J KO}"@CZ}"[ Soc. For. Sc.i. Vol. 111, No. 4, pp. 630~643 (2022) SI_|-EIL_|-E=.III_I.§I}§|xI
https://doi.org/10.14578/jkfs.2022.111.4.630
JOURNAL OF KOREAN SOCIETY OF FOREST SCIENCE

ISSN 2586-6613(Print), ISSN 2586-6621(Online)
http://e-journal.kfs21.or kr

A - GBS DAY APV - £REY
'S AFRIICTOILAE, 2aAbA 5 8] A A

Development of Weight Estimation Equation and Weight Table
in Pinus densiflora Stand (Kangwon and Central Districts)
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Abstract: This study was conducted to derive the fresh weight and dry weight estimation formulas of Pinus
densiflora and prepare a weight table using them. Aone-variable formula using only the diameter at breast height
(DBH) and a two-variable formula using DBH and height were used to calculate the fresh and dry weight. Each
equation was verified using statistics, such as fit index, standard error, and residuals. Theoptimal equation was
evaluated for applicability by calculating the weight as a coefficient derived from a statistical verification. W =
bD+cD? was selected for the one-variable equation, while W = aDPH® was selected for the two-variable equation. The
fit index of the former was 0.87-0.92, while that of the latter was 0.94-0.98, both of which showed a good fit. A
new weight table was prepared using the optimal estimation formula, and it was compared and analyzed with a
previous weight table. Analysis results showed that Gangwon pine had higher values in the previous weight table,
while pines in the central region had higher values in the newly created weight table.

Key words: dry weight, green weight, Pinus densiflora, weight estimation equation, weight table
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Table 1. Characteristic of growth factors in Pinus densiflora
stand.

Growth factors  No. of DBH Height
Region sample trees (cm) (m)
Kangwon 100 62—7~588 = 313229. 7
Central 200 62?;12 5_;77'027
Mg H g
1. SAR=

(1:5,0009) 8
1003, F5 A% AL 20082 A998, F, 5
AT, F45, I

=
2AHE BT REBS MY, WASHACKTable 1), E3
A A

2] S Ao w1 FAE S5
o, A 710 =old Yul(disk) A RE =35t
WF AZ7])A 105°CR Agete] ko] meke w7}
A AZXSH & AETFL =435} chH(National Institute of

Forest Science, 2007).

2. S
D F% FAA =2
() AF% W A%F 244 22 9 B4 4

Table 2. Used stem weight equations on D alone, and D and
H together.

Equations (variable D only) Equations (variables D and H)

W = a+bD? (1) W = bD’H 3)
W = bD+cD? Q) W = a+bD’H (6)
W = a+bD+cD? 3) W =aD™H)\ 0
W = aD’ “) W = aD’H* ®)

Note) D(DBH) = Diameter outside bark at breast height(1.2 m),
H =Tree height, W =Total weight of stem,
a, b, c=Model parameters
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Table 3. Green weight equation and statistic information using variable DBH.

Equations Spec.ies Parameters Statistic

(Districts) a b c FI SEE

W = atbD? M Kangwon -15.3046 0.6023 - 0.9175 34.72
Central -36.1718 0.6394 - 0.8747 24.90

W = bD+eD? @ Kangwon - -0.8722 0.6136 09174 37.40
Central - -2.5674 0.6810 0.8747 24.86

W = atbDicD? 3) Kangwon -42.2062 1.8409 0.5742 0.9176 37.42
Central -23.9921 -0.8992 0.6544 0.8747 24.90

W = aD @) Kangwon 0.5259 2.0315 - 0.9173 37.11
Central 0.3925 2.1219 - 0.8743 24.69
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(a) Residual on eq.1 in Kangwon pine
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(c) Residual on eq.3 in Kangwon pine
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(d) Residual on eq.4 in Kangwon pine
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(h) Residual on eq.4 in Central pine

Figure 1. Residual scatter diagram for green weight estimation equations using DBH
in Pinus densiflra forest (Kangwon and Central pine).
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Table 4. Green weight equation and statistic information using variables DBH and height.
Eouati Species Parameters Statistic
quations (Districts) a b c FI SEE
) Kangwon - 0.0296 - 0.9769 42.01
W = bD'H 6)
Central - 0.0318 - 0.9508 27.28
) Kangwon 68.2904 0.0272 - 0.9739 38.61
W = atbD°'H ©6)
Central 38.1494 0.0303 - 0.9508 25.96
S Kangwon 0.1099 0.8746 - 0.9807 38.54
W = a(D'H) @)
Central 0.0719 0.9206 - 0.9520 25.94
brre Kangwon 0.1192 1.7962 0.7905 0.9816 38.60
W = aD’H* ®)
Central 0.0564 1.7392 1.1257 0.9545 25.98
Table 5. Dry weight equation and statistic information using variable DBH.
Equati Species Parameters Statistic
uations I
d (Districts) a b c FI SEE
) Kangwon -12.4920 0.2948 - 0.9193 18.35
W = at+bD 1)
Central -15.9578 0.3159 - 0.8638 12.30
) Kangwon - -0.9035 0.3091 0.9196 18.35
W = bD+cD 2)
Central - -1.1619 0.3351 0.8639 12.30
) Kangwon 11.7226 -1.6570 0.3201 0.9196 18.32
W = at+bD+cD 3)
Central -3.7610 -0.9004 0.3309 0.8639 12.30
Kangwon 0.2027 2.0928 - 0.9196 18.32

W = aD® )
Central 0.1999 2.1149 - 0.8637 12.07
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(a) Residual on eq.5 in Kangwon pine
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(c) Residual on eq.7 in Kangwon pine
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(e) Residual on eq.5 in Central pine
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(g) Residual on eq.7 in Central pine

Al gl ek 7k 635

300.0 g
200.0
. .
100.0 o o0 o
t’." ¢
0.0 - R .
)
0.0 o100° 391 o368 40009500 60.0
-100.0 - DBH
L ] L ]
-200.0 .

-300.0

(b) Residual on eq.6 in Kangwon pine

GW_residual(eq.8, D&H_Kangwon)

300.0 kg
200.0 .
100.0 e o
® .t e 2 o.
0.0 .oy #tﬁ. 4 .
0.0 10.0 T . 0 60.0
-100.0 Ll DBH
-
-200.0 .
-300.0

(d) Residual on eq.8 in Kangwon pine
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(f) Residual on eq.6 in Central pine
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(h) Residual on eq.8 in Central pine

Figure 2. Residual scatter diagram for green weight estimation equations using DBH and height
in Pinus densiflra forest (Kangwon and Central pine).
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(e) Residual on eq.1 in Central pine

DW_residual(eq.3, D_Central)
400.0 Kg
300.0

200.0 %
L 20

100.0 . oo
0.0 L
1000 00  10.0 20 08 f.q 600

-200.0 o e DBH
[ ]

300.0

-400.0

(g) Residual on eq.3 in Central pine
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(b) Residual on eq.2 in Kangwon pine
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(f) Residual on eq.2 in Central pine
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(h) Residual on eq.4 in Central pine

Figure 3. Residual scatter diagram for dry weight estimation equations using DBH
in Pinus densiflra forest (Kangwon and Central pine).
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Equati Species Parameters Statistic

quations (Districts) a b c FI SEE
) Kangwon 0.0143 - - 0.9733 20.30

W = bD'H 5)
Central 0.0158 - - 0.9398 13.54
) Kangwon 29.0308 0.0133 - 0.9733 18.85

W = at+bD°H 6)
Central 20.6549 0.0150 - 0.9398 12.83
S Kangwon 0.0420 0.8970 - 0.9742 18.93

W = a(D'H) @)
Central 0.0368 0.9177 - 0.9405 12.86
brrc Kangwon 0.0481 1.8735 0.7557 0.9767 18.98

W = aD°H ®)
Central 0.0286 1.7298 1.1306 0.9432 12.88
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Figure 4. Residual scatter diagram for dry weight estimation equations using DBH and height
in Pinus densiflra forest (Kangwon and Central pine).
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Table 7. Green weight table in Pinus densiflora forest (Kangwon pine) (Unit : kg)
DBH(cm) 6 8 10 12 14 16 18 20 22 24 26 28 30
DBHOI\I/Ia;iable 16.9 323 52.6 77.9 108.1 143.1 183.1 228.0 277.8 3325 392.1 456.6 526.1
3 7.1 11.9 17.8 24.6 32.5 413 51.1 61.7 73.2 85.6 98.8 1129 1278
4 8.9 14.9 223 30.9 40.8 51.9 64.1 77.5 91.9 107.5 1241 141.7 160.4
5 10.6 17.8 26.6 36.9 48.7 61.9 76.5 924 109.6 1282 148.0 169.1 1914
6 12.3 20.6 30.7 42.6 56.2 71.5 88.3 106.7 126.6 148.1 171.0 1953 221.1
7 13.9 23.2 34.7 48.2 63.5 80.7 99.8  120.5 143.1 167.3 193.1 220.6 249.7
8 15.4 25.8 38.6 53.5 70.6 89.7 1109 134.0 159.0 1859 214.6 2452 2775
9 16.9 28.4 423 58.7 77.5 98.5 121.7 147.0 1745 204.0 235.6 269.1 304.6
10 18.4 30.8 46.0 63.8 842 107.0 1323 159.8 189.7 221.7 256.0 2925 331.1
Height 11 19.8 33.2 49.6 68.8 90.8 1154 142.6 1723 2045 2391 276.1 3154 357.0
(m) 12 21.2 35.6 53.1 73.7 97.3 123.6 152.8 184.6 219.1 256.1 2957 337.8 3824
13 22.6 37.9 56.6 78.6 103.6 131.7 162.7 196.6 233.4 272.8 315.0 3599 4074
14 24.0 40.2 60.0 83.3 1099 139.7 172.6 208.5 2474 2893 3340 38l.6 4319
15 253 42.5 63.4 88.0 116.0 147.5 1822 220.2 2613 3055 352.8 403.0 456.1
16 26.7 44.7 66.7 92.6 122.1 1552 191.8 231.7 275.0 3215 3712 4241 480.0
17 28.0 46.9 70.0 97.1 128.1 162.8 2012 243.1 288.5 3373 3894 4449 503.6
18 293 49.0 73.2  101.6 134.0 1703 2105 2543 301.8 3529 4074 465.5 5269
19 30.5 51.2 764  106.0 1399 177.8 219.7 2654 315.0 368.3 4252 485.8 5499
20 31.8 533 79.6 1104 1457 185.1 2288 276.4 328.0 383.5 4428 5059 572.6
Table 8. Green weight table in Pinus densiflora forest (Central pine). (Unit : kg)
DBH(cm) 6 8 10 12 14 16 18 20 22 24 26 28 30
DBHOI\lfla;iable 9.1 23.0 42.4 67.3 975 1333 1744 221.1 273.1 3306 393.6 4620 5359
3 44 7.2 10.7 14.6 19.1 24.1 29.6 35.6 42.0 48.9 56.2 63.9 72.1
4 6.1 10.0 14.7 20.2 26.5 334 41.0 49.2 58.1 67.6 71.7 88.3 99.6
5 7.8 12.9 18.9 26.0 34.0 429 52.7 63.3 74.7 86.9 99.8 113.6 128.0
6 9.6 15.8 233 31.9 41.8 52.7 64.7 71.7 91.7 106.6 122.6 1394 157.2
7 11.4 18.8 27.7 38.0 49.7 62.7 76.9 924 109.0 1269 145.8 1659 187.0
8 13.2 21.8 322 442 57.7 72.8 894 1074 126.7 1474 169.5 1928 2173
9 15.1 24.9 36.7 50.4 65.9 832 102.1 122.6 1447 1683 193.5 220.1 248.1
10 17.0 28.0 413 56.8 74.2 93.6 1149 138.0 1629 189.5 217.8 2478 2794
Height 11 18.9 31.2 46.0 63.2 82.6 1042 1279 153.7 1814 211.0 2425 2759 311.0
(m) 12 20.9 344 50.8 69.7 91.1 115.0 141.1 169.5 200.0 232.7 267.5 3043 343.0
13 22.8 37.7 55.5 76.3 99.7 125.8 1544 1855 2189 2546 292.7 3329 3754
14 24.8 41.0 60.4 829 1084 136.7 167.8 201.6 2379 276.8 318.1 361.9 408.0
15 26.8 443 65.3 89.6 117.2 147.8 1814 2179 2571 2992 343.8 391.1 441.0
16 28.9 47.6 70.2 96.4 126.0 1589 195.1 2343 276.5 321.7 369.7 420.6 4742
17 30.9 51.0 75.1 103.2 1349 170.1 208.8 250.8 296.0 3444 3959 4503 507.7
18 33.0 54.4 80.1 110.0 1439 1815 222.7 267.5 315.7 3673 4222 4802 541.5
19 35.0 57.8 852 1169 1529 192.8 236.7 2843 3355 3904 448.7 5104 5754
20 37.1 61.2 90.2 1239 162.0 2043 250.8 301.2 3555 413.6 4753 540.7 609.6
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Table 9. Dry weight table in Pinus densiflora forest (Kangwon pine). (Unit : kg)
DBH(cm) 6 8 10 12 14 16 18 20 22 24 26 28 30
DBH variable

only 5.7 12.6 21.9 33.7 479 64.7 839 1056 129.7 1564 1855 217.1 251.1

32 5.4 8.2 11.6 15.5 19.9 24.8 30.2 36.1 42.5 49.3 56.7 64.5
3.9 6.7 10.2 144 19.2 24.7 30.8 37.5 44.9 52.8 61.3 70.5 80.2
4.7 8.0 12.1 17.1 22.8 29.2 36.5 444 53.1 62.5 72.6 83.4 94.9
5.3 9.2 13.9 19.6 26.1 33.6 41.8 51.0 60.9 71.7 83.3 95.7 108.9
6.0 10.3 15.6 22.0 294 37.7 47.0 57.3 68.5 80.6 93.6 107.6 1224
6.6 11.4 17.3 243 32.5 41.7 52.0 63.3 75.7 89.1 103.6 119.0 1354
7.3 12.4 18.9 26.6 355 45.6 56.8 69.2 82.8 974 1132 130.1 148.0
10 7.9 13.5 20.5 28.8 384 49.4 61.5 75.0 89.6 1055 1226 140.8 160.3

Height 11 8.4 14.5 22.0 309 413 53.0 66.1 80.6 963 1134 131.7 1514 1722
(m) 12 9.0 15.5 23.5 33.0 44.1 56.7 70.6 86.1 1029 121.1 140.7 161.6 1839
13 9.6 16.4 24.9 35.1 46.9 60.2 75.0 914 1093 128.6 1495 171.7 1954

14 10.1 17.4 26.4 37.1 49.6 63.7 79.4 96.7 1156 136.1 158.1 181.6 206.7

15 10.7 18.3 27.8 39.1 522 67.1 83.6 101.9 121.8 1433 1665 1913 217.7

16 11.2 19.2 29.2 41.1 54.8 70.4 87.8 107.0 1279 150.5 1749 2009 228.6

17 11.7 20.1 30.6 43.0 57.4 73.7 919 1120 1339 157.6 183.0 2103 2393

18 12.3 21.0 31.9 449 59.9 77.0 96.0 1169 139.8 1645 191.1 219.6 2499

19 12.8 21.9 332 46.8 62.4 80.2 100.0 121.8 1456 1714 199.1 2288 2603

20 133 22.7 34.6 48.6 64.9 833 1039 126.6 1513 178.1 207.0 237.8 270.6

O 0 N N N B~ W

Table 10. Dry weight table in Pinus densiflora forest (Central pine). (Unit : kg)
DBH(cm) 6 8 10 12 14 16 18 20 22 24 26 28 30
DBH variable

only 5.1 12.1 219 343 49.4 67.2 87.7 110.8 136.6 165.1 1963 230.2 266.7

22 3.6 53 7.3 9.5 12.0 14.7 17.6 20.8 24.1 27.7 31.5 355
3.0 5.0 7.4 10.1 13.2 16.6 20.3 24.4 28.8 334 38.4 43.6 49.2
3.9 6.4 9.5 13.0 16.9 213 26.2 314 37.0  43.0 494 56.2 63.3
4.8 7.9 11.6 159 208 26.2 32.1 38.6 45.5 52.9 60.7 69.0 77.8
5.7 9.4 13.8 19.0 248 31.2 383 45.9 54.1 62.9 72.3 82.2 92.6
6.7 10.9 16.1 22.1 28.8 36.3 44.5 534 63.0 732 84.1 95.6 107.7
7.6 12.5 18.4 25.2 32.9 41.5 50.8 61.0 71.9 83.6 96.0 109.2 123.0
10 8.6 14.1 20.7 28.4 37.1 46.7 57.3 68.7 81.0 942 1082 123.0 138.6

Height 11 9.5 15.7 23.1 31.6 413 52.0 63.8 76.5 903 1049 1205 137.0 1543
(m) 12 10.5 17.3 25.5 349 456 57.4 70.4 84.4 99.6 1158 1329 151.1 1703
13 11.5 18.9 27.9 38.2 49.9 62.8 77.0 924  109.0 126.7 1455 1654 186.4

14 12.5 20.6 30.3 41.5 54.2 68.3 83.8 100.5 1185 137.8 1583 1799 202.7

15 13.5 223 32.8 44.9 58.6 73.9 90.6 108.7 1282 149.0 171.1 1945 2192

16 14.6 24.0 352 48.3 63.1 79.5 974 1169 1379 1603 184.0 209.2 235.7

17 15.6 25.7 37.7 51.7 67.6 8.1 1043 1252 1476 171.6 197.1 2241 2525

18 16.6 27.4 40.3 55.2 72.1 90.8 1113 133.6 1575 183.1 2103 239.0 269.3

19 17.7 29.1 42.8 58.7 76.6 96.5 1183 142.0 1674 1946 2235 2541 2863

20 18.7 30.8 454 62.2 812 1023 1254 1505 1774 2062 2369 269.3 303.4

O 0 9 N W B~ W
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Table 11. T-test results for comparison between previous weight table and new weight table.
Weight Kangwon pine Central pine
DF T-value p<0.01 DF T-value p<0.01
Green weight 467 2.9915 0.0029 467 15.2378 0.0000
Dry weight 467 5.3499 0.0000 467 20.7644 0.0000
Kangwon pine Central pine
™ B Green weight (old) 200 g B Green weight (old)
1000.0 Green weight (new) 1000.0 Green weight (new)
200.0 200.0
600.0 600.0
400.0 400.0 ‘ ‘ ‘
200.0 200.0
* —ocontill] * —countill] ]
6 8 1012141513202202g|_zls23303234353340 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
(@) (b)
Figure 5. Comparison between previous green weight table and new green weight table
in Pinus densiflora forest (Kangwon, a and Central pine, b).
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