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Abstract: The objectives of this study were to derive site index and stem volume prediction equation based on
stem analysis data for Larix lepfolepis in Jinan region. The function for site index was developed by algebraic
difference equation method. Polymorphic site index family curves with base age of 40 were presented based on
the Schumacher height equation. The best stem volume prediction equation was suggested as V=0.00260+
0.00000399DH. The simultaneous F-test using this equation showed that the estimated tree stem volumes were
not significantly different (0=0.05 level) from the observed stem volumes for model evaluation. Therefore, site
index and volume prediction equations prepared in this study could provide an indication of site quality and
basic information for making of yield table, and could be used for rational forest management of Larix
leptolepis stands grown in Jinan region.

Key words : site index, stem volume prediction equation, base age, Larix leptolepis

M B F9 8A)FEthE Y, 1992).
AL BAl AL g AAE 71sd AeAe] #
1910 o)l YR o zXE =UH SIS (Larix leprolepis) 2] g QlF 23 A% dagh 34 71eS TR A
2 v o] ARl A 211’47%4 - 714491 A oh 2 ER ARG 99 Vo] AR $HE
of Aoz Hgdlen ArheAY, 1985). HREe RS AgHolol shul o2 AL A 4 AR
Qg o) Mol 4R, 1905), 2440 & BEAlE @ 5 gtk 9Re AeA e 32
ME FopreA WA SElE o) o 29 ASSE  AZgoz Al Wil ueh 48 Bk 949
ol shbEs) AREsel S AL 5 A o) A% AR Jao] wheh Yl Wl H7, S,
We AS)E A5e] ] Hol e RO SRR e, A % WaE s, gk A4e] 4
ohJE B, olajol, mlFel Re| xele] Hu e =2 setajdl dag ridle] A% FHE F47)
@ A% B fEE Ve BA AsEe #EY
o ont 4 3lo] BT ARG A2 AT L 5 kel

E-mail: leesh@chonbuk.ac.kr

40



41

K

o

248, 2001). o218 A

Fitt.

3|

71 9i5ke] A

et

TR
BN

o

2ZH 715 1 (base age)oll A 2] A

= AE

s o165

5

ol

I

afjoF Fhfe 2ol A

A5k £ 7] (rotation age)ol] -3

7
=

5
bl

A

(o2

A

o
H
350 mo]

FSiTh.
4 %] ¢ tH(Table 1).

ATt

A

-

Ko}
1\__

]

2] 20 Plots

T

hls

Il

1

Ry
g

bof 41

i=h

I

i<

BHA-2 0268 m*ol ATt Ui
[}

hya
ik

Al
=g

30-35° AL}

-

(Larix leptolepis)yS ©|&

A1 20 mx20 me] A
At

=5} %

HGadow and

]

]
gl

[s]

Q.

SHAl A

5

g f-&

1

R

]_

o AR 8 9] A

o] 7]-

(=]

T
f.

o]

=

]_

5

o] A &= (precision)’} 2

=
=
G

el

o]
o 7|

J

Ao mel Wiyt yepgo s 7 K] 9

¢l o] #o]tH(Goelz and Burk, 1992).
Hui, 1999). wH2kA]

2 W

A

—

Feb, zeiuh A shlfelas ¢

B

-
iy

°}7]

(algebraic

difference equation)©] TH(Clutter er al., 1983; Borders ef

al., 1984; Lee, 2000, 2001).

sttt

5

]

44

Hlole 2 Al g

fle] dxtol whet

=
&l

IS

A

=
T
R

7 dolg e 427k

Huber 2] Z28]31 AF5

i

k<)
T

o} o#%

AR

o] st} HzolE
o)

4=
(2002)°14 Kozak(1977)¢]

A 1985, 49,

=

[€)

Lt

9

1994; F % 5, 1986)

EREES

E

=1
[<]

==
R

4

K

4

K

Soil type

Altitude
(m)
350

Slope

)
30-35

=

(m’)
0.268

YZ :f(Yla TI7 Tz) 9, MR)

Stem volume

(m)

18.2
14.2-222

Height

Ages
(years)
30-34

A
20

2=

of Plots

Number

T

T

Jinan

e 2 A7
Areas

Table 1. Status of Larix leptolepis stands in study area.
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Table 2. General forms of projection equations applied to data for height growth and site index.

Equation name Equation Forms*

Schumacher Y,= Y exp(-B(L/T,-1/T")
Anamorphic Hossfeld . Y,= 1/((1/Y1)_B(1/T2Y“1/T1 7))

Chapman-Richards Y, =Y (1-exp(-BT))/(1-exp(-T,))”

Gompertz Y, =Y, exp(-B(exp(yT,)-exp(yT))))

Schumacher Y, = exp(In(Y )(T,/T) o (1~(T /T)P)

. Hossfeld Y, = ((U/Y )(T/T,) "+l 1T,/ T)7))

Polymorphic ¢ - o man-Richards Y, = (a) MBI —(1~(y/a) Y, Py (T, =T, 0By

Gompertz Y, = exp(In(Y,)exp(—B(T,~T )JH¢(T,*~T %)) +o l—exp(—B(T,~T,)+¢(T,~T,*)))

*Y, = height of trees at age T,, Y, = height of trees at age T,, exp = exponential function, In = natural logarithm, and a., B, v are coefficients

to be estimated.
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(Woollons et al., 1990), Chapman-Richards(Pienaar and
Turnbull, 1973; Goulding, 1979) 2] 2L Gompertz(Whyte
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Table 3. General forms of equation for predicting volume.
Model*

ModelI:V = a+bD?

Model I : V = a+bD+cD?

Model I : V = aD+bD?

Model IV : V =a+bD’H

Model V : V =aD’H

Model VI : V = a+bD*H?

Model VII : V = aDH®(InV = Ina+blnD-+cInH)
Model VIII : V = D*(a+b/H)

* V = volume, D = diameter at breast height, H = height, and a, b
are coefficients to be estimated.
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Figure 1. Height and volume growth pattern of Larix leptolepis.

Table 4. Mean height and stem volume of Larix leptolepis.

Age(years) 5 10 15 20 25 30
Height(m) 1.947 6.407 10.2 13.153 15.447 17.473
Stem volume(m®) 0.001 0.009 0.037 0.084 0.142 0.208
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Table 5. Statistic of residuals with the anamorphic equations
fitted to data.

Mean of

Table 6. Coefficients for polymorphic equation fitted to data.

Coefficient
Model name MSE
o B Y
Schumacher 3.580 0.784 - 1.611
Gompertz 3.235 0.134 0.0017 1.807
Hossfeld 21.926 - 2.045 2.083

Zpe] A= Table 59} 2th.

3 (polymorphic) 74 2]-S Bl o|E] (overlapping data)el]
2818 A3} Chapman-Richards W4 2]-2 0=0.05 =0
A 2ol A= B, vakol 05 XL lo] fFoAd&
Ho|A] k. UZ}E}H Chapman- Rlchards WA el e a1
A B R

3 3 § E i (homoscedast1c1ty)
S Byrk B¥9 AddE Wrtete 3 WA 27l
MSEZF-2 Schumacher HHA 2] o] ©& 7--8 el
Gompertz > Hossfeld A4 9] -0 =2 2k 31 ]—FA—‘,%}\
UH(Table 6). Wb AXREE Fejo} MSES vlas) & uj
Schumacher t+8 g 2l(2] 1)o] t-& tfd P E =2
1;} zjfswﬂo] _?, “_} AR L}E}L} A (l)g ./]:_37_ A2} _ir
42 Slgk HHe] g o Mg st
H, = exp(In(H YT /T a(1~(T/T,)) 9]
2] (1ol 9 s 2Hpe) it 0.03me =M L=e| A3

Table 7. Summary of statistics of residual values for height
Schumacher polymorphic equation.

Equation name MSE residuals Skewness - Kurtosis Statistics name Value Normal distribution
Schumacher 6.014 0.42 0.23 4.68 Mean 0.0311
Chapman-Richards ~ 6.138 0.43 0.30 422 Skewness -0.32 0
Hossfeld 1951.630 -3.05 0.91 13.86 Kurtosis 1.29 0
Gompertz 33.794 2.97 0.17 -0.58 W:Normal 0.97
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Figure 2. Plot of residual against predicted for height Schumacher polymorphic equation.

S(accuracy)E E.SIT}. Table 7914 Holil &= 2k}
9| &= (skewness)= -0.320]3% = (kurtosis)= 1.295 e}

W, 2y
F AR 7S Bl 1
S Ao Aek e

L A=
2-/\]_-8} s

l‘i}/\_“ﬁ L]

o] 2}, ot Fx ghe FFRES] ool of
o AEAE ASs Tk =
UERH = Shapiro-Wilk Ft= ‘17
gk GRpe} o A )
T ASAcKFigure 2).

= 2= =
FAHL FIE

O

0.003mg = 7t = 4 4]
ol 1.5m ool Al o] £oIA| 5L 9lo] BH ) Hrrt w2

RAew Jepgo,

4 (g

& OOJ 404 (X234, 2005)
& 71%2 ’8}04 T,~40¢71 =A%) o H=SI= X35}
of olzle] Pepale = 2B

SI= exp(In(H,)(T,/40)*+a(1— (T /40)%) )
)71 M o, = 3.4731

B = 0.7205 o]t}

2] 9] A =2+4 (site index curves)S T4 (2)E o9

2] 3y 7ol A ate] Hel L5t A gog

# A

2%

Height(m
&

iy
o

i

o

5 10 15 20 25 30 35 40
Agelyears)
Site index 12 e Site inclex 14 Site index 16
- Site index 18 s Site index 20 Site index 22

Figure 3. Plot of site index curves for Larix leptolepis stand
derived from a height equation.
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Table 8. Estimated parameters for stem volume prediction models.
Estimated parameters
Models R?
a b c d.
Model I : V=a+bD? -0.00006351 0.00007864 0.9996
Model I : V=a+bD+cD? 0.00002865  -0.00000739  0.00007894 0.9996
Model III : V=aD+bD? -0.00001207 0.00007911 0.9998
Model IV : V=a+bD’H 0.00260 0.00000399 0.9703
Model V : V=aD’H v0.00000450 0.9715
Model VI : V=a+bD°H¢ -0.00003 0.000076 1.9915 0.0210 0.9997
Model VII ;: V=aD°HF (InV=Ilna+blnD+cInH) 0.000075 1.9944 0.0229 0.9916
Model VIII : V=D?(a+b/H) 12536.2 3573.8 0.9997
W vk FrARTS EYHHSEE S 1HSA B Table 9. Fit statistics for performance evaluation of the stet
= (I)‘FH (IIIW]—X]% AR A7) 9%AEe] =o MH volume prediction models.
< e et dHs 71E€71A1982 a, b7F 0=0.05 Models Fit Statistics
oA BAA Fo48-8 ERAA ekt 53 (1) (1) RMSE MD AMD
© g RE(INE gt b BF $240] Al Wep 53 Model I : V=a-+bD? 2 0.00020  0.00000  0.00009
. Model II : V=a+bD-cD 0.00020  0.00000  0.00010
D), (ID), (& B BAGF ko] =UAT H2 24
(?_3’ D, ( Zq)fm] - f © ];; " UL ;‘ 1% = © Model III : V=aD+bD? 0.00020  0.00446  0.00009
B =S Avi
TR ARl gl Ao & OE]ME} Model IV : V=a+tbD’H 000180 000000  0.00143
P9} A A AP § t F2lo M= ZE (V) Model V : V=aD’H 0.00265  0.00145  0.00152
BE (VIZHA 24A5R? & )ﬁo] 98% ool = Model VI : V=a+bD*H* 0.000194  0.00000  0.00010
© 4¥ES eyl e (v I)—.—E1 (VHI)W}X} Model VI V=aD'H' g 600194 0.00001 000009
= ;’E o (InV=lna+blnD-+clnH) ‘ ‘ :
o] B3 a, b AlEke] 95% A 05 EFet Model VIII : V=D¥(a+b/H) 0.000189 0.00001  0.00010
3Th ek HEAo R B 75:% B3k A A
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VIZHA] BE F2 238 AMD #& =F ‘0o 7M7t
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—%—Zé 28 AA AZF PO R Q AAF(RMSE), 2 7102 5 S tH(Table 9).
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Figure 4. Comparison between observed and predicted stem
volumes using model V.

Table 10. Summary of statistics of residual values for model I'V.

Statistics name Value Normal distribution
Mean 0.0001

Skewness -0.021

Kurtosis -0.162 0
W:Normal 0.98
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