MINING AND QUANTIFYING THE OPTIMAL
DBH RANGE OF LOBLOLLY PINE WITH
IMPROVED PARTICLE ALGORITHM
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Abstract: In order to fully understand the objective law of height and DBH growth
of loblolly pine trees and exploring the best DBH (Diameter at Breast Height)
Range for loblolly pine tree height growth, 13 340 loblolly pines with initial DBH
between 1linch and 7inch were selected from Alabama as research objects, and
statistics on its growth from 2000 to 2015. Because particle swarm optimization
(PSO) is suitable for solving non-linear problems, the optimal DBH of loblolly
pine is transformed into the optimization problem of PSO, which quantifies the
optimal DBH range of loblolly pine at different scales by mapping strategy. The
experimental results show that the range of the breast diameter suitable for the
high growth of the pine tree is concentrated between 3.7 inch and 7.3 inch. The
height of the pine tree begins to enter a period of rapid growth from a breast
diameter of 3.9inch (£0.2inch ). The tree height growth rate reached a maximum
at a breast diameter of 6.4inch (£0.6inch ), and the tree height entered a slow
growth period after the breast diameter of 11.92inch (£0.3 inch). In general, when
the breast diameter exceeds 15.26 inch (£0.3 inch), the height of the pine tree stops
growing.
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1. Introduction

Forest health management is conducive to the sustainable development of forests.
While acquiring forest resources, human beings must follow the objective laws of
forest tree growth and protect forest ecosystems to a great extent [1,2]. South-
eastern United States is one of the world’s largest timber producing regions with
more than 18 million hectares of pine forest [3]. As one of the most important

*Dongsheng Qing; Shuai Liu; Jianjun Li — Corresponding author; Central South University
of Forestry and Technology, No. 498 Shaoshan South Road, Changsha City, Hunan Province,
China, E-mail: 390033868@qq.com, xifang99@126.com

tQiaoling Deng — Corresponding author; Dongsheng Qing; Hunan Applied Technology Uni-
versity, Shanjuan Road, Dingcheng District, Changde City, Hunan Province, China, E-mail:
1006308937@qq . com, 673390302@qq. com

©CTU FTS 2022 113


mailto:390033868@qq.com
mailto:xifang99@126.com
mailto:1006308937@qq.com
mailto:673390302@qq.com

Neural Network World 2/2022, 113-130

commercial materials in the southeastern United States, loblolly pine is critical to
the impact of the entire southeastern timber industry in the United States [4]. A
reasonable forest harvesting strategy is beneficial to the sustainable management
of forests [5].

The growth of forest trees is accompanied by the growth of tree height and DBH.
The diameter of the breast and the height of the trees are the most direct manifesta-
tions of whether the growth of trees is healthy. In the study of the dynamics of some
forest stands, the tree height and DBH of forest trees are also essential measure-
ment factors [6,7]. Scientifically and effectively quantify the relationship between
DBH and tree height of loblolly pine can better grasp its growth status, in order to
develop a more reasonable management strategy of loblolly pine. As far as I know,
in the study of the growth law of loblolly pine, some researchers have explored the
growth of loblolly pine from different angles. For example, Sharma M studied the
effect of density on the growth of loblolly pine [8]; Farjat A E developed a model
to study the effects of climate change on height growth of loblolly pine [9]; Garcia
O. constructed a biological consistency stand growth model of loblolly pine [10];
Trincado G constructed a mixed effect model of height and diameter for loblolly
pine plantation in southeastern United States [11]. In addition, relevant researchers
have studied the relationship between age and the growth of loblolly pine on the
scale of time. For example, Harms W R studied the same initial spacing, age,
and site index of loblolly pine growth and development in the southeastern United
States [12]; Zhao D studied the growth of loblolly pine in the southeastern United
States for 16 consecutive years [13]. From the research progress of loblolly pine, it
is still scarce to formally discuss the quantitative relationship between DBH and
tree height of loblolly pine.

The particle swarm algorithm was first proposed by American electrical engi-
neer Eberhart and social psychologist Kennedy in 1995 based on the principle of
bird foraging and the algorithm has been successfully applied in various fields so far.
There are also examples of the application of this algorithm in forest management.
For example, Izquierdo uses particle swarm optimization to solve the problem of
forest fire-fighting drone assignment [14]; Bui D T uses the GIS neuro-fuzzy infer-
ence system to establish a forest fire model and uses particle swarm optimization
(PSO) to optimize the model parameters [15]; Li Jianjun solved the spatial opti-
mization problem of water conservation forest in Dongting Lake by particle swarm
optimization [16] and Zheng Peng solved the problem of forest harvesting plan-
ning by particle swarm optimization [17]. From the research results, the particle
swarm optimization algorithm has certain advantages for solving the nonlinear and
multi-objective problems existing in forest management. In order to fill the gap in
the quantitative problem of the relationship between the DBH and the height of
the pine, we selected 13 340 initial species of loblolly pine with a breast diameter
between 1inch and 7inch from Alabama as the research object, and statistics on
their growth from 2000 to 2015. Then, using the group optimization algorithm
to quantify the optimal DBH range of different scales of loblolly pine. To help
relevant practitioners to understand more clearly the objective laws of DBH and
tree height growth during the growth of loblolly pine, and to develop a scientific
and sustainable development strategy of loblolly pine.
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2. Method

2.1 Research area and data sources

Alabama is a state in the southeastern United States, with Tennessee to the north,
Mississippi to the west, Florida to the south, and Georgia to the east. The state
has a mild climate, hot and humid, and is a subtropical and rainy climate with
an average annual temperature of about 17 °C. The annual average temperature
in the northern mountains is about 16 °C, the annual average temperature in the
south is about 19 °C, and the highest in the hot summer is 39 °C. In addition, the
northern mountains of Alabama have snow in winter, with annual precipitation
of 1 300-1 500 mm and sufficient precipitation in the south to reach 1 600 mm. In
general, Alabama’s four seasons are more evenly distributed. It may be subject to a
tornado disaster every year from March to April, and sometimes it will be damaged
by hurricanes in late summer. From the 49 counties of Autauga, Baldwin, Barbour,
Bibb, etc. in Alabama, 13 340 randomly selected loblolly pine with an initial breast
diameter between 1inch and 7inch was selected as the research object, continuous
observation of its growth from 2000 to 2015, with a cycle of five years, each fire
pine was investigated a total of four times. The growth information of loblolly pine
is shown in Tab. I.

2.2 Data rationality testing and processing

The data is almost imperfect. In fact, most data causes errors, missing or inconsis-
tent types of attribute values in the data due to uncontrollable factors. Therefore,
a comprehensive quality analysis of the data is required before data modeling. The
purpose of data quality analysis is to ensure the correctness and validity of the
data. In general, the normal growth of the DBH and the tree height is basically
a linear relationship, and the general linear models (GLM) are usually used to in-
vestigate the relationship between stand height and DBH [18]. According to the
literature [19], the linear fitting correlation coefficient R? of tree height and DBH
during pine growth is generally (0.58, 0.65). The tree height and DBH fitting of the
initial loblolly pine in the paper are shown in Fig. 1. It can be seen from Fig. 1 that
R? does not belong to 0.58-0.65, it may be due to record deviation during sampling
or imperfect data due to various accidental factors (existing outliers). However,
for whatever reason, outliers will directly affect the accuracy of the fit and even
get some wrong results. Therefore, in order to correctly reflect the growth law of
loblolly pine and ensure the correctness and validity of the experimental data, it is
necessary to correct the initial experimental data.

This paper uses a statistical method based outlier diagnosis strategy [20], as
showed in Eq. (1).
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Year 2000 2005 2010 2015
DBH Tree DBH Tree DBH Tree DBH  Tree
number [inch] height [inch] height [inch] height [inch] height
[foot) [foot] [foot) [foot]

1 6.8 45 8.0 95 10.0 72 12.1 82
2 6.0 44 7.4 o7 10.3 66 14.1 84
3 5.1 33 5.8 37 7.7 47 9.7 63
4 6.3 31 7.5 39 10.1 50 13.2 66
5 6.8 45 8.7 55 9.3 66 11.6 85
6 6.6 39 7.1 47 8.3 95 9.7 72
7 5.2 34 5.6 47 6.3 o4 7.5 71
8 5.4 33 6.1 43 7.8 98 10.1 74
9 6.2 32 6.9 31 7.1 34 8.03 37
10 5.6 36 7.4 46 9.0 52 11.6 70
11 3.3 36 6.5 42 7.7 59 9.0 65
12 3.5 37 7.2 44 8.8 58 11.1 74
13 4.2 41 5.1 42 6.1 92 7.07 o8
14 1.2 11 6.4 38 7.9 ] 9.2 64
15 1.0 11 5.8 42 7.1 56 8.0 67
16 2.3 13 5.4 33 7.3 53 9.1 62
17 1.9 13 5.2 34 6.6 %) 8.1 67

13440 5.2 27 6.3 48 7.0 %) 8.5 70

Tab. I The information table of loblolly pine growth from 2000 to 2015 in study
samples.
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Fig. 1 The relationship between height and DBH of loblolly pine with initial data.
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where z; is a certain data to be tested, the value of gg can be found by looking up
the table according to the given significance level parameter @ and sample size n.

If |x; —Z| > gos, then think that z; is an abnormal data and needs to be
processed.

Due to record deviations in the survey process, these record deviations are
mainly reflected in the record of the tree height. In order to ensure the integrity
of the data, the outliers detected in the paper do not use the direct elimination
strategy, but use the mean interpolation method to correct the data. In other
words, if it is detected that the loblolly pine in the sample has an outlier at the
corresponding tree height under a certain breast diameter, the average value of the
tree height under the DBH is used to replace the outliers. The algorithm flow is
as follows.

(1) Obtain all the tree heights (H;) of the loblolly pine in the sample when the
breast diameter is D;, recorded as H; = {H;1, Hio, ..., Hij, ..., Him }.

(2) Calculate the mean and standard deviation of H;, recorded as H; and s.
According to the characteristics of the data in the text, the value of g is 3.

(3) If ’Hik — Hl‘ > gos, k = 1,2,...,m, then think that H;; is an outlier (ab-
normal point), Replace with H;, = H; +rand(). Repeat steps (1) ~ (3) until
there is no abnormal data in the data.

The purpose of outlier processing is to correct the possible abnormal tree height
of loblolly pine in the sample. Linear fitting between height and DBH of treated
loblolly pine is shown in Fig. 2.
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Fig. 2 The relationship between height and DBH of torchlight pine after treatment.
From Fig. 2, the correlation coefficient of linear fitting increased from 0.538 to

0.605, which accorded with the normal linear fitting range of height and DBH of
pine trees.
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2.3 Quantitative process of optimum dbh range of loblolly
pine
2.3.1 Particle swarm optimization

Particle swarm optimization (PSO) was proposed by Kennedy and Eberhart in
1995. The algorithm modifies the model of the Hepper simulated bird population
(fish school) so that the particles can “fly” toward the solution space and “fall” at
the location of the optimal solution. Update the position of particle optimization
according to Eq. (3) and Eq. (4) [21].

vfd = wvf‘d_l 4+ (pbestid - o:fd_l) + coro (gbestd — xf‘d_l) , (3)
k— k—
Ty = id L Yid g (4)

where vF, is the flight speed of particle i at the kth iteration; x¥, is the position
of particle ¢ at the kth iteration; ¢; and ¢y are learning factors, which mainly used
to adjust the maximum step size of algorithm learning; r; and r, are two random
numbers; w is inertia weight; d is the dimension of the solution space; pbest;q is
the current optimal value of particle i, while gbest is the overall historical optimal
value.

2.3.2 General ideas

Forest growth includes breast diameter and tree height growth. In this paper, the
range of optimal breast diameter is defined from the scale of forest growth as: At
a certain scale, there is a breast diameter range DR). in which the growth rate of
tree height is greater than other breast diameter ranges at this scale.

AHT},; .
DRk max(ADBHM) ZE( y 2,3, ) )7 (5)

where AHT}; is the average growth of tree height in a range of breast diameter;
ADBHYy; is the size (scale) of a certain range of breast diameter; Z is the total
number of breast diameter ranges at this scale.

In order to search for the optimal DBH range of loblolly pine, the DBH and
tree height during the growth of all loblolly pine in the sample are mapped into
a two-dimensional space, and it is used as the target space for particle swarm
optimization. Each particle finds the optimal DBH range of loblolly pine by dy-
namically adjusting its upper and lower search limits. In this way, the problem of
quantifying the optimal breast diameter range of loblolly pine is transformed into
the optimization problem of particle swarm algorithm in the target space.

2.3.3 Algorithm execution process

(1) Fitness function and constraints According to the purpose of this paper,
the setting of fitness function is shown in Eq. (6).

f) = 32 0
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Ahy is the average growth of tree height in a range of breast diameter; Ady is
the size (scale) of a certain range of breast diameter. The goal of particle swarm
optimization in the paper is to find the maximum value of the fitness function. All
the constraints of the algorithm are set as follows.
x; = o], 2]
ol xl e 0.1 20]

f

?

z <al

Xparticlesize =190

0<vF<112

1 <k <maxnum > (7)
ty > 200

ri,72 € [0 1]

Cc1 = 2702 =1

w=0.5

maxnum = 60

where z; is a particle; x{ is the lower limit of the range of the breast diameter
during the optimization of particle x;; z! is the upper limit of the range of the
breast diameter during the optimization of particle z;; Tparticlesize is the number
of particles; Uf is the update speed of the particle z;; t,, is the number of the pines
corresponding to the particle x;; ¢; and ¢y are learning factors, which mainly used
to adjust the maximum step size of algorithm learning; r; and r, are two random
numbers; w is inertia weight; maxnum is the maximum number of loops of the

algorithm.

(2) Algorithm flow

Algorithm 1 The improved PSO algorithm.

Initialize the particle swarm algorithm, including the initial position z} =
[m{ ,zl] of the particle, the initial velocity v} of the particle, the particle pop-
ulation size Tparticlesize’ the maximum number of cycles maxnum, and the DBH
range cd, etc.

Repeat

Evaluation: If the number of torch pines corresponding to particle x; is greater
than t,,, calculate the fitness value of particle z; according to the fitness function
(Eq. 6). Otherwise, reinitialize ;.

Find the pbest;: Compare the current fitness value of each particle with its
historical optimal fitness value (f(pbest;)). If the current particle’s fitness value
is better than its historical optimal fitness value (f(pbestt) > f(pbest;)), if the
current particle’s fitness value is better than its historical optimal fitness value,
replace the particle’s historical best position with the particle’s current position
(pbest; = pbestF).

Find the gbest: Compare the current fitness value of each particle to the global
best fitness value (f(gbest)). If the current particle’s fitness value is better than the

global optimal fitness value (f(pbestt) > f(gbest) i = [1,2,3,... ’xparticlesize])’
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then replace the global best position with the current particle position (gbest =
pbestl).

Update the Velocity: The search speed and search position of each particle are
updated according to Eq. (3) and Eq. (4).

until the stopping criterion is met

3. Result

3.1 Analysis of results

Fig. 3 is the optimal breast diameter range change situation and algorithm con-
vergence situation of the particle swarm optimization algorithm at a scale with
a diameter of 0.4inch. In order to avoid accidental errors, 10 experiments were
carried out (No. 1 ~ No. 10). It can be seen from the graph that the number of
cycles of convergence of the algorithm in each round of experiments is less than 25.
The fast convergence rate shows that particle swarm optimization can solve the
problem of optimum DBH of loblolly pine. The experimental results show when
the DBH of loblolly pine ranged from 5.62inch to 6.05inch, the ratio of height
growth to DBH growth was the largest, which indicated that the height of loblolly
pine increased rapidly in this DBH range.
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Fig. 3 Iteration and convergence of the algorithm when the range is 0.4 (inch).

According to this principle, we experimented the growth of loblolly pine at
different DBH scales. It is found through experiments that the optimal breast di-
ameter range of loblolly pine is concentrated between 3.9inch and 7.1 inch. During
the growth of loblolly pine, the high growth rate of the pine tree is the fastest in
this DBH range. For example, when the range scale is 1inch, the optimal breast
diameter range of loblolly pine is 4.32inch to 5.23 inch, the increase in tree height
in this range is 14.95 foot; When the range scale is 2inch, the optimal breast di-
ameter range of loblolly pine is 3.84 inch to 6.13 inch, the increase in tree height in
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this range is 26.17 foot, etc. The optimum DBH range of loblolly pine at various
scales is shown in Tab. II.

Optimal breast Tree height Scale
diameter range [inch] increase [foot] [inch]
5.62 ~ 6.05 9.12 0.4
6.23 ~ 6.83 11.59 0.6
4.52 ~ 5.32 13.87 0.8
4.32 ~ 5.23 14.95 1.0
3.26 ~ 4.46 18.97 1.2
3.27 ~ 4.67 21.05 14
3.01 ~ 4.61 22.41 1.6
4.01 ~ 5.81 24.23 1.8
3.84 ~ 5.84 26.17 2.0
3.60 ~ 5.80 27.89 2.2
3.40 ~ 5.80 29.74 2.4
3.22 ~ 5.82 31.64 2.6
3.00 ~ 5.80 33.43 2.8
2.80 ~ 5.80 35.02 3.0
2.90 ~ 6.10 36.67 3.2
2.74 ~ 6.14 38.32 3.4
2,51 ~ 6.11 39.90 3.6
2.32 ~ 6.12 41.48 3.8
241 ~ 6.41 43.07 4.0
2.20 ~ 6.40 44.73 4.2
2.03 ~ 6.43 46.27 4.4
1.91 ~ 6.51 47.96 4.6
1.75 ~ 6.55 49.53 4.8
1.53 ~ 6.53 51.18 5.0
1.40 ~ 7.00 55.83 5.6

Tab. II The optimal breast diameter range of loblolly pine under different scales.

3.2 Verification of results

In order to verify the correctness of the algorithm results, 20 pieces of loblolly pine
were randomly selected from the samples, and analyze the relationship between
tree height and DBH. Repeated 4 experiments using this method, As shown in
Fig. 4 to 15. Fig. 4, Fig. 6, Fig. 8, and Fig. 10 are the growth status of 20 loblolly
pine. Fig. 5, Fig. 7, Fig. 9 and Fig. 11 are fitting curves of DBH and tree height
of loblolly pine in random samples. Fig. 12 to Fig. 15 show the growth rate of tree
height of loblolly pine. Tab. III shows the average growth rate of loblolly pine tree
height (foot) in four experiments.
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Fig. 5 Fitting curves of height and DBH of the first group of loblolly pines.

Tab. III shows that the average growth rate of the pine tree height is the fastest
when the breast diameter is 6inch, the average growth rate of tree height is 7.34
foot. Secondly, when the diameter of the torch is 5inch, the average growth rate of
the tree height is 7.16 foot under this DBH. Generally speaking, the DBH of loblolly
pine is between 4inch and 7inch. In addition, Tab. III also shows that when the
DBH of loblolly pine is greater than 12inch, its growth rate slows down and its
tree height tends to be stable. In summary, the optimal DBH range of loblolly pine
in random sampling is basically consistent with the optimal DBH range explored

122



Qing D. et al.: Mining and quantifying the optimal DBH range of...

80

70r

HT[foot]
P (8, o
o o o

(4]
(= |

DBHlinch]

Fig. 6 The second group of loblolly pine growth status.
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Fig. 7 Fitting curves of height and DBH of the second group of loblolly pines.

by the particle swarm algorithm, indicating the reliability of the algorithm and the
optimal DBH range during the growth of loblolly pine.

4. Discussion

Now a lot of countries begin to pay attention to the management of artificial and

natural forests. Researchers believe that appropriate artificial intervention can
promote the sustainable development of forests. However, it is a pity that most
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Fig. 8 The third group of loblolly pine growth status.
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Fig. 9 Fitting curves of height and DBH of the third group of loblolly pines.

forest operators still rely on their own accumulated experience in dealing with this
problem due to the lack of scientific and reliable management basis. Compared
with other fields, the automation of forest shows low-level automation. It is hoped
that more science and technology (such as AI technology) can be applied to forest
management.

Loblolly pine is suitable for growing in humid climates, which is grown in south-
ern New Jersey, Florida, and western Texas, et in the United State. In general,
the growth status and wood yield of loblolly pine are better than other broad-
leaved forests [22]. In natural forests, the maximum breast diameter of loblolly
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Fig. 10 The fourth group of loblolly pine growth status.
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Fig. 11 Fitting curves of height and DBH of the fourth group of loblolly pines.

pine during growth is generally less than 20inch, and the highest tree height is
generally not more than 120 foot. Most of the loblolly pine has a breast diameter
between 4.5inch and 11inch and a tree height between 25 foot and 72 foot. In
order to fully understand the objective law of height and DBH growth of loblolly
pine trees and exploring the best DBH range for loblolly pine tree height growth,
the particle swarm optimization algorithm is used to quantify the optimal DBH
range of loblolly pine in Alabama at different scales, The experimental results show
that the range of the breast diameter suitable for the high growth of the pine tree

125



Neural Network World 2/2022, 113-130

i

Growth Rate[foot]
=N
1

0 2 4 B 8 10 12 14
DEHinch]

Fig. 12 The average growth rate of the height of the first group of loblolly pines.
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Fig. 13 The average growth rate of the height of the second group of loblolly pines.

is concentrated between 3.7 inch and 7.3inch. The height of the pine tree begins
to enter a period of rapid growth from a breast diameter of 3.9inch (£0.2inch).
The tree height growth rate reached a maximum at a breast diameter of 6.4 inch
(£0.61inch), and the tree height entered a slow growth period after the breast di-
ameter of 11.92inch (£0.3 inch). In general, when the breast diameter exceeds
15.26 inch (£0.3 inch), the height of the pine tree stops growing. However it is not
known whether the optimal DBH range of loblolly pine in other regions (such as
Florida, Texas, Jilin, etc.) is consistent with it, further discussion and verification
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Fig. 14 The average growth rate of the height of the third group of loblolly pines.
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Fig. 15 The average growth rate of the height of the fourth group of loblolly pines.

is required. This manuscript is an attempt to combine intelligent algorithm with
forest management. its results can solve the problem of quantifying the optimal
DBH of Loblolly pine, provide forest managers with a more scientific reference
range of DBH, and find the best time for tree cultivation and felling. On the other
hand, this method can provide reference for the management of other tree species.

In addition, in order to make the research results reliable,In this paper, the
initial data is processed by using the statistical-based outlier diagnosis method,
and the data is corrected by the mean interpolation method. In fact, outlier diag-
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Breast diameter High average growth rate of pine

[inch] trees in 4 experiments [foot]
1 3.24
2 4.29
3 5.43
4 6.46
5 7.16
6 7.34
7 6.94
8 6.09
9 5.01
10 3.90
11 291
12 2.10
13 1.49
14 1.03

Tab. III The average growth rate of loblolly pine height (foot) in four groups of
experiments.

nosis methods include distance-based outlier diagnosis [23], density-based outlier
diagnosis [24], cluster-based outlier diagnosis [25] and neural network based out-
lier diagnosis [26] and so on. Different diagnostic methods have their own scope
of application. Besides the mean interpolation method, the method of correction
of outlier data includes deletion method, regression interpolation method, median
interpolation method, and maximum likelihood estimation method.

Particle swarm optimization greatly improves the efficiency of problem solving
[27]. Experiments show that the algorithm converges faster (as shown in Fig. 3).
Compared to traditional methods, intelligent algorithms do have an advantage
when solving nonlinear problems. But the intelligent algorithm is not perfect, and
it is easy to fall into the local optimum is one of the main problems of the intelligent
algorithm, especially when the experimenter sets unreasonable parameters, the
intelligent algorithm may fall into local optimum [28-31]. In this paper, when
w = 0.5,cl = 2, and ¢2 = 1, the probability of the algorithm falling into local
optimum is 3.36 %. In general, the setting of each parameter in the particle swarm
algorithm needs to be determined according to the actual situation of the problem.
For most problems, when w = [0.25,1.75],cl = ¢2 = [0.75, 3], the effect will be
better. Related research shows that the global search ability and local search
ability of particle swarm optimization algorithm are not determined by a certain
parameter, but rely on the cooperation of w,cl and ¢2 [32]. In addition, we also
found that the initial particle position of the particle swarm algorithm also has an
impact on the convergence of the algorithm. In the particle swarm optimization
process, if the initial particle position is relatively “uniform”, the probability of the
algorithm falling into local optimum is small, and the algorithm converges faster.
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