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Abstract: In this study was implemented to develop tree stem weight prediction equation of Larix kaempferi in
central region by selecting a standard site, taking into account of diameter and position of the local trees. Fifty five
sample trees were selected in total. By utilizing actual data of the sample trees, 11 models were compared and
analyzed in order to estimate four different kinds of weights which include fresh weight, ovendry outside bark weight,
ovendry inside bark weight and merchantable weight. As to estimate its weight, the study has classified its model
according to three parameters: DBH, DBH and height, and volume. The optimal model was chosen by comparing
the performance of model using the fit index and standard error of estimate and residual distribution. As a result,
the formula utilizing DBH (Variable 1) is W = a+bD+cD?*(3) and its fit index was 90~92%. The formula for DBH
and height (Variable 2) is W = aD"H(8) and its fit index was 97 ~98%. In summation, Variable 2 model showed
higher fitness than Variable 1 model. Moreover, fit index of formula for total volume and merchantable volume
(W=aV) showed high rate of 98 ~99%, as well as resulting 7.7-17.5 with SEE and 8.0-10.0 with CV(%) which lead
to predominately high fitness in conclusion. This study is expected to provide information on weights for single trees
and furthermore, to be used as a basic study for weight of stand unit and biomass estimation equations.
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JEAAUYFLE dEZHQ Folxt H42A 70
Ui g 25, BRG] x4l 74 &
Ad 24 ol w@ol A" % 5 shURA] 2015
d o AR ddeFe] AA AbE Al 2,339,002 ha
Z0] 272,800 haZ AUF t}So g wo] Exsla Q)
o} E3F JEZAE 403,971,330 m’ £ 46,970,137 m’
2 =2 JdE =x4L& 71A 4Zo|th(Korea Forest

Research Institute, 2015; Korea Forest Service, 2017).

2| 715wt AFe ARdHstE Al
T} oA RS B4 AGSLT AL B =AY A}
89 7% ol A 7H53t AU AUOE ¢Bute]
Quf20] ZRR)of thgl #alo] FFHIL Uk Ao ¢
BAe] Gat 1X) B gIaiA Seltebs Qurs e
2 A4 FEAA O 2H-S wEod, A5 Aet
Aol er 2 FAo] Fad TS sH FHTUL
AR =Zsk 97l 9JtiSon et al., 2005; Son et al.,
2011; Seo and Lee, 2013). 3} ¢EHlo] QujjAof st

AT APMATY] A9 G 550 Hug weistol
ZAIA| 9} BRHES MAste] W FuFAHL o]&3)
Hpol Qi AS st A4S ATEkdch B3 A
w9} T 2RSS Afdsta o Eulo]eujAs 24
Aol gt 77} Bare] Yo gk wlke] He
SR} HohabRe] RHES AR o] o] g5

3 AFTE FHAAL AU Auwel AURE =
et 17709 =Foll thgt 7 40] 7HEE Ylri(Aldred
and Alemdag, 1988; Schlaegel, 1984; Evert, 1985). 2|1}
2ho] - aUEE o] vpo] euj A GARARERe] Rt A
Ad e B4 2 4o etk A, A
sop ujo) G Aol Ksno) Ak 9 vl
Suls A, FRAY Aol B2hire] vlo] o)
2 A AR JE 59 A5 (Park et al., 1989; Park et
al., 1990; Seo and Lee 2010; Seo et al., 2010; Na et al.,
2011; Son et al., 2011)7} XY=l o}, =S A5t

Table 1. Distribution of sample trees by DBH and height class.
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ST LYWl 8FH Solth(Lee et al., 2000).

DBH class (cm)

Height class (m)

<10.0 10.1~20.0 20.0< Total
<10.0 1 1 2
10.1~15.0 4 14 18
15.1~20.0 14 9 23
20.0< 5 7 12
Total 5 34 16 55
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Table 2. Description and mensuration unit variables used in the models.

Notation Description Unit
D Diameter outside bark at breast height, DBH cm
H Total height
\Y Stem volume m?
W Stem weight kg
a, b, c Model parameters

o, 7]&2] A=l gt Aol gt
5olle Al RiAl g o835t T

I 2 3 HEA o)A 9] A A 4x(coefficient of determination,

RQ)S’—]' 22 A2 x|4=¢1 A3HA]4(Fitness Index, FI)2}
FAR HFe o] wE

percent of the mean, SEE)S ©]-&3lo] 2] Aft)A 9l

A I (accuracy) S H7181 T SEEYow= £4H0] Htof|

et EFe 2t HE -':#%E et o =A M2 T

CoLf RN dojR AT} vt 7ssle) Eg

—
-8-%l(standard error of estimate as

2 o} iRl 20 AL E uuE 7HssH
SHe FHuwiso] Wito] tigh #2ea1e] HlE Yehj

HolA4=el CV%E A A5 tH(Evert, 1983; Schlaegel,
1984; Son et al., 2009; Son et al., 2012; Kang et al., 2015),
0|71 9] A4TAS Table 49 k.

Aol ofat FARANL 7120 AAARE o] g3
of Foor WS Ao] 71 BHow Axje] B
& Asmslol A AL el g it
L FI, SEE 9 CVE 2olsto] 2|70 ZoF

R =

A /;j Jotact T3 AHS o] 83t By o]
g3lo] AbEE FA7F 2 AolE Koz ¢ Hfo=
Ao FFFRPor MAAsl.

Table 3. Models tested for stem weight equations on DBH, DBH and Height, and Volume.

D D and H V
W = a+bD? €))] W = bD*H 1) W =aV (1)
W = bD+cD? 2) W = a+bD*H 2)
W = a+bD+cD? 3) W = a(D*H)" 3)
W = aD" @) W = aD'H* “

Table 4. Statistics for evaluating performance of weight equations.

Statistics Equation
Fitness index (FI) FI=1-3NYi— Y%/ (Yi— Y)?
Standard error of estimate as percent of the mean (SEE%) SEE% =V (ei— D)?/(N—1)/ Yx100

where Y, )7,3’ = measurement, estimate and mean of weight, repectively,

n = tne number of sample trees, and
p = the number of model parameters
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ZYAY B AL g Table 63} k.

FISH SEES SR15teluwl AF, 59 A5, 4o 4) QEYZUT AZY W 59 AZHE 24
WAZF 2 ol §Fpol Al APIAA BT} B ol g BEA & Uk FHE AHL ste] of
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A A2 RS B oo Ante At A=A £ AR & ol 8ot ASH R ATFE +4 &
3t AP A= 7 2 #AE Usdle B9@) e A0 = ae HE 23, FISE SEE= ths
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Table 5. Perfomance of weight equations on DBH.

Weight Statistics W = a+bD? W = bD+cD? W = a+bD+cD? W = aD"
) ) 3) “4)
Fresh FI 0.9190 0.9175 0.9204 0.9158
SEE 41.6761 42.0460 41.3173 42.4873
Ovendry FI 0.9090 0.9082 0.9090 0.9065
outside bark SEE 24.1037 24.2100 24.0947 24.4261
Ovendry FI 0.9104 0.9100 0.9104 0.9085
inside bark SEE 21.7377 21.7845 21.7357 21.9678
Merchantable FI 0.9128 0.9120 0.9128 0.9097
SEE 20.7118 20.8124 20.7116 21.0749
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Table 6. Perfomance of weight equations on DBH and Height.

. L W = bD’H W = a+bD’H W = a(D’H)" W = aD'HC
Weight Statistics
g (1) @) 3) )
Fredh FI 0.9790 0.9829 0.9849 0.9854
SEE 21.2291 19.1611 17.9673 17.6967
Ovendry FI 0.9738 0.9751 0.9757 0.9760
outside bark SEE 12.9413 12.6048 12.4557 12,3675
Ovendry FI 0.9727 0.9734 0.9736 0.9736
inside bark SEE 11.9907 11.8478 11.8081 11.7891
Merchantab FI 0.9737 0.9737 0.9739 0.9740
erehantable SEE 11.3855 11.3726 113317 113209

Table 7. Selected weight equations on DBH(D) and DBH(D) and Height(H) together.

W = a+bD+cD* W = aD'H®
Weight Parameter estimate cv Parameter estimate cv
FI Y FI Y
a b c (%) a b c (79)
Fresh -60.990 4.6632 0.4924  0.92036  22.226 0.0579 1.7982 0.9944  0.9853 9.520

Ovendry

. -18.468 0.5604 0.3170 0.90904 24.605 0.0225 1.8688 1.02 0.9760 12.630
outside bark

Ovendry

e -11.410 -0.2501 0.3075 0.91039 24.791 0.0182 1.9183 1.0023 0.9736  13.446
inside bark

Merchantable -16.015 0.0919 0.2891 091282  25.007 0.0153 1.9509 1.0090  0.9739  13.669
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Table 8. Fresh weight table within stem bark for Larix kaempferi. (Unit : DBH(cm), Height(m), Weight(ks))

DBH 6 DBH 8 DBH 10 DBH 12 DBH 14 DBH 16 DBH I8 DBH 20 DBH 22 DBH 24 DBH 26 DBH 28 DBH 30

H 3 4.269 7.161 10.696  14.846  19.589 24905  30.780  37.201  44.156  51.635  59.628  68.128  77.127
H 4 5.683 9.533 14239 19.764  26.077  33.154  40.975 49.523  58.781  68.737 79378  90.693  102.673
H S 7.095 11.901 17.777  24.674 32556 41392  51.156  61.827 73386  85.815 99.100 113.227 128.183
H_6 8.505 14.267 21311  29.579  39.028  49.620 61326  74.118  87.974 102.875 118.801 135.736 153.665
H_7 9914 16.631  24.842 34480 45494 57.841 71.486  86.397 102.550 119918 138.483 158.224 179.123
H_8 11.322 18993 28370 39377 51955 66.055 81.638  98.667 117.113 136.949 158.150 180.694 204.561
H 9 12.729  21.353  31.895 44270 58411 74264 91.783 110928 131.667 153.967 177.803 203.148 229.982
H_10 14135 23712 35418 49.160 64.863 82467 101.921 123.182 146.211 170975 197.444 225.589 255.387
H_I1 15540 26.069 38940 54.048 71312  90.666 112.055 135429 160.748 187.974 217.074 248.018 280.778
H_12 16945 28426 42459 58933  77.758 98.861 122.183 147.670 175277 204.964 236.694 270.435 306.156
H_13 18349 30.781 45977 63.816 84200 107.052 132306 159.905 189.800 221.946 256.305 292.841 331.522
H_14 19752 33.135 49.494  68.697 90.640 115240 142.425 172.135 204.316 238921 275908 315.239 356.878
H_15 21.155 35488  53.009 73.576  97.078 123.425 152.540 184.360 218.827 255.889 295503 337.627 382.224
H_16 22557 37.841 56.523  78.453 103.513 131.606 162.652 196.581 233.332 272.851 315.091 360.007 407.560
H_17 23959  40.192  60.035  83.328 109.945 139.785 172.760 208.797 247.832 289.808 334.672 382.380 432.888
H_18 25361 42543  63.547 88.202 116376 147.960 182.864 221.010 262.328 306.758 354.247 404.745 458.207
H_19 26.762 44.893  67.057 93.074 122.805 156.134 192966 233.218 276.819 323.704 373.816 427.103 483.519
H_20 28.162 47242 70566  97.945 129231 164.305 203.065 245423 291.306 340.645 393.379 449.455 508.823
H 21 29562  49.591 74.075  102.815 135.657 172.474 213.160 257.625 305.789 357.580 412.937 471.801 534.120
H 22 30962 51939 77.582 107.683 142.080 180.640 223.253 269.824 320.268 374.512 432.489 494.141 559.411
H 23 32361 54287  81.089 112550 148.502 188.805 233.344 282.019 334.743 391.439 452.037 516.475 584.695
H_24 33.761 56.634  84.594 117416 154922 196.968 243.432 294212 349.215 408362 471.580 538.804 609.974
H_25 35159 58980  88.099 122281 161.340 205.128 253.518 306.402 363.684 425281 491.119 561.127 635.246
H 26 36558 61326 91.604 127.145 167.758 213.287 263.602 318.589 378.150 442.197 510.653 583.446 660.513
H 27 37956 63.672  95.107 132.007 174.174 221.444 273.683 330.773 392.612 459.109 530.183 605.760 685.774
H_ 28 39354 66.017 98.610 136.869 180.588 229.600 283.763 342.955 407.071 476.017 549.709 628.070 711.031
H 29 40.751 68.361  102.112 141.730 187.002 237.754 293.840 355.135 421.528 492922 569.231 650.375 736.282
H_30 42.149 70.705 105.613 146.589 193.414 245906 303916 367.312 435982 509.824 588.749 672.676 761.528
H_31 43546 73.049 109.114 151.448 199.825 254.057 313.989 379.487 450.433 526.723 608.264 694.972 786.770
H 32 44943 75392 112,614 156.306 206.235 262.207 324.061 391.660 464.882 543.619 627.776 717.265 812.008
H 33 46339 77735 116.113 161.163 212.643 270.355 334.132 403.831 479.328 560.512 647.284 739.554 837.241
H_ 34 47.736  80.077 119.612 166.020 219.051 278.501 344.200 416.000 493.772 577.402 666.789 761.839 862.470

H_ 35 49.132 82419 123.110 170.875 225.458 286.647 354.267 428.166 508.213 594.289 686.290 784.121 887.694
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Table 9. Ovendry weight table within stem bark for Larix kaempferi.

191

(Unit : DBH(cm), Height(m), Weight(kg))

DBH 6 DBH 8 DBH 10 DBH 12 DBH 14 DBH I6 DBH I8 DBH 20 DBH 22 DBH 24 DBH 26 DBH 28 DBH 30
H3 1964 3362 5101  7.72 9566 12278 15301 18.631 22264 26.195 30422 34.941  39.749
H4 2633 4508 6840 9618  12.829 16465 20519 24985 29856 35128 40796  46.857  53.305
H5 3306 5660 8580 12076 16108 20.673 25764 31371 37487 44107 51224 58.833  66.929
H6 3982 6817 10344 14544 19400 24899 31.029 37.782 45.149 53.121 61.693  70.857  80.609
H7 4660 7978 12106 17.020 22703 29.138 36313 44215 52836 62166 72.197 82922 94334
H8 5340  9.142 13872 19.504 26016 33390 41.611 50.667 60.546 71.237 82732  95.021  108.098
HO9 6021 10309 15643 21993 29337 37.652 46.923 57.135 68275 80331 93293 107.151 121.898
H 10 6705 11478 17417 24489 32.665 41.924 52247 63.617 76021 89.445 103.877 119.308 135.727
H 11 738 12650 19.196 26989 36000 46204 57581 70.112 83782 98577 114483 131.489 149.585
H 12 8075 13824 20977 29494 39341 50492 62925 76.619 91.558 107.726 125.108 143.693 163.468
H 13 8762 15000 22762 32.003 42.688 54788 68278 83.137 99347 116890 135751 155917 177.374
H 14 9450 16178 24549 34516  46.040 59.090 73.639 89.665 107.148 126.068 146410 168.159 191.301
H 15 10139 17357 26339 37.032 49396 63.398  79.008 96203 114.960 135259 157.085 180.419 205249
H 16 10.829 18538 28.131 39552 52757 67.712 84384 102749 122782 144463 167.773 192.696 219.215
H 17 11520 19721 29.926 42.075 56123 72.031 89.767 109303 130.614 153.678 178.475 204.988 233.198
H 18 12211 20905 31722 44601 59492 76355 95156 115.865 138.455 162.904 189.190 217.294 247.198
H 19 12903 22090 33521 47.130  62.865 80.684 100.551 122434 146306 172.141 199917 229.614 261214
H 20 13597 23277 35321 49.661 66242 85018 105952 129.010 154.164 181.387 210.655 241.947 275244
H 21 14290 24464 37.124 52195 69.622 89.356 111358 135593 162.030 190.642 221.403 254.293 289.289
H 22 14985 25653 38927 54731  73.005 93.698 116770 142.182 169.904 199.906 232.162 266.650 303.346
H 23 15680 26843 40733 57270 76391  98.045 122186 148777 177.785 209.178 242.931 279.018 317.417
H 24 16375 28.034 42540 59.811 79.780 102394 127.607 155378 185.673 218459 253.709 291.397 331.500
H 25 17072 29226 44349 62354 83.173 106.748 133.033 161.984 193567 227.747 264.496 303.787 345.594
H 26 17768 30419 46.159 64899 86567 111.105 138.462 168.596 201.468 237.043 275292 316.186 359.700
H 27 18466 31.613 47971 67446 89.965 115465 143.896 175213 209374 246346 286.096 328.595 373.817
H 28 19164 32808 49784 69.995 93.365 119.829 149.335 181.834 217287 255.656 296908 341.013 387.944
H 29 19862 34003 51598 72546 96767 124.196 154776 188.460 225205 264972 307.728 353.440 402.081
H 30 20561 35199 53413 75098 100.172 128566 160.222 195.091 233.129 274295 318.555 365.876 416.228
H 31 21260 36397 55230 77.652 103.579 132938 165.672 201.727 241.058 283.624 329389 378.320 430.384
H 32 21960 37595 57.048 80208 106988 137.314 171.124 208366 248.992 292.959 340.231 390.772 444.550
H 33 22660 38793 58.867 82766 110.399 141.692 176581 215.010 256931 302.300 351.079 403.231 458.724
H 34 23361 39993 60.687 85325 113.812 146.073 182.040 221.658 264.875 311.647 361.934 415699 472.907
H 35 24062 41.193 62508 87.885 117.228 150456 187.503 228309 272.823 320999 372.795 428.173 487.099
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Table 10. Selected weight equations on total stem volume(},) and merchantable stem volume(V, ).

W=aV, W=aVv
Weight Parameter estimate Parameter estimate
FI SEE CV(%) FI SEE CV(%)
a a

Fresh 763.9 0.9898 14906  8.0180 899.6 0.9857  17.537  9.4339

Ovendry 407.5 0.9870  9.1064  9.2993 480.0 0.9850  9.7792  9.9863
outside bark

_Ovendry 366.8 0.9854 87828  10.017 4323 0.9861 85748  9.7803
inside bark

Merchantable 349.7 0.9865 81296  9.8157 4122 0.9878 77431  9.3491
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