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Abstract

Chapter 1

Theoretical equations can scientifically and reasonably describe the growth and
distribution of forest. This chapter relatively and comprehensively elaborates the
origin, present situation of application and development, complicated relationship
among theoretical equations, in order to make people have a clear knowledge of
theoretical equations and scientifically use them, and make application fields wide to
promote the further development of theoretical equations. The modeling and prediction
of stand diameter structure are of important value in theoretical and practical study,
have broadly applied prospects in the field of forest management and forest resource,
and even are the nucleus of stand growth model. This chapter, from two aspects,
relatively and thoroughly discussed the internal and external study situation about the
modeling and prediction of stand diameter structure model, summarily indicated that
the study on stand diameter structure model is unfolded around two methods—
parametric approach and nonparametric approach, mainly introduced a few main
modeling and prediction methods such as theoretical equation method and k-nearest
neighbor estimation method, and a few common evaluation and prediction methods

such as percentile method and regression method.

Chapter 2

The study on polymorphic dominant height models and polymorphic site index
equations is always the emphasis and difficulty in the field of forest growth model. This
chapter adopted difference methods first to build the polymorphic site index equations
based on six theoretical growth equations such as Korf, and then proceed to explore
their polymorphic meaning and analyse their modeling qualities, finally reach several
main conclusions: (D Based on theoretical growth equations, through difference
methods the polymorphic dominant equations can be built on a good biological basis;
@ The inflection points of theoretical growth equations have most important effect on
their modeling precision of dominant height growth; ® Difference equations have
better modeling effect on the Statistics at a wider range of region; @ The polymorphic
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dominant height equations, such as the two-parameter polymorphic forms of Korf,
Richards, Weibull and three-parameter polymorphic form of Sloboda, show higher
modeling precision; & The entirely reasonable polymorphic site index equations

can be built when excellent polymorphic dominant height growth models are adopted.

Chapter 3

It is analysed and explored that the mathematical characteristics of six growth
equations and their theoretical basis are applied to modeling of stand diameter structure.
The long-term observation data of permanent sample plots of China fir are sorted. The
six equations are applied to modeling of stand cumulative diameter distribution in order
to master modeling parameters and properties of every growth equation in the field of
diameter structure. The results show that Richards at most time presents a kind of
Logistic, and Weibull has its inflection point. Except for Mitscherlich function,
modeling precision of every growth function is very high. The optimum rate of
Richards, Weibull, Logistic, Gompertz, Mitscherlich and Korf successively decrease.
The whole precision of Richards, Logistic, Weibull, Gompertz, Korf and Mitscherlich
successively decrease. The relative growth rate of functions with index of variable has
the higher precision than those with power of variable. Equations with three parameters
have the higher precision than those with two.

For growth equations, it is significant to explore the sense of their parameters.
With the highest precision in the above-mentioned equations, Richards was selected to
develop this study. The results of stepwise regression show that parameter k is affected
by age, site index, average diameter and density remarkably, and their affection
decreases in turn. The stand factors that remarkably affect parameter 7 in turn are age,
average height, average diameter and density, and the relative coefficient of regression
is smaller than the former. Parameter b is affected remarkably by stand factors such as
average height, average diameter and density in turn, and its relative coefficient of
regression is very small. Parameter & and m have remarkably negative linear or
nonlinear relations with age and average diameter, and nonlinear relation is stronger.
Parameter k has the stronger relations with them than m in either linear or nonlinear
form, the relation between the two parameters(k and m) and age is affected by site
index, density and thinning intensity. Parameter k and m have remarkably positive
relativity with density. Parameter k and m respectively present the tendency of descent
with the increase of site index and average height, both of them present remarkably
linear relativity.
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The application of theoretical growth equations in the field of stand diaméter
structure plays an important role in both theory and practice. In order to look for the
inside and outside mechanism, and distinguish and use theoretical growth equations
correctly, this chapter in view of stands and equations makes further studies and
discussions. The results show that factors such as age, site index, density and thinning
intensity have no distinct impact on modeling precision of the six growth equations
mentioned above, but the difference of modeling precision is obvious among the
equations. The inflection points of curve of stand cumulative diameter distribution
range from 0.4 to 0.6, the distribution of inflection point value of growth equations has
deep relations with modeling precision of functions, the wider the range of effective
inflection points of the fittest equation curve is, and the higher the precision of
inflection points is, the more obvious the validity of inflection points is, and the higher

the modeling precision of equations is.

Chapter 4

According to the fuzziness of stand DBH distribution of China fir plantations, this
chapter introduces Fuzzy distribution functions into modeling . It takes good effect.
This chapter discusses the adaptability of Fuzzy distributions and the reasons that make
modeling precision of them discrepant, and draws main conclusions as follows: @ The
modeling precision of nine kinds of functions is shown as Fuzzy-TI's> Logistic>
Fuzzy-T'3> Fuzzy-T'4y> Fuzzy-C> Fuzzy-T,> Gompertz> Korf> Fuzzy-T, among
them, the Fuzzy-T's distribution of development type has the best modeling properties.
Parameters of Fuzzy-T'; are closely correlated with stand age and density. @ For
different stands, initial planting density has larger influence on diameter cumulative
distribution, but for the same stand, age plays main role. 3 Stand diameter cumulative
distribution has inflection point, the size of which negatively correlates to stand age and
initial planting density. The main range of inflection point of diameter cumulative
distribution is 0.4~0.6, and there is a central distribution point about 0.5. For average
precision of samples, when inflection point of distribution function lies in the main
range, its modeling precision is higher, and the closer it nears 0.5, the higher its
precision is. (@The stand age and initial planting density have different influences on
modeling precision of every distribution form. Fuzzy-I's, Fuzzy-T'; and Logistic have
stable and good modeling properties.



Chapter 5

The prediction of stand diameter structure can provide theoretical foundation for
scientifically engaging in direct silviculture of plantations. This Chapter, from four
aspects such as growth equations and so on, discusses the reason that influences
prediction effects of the stand diameter structure of China fir plantations, compares
parametric prediction method with parametric recovery one, and makes a thorough
study on the reason that influences adaptation degree of test in the view of stand factors.
The results are as follows: The influences of different recovery models, different
modeling materials , different test materials and - different growth equations on
adaptation degree of test are respectively greatly obvious, sometimes obvious, obvious
or greatly obvious and not obvious. When recovery model adopts the simplest power
function, the adaptation degrees are all over 50%. The prediction effect of Richards is
better, and there is only one adaptation degree under 60% in six cases. Parametric
prediction methods and parametric recovery methods both have higher adaptation
degrees of test in prediction, superiority and inferiority, and well applied prospects.
Stand initial planting density is different from factors such as age, site index and
thinning, etc., its adaptation degrees of prediction in different cases have a certain
regulation in general, which has obvious influence on adaptation degree, and such a
prominent effect of density should be considered while making classified prediction.

Chapter 6

. Using data from permanent plots, this chapter studies the dynamics of diameter
structure of China fir plantations and influence of density on it. Some criterions are
adopted, such as skewness, kurtosis, variance coefficient, cumulative diameter
distribution curves and frequency distribution, etc. The results show : DAt age of 6~20,
the value of skewness changes from negative to positive, the absolute value of
skewness first gets small, then big. At any time, high-density stands have the bigger
skewness, and the higher the density of stands is, the earlier the skewness varies from
negative to positive. @The law of kurtosis varying with age is not obvious. Kurtosis of
low-density stands is bigger than that of high-density ones, and both their values of
kurtosis tend towards O at last. @The CV of diameter shows weakly increasing
tendency with age on the whole, and declines at an earlier stage, then increases after
canopy closure. Non-evenness of high-density stands is bigger, and the higher the
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density is, the earlier the variance coefficient of diameter shows increasing tendency.
@At any range of cumulative frequency distribution, the smaller the density is, the
bigger the middle value of diameter class is. It benefits the formation of middle and big
wood. The tree distribution of diameter class testifies these conclusions.
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TRAMERINRHER . S, R TN TS SR L R S
HIeE KT RENEARE,

FHERAERTTRE, HETHR S ARE N EEA : 3KIE2% 7 (Gompertz L) .
& 18 1 #F o (Logistic 7 #2) . K YJ /K B % R Mitscherlich F#2) . M2 ER
(Bertalanffy Jj#), PE#&{EX (Richards 7 7#2). &F D#k(Schumacher 7552)Fif} 4R
R (Korf J7F2)%E 7 6, F HEE S IX e A RO LT 22,

111 ERERAEBNERBIIR

1.1.1.1  Gompertz 7 #2

b3k 7 R4 KIS, Gompertz il Logistic 75 F2 8 1H HEHE R, H
B TR AR R K Ko Al

K IR2E R Hi Benjamin Gompertz F 1825 4E B 42 1, FIRANRA O BT K
FROMROL. —MELLUR, RRBREERKMB TR, [T T2
MZBF S8 Wright IR “ LAMIX A K R R AR F18E 1 2 —
RIETRTRE” , MAERRSAREREFHOMEBRR S, KIEIREER S
th Gompertz 3, 1932 4E, Winsor {8 Gompertz FREMETNE, BZrREnN
FRO-Do HAYERHBEERFN T R2EKMLE S0 RIS T i HE
RO T A1), B E%(2003)57 F % 7 BARUAR S LR MR, EORE B HEAESS

4 i, '
y = kexp[— exp(a — bx)] (1-1)

He, k>0, b>0,
WA — e B AR IR 2 A R 5 — R s =

y = kexp[—aexp(—bx)] (1-2)

L EFTE RE(1988)N R (1-2)X BUA I A KT THIST; RARMIZ1998)
MBI AR AN THER S HGHMOIIR L, REVES R, SR, 23-1)
HRAADHEZKK G, (L a HIEEERE RFETE ., Gompertz RAEfE—
MR, UHEFTHRSBOE, TR R I 5 — R i B T 1

1.1.1.2 Logistic 7 #2

BB AR M LRI BOER Verhulst (1838)5 8], FITFHRA DMK
B, IRMES . BaEASIRRA-3), R14), ZJ5, Pear Fl Reed (1920)%;
HADRMRREA OB K AR, PEGEAAME AR L FREL4NHRE, Bl
LESEH 160 BE, 5IELHFEEZHRAMBIZ, BRI 1995)7EE K5k
R R R TARS AT o 1505 B2 R B R B O R S BRI o ) 25 35y
JRZIE—MAMRR, SHRUKLRREYSE RN E LR A — R
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FTRMNEXRTEWMTRA-5), MAZFEENIAS BERa M8, EEE{ORT
Richards 7, '

dy/dx = dy(1-y/Ymax) (1-3)
Y = Yax/ { 1+(Ymax—y0)/yo - exp[-d(x—xo)]} (1-4)
y = CI(1+¢"™) (1-5)

KRA-5F C 5HUA-DF Yoo B R EHHELAE, PIE TS ; p = In [(Ymax—yo)/y0] +dxo,
g=d, q/Ymu ANBEEKE; xo0. Yo 5E x. y B¥ME, B C, >0 . BHEIF
RIEESFEMBFHP ZHRINER, TEREAMAEA BRI N%¥ ERRE
BRIPMER, MAEER—&FIRER “S” JEfhZk, mEARARMHSPRENEYE
SR X — R (S0 1990), KM, Logistic 7 FRBTEE S I HEAE B
RIFA HRAMVLIRARREFRKRZ , EFRYRAIBEINLBY 5| R85 R A%
., JLRRIEL), BEEFRYREESHAEMEDRIERMEBET), B
BOLH) . ST, #S53F Lawson(1982)82 i T — BT BELS A KARRT, (ZRRl
RO R R SO R R RO A ST . £ T Logistic FREME M
Wb (AR 172 &b, SKKFA98S)TER H M AL R T F R (1-6),

y = C/[1+exp(p—gx)]° (1-6)

TRTPZHOR—NEE, C, 0, RU-OMPRAFTLIE 12 £ABUS, M
W ERKIER T BN HREARENY,

1.1.1.3 Mitscherlich F#2

KUK B A= d Mitscherlich F 1919 421, FIRFERHEPIFTAEE RN FHIR
BL, TERNFET S, WA “Wi5i%EE" (aw of diminishing returns),
4], Mitscherlich £ B TR N

y = A(1—e? )1 -eb®)
KA, y ABERE; x, o ERIBKOETF,
HILATEE R M REENE IR AL KMEF, BT HE—

AF, W LA . HARIINEERZ HEGFR, HEXREAAE
H

y = A[1-lexp(-mx)] -7

A, AN EENELME, | 05 y IHEARMSE, m HABEKE, A>0, m>0,
0 <i<l, FZELIEHIFEZHIIT, AMIEIBRHAA-DY =1 OS50 Bk

< 3.



