
Research Article
Forest Ecological Diversity Change Prediction Discrete
Dynamic Model

Jingxia Li ,1,2 Aijun Zhou ,3 Yongfeng Liao ,2 Zixin Zhao ,4 Xiaoli Mao ,1

and Shuoxin Zhang 1

1College of Forestry, Northwest A&F University, Yangling 712100, China
2Gansu Forestry Technological College, Tianshui 741020, China
3Tianshui Normal University, Tianshui 741000, China
4Accademia di Belle, Arti di Milano “Brera”, Milano 20121, Italy

Correspondence should be addressed to Shuoxin Zhang; sxzhang@nwsuaf.edu.cn

Received 2 December 2021; Revised 24 December 2021; Accepted 3 January 2022; Published 19 January 2022

Academic Editor: Gengxin Sun

Copyright © 2022 Jingxia Li et al. ,is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Forest ecosystem is themost important terrestrial ecosystem type of species diversity in the world.,e protection and sustainable use
of forest ecological diversity is of great significance to forest protection and sustainable management. In order to maintain bio-
diversity, the traditional concept of forest resources management must be changed. In recent years, the mining and application of big
data have become the frontier content of international ecological diversity and macroecology research. By establishing the discrete
dynamicmodel of forest ecological diversity change, this study finds amethod that can keep the number of trees stable in a short time
and ensure the sustainable development of forest resources. ,is article studies and constructs the forest information system and
constructs an open-source WebGIS (network geographic information system) scheme for the field of spatial information and
supporting OGC (occupationally generated content). At the same time, the grey theory GM (1,1) model is used to predict the
development trend of forest resources in China.,e results show that under the promotion of policies and research projects, China’s
forestry development has realized the double growth of forest area and volume, and the forest coverage rate has reached a new level.

1. Introduction

Ecological civilization is the main theme of today’s society,
and it is a great progress in the form of human civilization
and the concept, road, and mode of civilization develop-
ment. Advocating ecological civilization has become an
important guarantee for sustainable development in the new
century. As an indispensable part of ecological civilization
construction, forest is one of the most precious resources on
the earth and plays an irreplaceable role in maintaining the
global ecological balance and improving the ecological en-
vironment of the earth. ,e growth and decline of forest
resources is the key to the coordinated and sustainable
development of social, economic, and environmental sys-
tems. Studying the dynamic changes of forest resources,
analyzing and mastering the laws of forest resources
changes, and predicting its development trend can

objectively and accurately evaluate the effect of forestry
management and provide reliable and scientific arguments
and basis for macro decision-making of forestry
development.

At present, big data are affecting human life, science and
technology, economy, culture and political development all
over the world and are gradually changing our way of
thinking. ,e mechanism of the origin, maintenance, and
loss of ecological diversity is the foundation and frontier of
ecological research [1], and it is also the core issue of
ecological diversity science and macroecology [2]. ,e
components of the ecosystem are extremely diverse and
often have complex interactions, and the feedback and
regulation modes in the ecosystem are also very diverse and
constantly changing, and the system components and re-
lated processes often show a high degree of temporal and
spatial heterogeneity [3]. ,en, how can we scientifically and
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rationally utilize and optimize the management of forest
resources to ensure the sustainable development of the
forestry and forestry economy? Many researches on forest
ecological diversity change prediction are qualitative or
simple quantitative models, without in-depth study of dy-
namic economic model explanation for sustainable devel-
opment of forest resources, and it is far from enough to rely
solely on these qualitative discussions or simple quantitative
studies. It is also necessary to conduct in-depth qualitative
and quantitative research, dynamically analyze the har-
vesting of forest resources system, and benefit calculation,
optimization, and decision-making of sustainable manage-
ment schemes. ,eoretical derivation based on mathemat-
ical models is the most important work in theoretical
methods [4, 5].

Ecological diversity is an important part of the ecological
environment, which is related to human survival and sus-
tainable development of economy and society, and is the
commonwealth of mankind. First, ecological diversity
provides a basic material guarantee for human life and
production activities [6]. Second, ecological diversity plays
an important role in environmental protection and eco-
logical security, especially in reducing the greenhouse effect,
purifying air, reducing carbon emissions, maintaining soil
fertility, ensuring water quality, water and soil conservation,
and other ecological benefits, thus promoting the harmo-
nious development of man and nature. Finally, ecological
diversity is the solid foundation of national sustainable
development. Rich ecological diversity is an important
strategic resource of the country, which is very important for
strengthening agriculture, scientific and technological in-
novation and promoting development, and has valuable
development, utilization, and scientific research value [7].
,erefore, this study attempts to explore the establishment
of a quantitative measurement system of forest ecological
diversity in China, improve the measurement methods of
forest ecological diversity, strengthen people’s awareness of
forest ecological diversity and protection awareness, and
promote the protection and sustainable development of
forest ecological diversity in China.

Based on the analysis of relevant research results at home
and abroad, this study comprehensively analyzes the current
situation and dynamic changes of forest resources in China
by collecting forest resources data over the years and uses the
grey theory model to predict the development trend of local
forest resources. Innovation contributions include the fol-
lowing: (1) by establishing a discrete dynamic model for
predicting the change of forest ecological diversity, the
changes of ecological and economic characteristics in the
dynamic process of forest resources can be found. (2) ,e
quantitative relationship between the changes of ecological
and economic characteristics in the dynamic process of
forest resources is obtained and the goal of ecological and
economic development of forest resources is realized. (3) It
provides a theoretical reference for China’s forestry devel-
opment to realize the double growth of forest area and
volume, and the forest coverage rate has reached a new level.

,is study is divided into five parts. ,e first part ex-
pounds that ecological diversity is an important part of the

ecological environment. ,e research on the prediction of
forest ecological diversity change was qualitatively carried
out. ,e second part analyzes the relevant research results at
home and abroad. ,e third part expounds the relationship
between ecological diversity and forest ecological diversity,
as well as ecological diversity and sustainable development.
,e fourth part studies the forest management and as-
sessment system and the discrete dynamic model of pre-
diction. Finally, the service value of forest ecological
diversity was discussed.,e service function quality of forest
ecological diversity in China was predicted and analyzed.

2. Related Work

Literature [8] thinks that the absolute abundance of species
can be summed and measured by individual number, base
area, plant coverage, frequency, biomass, and productivity,
and the concepts of α, β, and c are introduced. Among them,
diversity mainly focuses on the number of species in a local
uniform habitat, and α, β, and c indices are the three most
frequently used indices for measuring species diversity at
present. Emily et al. [9, 10] evaluate the service value of 38
kinds of forest ecological diversity in China. Omwenga et al.
[11] evaluate the service value of forest ecological diversity
according to the evaluation criterion. Periyasamy and
Arirangan [12] put forward that forest resources should be
used sustainably—the theory of forest sustainable utilization,
the core of which is oriented to the use value of forest re-
sources, and the single production of wood resources and
the maximum output of wood resources products are pri-
vate, with the aim of pursuing maximum economic benefits,
but the maximum annual forest harvest should be less than
the annual growth. Nprsa et al. [13] carry on the dynamic
analysis to the landscape elements, which can effectively
reveal the law of the overall landscape change in the study
area and the possible influencing factors.

With the contradiction between the overexploitation of
forest resources and the protection of the human living
environment becoming increasingly prominent, there are
more and more methods studied by scholars, including the
analysis of the driving forces of forest resources change.
Dunne et al. [14, 15] summarized the knowledge gaps in the
study of ecological diversity and pointed out that there were
knowledge gaps in seven aspects, namely, the discovery of
new species, the geographical distribution of known species,
the population number, and temporal and spatial dynamics,
the evolutionary history of species, functional traits, and the
interaction between species and environment. According to
the continuous inventory of forest resources, Wang et al.
[16] comprehensively analyzed the forest resources in the
whole region and put forward the corresponding counter-
measures for the management of forest resources in this
region. [17] Based on the sustainable utilization of forest
resources, this study puts forward the basic hypothesis,
mathematical model, and sustainable degree of forest age
vector characteristics of sustainable forestry and constructs a
gradual adjustment model of a sustainable target structure of
forest resources with tending and selective cutting as de-
cision variables, which provides theoretical and practical
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technical methods for the best way to realize regional sus-
tainable forestry. Couture et al. [18] use aerial remote
sensing data, geomorphic data, and topographic elevation
model in different periods as a data layer to perform spatial
superposition operations and analyze forest dynamics and
changes in different geomorphic types and different wa-
tersheds. Ernst et al. [19] use the macroecological forest
system model and L-band vertical observation of forest
dispersion profile data to analyze the changes in the tree
structure. Fekadu et al. [20] discuss the sustainable devel-
opment of forests by using the dynamic programming
method, establishing the natural development model of
forests and the optimized development model of sustainable
development of forests, and give the corresponding iterative
formulas.

At present, researches on the service value evaluation of
ecological diversity have been widely carried out at home
and abroad. ,e main feature is that scholars apply different
methods to carry out research from different angles.
However, the existing assessment theories andmethods have
some limitations, which hinder the research process of
ecological diversity services. First, scholars have multiple
understandings of value. As the research core of economics,
axiology has been widely debated by various schools, and
there are different opinions on whether the ecological di-
versity service is really valuable. ,e innovation of this study
is that the optimized management of forest resources is
written as a generalized discrete control system model,
which is a dynamic economic model with input and output,
and can be used for dynamic evaluation of forests or
planning for planting and cutting of forest resources. And
the model is used to solve the optimal related data, and the
feasibility of the research model is also analyzed. Based on
the state vector, the above model can evaluate the charac-
teristics of forest resources, thus reflecting the dynamic
changes of regional forest resources.

3. Ecological Diversity and Forest
Ecological Diversity

3.1. Relationship between Ecological Diversity and Forest
Ecological Diversity. Forest is a concept of comprehensive
region, which includes woodland and all wild plants and
animals in the forest. It is an ecosystem type with the largest
land area, the widest distribution, the richest species re-
sources, the most complex composition and structure, and
multiple values and functions.

Forest ecological diversity is an important part of eco-
logical diversity, a commonwealth of mankind, and a col-
lection of various life resources on which mankind depends
for survival and development. It provides mankind with
medicines, foods, and various industrial raw materials
necessary for survival and provides a material basis for
mankind to improve biological varieties. Ecological diversity
includes ecosystem diversity, species diversity, and genetic
diversity. From these three levels of ecological diversity, the
relationship between forest and ecological diversity is mainly
reflected in the following three aspects [21, 22]:

(1) Forests are the areas with the richest species
diversity.

(2) ,e forest contains abundant genetic genes. Forest
ecosystem diversity provides a diverse living envi-
ronment for organisms and is the basis for the
continuous evolution of species and the generation
of new species, thus ensuring genetic diversity. ,e
destruction of forests will lead to the extinction of
species.

(3) Forest is the core of the global ecological environ-
ment problem, and the destruction of forest will lead
to the overall deterioration of the global ecological
environment, such as climate warming, soil erosion,
climate imbalance, land desertification, soil erosion,
and degradation.

Based on the above definition and according to the
research progress of forest ecological diversity, this study
only evaluates and measures the change of ecosystem di-
versity in forest ecological diversity.

3.2. Ecological Diversity and Sustainable Development.
Diversity has important use value and nonuse value, which is
not only the basis of meeting the needs of human survival
and development, but also plays a key role in maintaining
ecological balance and protecting the environment, and is an
important guarantee for sustainable development.

,e reduction of ecological diversity will worsen the
living environment of human beings and affect and threaten
the survival and development of human beings. ,erefore,
we should strengthen the protection and management of
ecological diversity and coordinate the contradiction be-
tween ecological diversity and economic development and
finally realize the sustainable development of ecological
diversity and economy and society.

4. Research Method

4.1. Forest Management and Assessment System. With the
development of big data, remote sensing technology,
communication technology, and computer technology, GIS
has entered an era of information explosion [23], and the
spatial information data such as remote sensing satellite data
and GIS data show geometric exponential growth, which
provides data support for scientific research in related fields
of spatial information, such as forest thematic data man-
agement and evaluation simulation and water cycle model
simulation research, and greatly promotes scientific research
progress in related fields.

Guided by OGCWeb service specification and according
to a distributed Web service architecture, the system is
divided into three layers: data layer, service layer, and ap-
plication layer, as shown in Figure 1.

Provide forest data management and evaluation services
by using a general browser in the application layer. By
writing JavaScript functions and following OGC standard
interfaces, various functional interfaces of the service layer
are called.
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,e service layer is the core of the system architecture,
providing various functional interfaces of the system, which
is divided into five types of services: (1) basic GIS operation,
(2) forest data management, (3) forest thematic statistics, (4)
dynamic data entry, and (5) evaluation simulation.

,e data layer is divided into two types according to the
data storage mode: one is file storage, including geospatial
data and remote sensing data, which is stored in tile files.
According to the form of “graphic pyramid,” the data should
be graded according to the scale level, so as to display
different geospatial data and remote sensing data on dif-
ferent scales. ,e other is database storage, including forest
thematic data, corresponding metadata and authority data.

,e function of the system is designed according to the
requirements of each functional module and its specific
functions. Modules are designed according to the service
layer of the system architecture diagram and the functions of
each module are refined, as shown in Figure 2.

,e evaluation module is the core of the whole system.
,ere are two stages as follows: first, the study of the forest
fire assessment model. ,e main basic algorithm of this
model is spatial buffer analysis. ,rough the research and
development of the model for the realization and expansion
of the spatial buffer algorithm, for example, the fire source is
found, the fire change spread range in each time period is
obtained according to the quantitative indexes such as wind
power and wind direction, and the spatial query is carried
out according to the spread area, which is convenient for the
safety of transferring people and property.

Second, the algorithm is encapsulated as a service by
OGC WPS. ,e encapsulation of the OGC WPS service is
the foundation of distributed sharing model of forest as-
sessment. It is the most important part of the whole system.
As shown in Figure 3, it is the framework diagram of the
forest fire assessment model process. ,e left part is the
flowchart ofWPS encapsulation, and the right part is the way
of evaluating the model calling in the distributed model.

4.2. Discrete Dynamic Modeling of Forest Ecological Diversity
Change Prediction

4.2.1. Dynamic Prediction Model of Forest Resources. In the
theory of the grey system, a model established after gen-
erating transformation by using less or inaccurate original
data sequences representing the behavior characteristics of
the grey system to describe the continuous change process of
things in the grey system is called grey model [24], or GM
model for short.

Grey system theory is the result of the extension of
cybernetics to social and economic fields and also the result
of the combination of automatic control science and
mathematical methods of operations research.

GM(1,1) model features are as follows:

(1) Grey model is a long-term forecasting model, which
treats the random elements in the forecasting system
as grey data and finds out the inherent laws of the
data. ,e amount of original data needed for pre-
diction is small, and the prediction accuracy is high,

so it is not necessary to have a large amount of data
and strong regularity, or to give coefficients by an
experience like other prediction methods.

(2) ,e internal laws of the system with limited external
elements that characterize the behavior character-
istics of the system are analyzed. Grey system theory
adopts the method of generating the behavior
characteristic data of the system, processes the be-
havior characteristic data of the chaotic system, and
discovers the internal laws of the system from the
chaotic images, which is the unique feature of this
method.

(3) Ithas strong applicability. Grey model can be used to
predict both periodic and aperiodic system behav-
iors. It can be used for both macro-long-term pre-
diction and micro-short-term prediction.

Basic principles of GM(1,1) model are as follows.
Set

X0 � x0(1), x0(2), . . . , x0(n)( . (1)

X1 is the 1 − AGO (i.e., one-time accumulation) se-
quence of X0:

X1 � x1(1), x1(2), . . . , x1(n)( . (2)

,en, x0(k) + ax1(k) � b is called the original form of
GM(1,1) model.

Set

Z1 � z1(1), z1(2), · · · , z1(n)( . (3)

Among them, z1(k) � 1/2(x1(k) + x1(k − 1)), k � 1, 2,

. . . , n.
,en, x0(k) + az1(k) � b is called the basic form of

GM(1,1) model.
If a � [a, b]T is the parameter column,

Y �

x0(2)

x0(3)

⋮

x0(n)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, BY �

−Z1(2) 1

−Z1(3) 1

⋮ ⋮

−Z1(n) 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (4)

,en, the least square estimation parameter sequence of
GM(1,1) model x0(k) + az1(k) � b satisfies

a � [a, b]
T

� B
T
B 

− 1
B

T
Y. (5)

4.2.2. Optimal Control of Discrete Singular Systems with
Quadratic Performance Index. When conditions permit, the
optimal control problem of singular systems can be trans-
formed into the optimal control problem of normal systems.
,e following generalized system is considered:

E _x(t) � Ax(t) + Bu(t), (6)

where x(t) ∈ R∗, u(t) ∈ R∗ is the state of the system and
the input vector, respectively; E, A ∈ R∗, B ∈ Rn×m is a
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matrix. Considering the optimal control problem of singular
systems under quadratic performance index,

J �
1
2


∞

0
x

T
(t)Fx(t) + u

T
(t)Gu(t)  dt, (7)

in which F, G is a symmetric positive definite matrix.
,e purpose of expressing forest resources in the form of

the mathematical model is to predict and estimate the future,
so that forest resources can get the optimal value under
certain conditions. Although it cannot be calculated accu-
rately, it can be used as a reference to some extent.

Using the quadratic optimal control problem of the
generalized system, a control function u∗(t) is found. When
the initial state z0 is given, the performance index of the
system on the corresponding trajectory z∗(t) starting from
z0 satisfies the following formula:

J
∗

� J u
∗
(t)(  � min J(u(t)). (8)

,is control function u∗(t) is called the quadratic op-
timal control problem of singular systems, in which z∗(t) is
the optimal trajectory and J(u∗(t)) is the optimal control
value [25].

Known:

J � J(0) + J(1) + · · · + J(t),

J(t) � z
T
(T)E

T
MEz(T) + 

i�T−1

t�0
z

T
Rz(t) + u

T
(t)Qu(t) .

(9)

If M, R, Q is a positive definite matrix, min J is the
minimum, but if M, R, Q is a negative definite matrix, min J

is the maximum.
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Figure 1: Architecture diagram of forest data management and evaluation system.
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min J � z
T
(T)E

T
MEz(T) + 

i�T−1

t�0
z

T
Rz(t) + u

T
(t)Qu(t) ,

s.t Ez(t + 1) � Az(t) + Bu(t),

⎧⎪⎪⎨

⎪⎪⎩

(10)

in which M, R, Q is a negative definite matrix.
Make Lagrange function as follows:

L � z
T
(T)E

T
MEz(T) + 

i�T−1

t�0
z

T
Rz(t) + u

T
(t)Qu(t) ,

+ 
T

t�0
λT

(t)[Az(t) + Bu(t) − Ez(t + 1)].

(11)

In the formula above, the Lagrange multiplier λT(t) is
the line vector:

λT
(t) � λ1(t), λ2(t), . . . , λn+1(t) . (12)

,e L of formula (11) is a scalar multivariate function. Its
independent variable is z(t), u(t), λT(t), t � 0, . . . , T. In
order to minimize the target J in formula (11), it is necessary
to minimize the target J in three ways, and the necessary
conditions for minimizing L are known according to ad-
vanced mathematical knowledge, that is, to make L deriv-
ative all its independent variables zero:

zL

zz(t)
� 0

zL

zu(t)
� 0, t � 0, 1, . . . , T

zL

zλT
(t)

� 0

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

. (13)

In the formula, L is scalar multivariate function, while
z(t), u(t), λT(t) is vector. ,e derivative of vector by scalar
multivariate function is defined as

zL

zz(t)
�

zL

zz1(t)

⋮

zL

zzn+1(t)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (14)

When the initial state is known, the optimal number of
trees at time t can be obtained, which is the optimal number
in line with the current situation. From the perspective of
forest resource operators, they all hope to plant as many trees
as possible when conditions permit.
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Figure 3: Framework diagram of forest fire assessment model.
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5. Result Analysis and Discussion

5.1. Analysis of Service Value of Forest Ecological Diversity.
,e establishment of the realization path of forest ecosystem
service value is not only an effective measure to promote the
transfer of traditional forestry frommodern forestry but also
an important means to establish and improve the forest
ecosystem service mechanism at this stage. ,e realization
path of forest ecosystem service value and the development
of forest ecological benefits complement each other. ,e
establishment of this path not only needs not to be sup-
plemented and improved but also needs to be innovated
according to the development trend of the times. ,erefore,
it is difficult to establish the realization path of forest eco-
system service value. ,e establishment of the realization
path of forest ecosystem service value needs government
support. At the same time, it also needs to consider the
impact of market development trend on forest ecosystem
service value and establish and improve the realization path
from the perspective of marketization.

5.1.1. Analysis on the Total Value of Forest Ecological Di-
versity Services in China. Figure 4 shows the percentage of
each function value of China’s forest ecosystem to the total
value in 2020.

From Figure 4, it can be seen that the value of forest
water conservation in China is the largest. After calculation,
its value accounts for 47.1% of the total value, which is close
to half of the total value. ,e value of soil conservation,
carbon fixation, and oxygen release and ecological diversity
protection accounts for more than 10% of the total value,
which are 19.2%, 15.8%, and 13.3% of the total value, re-
spectively. ,e nutrition accumulation value and air envi-
ronment purification value of the remaining trees are all
below 5%, which are 2.4% and 2.2% of the total value,
respectively.

According to the calculation results, we can conclude
that the order of forest ecological function values in China in
2020 is air environment purification value< forest nutrient
accumulation value< ecological diversity protection val-
ue< carbon fixation and oxygen release value< soil con-
servation value<water conservation value.

5.1.2. Simulation and Prediction Analysis of Total Value of
Forest Ecological Diversity Services

Scheme 1. Take the annual afforestation area of 20199.5 hm2

and the average timber harvesting amount of 2310876.1m2

which were not implemented in China’s forests from 2005 to
2010.

Scheme 2. Take the annual afforestation area of 58617.2 hm2

and the average timber harvesting amount of 998317.6m2 of
China’s forests from 2015 to 2020.

Scheme 3. Take the average annual afforestation area of the
natural forest protection project as 6874.2 hm2.

,e change trend of the total value of forest ecological
diversity services in China under different schemes is shown
in Figure 5.

It can be seen from Figure 5 that the service value of
forest ecological diversity in China under different schemes
is increasing with time.

,e value of forest ecological diversity services in
Scheme 1 increased from 11.03 billion yuan in 2020 to 28.89
billion yuan in 2024.

,e value of forest ecological diversity services in
Scheme 2 will increase from 11.86 billion yuan in 2020 to
48.17 billion yuan in 2024.

,e forest ecological diversity service value of Scheme 3
increased more obviously in 2022, from 11.96 billion yuan in
2020 to 217.4 billion yuan in 2024.

Comparing the future service value of the three schemes,
we can see that scheme 3 is the best. ,at is to say, the
scheme of maintaining the annual newly increased affor-
estation area and adopting the measures of cutting down has
the greatest value of forest ecological diversity services, so
China’s forests should choose this scheme.

5.2. Prediction and Analysis of the Quality of Forest Ecological
Diversity Service Functions in China. ,e western region is
the most fragile ecological environment in China, which
bears the heavy responsibility of ensuring national eco-
logical security, is the main battlefield of forestry eco-
logical construction, and is also the key area for
improving China’s forest coverage rate in the future. In
the southern region, the forest coverage rate is already
high at present. On the premise of actively protecting the
ecology, we should give full play to the advantages of
regions and policies and mechanisms, strengthen sci-
entific and technological support, improve the quality of
development, and accelerate the construction of com-
mercial forest bases such as timber forest, industrial raw
material forest, and economic forest.

10% of the total investment in tropical and sub-
tropical regions with relatively high forest coverage is
selected and it is increased to the western climatic zones
(temperate grassland, temperate desert, and Qinghai-
Tibet Plateau) with relatively fragile ecology. ,e ratio of
increased investment among temperate grassland, tem-
perate desert, and Qinghai-Tibet Plateau is the average
investment ratio among climatic zones from 2005 to
2020. See Figure 6 for the quality results of forest eco-
logical diversity service functions in China in 2022 and
2024.

Continue to take 20% of the total investment in tropical
and subtropical areas with relatively high forest coverage,
and increase it to the western climatic zones (temperate
grassland, temperate desert, and Qinghai-Tibet Plateau) with
relatively fragile ecology. ,e ratio of increased investment
among temperate grassland, temperate desert, and Qinghai-
Tibet Plateau is the average investment ratio among climatic
zones from 2005 to 2020. See Figure 7 for the quality results
of forest ecological diversity service functions in China in
2022 and 2024.
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5.3. Analysis on the Value of Ecological Diversity Service
Function Predicted by Simulation of Various Schemes.
Figure 8 shows the changing trend of the value of forest
ecological diversity services in China under the three
schemes.

It can be seen from Figure 8 that the service value of
forest ecological diversity in China has an increasing trend
under different schemes.

,e value of the first scheme increased from
43,798.1× 108 yuan in 2021 to 48,713.7×108 yuan in 2022
and 55,149.3×108 yuan in 2024, increasing by 11.20% and
25.9%, respectively.

,e value of the second scheme increased from
44,316.8×108 yuan in 2020 to 51,207.6×108 yuan in 2022
and 57,842.6×108 yuan in 2024, increasing by 15.5% and
30.5%, respectively.

,e value of the third scheme increased from
46,899.2×108 yuan in 2020 to 53,244.9×108 yuan in 2022
and 59,901.6×108 yuan in 2024, increasing by 13.5% and
27.7%, respectively.

Although the second and third schemes result in lower
growth of the national ecological service function value than
the first scheme, the growth of the three climatic zones in the
west is obviously increased, which is of great significance to
the three climatic zones in the west where the ecology is
relatively fragile.

5.4. Forecast Results and Analysis of Forest Resources.
Sequence prediction is to predict the future behavior of
system variables, and GM(1,1) is a commonly used sequence
prediction model. According to the actual situation, on the
basis of qualitative analysis, an appropriate operator is de-
fined, and a GM(1,1) model is established for the sequence
acted by the operator. Taking forest land area prediction as
an example, the prediction results of main indicators of
forest resources in China are obtained (Figure 9).

,e total forest land area, forested land area, and forest
coverage rate are increasing, while the natural forest area
changes little. Natural forest protection is mainly imple-
mented to reduce the consumption of natural forests.
However, natural forests formed or renewed naturally are
difficult and take a long time to grow, resulting in a stable
state of natural forests. At present, the state has taken further
measures to protect natural forests, improved the natural
forest protection system, completely stopped commercial
logging of natural forests, and increased forest area and
volume.

According to the division of age group structure, the
areas of young forest, near-mature forest, and mature
forest all showed a downward trend, while the areas of
middle-aged forest and over-mature forest showed an
upward trend. Referring to the growth rule of trees and
the division rule of age promotion, this forecast trend is
more in line with the actual situation. According to the

47.10%

19.20%
15.80% 2.40%

2.20%

13.30%
15.50%

Water conservation
Soil conservation
Carbon fixation and oxygen release
Nutrient accumulation
Purify the atmospheric environment
Conservation of biological diversity

Figure 4: Percentage of each function value of China’s forest ecosystem in total value in 2020.
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Figure 5: Change trend of the total value of forest ecological
diversity services in China under different schemes.
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composition of forest age, we should change the forest
management strategy appropriately, adjust the inclina-
tion of forest cutting to mature forest, and avoid further
increase of natural growth loss of trees. ,e areas of
shelter forest and timber forest both show a growing
trend. According to China’s forest land protection and

utilization plan, the main direction of planned forest
development is to increase the afforestation area of
shelterbelts and timber forests, while the areas of eco-
nomic forests, firewood forests, and special forests re-
main unchanged. ,erefore, in the prediction model, the
situation of double growth of shelter forest and timber

2024 is more than 2020
2022 is more than 2020

Conservation of water resources.

Carbon fixation

N storage capacity

P storage capacity

K storage capacity
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Dust retention amount

Soil retention

Reduce sediment deposition volume
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(%)

Figure 6: Comparison of the quality growth rate of forest ecological diversity service function in China.
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Figure 7: Comparison of the quality growth rate of forest ecological diversity service function in China.
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forest is more in line with the actual situation, and the
predicted results are basically achievable.

,e time trend forecastingmodel established by applying
the grey system theory will reduce the estimation accuracy
with the extension of the forecasting time, so it is necessary
to constantly revise the data and adjust the parameters to
increase the estimation accuracy and improve the fore-
casting accuracy.

6. Conclusion

As the main component of ecological diversity, forest
ecological diversity not only provides the material basis for
human survival and development but also plays an im-
portant role in ecological functions such as soil and water
conservation, air purification, and greenhouse effect

reduction. Based on the analysis of relevant research results
at home and abroad, this study comprehensively analyzes
the present situation and dynamic changes of China’s forest
resources by collecting forest resources data over the years
and then forecasts the development trend of local forest
resources by using grey theory model. ,e advanced OGC
WPS service is used to share the forest assessment model on
the Internet. ,rough the establishment of the discrete
dynamic model of forest ecological diversity change pre-
diction, we can find the changes of ecological and economic
characteristics in the dynamic process of forest resources
and get the quantitative relationship between the changes of
ecological and economic characteristics in the dynamic
process of forest resources, so as to achieve the goal of
ecological and economic development of forest resources.
However, this study does not deeply study the dynamic
economic model interpretation of sustainable development
of forest resources, and it is far from enough to rely on these
qualitative discussions or simple quantitative research. In
future research, we also need to carry out in-depth quali-
tative and quantitative research, dynamic analysis of forest
resources system harvest, benefit calculation, optimization,
and decision-making of sustainable management schemes.
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paring the effects of even- and uneven-aged silviculture on
ecological diversity and processes: a review,” Ecology and
Evolution, vol. 8, no. 2, pp. 1217–1226, 2018.

[3] G. Chirici, F. Giannetti, R. E. Mcroberts et al., “Wall-to-wall
spatial prediction of growing stock volume based on Italian
National Forest Inventory plots and remotely sensed data,”
International Journal of Applied Earth Observation and
Geoinformation, vol. 84, Article ID 101959, 2019.

Scheme I
Scheme II
Scheme III

30000

35000

40000

45000

50000

55000

60000

65000
10

8  (Y
ua

n)

2021 2022 2023 20242020
Year

Figure 8: Change trend of value of forest ecological diversity
service function in China under different schemes.

Origin
Land class

Forest age
Forest species

0

50000

100000

150000

200000

250000

300000

350000

400000

450000

Fo
re

st 
ar

ea

2021 2022 2023 20242020
Year

Figure 9: Forecast results of main index area of forest resources
from 2020 to 2024.

10 Discrete Dynamics in Nature and Society



[4] X. Shi, K. Chen, X. Cao, andH. Dan, “Simulation prediction of
forest ecosystem service values,” Acta Agriculturae Shanghai,
vol. 034, no. 004, pp. 91–99, 2018.

[5] C. Loughlin, E. Truslow, and D. Manolakis, “Performance
prediction of hyperspectral target detection algorithms via
importance sampling,” Ieee Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, vol. 12,
no. 99, pp. 3078–3091, 2019, https://ieeexplore.ieee.org/
author/37085617831https://ieeexplore.ieee.org/author/
37407816500.

[6] M. P. Padovan, F. F. Nogueira, F. G. Ruas, A. C. C. Rodrigues,
and M. F. Arco-Verde, “Financial analysis of a complex ag-
roforestry system for environmental restoration purpose in
the Brazilian Rainforest,” Agroforestry Systems, no. 11,
pp. 1–14, 2021.

[7] G. R. Sneha, K. Swarnalakshmi, M. Sharma et al., “Soil Type
Influence Nutrient Availability, Microbial Metabolic Diver-
sity, Eubacterial and Diazotroph Abundance in Chickpea
rhizosphere,” vol. 167, 2021 https://link.springer.com/
journal/11274.

[8] J. Chloe and B. Phillip, “Vision-linked traits associated with
antenna size and foraging ecology across ants,” Insect Sys-
tematics and Diversity, vol. 5, no. 5, 2021.

[9] B. C. Carstens, R. C. Garrick, and A. Espı́ndola, “,e phy-
logeographic shortfall in hexapods: a lot of leg work
remaining,” Insect Systematics and Diversity, vol. 5, no. 5,
2021.

[10] B. Emily, W. Andrew, B. Anneliese, P. Carolina, and
R. J. Sawyer, “A-1 the influence of base rate and sample size on
performance of a random forest classifier for dementia pre-
diction: implications for recruitment,” Archives of Clinical
Neuropsychology, vol. 36, no. 6, 2021.

[11] I. Omwenga, S. Zhao, L. Kanja, H. Mol, I. M. C. M. Rietjens,
and J. Louisse, “Prediction of dose-dependent in vivo ace-
tylcholinesterase inhibition by profenofos in rats and humans
using physiologically based kinetic (PBK) modeling-facili-
tated reverse dosimetry,” Archives of Toxicology, vol. 95, no. 4,
pp. 1287–1301, 2021.

[12] K. Periyasamy and S. Arirangan, “Prediction of future vul-
nerability discovery in software applications using vulnera-
bility syntax tree (PFVD-VST),” ;e International Arab
Journal of Information Technology, vol. 16, no. 2, pp. 288–294,
2019.

[13] B. Nprsa, C. Ln, C. S. Winther et al., “Prediction of coronary
revascularization in stable Angina: Comparison of FFRCT
with CMR stress perfusion imaging - ScienceDirect,” Journal
of the American College of Cardiology: Cardiovascular Im-
aging, vol. 13, no. 4, pp. 994–1004, 2020.

[14] E. M. Dunne, R. A. Close, D. J. Button et al., “Diversity change
during the rise of tetrapods and the impact of the “Car-
boniferous rainforest collapse”,” Proceedings of the Royal
Society B: Biological Sciences, vol. 285, no. 1872, Article ID
20172730, 2018.

[15] P. G. Chandra, “Modeling the e-waste mitigation strategies
using Grey-theory and DEMATEL framework,” Journal of
Cleaner Production, vol. 281, no. 1, Article ID 124035, 2020.

[16] T. Wang, Y. Li, and G. Wang, “Study on adhesion property of
asphalt and aggregate based on grey relation theory,” Shan-
dong chemical industry, vol. 048, no. 014, pp. 40–42, 2019.

[17] K. A. Bassan, K. Kokou, and E. O. Sills, “Constraints to
tropical forest conservation and successful monitoring and
assessment of land uses cover and change: do the forest
definition and administration really matter?” Natural Re-
sources, vol. 11, no. 1, pp. 1–19, 2020.

[18] S. Couture, M. J. Cros, and R. Sabbadin, “Multi-objective
sequential forest management under risk using a markov
decision process-pareto frontier approach,” Environmental
Modeling & Assessment, vol. 26, no. 1, pp. 1–17, 2020.

[19] D. S. Ernst, C. Dylan, M. D. Andrew et al., “Positive asso-
ciation between forest management, environmental change,
and forest bird abundance,” Forest Ecosystems, vol. 6, no. 01,
pp. 28–39, 2019.

[20] A. Fekadu, T. Soromessa, and B. W. Dullo, “GIS-based as-
sessment of climate change impacts on forest habitable
Aframomum corrorima (Braun) in Southwest Ethiopia coffee
forest,” Journal of Mountain Science, vol. 17, no. 10,
pp. 2432–2446, 2020.

[21] E. D. Schulze, D. Craven, A. M. Durso et al., “Positive as-
sociation between forest management, environmental change,
and forest bird abundance[J]. Forest Ecosystem,” English
Version, vol. 006, no. 001, pp. 26–37, 2019.

[22] S. K. Ojha, W. Tadesse, C. M. Oswalt, and B. Gyawali,
“Occurrence, density, and distribution of longleaf pine re-
generation in southeastern forests: an assessment by forest
type, disturbance and site quality,” Forest Ecology and
Management, vol. 481, no. 1, Article ID 118755, 2020.

[23] T. Durak, A. Bugno-Pogoda, and R. Durak, “Application of
forest inventories to assess the forest developmental stages on
plots dedicated to long-term vegetation studies,” Forest
Ecology and Management, vol. 489, no. 3, Article ID 119041,
2021.

[24] A. R. Kargar, R. A. Mackenzie, M. Apwong, E. Hughes, and
J. V. Aardt, “Stem and root assessment in mangrove forests
using a low-cost, rapid-scan terrestrial laser scanner,” Wet-
lands Ecology and Management, vol. 28, no. 6, pp. 1–18, 2020.
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