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Equations for Estimating Volume and Height of
Larix [leptolepis Growing in the Central
Region of Korea!
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ABSTRACT

A total of 320 Larix leptoieprs wrees growing in Kyonggi and Kangwon Province were examined to estimate
tree volume and height with DBH and age. The criteria of selecting the “best” regression equation were based
on coefficient of determination, R2?, adjusted standard error, I, and the ease of application. From the results
obtained in this study, the method of estimating tree volume and height with DBH and age showed the
following advantages ;

1. Since no measurement of tree height is needed, it saves time and labor in forest survey.

2. It has the ease of application because age is determined directly in artificial forests.

3. Volume and height can be estimated more easily and accurately with DBH and age than other methods.

Key words . Adjusted standard ervor , Larix leptolepis ; stepwise regression , “best” equation.
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Table 1. Number of sample trees and mean values by age class of Larix leptolepis

Age class No. of Mean DBH Mean height Mean volume

(yr) sample trees {cm) (m) {(m*)
5~10 40 3.5 3.9 0.0027
11~15 40 7.7 .9 0.0213
16~20 40 10.2 11.3 0.0511
21~25 40 13.8 14.4 0.1013
26~20 40 19.6 18.0 0.2027
31~35 40 21.4 19.7 0.2908
36~40 40 22.8 21.0 0.3368
41~45 40 24.6 23.2 0.4313
Total 320
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Table 2. Computational procedure of Furnival’s mul-
tipliers to compare the standard errors bet-
ween arithmetic and logarithmic volume
equations fitting the data of Larix

leptolepis
Symbol Dependent variable
log V
d 1 V1 loge
dv
G IO;IZI()gl*l 10 ﬁZlog\V Voge'
(G-t H1'=1 [10\12105" Hoge) =1

=10 NEIog[VlZoge) o =0.16342

— : derivative of dependent variable with respect
to volume

G : geometric mean

e(=2.71828) . the base of natural logarithm

N [ number of trees
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Table 3. F-value, coefficient of determination and standard error for the regression equations estimating the
volume of Larix leptolepis with DBH and height
Equation F-value R? 1
{Arithmetic)
(1) V=a-+bD*H(Spurr)'® 15102 0.97640 0.19573
(2 V=a+bD?*+cH (Golding-Hall} 2888.4 0.94073 0.034824
(3) V=a+bD?*+cD*H (Golding-Hail)¥ 7690.2 0.97688 0.019374
(4) V=a+bD*H+cH(Golding-Hall)® 7911.0 0.97751 0.019067
5) V —ath2+cD2H+dH Stoate)!¥ 5470.5 0.97836 0.018675
6V wa+bD2+cD2H+ dDH? + e H2(Naslund)'? 4363.2 0.97971 0.018014
(v wa+bD+cD2+dDH+eD2H+fH(Meyer)“’ 3441.0 0.97945 0.013181
8) V~a+bD+cD2+dDH+eD2H(Meyer)”’ 4200.8 0.97891 0.013427
9) V= a+bD+ch+dDH+eD2H+fDH2+gH+hHZ(Gerrard) 2878.8 0.98214 0.015778
(Logarithmic)
(10) V=a(D*H)® (Spurr)'®
logV = a'+blogD’'H 11683 0.96971 0.020161
(11) V=aDPH¢{Schumacher-Hall)"®
bgV=a'+ blogD+clogH 5876.6 0.96997 0.020112
(12) logV va+blogD+Clog2D+dlogH+elog (Germany)'¥ 3051.7 0.97119 0.019932

Foowr1200=6.85
n.s. ; not significant in the t-test at 5% level
(). designer(s)

V : total stem volume(m®)
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D ;. diameter at breast height{cm)
H ; total height{m)

a, a, b, - , h ;. regression coefficients
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Table 4. Coefficient of determination and standard error for the equations induced by stepwise regression

procedure to estimate the volume of Larix leptolepis with DBH and height

p Equation R? Sy - x
V={(D) 0.84850 0.054194
V={(D?* 0.93788 0.033626
V={(DH) 0.93869 0.033385
1 V=f(D*H) (13) 0.97640 0.019573
V={(DH?) 0.95993 0.026413
V=1{(D*H? 0.96242 0.025484
V=f(H) 0.71572 0.075346
V=£f(H? 0.81178 0.060749
V={(D*H, D) 0.97642 0.019573
V=f(D*H, D?) 0.97688 0.019375
V={(D*H, DH) 0.97751 0.019072
2 V=f(D*H, DH?* (14) 0.97927 0.018183
V=f(D*H, D?*H? 0.97680 0.019414
V={(D*H, H) 0.97751 0.019067
V=1{(D*H, H?) 0.97830 0.018681
V=f(D*H, DH? D"s) 0.97929 0.018207
V=f(D*H, DH2? D2s) 0.97931 0.018198
V=f(D*H, DH? DH"*) 0.97933 0.018188
3 V=£f(D*H, DH? D?H*"*) 0.97937 0.018162
V={(D*H, DH? H") 0.97943 0.018135
V=f(D*H, DH? H?» (15) 0.97953 0.018083
V=f(D*H, DH? H? D"%) 0.97970 0.018023
V=f{(D*H, DH? H? D) 0.97971 0.018014
4 V=f(D*H, DH?, H? DH"%) 0.97972 0.018007
V={(D*H, DH? H?"s, D?H?"%) 0.97959 0.018084
V=f(D*H, DH? H?, H") 0.97972 0.018014

P . number of independent variables

n.s. . not significant in the t-test at 5% level
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Table 5. Coefficient of determination and adjusted standard error for the regression equations estimating the

height of Larix leptolepis with DBH and age

Equation R? 1
16) H==a-+blogD+clogDlogA+dlogA
- arons “ s 0.86956 1.7204
(=a+blogD logA+ clogh)*
170 logH = a+bD? +cD-1+dDF A +eD AT +fDF A4
gD 'A- +hAY +iA (—a+bD} +cDF AY pdA)* 0.89374 1677
(18) logH=a+blogD+clog’D+dlogDlogA+elog*DiogA +
flogDlog®A+glog*Diog? A+hlogA +ilog*A (== a+blog?D+ 0.89565 1.6637
clogDlogA +dlog*DiogA+elvg’Dlog*A)*
(19) H==a+bD+cD?+dDA +eD*A+{DA2+gD?A%2+hA +1A2 B
(= a+bD+cD? +dA +eA?)* 0.89491 16588
(20) logH=a+bD !'+cD'A'+dA~! 0.87928 1.7945
(21) logH=a+blogD+clogA 0.88751 1.7253
(22) logH=a+blogD+clog’D+dlogA +elog’A
0.89321 1.6817

{=a+blogD+clogA+dlog*A:*

{ ) * . the “best” equation selected by stepwise regression

Table 6. Coefficient of determination and adjusted standard error for the regression equations estimating the
height of Larix leptolepis with DBH
Equation R? I

(24) logH=a+blogD (Stoffels)'” (.84986 2.2070
(75) H==a+blogD (Henricksen)'V 0.81440 2.1685
{26) H==a+bD~cD* (Staebler)'® 0.84829 1.9983
(270 H=a-+bD ! +cD? 0.76199 2.4591
(28} logH=a+bD™! ‘ 0.73652 2.7912
(29) H==a-+bD- +2D" +dD-2+eD? - fD+gD? {=a +rbD?)* 0.83906 2.1021
' He—a-bDr* -1 -2 v D2

(30) logH=a+bD? +cD7'+dD*+eD +fD+g 0.85097 2 0194

(=a-+bD? + cD1)*

{ ). designer

{ v = . the “best” equation selected by stepwise regression procedure
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Table 7. Coefficient of determination and adjusted standard error for the regression equations estimating the
volume of Larix leptolepis with DBH

Equation R? I
(32) V=a-+bD+cD? (Hohenadl-Krenn)!¥ 0.94420 0.034785
(33) V=a+bD'+cD™? . 0.53839 0.099972
(34) V=a-+bD? (Kopezky-Gehrhardt) ¢ 0.93788 0.035626
(35) V=a-+blogD 0.63511 0.88761
(36) logV=a+blogD (Husch)!¥ 0.94963 0.026854
(37) logV=a+bD"! 0.80058 0.045046
(38) logV=a-+blogD+cD™* (Brenac)¥ 0.95424 0.022611
(39) logV=a+blogD+clog®D (.95361 0.024755
(40) logV=a+bD~¥ +cD'+dD?+eD++fD+gD? 0.95512 0.021400

(=a+bD+ cD?)*

( ;. designer(s)

(. x ; the “best” equation selected by stepwise regression procedure

Table 8. Coefficient of determination and adjusted standard error for the regression equations estimating the

volume of Larix leptolepis with DBH and age

Equation R? 1
(41) V=a+bD+cD?*+dDA +eD?*A+fDA?+gD’A%+hA +iA?
{=a-+bDA+cD?*A+dD*A%) 0.95404 0.025933
(42) V=a-+blogD+clogDlogA+dlogA 0.84161 0.059376
{43) logV=a+bD'+cD'A-'+dA"! (.93409 0.036744

{44) logV = a+bDt +cD'+dDF At +eDt AT+
DAY 4+ gD A +hAT +IA
(=a+bD# +cD1+dA™H) 0.96493 0.020250
(45) logV—=a+blogD+clogA 0.96366 0.020537
(46) logV=a-+hlogD +clog’D+dlogDlogA+elog?DlogA+
flogDlog*A+glog*Diog*A+hlogA+ilog?A
(=a+blogD+clogDlogA+dlogDlog*A) 0.96513 0.020199

{ ). the “best” equation selected by stepwise regression procedure
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