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Comparative Studies on the Estimation of Stand Volume*

Jong Lak Lee*?

The sampling methods selected for this area was (1) Simple random sampling (2) Syst-
ematic sampling and (3) Sub-sampling. For the calculation of the number of sampling plot, 40
% coefficient of variation was adapted. As a result, 57 plots each for simple random sam-

pling and systematic sampling was calculated. In the sub-sampling method, however, total of
40 plots, which were consisted of 5 Blocks, secondary 4 major units and tertiary 2 minor
units, were examined. The reuslts obtained are summarized as follows :

1. The rate of expected error was 9.24% for simple random sampling, 8.36% for syst-
ematic sampling and 7. 54% for sub-sampling, respectively.

Therefore, the sub-sampling was proved to be the most accurate method among the test,

2. The volume calculated by each sampling method was compared to the volume of all
stand. The rate of expected error was also lowest in the sub-sampling (0. 39%), followed
by systematic sampling (4, 18%) and simple random sampling (7. 92%),

3. Comparing the various reuslts and analysis of these results, the sub-sampling was re-
garded as the most rapid and economical method because this method had not only the lea-
st number of plots but also the least expected error among the tested sampling methods

Therefore the sub-sampling is proved to be an ideal sampling method for forest survey,
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Table, 1. Volume of total stand measured by diameter measurement in both
Japanese red pine and Qak tree,
D. B. H. Japanese red pine Oak tree Total
Cg;:)s Number Volume (m”) Number Volume (m®) Number Volume (m?)

6 355 2.8755 1,061 9.0185 1,416 11.8940

8 295 5.6935 1,550 26. 3500 1,845 32.0435

10 388 12.6876 1,770 52.3920 2,158 65.0796

12 444 22.5996 1,724 81.0280 2,168 103.6276

14 502 37.4492 1,559 108.6623 2,061 146.1115

16 473 54.4423 1,150 113.1600 1,623 167.6023

18 546 83.9748 957 128.1423 1,503 212.1171

20 526 105.2000 748 132.3960 1,274 237.5960

22 414 105.2802 355 80.6915 769 185.9717

24 551 1746670 220 63.0300 771 237.6970

26 404 157.1560 134 44 .8096 538 201.9656

28 239 1125212 63 25.8048 302 138.3260

30 188 105.7683 32 15.8336 220 121.6024

32 157 104.4050 157 104.4050

34 70 54.5510 70 54.5510

36 27 24.4323 27 24.4323
Total 5.579 1,163.7040 11, 323 831.3186 16, 902 2,045.0226
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Table 2. Volume of sampling plot measured by simple random sampling.
volume unit : m?
Volume of Volume Volume of
Series Sampilng Japanese red
Japanese of
No. plot No. pine and
red pine Qak tree Oak tree
1 3 2.3010 1.0026 3.3036
~ 2 15 2.2600 2.2600
! 3 16 4 .5870 1.1851 5.7721
4 25 3.2111 1.4612 4.6723
5 30 2.4414 2.4414
| 6 32 4.2119 4.2119
{ 7 34 3.1236 3.1236
8 35 3.1105 1.3064 4.4169
9 36 4.1717 2.7927 6.9644
10 50 4.1718 4.1718
11 5o 2.1011 2.1011
12 63 3.2010 1.1103 4.3113
13 64 3.4017 2.9523 6.3540
14 686 2.6243 2.2726 4.8469
15 67 2.5129 2.2244 4.7373
16 69 1.3233 1.3233
17 75 3.2737 2.2611 5.5348
%L 18 76 4.4515 2.0627 6.5142
, 19 80 2 9814 1.1210 4.1024
20 82 3.4126 3.4126
21 83 4.2727 2.5026 6.7753
22 84 4.4333 4.4333
23 86 2.2618 2.2618
24 88 4.5125 1.1106 5.6231
24 89 3.3143 3.3143
26 93 2.3826 2.3826
27 96 3.6302 1.0217 4.6519
28 102 3.0372 1.7211 4.7583
29 104 4.4528 1. 6523 6.1051
30 106 3. 2122 3.2122
31 107 4.7217 1. 0101 5.7318
32 109 1.8020 1.2123 3.0164
33 110 3.6216 3.1726 6.7942
34 113 4.4258 1.0115 5.4373
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Volume unit I m

a

Volum of Vioume Vieume of
Series Sampilng Japanese red
Japanese of
No. Plot No. Pine and
red pine Oak tree Oak tree
35 116 3.2716 1.4126 4.6842
36 119 2.1726 2.1726
37 121 3.2215 1.2124 4.4339
38 130 3.5063 1.1019 4.6082
39 131 2.7832 2.8030 5.5862 )
40 135 2.1024 2.1024 N
41 136 4.6454 4.6454
42 139 2.5421 2.5421
43 145 2.7216 2.7216
44 146 3.2137 1.0021 4.2158
45 153 1.1215 1.1215
46 154 3.3033 1.8926 5.1959
47 162 2.6256 2.6256
48 164 3.2114 1.4534 4.6648
49 168 2.4581 2.9877 5.4458
50 178 3.6214 3.6214
51 181 3.2123 2.4156 5.6279
52 185 3.1017 3.2117 6.3134
53 187 4.9845 2.0211 7.0056
54 195 2.1411 2. 1411
55 206 4.4821 1.9142 6.3963
56 209 2.7216 2.7216
57 210 2.2046 2.2046
Table. 3. Data processing procedure for calculation of estimating volume by simple

random sampling,

Volume unit :m

3

57 plots

X (Volume Y (Volume Z (Volume of
Factors of Japanese | of oak tree) | Japanese red X2 Y? Z? 1
red pine) pine and osk tree
Total of
141.7854 100.1339 241.9214 521.02689 227.37405 1,164 .60550
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% 0.171222) =2130. 4400+178.0709 (m*)
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Table. 4. Volume of sampling plot measured by systematic sampling,
Volume unit | m*
Sampling Volume Volume Volume of TSamp]ing Volume Volume Volume of
plot No. of Japanose . Japanese red || polt No, \f Jepanese » Japanese red
pine and pine and
red pine oak tree oak tree red pine ocak tree oak tree
1 1.8020 2.1828 3.9848 30 4.2129 4.2129
2 2.6721 2.6709 5.3430 31 3.1111 1.9305 5.0416
3 3.4213 2.2222 5.6435 32 4.6273 4.6273
4 0.9828 2.0201 3.0029 33 2.7247 2.7247
5 2.7962 2.7964 4.5926 34 4.2121 4.2121
6 5.2711 0.6104 5.8815 35 1.6104 1.7612 3.3716
7 0.7133 2.1060 2.8193 36 3.0967 1.0116 4.1083
8 4.9101 3.0115 7.9216 37 2.4017 2.4017
9 2.0115 2.0115 38 3.6798 1.0116 4.6914
10 2.1798 2.6049 4.7847 39 3.2215 1.2104 4.4319
11 2.3334 2.3251 4.6585 40 3.5063 1.6214 5.1277
12 2.6124 2.6124 41 2.1717 2.1717
13 4.6943 1.0024 5.6967 42 2.7832 1.0914 3.8746
14 t4.2107 0.9821 5.1928 43 2.5421 1.6951 4.2372
15 5.2106 1.1517 6.3623 44 3.2167 1.6717 4.8884
16 1.2004 2.2161 3.4165 45 2.1718 2.1718
17 3.21u 3.219%4 46 2.1114 3.7413 5.8527
18 5.6755 5.6755 47 2.4581 0.6520 3.1101
19 0.6796 1.5164 2.1960 43 1.6111 1.6111
20 3.9299 1.6944 5.6243 49 3.6282 1.6000 5.2282
21 2.2716 2.2716 50 2.6143 2.6143
22 2.4745 2.3133 4.7878 51 4.2116 4.2116
23 2.6921 2.6921 52 4.0017 4.0017
24 3.1194 1.6217 4.7411 53 3.2110 1.7517 4.9627
25 3.1514 2.2135 5.3649 54 2.6214 2.6214
26 3.2117 1.7872 4.,9989 55 3.1109 1.4169 4.5278
27 3.2195 1.9842 5.2037 | 56 3.2116 1.6154 4.8270
28 0.9273 1.5476 2.4749 1‘ 57 1.3727 1.3727
29 3.1192 3.1192 |
Table. 5. Data processing procedure for calculation of estimating volume by
systematic sampling.
Volume unit : m®
X (Volume Y (Volume of | Z (Volume of T
Factors of Japenese Japanese red X2 Y? 22
of oak tree) | pine and tree
red pine)
Total of
57 plots 137.2436 97.2866 233.5302 491.77430 212.02278 1,061.88111
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Table. 6. Volume of sampling plot measured by Sub-Sampling,

Volume unit

3

. m
Volume of Volume of
Series Samling Volume of Japanese
Japanese
No. plot No. oak tree red pine and
red pine oak tree
1 I-2~-1 4.7626 4.7626
2 2—4 3.3233 3.3233
3 3-2 2.1726 1.2717 3.4443
4 3-3 2.1111 2.4121 4.5232
5 4 -1 2.1025 2.1003 4.2028
6 4 -2 2.2246 2.1716 4.3962
7 9~-3 3.2963 1.1156 4.4119
8 9 -4 2.0000 2.0210 4.0210
9 n-1-2 2.5963 1.9237 4.5200
10 1-4 1.0756 2.3103 3.3889
11 2-2 4.1001 4.1001
12 2-3 1.3840 2.1846 3.5686
13 5—1 2.7246 2.0121 4.7367
14 5 -4 3.1260 2.4541 5.5801
15 7 -1 2.1010 2.1010
16 7 -2 3.9616 3.9616
17 m-3-1 2.2462 1.4354 3.6816
18 3 -2 2.7466 2.1023 4.8489
19 5 -2 2.0445 2.0445
20 5 — 4 3.9536 2.8193 6.7729
21 6 -1 3.9146 3.9146
22 6 — 4 2.1799 2.1799
23 9-1 4.1216 4.1216
24 9 -3 2.2010 2.2010
25 N-2-1 3.1726 1.1111 4.2837
26 2-2 1.9325 2.1012 4.0337
27 5-1 2.9326 2.9326
28 5~ 2 2.2101 2.2101
29 6 — 2 2.7214 2.0260 4.7474
30 6—3 2.4687 2.4237 4.8924
31 8§ -1 3.1011 2.0112 5.1123
32 8 —4 1.1743 1.7824 2.9567
33 V-2-1 2.1761 2.1012 4.2773
34 2—-4 2.2155 1.7246 3.9401
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Volume unit : m?*
Volume of Volume of
Series Sampling Volume of Japanese
Japanese
No. plot No, oak tree red pine and
red pine oak tree
35 V-4-1 1.9832 2.0025 3.9857
36 41 -3 2.7863 1.7100 4.4963
37 5 -2 2.4512 2.2744 4.7256
38 5-3 1.6732 2.0011 3.6743
39 8 -1 3.2109 3.2109
40 8 -2 2.4126 2.4126
Table. 7. Data processing procedure for calculation of estimating volume by Sub-Sampling.
Volume unit | m?®
Volume of Minor Volume of Japanese red pine
X Y Z
{(Volume | (Volme (Volume
of of of
Major Block (Minor (Major (Block
Japanese | oak Japanese
Factors | red tree) red pine ]
X X X)? X)? X)?
pine) and
oak
tree)
Total -
38.6231 | 68.0739 | 156.6990 T 88.6231 | 88.6231 | 263.50076 | 403.41496 | 1,575.36603
of 40plety
Volume of oak tree Vloume of Japanese red pine and ocak tree
Major | Block (Minor Major (Block Major Block {Minor (Major (Block
Y Y Y )? Y)? Y)? zZ Z Z)*® Z)* YA
68.0759 | 68.0759 | 141.49298] 247.44529 | 928.97206 | 156.6490 | 156.6990 | 654.18299 | 1,261.4178(14,917.23277
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Table.

8. Volume difference and error percentage as influenced by each surveying method.

Surveying Diameter Simple random .
Systematic
methods measurement sampling .
sampling Sub-sampling
method of
[tems total stand
Japanese red
pine and oak | 2,045.0226 |2,206.9840-+203.9242 | 2,130.4400%178.0709 | 2,037.1000L 153.6865
Total tree
volume Japanese red .
v 1,163.7040 | 1,293.5000+225.3649 | 1,252.05604+220.6162 | 1,152.1120+154.4432
(m®) pine
Oak tree 881.3186 | 913.4840+124.6086 | 887.5360+117.7758 | 884.9880+115.0022
Japanese red
pine and oak 98.3184 106.1050+ 9.8040 | 102.4250% 8.5611 97.9375+ 7.3888
Volume
tree
per ] p
ha, | CoPENSE TS| 55 9473 | 62.1875+ 10.8349 |  60.1950+ 10.6066 | 55.3900% 7.4252
() pine
Oak tree 42.3711 43.9175+t 5.9908 42.6700+ 5.6623 42,5475+ 5.52%0
Japanese red
Error
pine and oak 9.24 8.36 7.54
per-
tree
centage of ] 3
estimation | Tonooe € 17.42 17.62 13.41
. pine
2]
(%) Oak tree 13.64 13.27 12.99
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Table. 9. Comparison of error percentage between actuallv measured volume and estimated volume,
N Surveying [
\ y Simple random . . . .
. methods ) Systematic sampling Sub- sampling
) sampling
Error
E 2,206.9840—2,045.0226 | 2,130.4400—2,045.0226 } 2,037.1000—2,045.0226
ror 2 045.0226 2,045.0226 2 0450226
percentage % 100=7.92 (%) X 100=14.18 (%) X 100=0.391(%;

T
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