, 2.664500 b, -0.525333 b, -105.742615
b -1.531044 b, 0.552827 by 46551373
b 13.890276 b, -1.447316
Hongcheon by 0.943278
bs 0.063409
FI 0.87641 0.92073 0.085136
SEE 3.07851 246757 337462
Bias 0.30882 -0.01973 0.85225
MAD 1.88882 1.92665 225658
a 0.715325 2 1.021054 a 0.747334
” 0.163323 a 0.939454 b, 2368578
b, -3.52380 a 0.999953 b, -1.807123
b, 1.746077 b, -0.248397 b, -86.423131
Parameter bs -1.829507 b, 0.078796 by 38.545926
' b 18.923803 by -1.757936
Yeongju by 0.995425
bs 0.099022
FI 0.97598 0.97828 0.96773
SEE 2.11574 2.01540 245079
Bias 0.14623 0.03500 0.82648
MAD 1.58198 1.46198 1.86666
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Fig. 1. Residual distribution of estimated diameter by relative

height of regions, Hongcheon and Yeongju for Pinus
densiflora.
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Fig. 2. Distribution of estimated diameter by relative height
of regions, Hongcheon and Yeongju for Pinus densiflora.
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Table 5. Local stem volume table within bark by region of, Hongcheon(a), and Yeongju(b) for Pinus densiflora

(a)

H(ﬁ()cm) 6 8 10 12 14 16 18 20 2 24 26 28 30
5 00130 0.0216 0.0320 0.0442 0.0581 0.0737 0.0910 0.1100 0.1306 0.1529 0.1767 0.2023 0.2294
6 00157 0.0261 0.0387 0.0535 0.0704 0.0893 0.1102 0.1332 0.1582 0.1851 02141 02450 0.2779
7 00185 0.0307 0.0455 0.0628 0.0826 0.1049 0.1295 0.1565 0.1858 02174 02514 02877 0.3264
8 0.0212 0.0352 0.0522 0.0722 0.0949 0.1204 0.1487 0.1797 02134 02497 02888 0.3305 0.3749
9 00240 0.0398 0.0590 0.0815 0.1072 0.1360 0.1679 02029 02410 02820 03261 03732 0.4233
10 0.0267 0.0443 0.0657 0.0908 0.1194 0.1516 0.1872 02262 02685 0.3143 03634 0.4159 04718
11 0.0295 0.0489 0.0725 0.1001 0.1317 0.1672 0.2064 0.2494 02961 0.3466 04008 0.4587 0.5203
1200322 00534 00792 0.1095 0.1440 0.1827 02256 02726 0.3237 03789 0.4381 0.5014 0.5688
13 0.0350 0.0580 0.0860 0.1188 0.1563 0.1983 0.2448 02959 03513 04112 04755 05441 0.6172
14 00377 0.0625 0.0928 0.1281 0.1685 0.2139 02641 03191 0.3789 0.4435 0.5128 0.5869 0.6657
15 0.0404 0.0671 0.0995 0.1375 0.1808 0.2294 02833 03423 04065 04758 0.5501 0.6296 0.7142
16 0.0435 0.0717 0.1063 0.1468 0.1931 02450 03025 03656 04341 0.5081 0.5875 0.6723 0.7627
17 00459 0.0762 0.1130 0.1561 02053 0.2606 03218 03888 04617 0.5404 0.6248 0.7151 0.8111
18 0.0487 0.0808 0.1198 0.1654 02176 02762 03410 0.4120 04893 0.5726 0.6622 0.7578 0.8596
19 00514 00853 0.1265 0.1748 02299 02917 03602 0.4353 05169 0.6049 0.6995 0.8005 0.9081
20 0.0539 0.0894 0.1326 0.1832 02409 0.3058 03775 0.4562 0.5417 0.6340 0.7331 0.8390 0.9517
21 0.0566 0.0940 0.1394 0.1925 02532 03213 03968 04794 0.5693 0.6663 0.7705 0.8817 1.0002
22 0.0594 0.0985 0.1461 02018 02655 0.3369 0.4160 0.5027 0.5969 0.6986 0.8078 0.9245 1.0486
23 00621 0.1031 0.1529 02112 02778 03525 0.4352 0.5259 0.6245 0.7309 0.8451 0.9672 1.0971
24 00649 0.1076 0.1596 02205 02900 03680 0.4544 0.5491 0.6521 0.7632 0.8825 1.0099 1.1456
25 00676 0.1122 0.1664 02298 03023 0.3836 0.4737 05724 0.6796 0.7955 0.9198 1.0527 1.1941

*H: Height, D: DBH

(b)
Dlem) ¢ 8 10 12 14 16 18 20 2 24 26 28 30

H(m)
5 0.009 0.0130 0.0164 0.0197 0.0231 0.0265 0.0298 0.0330 0.0364 0.0398 0.0431 0.0465 0.0498
6 00136 0.0183 0.0231 0.0278 0.0325 0.0373 0.0420 0.0465 0.0512 0.0560 0.0607 0.0655 0.0702
7 00181 0.0245 0.0308 0.0371 0.0435 0.0498 0.0561 0.0621 0.0685 0.0748 0.0811 0.0874 0.0938
8 0.0233 0.0314 0.0396 0.0477 0.0558 0.0640 0.0721 0.0798 0.0880 0.0961 0.1042 0.1124 0.1205
9 0.0291 0.0392 0.0494 0.0595 0.0697 0.0798 0.0899 0.0996 0.1097 0.1199 0.1300 0.1402 0.1503
10 0.0354 0.0478 0.0602 0.0725 0.0849 0.0973 0.1096 0.1214 0.1337 0.1461 0.1585 0.1708 0.1832
11 0.0424 0.0572 0.0720 0.0867 0.1015 0.1163 0.1311 0.1451 0.1599 0.1747 0.1895 02043 0.2191
12 0.0499 0.0673 0.0847 0.1021 0.1195 0.1369 0.1544 0.1709 0.1883 0.2057 02231 0.2405 0.2579
13 0.0580 0.0782 0.0985 0.1187 0.1389 0.1591 0.1794 0.1986 02188 02391 02593 02795 0.2998
14 00667 0.0899 0.1132 0.1364 0.1597 0.1829 02062 02282 02515 02747 02980 03212 0.3445
15 0.0759 0.1023 0.1288 0.1553 0.1817 02082 02347 02598 02863 0.3127 0.3392 03657 0.3921
16 0.0856 0.1155 0.1454 0.1753 02051 02350 02649 02932 03231 03530 03829 04127 0.4426
17 0.0960 0.1294 0.1629 0.1964 0.2298 02633 02968 03286 0.3621 0.3955 0.4290 0.4625 0.4959
18 0.1068 0.1441 0.1813 02186 0.2559 02931 03304 03658 04031 04403 04776 0.5148 0.5521
19 0.1182 0.1595 02007 02419 02832 03244 03657 04049 04461 04873 0.5286 0.5698 0.6111
20 01302 0.1756 02210 02664 03118 03572 0.4026 0.4458 04912 0.5366 0.5820 0.6274 0.6728
21 0.1427 0.1924 02422 02919 03417 03915 0.4412 0.4885 0.5383 0.5880 0.6378 0.6875 0.7373
22 01557 02100 02643 03186 03729 0.4272 04815 05330 0.5873 0.6416 0.6959 0.7502 0.8045
23 01692 02282 02872 03463 0.4053 0.4643 05233 05794 0.6384 0.6975 0.7565 0.8155 0.8745
24 01833 02472 03111 03751 04390 05029 0.5668 0.6276 0.6915 0.7554 0.8194 0.8833 0.9472
25 01978 02669 03359 0.4049 04739 05429 0.6120 0.6775 0.7465 0.8156 0.8846 09536 1.0226
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Table 6. Analysis of T-test between local stem volume table and standard stem volume table

Region Class N Mean SD t p-value MD
Hongcheon Standard 3 06190 0.5774 9.1200 <0.000 0.3733
Local 713 0.9923 0.9280
Yeongju Standard 713 0.6189 0.5774 33590 <0.000 0.1128
Local 713 0.7317 0.6857

Table 7. Analysis of T-test between local stem volume table
and standard stem volume table

Region Mean SD F p-value
Hongcheon 0.9923 0.9280 6,029 <0.000
Yeongju 0.7317  0.6857 ’ ’
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