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Abstract: Korea National Forest Inventory System has been adopting different cluster plot design and new
equations to estimate growing stock volumes since 2006. These changes have resulted in volume estimations
which show some difference from previous ones. This study is to find out the source of such difference. For
this, relevant data was collected from 80 plots of 20 cluster samples according to the cluster plot design applied
to 4th and 5th National Forest Inventory. Then growing stock volumes were estimated by using current and
previous individual tree volume equations respectively. An investigation was made to detect whether such
difference in volume estimates was originated from the changes in cluster plot design or from using different
volume equations. T-test results showed that the difference from changes in cluster plot design was negligible.
Instead, changes in volume equations had statistically significant effects in volume estimation. Since the volume
estimation by the S5th National Forest Inventory would bring overestimation by applying different volume
equations, all the volume estimations made prior to 2006 would require necessary modifications for international
reporting.
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Figure 1. Structures of two cluster plot designs used in this
study.
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Table 1. Stand information of cluster plots used in this study.

Cluster No. Area Forest Type Age Class Diameter Class*
1 Goyang, Gyeonggi-do Hardwood v 2
2 Goyang, Gyeonggi-do Hardwood \" 1
3 Ueiwang, Gyeonggi-do Hardwood v 1
4 Hanam, Gyeonggi-do Hardwood v 1
5 Hanam, Gyeonggi-do Hardwood I 2
6 Gwangiu, Gyeonggi-do Conifers v 2
7 Gwangiu, Gyeonggi-do Hardwood v 2
8 Namyangju, Gyeonggi-do Mixed v 2
9 Namyangju, Gyeonggi-do Conifers v 2
10 Yongin, Gyeonggi-do Mixed v 1
11 Yongin, Gyeonggi-do Mixed m 2
12 Namyangju, Gyeonggi-do Hardwood v 1
13 Namyangju, Gyeonggi-do Hardwood I 1
14 Gwangiu, Gyeonggi-do Mixed v 1
15 Yangpyung, Gyeonggi-do Conifers I 2
16 Gapyung, Gyeonggi-do Hardwood v 2
17 Yangpyung, Gyeonggi-do Hardwood 11 1
18 Yeoju, Gyeonggi-do Mixed v 2
19 Yeoju, Gyeonggi-do Conifers v 2

20 Gwesan, Chungcheongbuk-do Hardwood I 1

a: 1=Small-diameter class, 2=Medium-diameter class, 3=Large-diameter class
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Table 2. Summary of growing stock volumes estimates by cluster plot design.
o Estimate of volumes per hectare (m*/ha)
Classification Number of clusters
Mean Min. Max. Standard deviation
V, 20 122.0 66.0 171.8 34.50
Vv, 20 117.2 17.4 184.6 42.34
V; 20 104.0 54.7 154.4 28.80
Vv, 20 109.2 18.8 185.0 40.14
Table 3. Estimates and differences of growing stock volumes by sampling plots.
Volume/ha (m*/ha) Difference
Cluster No.  Plot No.
1 v, \& \Z V-V, V-V, V-V, V-V,
1 133.0 127.6 121.9 117.2 5.4 4.7 11.1 10.3
1 2 166.7 166.3 166.3 167.0 04 -0.7 04 -0.7
3 154.5 146.0 160.9 146.6 8.5 143 -6.4 -0.6
4 117.8 129.9 102.8 114.2 -12.1 -114 15.0 15.7
1 88.6 81.8 84.3 75.1 6.7 9.2 43 6.7
2 2 914 72.7 108.8 86.4 18.7 224 -17.4 -13.7
3 136.7 98.7 140.4 105.1 38.0 353 -3.7 -6.5
4 1313 116.3 117.6 111.0 15.0 6.5 13.7 52
1 108.3 108.3 100.7 100.7 0.0 0.0 7.6 7.6
3 2 130.1 130.1 122.8 122.8 0.0 0.0 73 73
3 39.9 78.3 34.6 68.5 -38.4 -33.9 54 9.8
4 100.0 106.3 87.7 94.2 -6.2 -6.5 123 12.1
1 149.7 143.7 129.1 123.6 6.1 55 20.7 20.1
4 2 159.2 153.5 164.6 160.0 5.7 4.6 54 -6.5
3 99.5 81.2 873 70.3 18.2 17.0 12.2 10.9
4 155.8 90.8 139.7 779 65.0 61.8 16.0 12.9
1 170.5 177.2 148.1 153.8 -6.6 -5.7 22.5 23.4
5 2 115.5 124.5 101.1 110.2 -8.9 9.1 144 14.2
3 123.5 0.0 109.0 0.0 123.5 109.0 14.5 0.0
4 123.7 127.3 1104 112.9 -3.6 2.5 133 144
1 133.5 125.8 1313 123.4 7.6 7.8 22 24
6 2 2243 2243 2594 216.5 0.0 429 -35.1 7.8
3 84.2 147.1 712 145.6 -62.9 744 13.0 1.5
4 165.8 241.0 197.8 2543 752 -56.5 -32.0 -13.3
1 128.5 136.5 113.9 120.7 -8.0 -6.7 14.6 15.9
7 2 124.1 123.5 108.7 108.2 0.7 0.6 154 153
3 124.0 170.5 111.1 149.8 -46.5 -38.7 12.9 20.7
4 108.3 171.8 98.2 150.6 -63.5 -52.4 10.1 212
1 140.0 146.4 131.7 136.3 -6.4 -4.6 83 10.0
3 2 174.1 194.9 162.1 180.1 -20.9 -18.1 12.0 14.8
3 90.7 142.2 82.6 126.7 -51.5 -44.2 8.1 15.5
4 71.9 189.5 63.9 176.2 -117.5 -112.4 8.1 13.2
1 261.9 247.0 2579 2432 14.9 14.7 4.0 3.8
9 2 246.5 238.0 232.6 224.5 8.5 8.1 13.9 13.5
3 58.6 21.6 54.1 19.8 37.0 343 44 1.7
4 86.2 110.6 84.1 106.7 244 227 2.1 39
1 117.2 111.5 116.4 109.2 5.6 7.2 0.8 2.3
10 2 559 494 482 424 6.5 5.8 7.7 7.0
3 128.2 178.6 152.2 207.2 -50.4 -55.1 -24.0 -28.7
4 104.0 90.5 115.0 86.1 13.5 29.0 -11.0 4.5
1 121.5 104.9 124.3 96.8 16.7 27.5 2.7 8.1
1 2 296.5 222.5 283.4 210.7 74.1 72.7 13.1 11.7
3 125.9 105.1 121.7 92.7 20.8 28.9 43 12.4
4 112.3 130.5 109.9 120.8 -183 -10.9 24 9.8
1 147.5 139.8 130.8 123.8 7.7 6.9 16.7 159
12 2 16.5 24.6 15.2 22.9 -8.1 1.7 1.2 1.7
3 109.5 111.2 98.4 98.4 -1.7 0.0 11.1 12.9
4 103.8 147.9 91.5 128.5 -442 -37.0 123 19.5
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Table 3. Estimates and differences of growing stock volumes by sampling plots.

Volume/ha (m*/ha) Difference
Cluster No.  Plot No.
v, v, v, v, V-V, ViV, V-V, V,-V,
1 19.6 19.6 16.7 16.7 0.0 0.0 2.9 2.9
13 2 46.2 46.2 41.0 41.0 0.0 0.0 52 5.2
3 123.5 59.1 123.7 52.7 64.3 71.1 -0.3 6.4
4 97.4 17.0 98.3 14.4 80.4 83.9 -0.9 2.6
1 133.9 125.5 121.3 113.7 8.4 7.6 12.5 11.7
14 2 169.1 169.1 152.0 152.0 0.0 0.0 17.1 17.1
3 210.7 160.1 190.6 1444 50.6 46.2 20.2 15.7
4 52.3 89.8 453 80.4 -37.5 -35.1 7.0 9.4
1 21.7 21.7 21.7 21.7 0.0 0.0 0.0 0.0
15 2 89.1 103.4 89.0 102.2 -14.3 -13.2 0.1 1.2
3 97.2 16.4 98.8 15.8 80.8 83.0 -1.6 0.6
4 84.4 119.3 75.0 104.6 -34.8 -29.6 9.5 14.6
1 175.5 128.4 159.9 115.2 47.1 44.7 15.6 13.1
16 2 196.3 175.6 181.4 162.9 20.6 18.5 14.8 12.7
3 95.5 48.0 86.3 42.1 47.5 442 9.2 5.9
4 150.9 192.6 149.2 172.0 -41.7 -22.8 1.6 20.6
1 11.3 11.3 9.7 9.7 0.0 0.0 1.6 1.6
17 2 9.7 9.7 9.7 9.9 0.0 -0.2 0.0 -0.2
3 145.6 18.2 130.5 29.0 1274 101.6 15.1 -10.7
4 121.8 30.4 136.9 26.7 91.4 110.2 -15.1 3.7
1 190.2 173.2 190.7 172.5 17.1 18.2 -0.5 0.7
18 2 177.8 184.3 174.4 171.3 -6.5 3.1 34 13.0
3 173.8 107.8 196.0 94.7 65.9 101.3 -22.2 13.2
4 1454 86.8 129.3 76.7 58.6 52.6 16.1 10.2
1 162.8 155.7 145.0 1384 7.1 6.6 17.8 17.3
19 2 190.4 190.4 169.6 169.6 0.0 0.0 20.8 20.8
3 132.9 199.4 117.3 179.9 -66.4 -62.6 15.6 19.4
4 113.3 46.3 100.8 422 67.0 58.7 12.5 4.1
1 81.5 75.0 70.4 64.6 6.5 5.7 11.1 104
20 2 23.8 23.8 20.3 20.3 0.0 0.0 3.6 3.6
3 75.3 159.0 68.1 147.1 -83.7 -79.0 7.3 11.9
4 83.5 102.3 78.1 93.0 -18.8 -14.9 54 9.3
Mean 122.0 117.2 116.3 109.2 4.8 7.1 5.7 7.9
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Table 4. Results of t-test for difference of growing stock
volumes by cluster plots.

Classification n D 55 t* Prob<| ¢|
V-V, 80 483 4.82 1.00 0.3194
V.-V, 80 7.07 4.67 1.51 0.1339
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Table 5. Results of t-test for difference of growing stock
volumes by individual tree volume equations.

Classification n D 55 t* Prob<] ¢|
V-V, 80 5.71 1.26 4.55  <0.0001
V-V, 80 7.95 1.00 7.99  <0.0001
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