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Abstract

Based on the investigation data of 12 Haloxylon ammodendron plots in the
south edge of Gurbantunggut Desert, Fuzzy distribution was introduced into
the study of Haloxylon ammodendron base diameter structure fitting ac-
cording to the consistency between the characteristics of Fuzzy distribution
function and the distribution series of cumulative percentage of stand base
diameter, and the fitting precision and effect of Fuzzy distribution function
were discussed. The root mean square error RMSE and determination coeffi-
cient R values showed that Fuzzy-T, Fuzzy-T, Fuzzy-Ts, Fuzzy-Ts had good
fitting performance, among which Fuzzy-I'; had relatively high fitting preci-
sion, and its parameters were closely related to stand age and density,
Fuzzy-T', distribution function was the second, and Fuzzy-T, distribution
function had the worst fitting effect. By introducing a parameter ¢ from the
similarity of four distribution function formulas, a generalized Fuzzy distri-
bution function Fuzzy-T's is obtained. This function shows the highest fitting
accuracy. Most of the values of parameter c are near 1 or 2, which shows that
the diameter distribution is mainly approximate to Fuzzy-I'y and Fuzzy-T’.

Keywords

Fuzzy Distribution Function, Haloxylon ammodendron, Base Diameter
Distribution, Stand Factor

1. Introduction

Base diameter is an important characteristic factor in Haloxylon ammodendron
stand, which has a specific distribution state. It is an important index of stand

quality and the basis of establishing stand growth and harvest model. Distribu-
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tion models of tree size are useful tools for describing tree populations and
stands. They are used to evaluate forest quality, predict forest growth, and plan
forest harvests to improve forest productivity [1] [2] [3]. Distribution models of
tree size can also be used to infer natural and anthropogenic disturbances, forest
succession status, and aboveground biomass [4] [5] [6]. Therefore, it is of great
theoretical and practical significance to study the diameter distribution, age dis-
tribution and the correlation between distribution parameters and stand factors
in forest management technology and stand investigation statistics.

As early as the 1950s, foresters began to study DBH distribution models [7]
[8] [9]. Diameter structure is an important basic structure of stands. Many clas-
sical models have been used to simulate DBH distributions, such as exponential
distribution, log-normal distribution, Weibull distribution and gamma distribu-
tion models [10] [11] [12] [13]. Various researches show that the DBH distribu-
tion of different tree types is quite different, so it is necessary to construct dif-
ferent probability distribution models to fit the DBH distribution [14] [15].
Generally, two methods are used to model the stand structure, namely parame-
tric method and non-parametric method [16] [17]. In the early research of pa-
rametric method, probability density function is widely used, but the prediction
accuracy of these methods is not satisfactory. In the mid-1990s, foresters applied
the Logistic population growth model to describe the cumulative distribution of
stand diameter based on the assumption that cumulative frequency increment of
diameter was positively correlated with cumulative frequency [18]. Mathemati-
cal analysis was conducted on this basis to explore the application of theoretical
growth equations in structural models, and good simulation results were ob-
tained. The nonparametric method is a prediction method, which is indepen-
dent of any distribution function and based on the weighted average distribution
of the nearest actual stand diameter [19]. This method has strong flexibility, but
it is very complicated. Some of the methods mentioned above have great im-
provement in simulation accuracy, but there are still some limitations. In this
paper, the Fuzzy distribution function is used to describe the stand diameter
structure. According to the study, the relationship between the parameter values
of the optimal distribution function and the tree factors is analyzed in four
common Fuzzy distributions, and the generalized Fuzzy distribution and its
change mode are analyzed and fitted.

Haloxylon ammodendron is a perennial shrub xerophyte belonging to Halox-
ylon genus of Chenopodiaceae. Because Haloxylon ammodendron has devel-
oped root system and bent main root, it has many characteristics such as
drought resistance, high temperature resistance, salt and alkali resistance, wind
erosion resistance and cold resistance. It plays an irreplaceable role in preventing
wind and sand fixation and restraining desert invasion to oasis, so it is an ex-
tremely important wind-proof and sand-fixing plant. Therefore, this paper takes
Haloxylon ammodendron forest in the south edge of Gurbantunggut Desert as

the research object, and introduces Fuzzy distribution function into the investi-
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gation data of Haloxylon ammodendron sample base diameter to study its base
diameter distribution structure, so as to provide scientific basis for the regenera-
tion and restoration of Haloxylon ammodendron natural forest and the optimi-
zation management and investigation statistics of Haloxylon ammodendron

plantation.

2. Materials and Methods
2.1. Overview of the Study Area

The study area is located in the southern edge of Gurbantunggut Desert, located
at 40°01'68" - 45°06'19"N, 85°59'14" - 86°18'04"E. Gurbantunggut Desert belongs
to temperate arid desert because it is deep inland and far away from the sea. The
average relative humidity of air is 50% - 60%, usually below 45% from May to
August; the annual precipitation usually does not exceed 150 mm, while the
evaporation is as high as 2000 mm, which is 20 - 30 times of precipitation. Most
of the desert interior is fixed and semi-fixed sand dunes, with annual rainfall <
120 mm and vegetation coverage of 20% - 45%. Besides Haloxylon, there are
Calligonum mongolicum Calligonum mongolicum, red sand (Reaumuriasoon-
gorica) and some short-lived, short-lived plants. According to the distribution
characteristics of natural Haloxylon ammodendron forest in different desert ter-
rains of Zhungeer Basin, four sites, Jinghe (A), 103 regiment (B), 130 regiment
(C) and 148 regiment (D) of Agricultural Sixth Division, were selected respec-
tively. Three sample plots of 140 m x 40 m were selected from each site, totaling
12 sample plots. The diameter of each tree of Haloxylon ammodendron in each
sample plot was measured, and the basic diameter and stand density of Halox-
ylon ammodendron in each sample plot were investigated and recorded. At the
same time, the average values of base diameter and plant height of Haloxylon
ammodendron were calculated, and the collection information of Haloxylon

ammodendron forest investigated in the study area was shown in Table 1.

2.2. Research Methods

At present, there are not many models for the distribution of base diameter
structure of Haloxylon ammodendron forest. The Fuzzy distribution model used
in the study of DBH and tree height structure of natural forest in forestry was
used for reference in selecting suitable models.

A series of basal diameters of Haloxylon ammodendron stand with intervals
of 2 cm were obtained by measuring basal diameters of Haloxylon ammoden-
dron stand, and fuzzy statistics were carried out to obtain a fuzzy array, and then
the number of trunk plants corresponding to each diameter class was calculated.
Finally, the relative frequency distribution was calculated, and the cumulative
distribution sequence in the range of [0, 1] was obtained, which can be defined
as a cumulative percentage distribution sequence less than or equal to a certain
diameter class. Because this cumulative percentage distribution series presents

nonlinear characteristics, we choose the distribution of r type. The four Fuzzy
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Table 1. Data collected from Haloxylon ammodendron plots in the study area.

A A
Sample plots ~ Stand density ~ Number of trees ve‘r age Verage
base diameter  plant height

No. n/hm? n

cm m
Al 1059 593 4.0 1.5
A2 630 353 4.0 1.2
A3 1436 804 2.5 0.8
B1 502 281 6.7 2.0
B2 502 281 6.0 1.8
B3 734 411 9.1 2.3
Cl1 1507 844 2.2 1.1
C2 305 171 3.4 1.4
C3 739 414 3.9 1.8
D1 591 331 2.8 1.1
D2 996 558 5.4 1.7
D3 398 223 5.6 1.9

distribution functions are Fuzzy-I'y, Fuzzy-I, Fuzzy-I's, Fuzzy-I's respectively.

The mathematical expressions of each distribution are as follows:

Fuzzy-T, =1-e *0® (1)
Fuzzy-T, =1-e <0 ()
Fuzzy-T, =1-e (3)
Fuzzy-I', =1— g Koo’ (4)

where & > 0, x> a. MatlabR2016a software was used to fit the model parameters,
RMSE (root mean square error) and R (goodness of fit judgment coefficient)

were used to test the fitness of the model.

)

(6)

where n is the number of observation points, y;is the actual measured value,
is the predicted estimated value, V; is the average value.

Because the collection site is natural Haloxylon ammodendron forest, it is
impossible to know the age of each stand. The longest method to determine the
age and growth quantity of trees is the annual ring measurement of trees. For

Haloxylon ammodendron in desert habitat, the relationship between age and
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growth ring is n = #/m. The average annual wide growth ring number of Ha-
loxylon ammodendron sand type is established by frequency statistics method,
and the sand type is 4.8 rings. The wide growth ring model of Haloxylon am-
modendron population is established through model selection and back-inspec-
tion.

t =5.5261r +2.9039h +13.9283 (7)

where nis age, m is the number of annual wide growth rings, ¢is the number of

total wide growth rings, ris base diameter (r= 1 cm), A s tree height.

3. Results and Analysis

3.1. Characteristics of Base Diameter Structure of Haloxylon
Ammodendron

The basic statistics of 12 Haloxylon ammodendron sample plots in the southern
edge of Gurbantunggut Desert show (Table 1) that the stand density of sample
plot No.1 of 130 regiment (C1) is the largest, which is 1507 plants/hm? The
mean base diameter of each Haloxylon ammodendron plot ranged from 2.2 cm
to 9.1 cm, among which Jinghe, 103 regiment, 130 regiment and 148 regiment
plots ranged from 2.5 cm to 4.0 cm, 6.0 cm to 9.1 cm, 2.2 cm to 3.9 cm and 2.8
cm to 5.6 cm, respectively. The maximum value of basal diameter in plot 3 (B3)
of 103 regiment was 9.1 cm, and the minimum value in plot 1 (C1) of 130 regi-
ment was 2.2 cm. The mean value of the base diameter of the population of the
four sites is 130 regiment (C) < Jinghe (A) < 148 regiment (D) < 103 regiment
(B). The results showed that Haloxylon ammodendron base diameter distribu-
tion was uniform and concentrated in each habitat plot of 130 regiment (C), and
young Haloxylon ammodendron trees were dominant.

Figure 1 shows the schema fitted by Matlab for the distribution of various
ground diameter classes. Four of the sample plots are randomly selected and
displayed in the article. The horizontal point pattern, frequency distribution and
relative cumulative frequency diagram are used to reflect the distribution struc-
ture of Haloxylon ammodendron. It can be seen from the scatter plot that due to
the distribution of natural Haloxylon ammodendron stand, the field investiga-
tion scope is often not limited to the range of 140 x 40 m. According to the
graphical representation of the data obtained from the investigation, the actual
distribution of Haloxylon ammodendron stand is more random distribution
structure, and the natural Haloxylon ammodendron stand grows densely and
has a tight structure. From frequency histogram, it can be seen that the diameter
class of Haloxylon ammodendron has a peak value between 2 - 8 cm, and ac-
counts for 60% or more of the total number of plants, and the number of large
diameter class is relatively stable, which indicates that the ecosystem has certain
stability and can maintain natural regeneration. From the relative cumulative
frequency diagram, it can be seen that the distribution of base diameter structure
of Haloxylon ammodendron forest follows the reverse “J” shape. When the di-
ameter class of Haloxylon ammodendron reaches 6 - 8 cm, the growth of base
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Figure 1. Distribution of base diameters.

diameter of natural Haloxylon ammodendron forest is obviously slow or even
stagnant, which is consistent with the typical reverse “J” shape law followed by
tree different age forest, which indicates that the number of plants in Haloxylon

ammodendron forest decreases gradually with the increase of diameter class.

3.2. Fuzzy Distribution Fitting of Haloxylon Ammodendron Base
Diameter Structure

The purpose of this study is to establish the distribution model of Haloxylon

ammodendron base diameter. In order to establish this model, three sample
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plots of each area should be integrated and analyzed, and then the total sample
plots of the integrated four areas should be summarized into a whole (E) for

analysis, as shown in Figure 2.
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Figure 2. Cumulative distribution and function fit plot of various ground diameter classes.
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It can be seen from Table 2 that each parameter of the four Fuzzy distribution
functions is deterministic, and the function of these value parameters & and a
gradually decreases from Fuzzy-I'; to Fuzzy-T's. Except for B sample plot, the fit-
ting accuracy of the other three sample plots is relatively higher, and their deci-
sion coefficients (R) are 0.9991, 0.998 and 0.9917 respectively. In the same plot,
the decision coefficient of Fuzzy-T', is obviously higher than that of other distri-
bution functions; In plot B, the decision coefficient of Fuzzy-I'; is higher than
that of the other three distribution functions, which indicates that Fuzzy-I'; has
better fitting effect and higher fitting precision in this plot. In the total plot (E),
the decision coefficient R* of Fuzzy-TI'; distribution function is 0.9991, which in-
dicates that the fitting precision of this function is higher than that of the other
three functions, and it is more suitable for the actual distribution of Haloxylon
ammodendron. The template is used to format your paper and style the text. All
margins, column widths, line spaces, and text fonts are prescribed; please do not
alter them. You may note peculiarities. For example, the head margin in this
template measures proportionately more than is customary. This measurement
and others are deliberate, using specifications that anticipate your paper as one
part of the entire journals, and not as an independent document. Please do not
revise any of the current designations.

From the whole point of view, the adaptability of Fuzzy-T', distribution func-

tion is obviously higher than other distribution functions, and the reason why

Table 2. Cumulative distribution and function fit plot of various ground diameter classes.

Fuzzy Parameters

Sample Plot ~ Equation R RMSE
k a
Fuzzy-T' 0.2977 0.02984 0.9991 0.000987
Fuzzy-I 0.03887 -1.412 0.9854 0.01575
A Fuzzy-T's 0.002782 -3.38 0.9757 0.02626
Fuzzy-T's 0.000141 -5.415 0.9705 0.03179
Fuzzy-T' 0.1395 0.6547 0.9775 0.04055
Fuzzy-I» 0.009606 —1.802 0.9981 0.003347
b Fuzzy-T's 0.0003455 -5.697 0.9935 0.01174
Fuzzy-T's 8.82E-06 -9.729 0.9903 0.01745
Fuzzy-T' 0.3119 0.009195 0.998 0.002009
Fuzzy-I» 0.04476 -1.314 0.9782 0.02201
¢ Fuzzy-T's 0.003545 -3.098 0.9671 0.03314
Fuzzy-T'4 0.0001988 —4.938 0.9614 0.03887
Fuzzy-T' 0.2337 0.1523 0.9917 0.01014
Fuzzy-I» 0.02645 -1.429 0.9913 0.01062
b Fuzzy-T's 0.001632 -3.704 0.984 0.01938
Fuzzy-T's 7.13E-05 —6.061 0.98 0.02427
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the optimal distribution function of plot B is Fuzzy-T', may be that the number
of Haloxylon ammodendron plants in plot B is too small, while the number of
Haloxylon ammodendron plants in other four areas is higher than that in plot B,
and their optimal distribution functions are all Fuzzy-TI';. From this point, it is
also confirmed that the optimal distribution function of plot B is Fuzzy-T, be-
cause the number of Haloxylon ammodendron plants in plot B is too small. Ac-
cording to statistics, the order of fitting precision of the four fuzzy distributions
is Fuzzy-I', > Fuzzy-T, > Fuzzy-I's > Fuzzy-I..

3.3. Relationship between Parameters k, a and Age and Density

The decision coefficient of Fuzzy-I'; is relatively high, so the relationship be-
tween distribution parameters and forest factors can be studied according to this
distribution. To determine the relationship between parameters & a and forest
age and density, firstly, the distribution status and distribution frequency of dif-
ferent base diameters of each sample plot should be determined, and the relative
cumulative frequency of base diameter of each sample plot should be determined
by distribution frequency. The 12 plots in the data are all natural Haloxylon
ammodendron stands, and their age can be determined according to the average
base diameter and average plant height. The specific results are as follows:

It can be seen from Figure 3 that parameters kX and a have obvious decreasing
trend with the change of stand age and density. The relationship between para-
meter kand forest age can be expressed by a power function: k= 7.359x'°7, the
coefficient of determination (&) is 0.9. The relationship between parameter a
and stand density is polynomial: a2 = 8.478e — 07x* — 0.002459x + 1.506, the coef-
ficient of discrimination was 0.8055, the significant level of variance analysis was
0.05, It is obvious that parameters & and a are closely related to age and density
(Table 3).

3.4. Generalized Fuzzy Distribution Function

Four distribution functions as shown in Equations (1)-(4), their mathematical
expressions are very similar, but the power exponent arguments are different.
The simulation accuracy of the four equations is obviously different when the
power exponent is different. By introducing a parameter, a generalized Fuzzy

distribution function is obtained, and its mathematical expression is as follows:
Fuzzy-T, =1-e *0®

As shown in Table 4, the coefficient of determination (&) and root mean
square error (RMSE) show that Fuzzy-I's has better simulation performance than
the four distributions mentioned above. The value of ¢ of this parameter is
mostly near 1 and 2, indicating that the cumulative diameter distribution form is
mainly represented by Fuzzy-I'y and Fuzzy-I', on the nearby type. When apply-
ing Fuzzy-T's distribution function to predict the station diameter distribution,

the parameter recovery method is adopted.

DOI: 10.4236/as.2024.151008

140 Agricultural Sciences


https://doi.org/10.4236/as.2024.151008

S.H. Wanget al.

0.5 - : - : 1.5
O kyvs. Tree age "
045} — k=7.359*x-1?578 1 O &%s. Densily
1t o ——— a=8.478e-07x2-0.002459*x+1.506
0.4} \
0.35} o5t o)
x 03} © °
0.25¢ 0 00 e}
0.2}
-0.5 0
0.16¢
0.1 " . : e ) A . . . . :
6 8 10 12 14 16 200 400 600 800 1000 1200 1400 1600
Tree age Density

Figure 3. Relationships between parameters &, a of Fuzzy-I'i and age, density.

Table 3. Tree age, density and Fuzzy-I'i parameter value in various sites.

Fuzzy-T' Parameter Values
Sample Plot ~ Tree Age  Density (n-hm™)

k a

1 8 1059 0.2513 0.1727
2 8 630 0.2152 -0.5888
3 6 1436 0.3882 0.009813
4 12 502 0.1502 0.5607
5 11 502 0.2094 0.295

6 15 734 0.1154 1.088

7 6 1507 0.4921 —0.004072
8 8 305 0.2919 0.2014
9 8 739 0.2618 0.0807
10 7 591 0.3764 0.006941
11 10 996 0.1955 0.5941
12 10 398 0.1822 0.1979

Table 4. Estimated regression coefficients, R, and RMSE for Fuzzy-I's.

Fuzzy Parameters
Equation R RMSE
k a c

Fuzzy-I's  0.0074e-10 - 0.2594 -2.047 - 0.03872 0.5742 - 1.7315 0.9991  0.007062

The final aim of all simulation experiments is to predict future conditions, and
the prediction methods are usually scientific, reliable, simple and feasible. For
Fuzzy-T, the simulation accuracy is higher than that of the above fuzzy distribu-
tions, and its parameters have close correlation with stand factors. Therefore, the

parameter prediction method can be used to predict the distribution of stand
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diameter, while Fuzzy-I's derived from four fuzzy distribution functions has bet-
ter fitting property. For Fuzzy distribution, the future stand diameter distribu-
tion can be obtained by effective prediction after the natural thinning model of

stand is established by knowing the future stand age and current stand density.

4. Conclusions and Discussions

Based on the investigation data of 12 Haloxylon ammodendron plots in the
south edge of Gurbantunggut Desert, the distribution characteristics of base
diameter structure and model fitting of Haloxylon ammodendron were studied.
The following conclusions were obtained: 1) The distribution of base diameter of
Haloxylon ammodendron stand presented an inverse “J” trend, indicating that
the stand had good natural regeneration. When the diameter of Haloxylon am-
modendron reached 6 - 8 cm, the growth of base diameter of natural Haloxylon
ammodendron forest was obviously slow or even stagnant. 2) The cumulative
percentage distribution of the base diameter of Haloxylon ammodendron stand
is consistent with the graph characteristics of Fuzzy distribution function, which
indicates that the structure of base diameter of Haloxylon ammodendron stand
can be fitted by Fuzzy distribution function. 3) Four Fuzzy distribution func-
tions Fuzzy-T', Fuzzy-I, Fuzzy-I's, Fuzzy-T, all show better fitting performance,
among which Fuzzy-T', has relatively higher fitting precision, its model parame-
ters &, a are closely related to stand age and density, Fuzzy-TI', distribution func-
tion is next, Fuzzy-T, distribution function has the worst fitting performance. 4)
According to the similarity of four Fuzzy distribution functions, we introduce a
parameter ¢ and obtain a generalized Fuzzy distribution function Fuzzy-Ts,
which exhibits the highest fitting accuracy. Most of the values of parameter care
near 1 or 2, indicating that the diameter distribution is mainly approximate to
Fuzzy-T'; and Fuzzy-T.

Haloxylon ammodendron forest is a kind of xerophytic shrub with developed
roots but slow growth. It is the most extensive and concentrated plant commu-
nity in Gurbantunggut desert. Its basal diameter distribution shows diversity. in
this study, that distribution of base diameter of 12 different natural Haloxylon
ammodendron stand follows the rule of inverse “J” shape, which is the same as
the trend of inverse “J” shape followed by different age trees, that is, with the in-
crease of diameter class, the number of plants corresponding to diameter class of
Haloxylon ammodendron gradually decreases. When diameter class of Halox-
ylon ammodendron reached 6 - 8 cm, the growth of base diameter of natural
Haloxylon ammodendron stands obviously presents a slow or even stagnant
state, which is the same as the rule shown by different age trees mixed forest. In
this study, the peak value of basal diameter distribution structure of natural Ha-
loxylon ammodendron forest mainly concentrated in diameter class of 2 - 8 cm,
accounting for 65% or more of total number of Haloxylon ammodendron, and
the number of larger diameter class (213 cm) of Haloxylon ammodendron was
relatively stable, which indicated that the stability of the ecosystem was relatively
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high and natural regeneration could be maintained. According to the corres-
ponding relationship between mathematical characteristics of cumulative per-
centile series of stand diameter and distribution range, Fuzzy distribution func-
tion is used to model the distribution of base diameter of natural Haloxylon
ammodendron forest. Because of the different expressions of fuzzy distribution,
their simulation characteristics are obviously different. Among the fuzzy func-
tions used, Fuzzy-I'y has the lowest simulation accuracy, and the generalized
fuzzy distribution function Fuzzy-I's with variable parameters has the highest
accuracy. The results of parameter analysis show that the parameters of Fuzzy-I'
are closely related to stand age and density. Introducing Fuzzy distribution func-
tion into the simulation of stand base diameter distribution of Haloxylon am-
modendron base diameter is beneficial to correctly recognize and grasp the dis-
tribution law of stand base diameter. With the development of base diameter
distribution and simulation technology, the combination of stand factors and
key characteristics of distribution function is helpful to identify the important
factors that cause the difference of simulation characteristics of distribution
function, which is of great significance for selecting distribution function.

As a whole, it can be seen that the Fuzzy distribution of this study can effec-
tively simulate the distribution of base diameter of natural Haloxylon ammo-
dendron forest in Gurbantunggut Desert, and provide scientific basis for the
growth and statistical investigation of natural and artificial Haloxylon ammo-
dendron forest. Because of the complexity and diversity of the distribution of
base diameter of Haloxylon ammodendron forest affected by various internal
and external factors, different distribution functions have different fitting effects
under different habitat conditions, so it is necessary to select suitable distribu-
tion function models according to the actual conditions of each forest. In addi-
tion, it is necessary to construct a simpler and more accurate model of base di-
ameter distribution, further analyze and predict the parameter values of base
diameter distribution model and the variation law of stand factors, and accu-
rately predict the dynamic distribution of natural Haloxylon ammodendron for-

est in desert.
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