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ABSTRACTS

This study aimed at evaluating one curvilinear equation and nine non-linear equations for estimating
stand growth characteristics(mean dbh, mean height and volume per ha) for the plantations of Pinus
koraiensis and the natural stands of Quercus mongolica. The data were collected from 92 plots in
Pinus koraiensis stands and 83 plots in Quercus mongolica stands, and the site index of all the stands
is 14. The curvilinear equation, Y=afe
the range of data, but was likely to give overestimates when extrapolating in old stage due to the

, used in preparing the yield tables was well fitted within

U g2 19964 10H 8H, Received on October 8,1996.
2 ¥k 2eks Forestry Research Institute, Seoul, 130-012, Korea.

- 135 -



136 R ERENE AT RoER #BE

tendency of linear increase. Among the non-linear equations, logistic equation and Sloboda equation
gave overestimates in young stands and reached the asymptotic status early which means underestimates
in old stage. Extrapolating in old stage, Hossfeld equation generally gave larger values than others
due to its large estimates of parameter @, the maximum value. On the other hand, Bertalanffy equation
gave underestimates in young and old stands and overestimates in middle-aged stands. The estimates
with Korf equation was relatively low for Pinus koraiensis stands, and this tendency was more obvious
in dbh growth of Quercus mongolica stands. Ueno-Ohzaki equation was liable to give over or under-
estimates depending on the value of parameter & when extrapolating in old stands. Considering the
accuracy of estimates and the biological base of the growth equations, Gompertz equation, Chapman-
Richards equation and Weibull equation were generally applicable for estimating the stand growth
characteristics of both species in the whole range of stand ages including extrapolated range. To get
more accurate and precise parameter estimates, more data, especially in old stands, should be required

in further study.
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Table 1. The general characteristics of Pinus koraiensis and Quercus mongolica stands examined.

. No. of Height DBH Volume/ha
Species plots Age (m) (cm) (m’/ha)
Pinus 97 31.7 22.0 13.2 169.6
koraiensis 12—58 6.8-40.8 4.6-20.2 22.1-336.1
Quercus 83 38.6 13.5 20.9 121.6
mongolica 978 5.9—18.1 6.1-39.0 41.6—-208.0
Table 2. iinear and nonlinear growth equations fitted in the study.
Type Growth equations Remarks
Curvilinear ~ Yield table V= atte !
e :
Y= —— 1822, accurate equation of stand
Hossfeld b+ — growth variables
. _ ] 1838, increase of human
Logistic ¥ 1+be populations
Cpe et 1825, age distribution in human
_ be ’
Gompertz Y=ae populations
Bertalanffy Y=ua(l—e )3 1957, animal growth equation
Non-linear . 1959, a flexible growth curve for

Chapman-Richards

Y=a(l—e ?)

empirical use
1939, a diameter growth of fixed

Korf Y=ae number of trees
. . 1939, a good empirical model of
_ =t
Weibull Y=a(l—e ) tree growth
Sloboda Yo gobe 1971,.m0d1flcat10ns of the Gompertz
equation
Ueno-Ohsaki Ve gotte-ce 1992, modifications of the Gompertz

equation
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Table 3. Parameter estimates for growth equations fitted to Pinus koraiensis stands dbh.

Parameter estimates

. 2
Type Equations . ) . p R
Curvilinear Yield table 7.946 0.432 13.697 0.9170
Hossfeld 59.172 4.267 1.468 0.9161
Logistic 37.413 8.578 0.082 0.9114
Gompertz 41.129 2.961 0.051 0.9144
Bertalanffy 35.543 0.066 0.8999
Nonlinear Chapman-Richards 47.466 0.031 1.528 0.9160
Korf 119.558 10.320 0.530 0.9167
Weibull 43.951 0.007 1.351 0.9158
Sloboda 36.737 1.769 0.004 1.687 0. 9090
Ueno-Ohzaki 27.658 0.006 2.817 0.065 0.9153
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Fig. 1. Comparison of growth equations fitted to
Pinus koraiensis stands dbh.
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Table 4. Parameter estimates for growth equations fitted to Pinus koraiensis stands height.

Parameter estimates

Type Equations R?
a b c d
Curvilinear Yield table 17.924 0.104 19.084 0.9835
Hossfeld 24.471 11.624 1.722 0. 9830
Logistic 19.295 7.916 0.097 0.9771
Gompertz 20.311 3.033 0.067 0.9811
Bertalanffy 19.043 0.077 0.9748
Nonlinear Chapman-Richards 21.452 0.050 1.810 0. 9826
Korf 31.706 16.528 0.871 0. 9834
Weibull 20.617 0. 008 1.425 0. 9820
Sloboda 22.493 4.46 0. 158 0.754 0.9815
Ueno~Ohzaki 12.019 0.009 3.755 0.109 0. 9835
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Fig. 3. Comparison of growth equations fitted to
Pinus koraiensis stands volume,

Table 5. Parameter estimates for growth equations fitted to Pinus koraiensis stands volume.

Type Equations Parameter estimates R
a b c d

Curvilinear Yield table 372.543 0.063 29.826 0.8652
Hossfeld 364.776 3. 961 2.100 0. 8636
Logistic 283.289 15.870 0.105 0.8570
Gompertz 306. 051 4.302 0.066 0.8619
Bertalanffy 312. 087 0.057 0.8632

Nonlinear Chapman-Richards 326.376 0.051 2.643 0. 8639
Korf 516.454 28.819 0.959 0.8652
Weibull 200. 622 0.002 1.802 0.8627
Sloboda 314.154 5.016 0.087 0.934 0.8618
Ueno-Ohzaki 136.632 0.013 6.270 0.120 0.8642
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Table 6. Parameter estimates for growth equations fitted to Quercus mongolica stands dbh.

Parameter estimates

. 2
Type Equations . b - 7 R
Curvilinear Yield table 1.741 0.736 6.958 0.9211
Hossfeld 75.707 4..438 1.353 0.9261
Logistic 39.953 9.589 0.063 0.9360
Gompertz 45.495 2.794 0.036 0.9314
Bertalanffy 39.365 0.047 0.9145
Nonlinear Chapman-Richards 57.087 0.018 1.397 0.9264
Korf 613.213 9.269 0.278 0.9230
Weibull 49.239 0. 004 1.338 0.9274
Sloboda 38.155 1.834 0.002 1.747 0. 9366
Ueno-Ohzaki 106.053 0.008 3.742 0.028 0.9344




HEAEEE 8620, 1997F 68 143

N HAdA el KBS Holw gl
= 43 Aoz Ao,

H] A8 Aol 9lelA= Hossfeld®] s} KorfAle]
ddAde] A ‘/}F%b} A FaAA LR &

zHHoz

ol FYAE F HAog dAatse] A og
< A de_z A7+ ),
Bertalanffy*]2- oj&l &&= AEFxch

FagE BTz, d¥e] 1084 AWM F
As] Wolx A zrle AHTHH =l A
gFo] glc}.

o]} wttl 2 Sloboda*! 3 Ueno~Ohzaki?] &
d#el 0ol A FAZ JAFAY F3}
2 Ayt F2AE F oZ B F
Aoy BAagy Rog Pt FdH w4
adll 2% AFhy-qle] FaA A A Hag
2 YAHoRE 45~579 WS 7P AR
ko,

ol EAIZE AlZ1" A& A vy YA
& A AbAdle] F2Z el Wb opel o A
2 Adysleddz FA47) 9lo] Ay Ad™
of glo] FuAANAE FAHs=Y 3 A
2 Azslc,

?) A5

Alzh g Ao J45w A4 =7
ol 5 Al ojgt A&z} FAANE vEFG A
# Table 7 ¥ Fig. 59 #t},

Azl el aA FAHANEFT FHR
ZAA ALgEHGR Al AExe} FH A7 A
AA G2 d¥- vy A (BertalanffyA] ) el o}
24 A A= A Al ol F &
L9 o 4 gy, mElm AlETRY] AR Al

)

r

Y

-{m

2

Haight(m)
°

iallival | Gompertz
|

j .I;;;;:lanﬂy
! —
{

|
O —
0 10 20 30 40 50 60 70 80 90
Age

(a)

; : Richards
Korf

Weibull

Sioboda

Height(m)

Fig. 5. Comparison of growth equations fitted to
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Table 7. Parameter estimates for growth equations fitted to Quercus mongolica stands height.

Type Equations Parameter estimates R
a b c d

Curvilinear Yield table 8.707 0.188 7.913 0. 9063
Hossfeld 22. 600 1.400 1.087 0.9071
Logistic 17.501 2.855 0. 066 0.8982
Gompertz 17.905 1.603 0.051 0.9029
Bertalanffy 16.063 0.093 0.8295

Nonlinear Chapman-Richards 18.947 0.032 0.825 0. 9064
Korf 27.907 5.482 0. 589 0. 9069
Weibull 19.240 0.054 0.880 0. 9066
Sloboda 21.432 9.551 0.997 0.314 0.9071
Ueno-Ohzaki 12.959 0. 004 1.739 0.083 0.9079
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Fig. 6. Comparison of growth equations fitted to
Quercus mongolica stands volume,

Table 8. Parameter estimates for growth equations fitted to Quercus mongolica stands volume.

Parameter estimates

. 2
Type Equations . b - 4 R
Curvilinear Yield table 74.221 0.203 7.774 0.4928
Hossfeld 213.423 1.046 0.145 0.4919
Logistic 161.069 2.818 0.063 0.4867
Gompertz 164.861 1.591 0.48 0.4887
Bertalanffy 145. 694 0.092 0.4427
Nonlinear Chapman-Richards 171.310 0.029 0.803 0.4915
Korf 262.330 5.739 0.571 0.4925
Weibull 178.880 0.054 0.861 0.4916
Sloboda 161.341 1.277 0.019 1.233 0.4866
Ueno-Ohzaki 122.948 0.004 1.585 0.072 0.4897




BEEEEE 86(2)%. 19974F 6H 145

ok olEid Ade A AT R dFF
vioh ZHE A froll A AR AolH, 53] Az
FAELE AVFAFHALE Do) #EFo] 3] o
FolA A o AAYQ FAZ AR HER
7L o] "elgom Ajzhslct,

T Al el 2] a2 A A 59
ol A gl Aoz el

FAE Al 9d A A9 AEAE ulw
stod Aol =eld e A9 E Ao Fig,
65t 229, Arlela adge AR AFA7)
74»}“ AFel vld 2L g Bolw g&E

vk, zla @A aAm e e 5

ﬁizﬂ A elgstd Aol &3t fitting g 8t
3 glent Aoy bl pxAl ALl Abs
AL ojF7] W #-go] Tk Ao},
WA Al F Logistict]-2 AR YA S gle]
f24719 o #4xF Reolx glon, Bertalanffy

J‘&nﬁ

A A4 GRS S gl A,
287 sl AT 2 o] Ao Ay
o ABe wol Frh. = Slobodarle ]
o wehA), w71 FaAE Bed o5 uAld
Alg ol ga Ay Re] ARG 2L 9
B ogelstrew wba) glo} FyAe R A
48 o 4 e 183 24 ool o7 A
2 dAR 160~ 18022 vheht As x4 14
o Azbeael A3 hat AHYFE o)
suel & Aoz war,

o4k At AR NBYT
ox ARAE FRa 2 A, 71% AR 9
ey 44 W FHA, 59 FoEAN
SEEL-L é:—xdw_u}—é AZHH)e] Aol
del HTAE 2E wAYANE A8A7]E Aol
% Aelstr o2 w@r Aolet ke w, ol
Wak g S AA] slshe Few
ol ot zrg 4ol Agstet shle), el
ToAgAe] Hgel slo) 71E 9 Aaele)

shrjets 7 wou N ERELY

B AR Ax g del LR 43 o
@t Aelebnt ¥ 47 gldled), ol Ay
Alo] ol ue] qeo] WX ghomz WA EAbH

Atz el e A8 fittingS 3ol ARj2tE F
A3 o 245 L ¢ S

F ol ol

10.

11.

by
32
fr y
o
PE

9714 ThAol Bt

ColEk 1991, 3l E

>
&=
N
&
O O
N
-
fo o
>
o
2L
it
% ok ok

=3

ZEe1n Aol shepeise) 7}
2 nr) geshA #ie 5 e
ZREY

2E XK

A&s}, 1992, AARAR S o g o] 24
AR AL sl AlEFstdn 8¢
35-49.
272 Y S5
A& ‘i}*} . 87pp.

%3}, 1983, Weibull 243 sl
‘(I)"Z‘lﬂ—‘?i«] 2o, @FUeA 59:
46-50.

E}_D\:a

e 5
m h w2
u;m r—;n r-lm

Aedw, 1994, F¥Au &PL}—‘?‘QTJ 24
A g FA ol Ag A, Al wbAlERg] =
. 85pp.

. WEFXAS - ERLTE. 1991, DIBE. Ik
i, HE,
HHEE. 1979. SEMEORKET. HHAE

61(9) : 321-329.

HEREHIAR - RIS,
Brr Ll
For. Soc.
Gertner, G.
functions : A potential and often unrealized

1992. ®LVRERM
EO(FEHEORENX. ] Jpn.
T4(2) - 74-82.

1990. Curvilinear and nonlinear

source of bias in forest survey estimates.
IUFRO sympogium 82-93.

. Payandeh, B. 1983. Some applications of non-

linear regression models in forestry research.
Foresy chronicle 59 : 244-248.

Philip, M.S. 1994. Measuring trees and for-
ests. CAB Intemnational. UK.

Zeide, B. 1993. Analysis of growth equations.
Forest science, Vol. 3%(3) : 594-618.



