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Abstract: [Objective] Forest site quality assessment is fundamental to forest management and important
for estimating forest growth and yields, evaluating forest potential productivity, and making suitable
silviculture practices. In this study, the generalized algebraic difference approach (GADA) method was used

to develop the more flexible polymorphic site index model based on 60 stem analysis data of dominant and
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co-dominant trees. The model will provide basic reference for evaluation of the site quality for Larix
olgensis plantation in Heilongjiang Province of northeastern China. [Method] By selecting the growth
equations of modification of the Weibull equation, Korf equation and Richards function, 6 difference site
index models were developed by GADA method based on the stem analysis data collected from 1994 to
2017 in Heilongjiang Province. The parameters of model were fitted with nonlinear least square method.
Combined with fitting data and validation data set, the model was preliminarily selected by four indexes, i.e.
R?, root mean square error (RMSE), modelling efficiency, and average absolute error. The optimal models
were further screened by residual plots and site index curve clusters. The optimal model and the model
developed from ADA method by the same basic equation were compared and evaluated through site index
curve cluster and parameters, ages when annual growth reaching the maximum value (inflection) and the

values. [Result] The difference model based on the Richards equation /= a(l —e‘b’)c with free parameters

1
a=¢e%,c=cy/Xg, Xo = 3

Inh; + \/1nh|2 —4cy ln(l —ebn )J was selected as the optimal model. The results of its

parameter estimations were b = 0.046 8 and ¢, = 4.675 4, respectively. The goodness of fit and validation
indicators of model were as follows: R* was 0.987 4, RMSE was 0.749 1, MAE was 0.904 0, and EF was
97.04%. Compared with the model developed by ADA method, the optimal model derived by GADA
method can better predict the growth process of dominant trees. [Conclusion] In the derivation of the status
index model, according to the GADA method, the difference model derived from specifying multiple
parameters as free parameters has not only good fitting effect, but also can conform to the properties of
multiple asymptotic lines and curve polymorphism at the same time, while the ADA method can only satisfy
one of them at the same time. According to the fitting results of the optimal model, the asymptotic value of
the high growth curve for the dominant tree increases gradually with the increase of the site index, and the
time of inflection position occurs earlier. This shows that the Larix olgensis plantation with better site
conditions, the growth rate and maximum value of the dominant tree height increase, and the maximum
value of height growth rate occurs earlier.

Key words: site index; generalized algebraic difference approach (GADA); Larix olgensis; plantation
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Fig. 1 Location distribution of sampling points of Larix olgensis plantations
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Tab. 1 Site quality-related factors of each forest farm and forestry bureau
FLRL AR i R W 40 s

Names of organizations Terrain Altitude/m Gradient/(°) Slope aspect Slope position
HE K ez [ h
Mengjiagang Forest Farm Hill 140~230 0~15 Southwest Middle
HARIL %7 7] i it T
Jiangshanjiao Forest Farm Slope 420 ~460 0~53 North Lower-middle
MR R i3 i) R
Linkou Forestry Bureau Slope 320~ 340 0~15 Southwest Lower-middle
R R i8¢ i ey
Dongjingcheng Forestry Bureau Slope 330~ 340 0~15 West Middle
04 25 B b B Wi 20 - 450 o is i ik
Shangzhi State-owned Forest Farm Management Bureau Slope - - South Upper-middle
A B AL 38 (B[ -
Bolixian Forestry Bureau Slope 380 ~400 5~10 Northwest Up
T AR )R ik F
Wuchangshi Forestry Bureau Flat 270~280 0~5 Flat
TR g It T
Ning’anshi Forestry Bureau Slope 350~ 360 5~ 10 North Down

SRR S RICHAR S, St AT bR ML B B T .
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Fig.2 Growing process curves of tree height of dominant

trees for Larix olgensis plantation
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Tab. 2 Statistics of fitting data and validation data for dominant trees in Larix olgensis plantations

A oL e €
A5 Fitting data (n = 45) Validation data (n = 15)
Variable M SN 118 FRAEZE B /M SN 1 P2
Min. Max. Mean Std. Min. Max. Mean Std.
1/
/ﬁ;wz a 16 53 34.69 10.96 17 47 30.47 10.68
ge/year
Wz
DBH/em 11.3 35.7 24.14 4.28 13.8 29.7 21.92 4.96
W
11.2 26.8 20.16 3.40 11.0 233 18.40 3.53

Tree height/m

H: nNFEAEL . Note: 7 is the number of samples.
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Tab. 3 Difference site index equations and base equations

Hehih o7 H XH) R e ERNTIRE T
Basic equation Free parameter Solution or equation of X' Difference equation No.
. N . ( . .
1B 1EWeibull 5 72 a=e”0 onlnh]—ln(l—e"”lc'ﬁzxo) hz:exo(l_e—brzflﬂzxo) El*
Modified c=c1+cX0
Weibull: X
= o 4en /X o ten /X
h=a(1-e~) a=e x0=1nh1—1n(1—e-bf1°‘+‘2/ 0) hz=eX0(1—e-b'2‘1”2/ ") E2*
C=C]+C2/X0
X
a=e"0 _(c14¢
onlnh1+bt’("1+"2X0) hy=eX0e-bi2 (c1+e2Xp) E3*
Korf: c=c1+c2Xo
h=aeb"¢ =eX0
a=e onlnh1+hti(('1+cz/xo) A =exoe_bt2—(cl+c2/XO) E4*
C=C1+C2/X0 2
_ X _ _e—bny
a=e*0 O:w hzzexo(l_e_b,z)(cl+czxo) E5
e=c1+¢2Xo I+cz In(1-e7011)
: . —eX -1 2_4¢ _e~br1 ]
R1chards_.btc a=e*0 Xo 2[F+\/F 4621H(1 e ) hZ:eXO(l—e””Z)(”Hz/XO) E6
h:a(l—e ) c=c1+c2/Xo F=lnh1—c11n(1—e‘b’l)
- 1—e b2)°
— _ —bt; )¢ - (
a—XO Xo—hl(l—e 1) h27h| (l—e_bt] )c EO

VE: *REMRIEL ~ E47EHE T I 72 o T IE MR X 10 2 AR, 78 30 i 72 A A B AR SR H L AUE AR AR % - Notes: * represents the numerical

solutions were used instead, since the explicit solutions of X, in model E1-E4 cannot be deduced mathematically.
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Tab. 4 Parameter estimates and goodness of fit of the difference site index equations for Larix olgensis plantations

oy =7 — —
ﬁo? Par;n%éter Estirjll;;:ﬁalue gd{.ﬁe? Piﬁue R’ RMSE EF/% MAE

b 0.0170 0.000 4 <0.001

El < 0.544 6 0.236 1 0.021 0.987 27 0.758 7 97.22 0.888 5
& 0.2155 0.069 8 0.002
b 0.0170 0.000 3 <0.001

E2 c 19156 0271 4 <0.001 0.987 27 0.759 0 97.22 0.888 7
& -2.1758 0.909 1 0.017
b 6.965 7 0.085 0 <0.001

E3 c -2.1008 0.018 5 <0.001 0.986 81 0.772 5 97.04 0.908 4
& 0.606 0 0.005 8 <0.001
b 6.957 8 0.084 4 <0.001

E4 c 1.1675 0.0216 <0.001 0.986 77 0.775 4 97.04 0.909 9
& -2.9208 0.015 6 <0.001
b 0.046 8 0.000 8 <0.001

ES c 2.663 7 0.3049 <0.001 0.987 43 0.748 2 97.04 0.904 9
& -03786 0.089 8 <0.001
b 0.0470 0.001 1 <0.001

E6 ¢ -0.0009 0.005 5 0.871 0.987 43 0.749 2 97.04 0.904 0
& 4.683 6 0.066 8 <0.001
b 0.046 8 0.000 8 <0.001

E7 0.987 41 0.749 3 97.04 0.904 0
¢ 4,675 4 0.044 1 <0.001
b 0.045 7 0.000 8 <0.001

EO 0.987 20 0.763 3 97.17 0.8917
c 13776 0.015 3 <0.001
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Tab. 5 Comparison of reparameterized parameters, inflections, maximum height growth rates and

fitted values at inflection of difference site index models E0 and E7

EO E7
bz 4R %
Site Pim/a EFESEKERKE PSR BRE Pim/a  EEEEKERKE DRRmBE R
index/m a Inflection/  Annual maximum Dominant tree height ¢ c Inflection/ Annual maximum Dominant tree height
year height growth rate/m at inflection/m year height growth rate/m at inflection/m
12 20.37 7.01 0.571 3.344 2120 153 9.10 0.565 4.190
14 23.77 7.01 0.666 4.075 2416 147 8.20 0.662 4512
16 27.16 7.01 0.761 4.580 27.09 142 7.45 0.761 4.789
18 30.56 7.01 0.857 5.153 30.00 1.37 6.80 0.863 5.025
20 33.96 7.01 0.952 5.725 32.89 1.34 6.23 0.966 5.223
22 37.35 7.01 1.047 6.298 35.76  1.31 5.72 1.073 5.386
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