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Abstract: This study examines state-owned forest areas in Heilongjiang Province, China, and uses
statistical data from 2011 to 2019 to evaluate the dynamic coupling and coordination relationship
between the forest environment and economic development. The study aims to provide guidelines
for the sustainable development of forest areas. The study concludes that: (1) There is a significant
interaction between the environment and economic development, which manifests in coercion
and restriction effects during the ecological construction and economic development processes.
(2) The forest area environment in 2011-2019, within the coupling and coordination relationship with
economic development, was generally of a high quality. (3) Forest environment construction achieved
remarkable results in 2011-2019 and benefitted from China’s new position on ecological restoration
in key state-owned forest areas. (4) The economic development of forest areas after 2015 showed
a lag, which restricted the level and progress in the coordinated development of the environment
and the economies of the forest areas. (5) During the 14th Five-Year Plan period (2021-2025), the
key state-owned forest areas still fully incorporated the strategic positioning of ecological protection
and economic development coordination. This study provides countermeasures and suggestions to
further improve the ecological and economic development of key state-owned forest areas.

Keywords: key state-owned forest area; system coupling; ecological construction; economic
transformation; grey relational analysis (GRA)

1. Introduction

The international community still faces a structural shortage of resources when dealing
with climate change and environment protection, despite the positive progress that has
been made [1,2]. Some countries and regions, faced with the challenges of alleviating
poverty, economic development, and ecological restoration, and resource protection, have
to make difficult choices to achieve an effective balance between ecology and sustainable
economic development [3,4]. It is a major topic that countries and regions, including China,
continue to explore and study [5]. The 19th National Congress of the Communist Party
of China called for modernization in which man and nature coexist in harmony along
with greater efforts to protect ecosystems. Major projects need to be carried out to protect
and restore important ecosystems, improve ecological security barriers, build ecological
corridors and biodiversity protection networks, and improve the quality and stability of
ecosystems. A good balance between the environment and economic development is an
important part of promoting economic and social progress, as well as an important path for
building a moderately prosperous society and realizing the goals of “five-in-one” socialism
with Chinese characteristics. While China’s economic development continues to improve
and public welfare programs continue to make progress, the country still faces a series of
ecological challenges [6].

Forests 2022, 13, 2069. https:/ /doi.org/10.3390/£13122069

https://www.mdpi.com/journal/forests


https://doi.org/10.3390/f13122069
https://doi.org/10.3390/f13122069
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/forests
https://www.mdpi.com
https://orcid.org/0000-0002-7918-5401
https://orcid.org/0000-0003-0359-5161
https://doi.org/10.3390/f13122069
https://www.mdpi.com/journal/forests
https://www.mdpi.com/article/10.3390/f13122069?type=check_update&version=2

Forests 2022, 13, 2069

20f15

Key forestry areas have supported the accumulation of original national capital and
resources for social and economic development for a long time. These key state-owned
forest areas have experienced a shift from timber production to ecological construction after
entering the 21st century. Exploring the coupling and coordination relationship between
the environment and economic development in key state-owned forest areas in the current
period provides important content for the evaluation of the reform and transformation
of state-owned forest areas. Through the clear judgment and positioning of the coupling
and coordination relationship, this study summarizes the experiences gained from the
long-term development and provide guidelines for the forest areas to achieve win-win
cooperation in improving the environment and developing the forestry economy.

1.1. Research Literature

The dynamic relationship between ecological protection and economic development
has attracted increasing attention from experts and scholars in China and globally [7-9].
Foreign scholars have studied the relationship between ecology and economy since 1936
and have revealed the internal law of coordination between environment and economy
through different models [10-13]. Using mathematical and simulation models, the literature
shows that the relationship between ecology and economy is a coupling relationship that
coordinates, influences, and promotes each other [14,15].

Since 1980, domestic researchers have actively discussed the theory and practice of
eco-cities from an ecological perspective and identified three systematic theories: social,
economic, and natural [16]. Ren Jizhou [17] first applied the concept of system coupling to
the field of ecological economy, followed by Liu et al. [18], Zhu and He [19], and Gui-lin
Lei [20]. Chinese scholars have subsequently also applied system coupling to the field of
agro-ecology. Studies have also used input—output models to investigate the environment
and the level of economic development. Researchers examined the interaction between
the coupling coordination model and the environment and coordinated economic devel-
opment based on a time and space evolution analysis. Scholars used the grey relational
analysis (GRA) model and system dynamics model to forecast the environment and ana-
lyze coordinated economic development in three aspects [21-23]. The relevant literature
provides sufficient references and inspiration for exploring the coupling and coordinated
development relationship between the environment and economic development in key
state-owned forest areas in terms of providing technical tools and research paradigms. Wen-
jun Wang [24] explored ways to promote the sustainable development of rural economies
during ecological construction. For forestry economic development and environmental
protection, scholars such as Li Jieying [25], Sheng Wang [26], and Su Lizhuo [27], have sug-
gested that forestry economic development plays an important role in forestry ecological
protection and sustainable development in China.

This study analyzes the current status of forestry environment protection and eco-
nomic development, and discusses China’s forestry environment protection within its
forestry economic development strategy to promote the sustainable development of China’s
forestry economy.

The Kuznets curve was created in the 1950s by economist Kuznets to demonstrate
that income disparity increases with economic development. Panayotou [28] constructed
a model with cross-sectional data to verify that forest resource consumption shows an
inverted U-shape with per capita income growth. Cao et al. [29] argued that reducing the
arc of the environmental Kuznets curve is of great significance for state forest conservation.
Song et al. [30] claimed that the development process of state-owned forest areas goes
through four stages of forest deficit sequentially: expansion, maintenance, reduction, and
surplus, i.e., the process of gradual decoupling of forest resources from timber production.
Li et al. [31] reasoned that measure such as industrial restructuring and investment can be
taken to reduce the arc of the Kuznets curve and achieve the recovery of forest resources.

Many studies have explored ways for state-owned forest areas to stop the commercial
harvesting of natural forests in terms of economic development [32,33]. Using the Yichun
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forest district in the Lesser Khingan Mountains as an example, studies have highlighted
the necessity of strengthening policy support for state-owned forest areas after logging
activities come to an end [34,35]. The complete cessation of commercial logging in natural
forests presents various challenges that seriously affect the sustainable development of
forest areas. Counter measures and suggestions have been put forward, such as increasing
policy support at a national level and adjusting tax policies [36]. Once commercial logging
in natural forests has stopped in key state-owned forest areas, the state should adjust the
logging tax policy and use fiscal and tax levers to adjust and support industrial development
with ecological construction as the main focus. Commercial logging of natural forests
has stopped in key state-owned forest areas in Heilongjiang Province (KSOFAsHP) and
maintaining ecological security and providing ecological products has become the primary
strategic task [37].

Scholars have explored the topic by combining state-owned forest areas and the
ecological economic system [38]. Under the guidance of sustainable development theory
and system science theory, this paper analyzed the social and economic structure of state-
owned forest areas in Heilongjiang Province and the causal feedback relationship among
various factors, and then established a system dynamics model of social and economic
development of state-owned forest areas in Heilongjiang Province. Geng and Zhang [39]
analyzed the composition of forestry industries and ecosystems in the state-owned forest
areas in northeast China. Some studies examined the coordination of forest eco-economic
development based on system theory [25-27]. An evaluation model for the coordinated
development of forest eco-economic systems has been developed based on the evaluation
index system. The coordinated development of forest eco-economic systems in Heilongjiang
Province has been empirically studied based on the evaluation index system [39].

On the coupling of state-owned forests and the eco-economic system, Zheng et al. [40]
and Dong et al. [41] combined the slope correlation degree and grey theory (where white
refers to complete certainty of information, black refers to complete uncertainty of infor-
mation, and gray refers to uncertainty of information, i.e., grey theory). The principle
is to seek the degree of similarity or dissimilarity of the trends between factors by using
sample characteristics data and making full use of the small amount of data to propose a
coupling degree model for the forestry industry and forest ecosystem. Zhang et al. [42]
used a coupling coordination degree model to evaluate the coupling coordination level
between economic development and environment in Yuhuan City. Tang et al. [43] quanti-
tatively analyzed economic development and the environment in Shaanxi Province from
2008 to 2018 to explore the coupling and coordination relationship between the two and
the main influencing factors of coupling and coordinated development to provide a ref-
erence for the coordinated and sustainable development of the economic environment in
Shaanxi Province. Xie et al. [44] constructed a development level index for the economic
development and environment subsystems of Qinghai Province using the entropy weight
method. The coupling coordination degree model was used to quantitatively analyze the
coupling coordination degree between economic development subsystem and environ-
ment subsystem and its dynamic changes, and evaluate the ecological restoration level of
Qinghai Province.

1.2. Purpose of the Research

This study’s research objectives have two aspects. First, we scientifically evaluate the
coupling and coordination relationship between environment construction and economic
development in key state-owned forest areas, and summarize the development rules of the
forest eco-economic system in the dynamic coupling and coordination relationship. Second,
based on a dynamic analysis of the coupling and coordination relationship, we identify the
policy factors affecting the coordinated and healthy development of different forest systems
to lay the foundation for inspiring forest areas to explore innovative development paths.
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2. Research Area and Research Logic
2.1. Study Area

The study area refers to the state-owned forest areas in Heilongjiang Province in
northeast China (Figure 1).
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Figure 1. Regional map of state-owned forest areas in Heilongjiang Province, China.

Heilongjiang has a key state-owned forest region in northeast China. In 1998, it
began to reposition itself from primarily timber production to a greater emphasis on
ecological development. This new phase represented a functional change to environmental
construction and economic and social development. In 2014, Heilongjiang Province, the
largest key state-owned forest area in China, took the lead in a nationwide pilot project
for the implementation of a new policy to completely stop the commercial logging of
natural forest resources, following the International Union for Conservation of Nature
policies [45]. This policy, which is China’s strictest management and control policy of
natural forest resources in history, posed an unprecedented challenge for the coordination
between ecological protection and economic and social development in key state-owned
forest areas.

It also provided an opportunity for theoretical research into the deep coupling and
coordinated development of environments and economy in forest areas. After years of
practice and exploration, the KSOFAsHP have made some progress in the process of
coupling and coordination between environment and economic development. On the
one hand, relying on the natural forest protection policy, the construction of national
ecological function zones and sustained long-term investment in environment construction
has achieved positive results. On the other hand, despite the closure of logging activities and
the loss of subsistence industries, enforced forest economic transformation and the vigorous
development of non-wood replacement industries has led a gradual recovery in economic
growth. In this context, the forest environment and the interactive relationship between
economic development and coupling coordination level on empirical research, focus on the
collaboration between environment and economic development, the relationship between
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bound and limit characteristics for identification and dynamic evaluation, so as to other
resources dependent region cooperation between environment and economic sustainable
development to provide inspiration.

2.2. Research Logic

Using typical representatives of KSOFAsHP as the research object, this study conducts
a quantitative identification and dynamic evaluation of the interaction and coordination
relationship between forest areas’ environment and economic development since 2011.

This study is based on the GRA, which identifies and examines the interactive and
cooperative relationship between the forest environment and economic development. As
viewed from a system perspective, the characteristics of the relationship between the
environment and economic development are explored. Next, the degree of coupling
coordination model was used to measure the level of coordinated development between
the environment and economic development in forest areas, and the degree of coordination
between them was obtained, and a dynamic analysis of its change trend was carried out.
Last, combined with changes in the degree of coordination, the environment evaluation
index and the economic development evaluation index in the coupled coordination degree
model were used to deconstruct and analyze the factors or obstacles that drive the coupling
coordination relationship between the environment and economic development in forest
areas. The results are used to provide inspiration and ideas for the continuous optimization
of the relationship.

3. Materials and Methods
3.1. Grey Relational Analysis Model

The basic idea of GRA is to judge whether the relationship between sequence curves
is close according to the degree of similarity of their geometric shapes. The closer the curve,
the greater the degree of correlation between corresponding sequences and in the case
of the opposite, the smaller the degree of correlation [46]. This paper aims to examine
the basic relationship of interaction and cooperation between environment and economic
development in key state-owned forest areas using the GRA model. The specific steps of
the analysis steps are:

1. Index forward;

2. Determine the analysis sequence, including the parent sequence (similar to the depen-
dent variable Y, denoted as X herej) and sub-series (similar to independent variable
X, denoted as (X) herey, X5, ..., Xm));

3. Variable preprocessing (removing dimensional influence and reducing variable range
to simplify calculation);

4.  Define and calculate the GRA correlation coefficient;

5. Obtain the GRA correlation degree matrix.

Among them, the first three steps have been widely used in academic circles, and
will not be repeated. The GRA correlation coefficients between different indicators are
as follows:

a+pb

y(xo(k),x;(k)) = o) + 5 () +pb(i =1,2,...,mk=1,2,...,n) 1)
a = min;ming|xo(k) — x; (k)| )
b = max;maxy|xo(k) — x; (k)| ®)

In the above equations, a is the minimum difference between two poles, b is the
maximum difference between two poles; p is the resolution coefficient, 0 < p < 1. If p is
smaller, the difference between the correlation coefficients is larger, and the discrimination
ability is stronger. Usually, p is 0.5. The GRA correlation degree matrix is finally obtained
in Equation (1).
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3.2. Coupling Coordination Degree Model

The basic idea of the coupling coordination degree model is to determine the relation-
ship between the environment and economic development based on the coupling degree
and coordination degree, and obtain the interaction relationship and coupling coordination
development level between them [47]. The coupling degree reflects the degree of interaction
between the environment and economic development, regardless of the advantages and
disadvantages. The degree of coordination refers to the degree of benign coupling in the
interaction, which reflects the quality of the coordination, and can determine whether the
system functions of key state-owned forest areas promote each other at a high level or
restrict each other at a low level.

The model of coupling coordination degree between environment and economic
development can be presented as follows:

D=+VCT (4)

1/2
_ ) f() xg(y)
€= [f<x)+g<y>}2 ©)
2
T =af(x)+pgly) =a) i axi+BY." biy; ©)

In the above equation, D is the coupling coordination degree between the environment
and economic development in key state-owned forest areas, C is the coupling degree, and
T is the comprehensive evaluation index of the coupling coordination development level
between them. Where, f(x) and g(y) are the environment evaluation index and economic
development evaluation index of key state-owned forest areas, respectively. In addition, in
view of the objective reality of the functional orientation of key state-owned forest areas at
the present stage, the coefficients « and 3 in Equation (6) are set as 0.6 and 0.4, respectively.

To effectively distinguish the coupling coordination level between the environment
and economic development, the concept of coordination level is introduced. According to
the quantitative relationship between f(x) and g(y), if f(x) > g(y), it is an economic lag type
T1. If f(x) = g(y), it is T of the synchronous type of environment and lag type 2. If f(x) < g(y),
it is the environment lag type T3. The specific classification standards and types of coupling
coordination degree are summarized in Table 1.

Table 1. Classification standards and types of coupling coordination degrees.

Coordination Layer Coordination Index Coordination Level Coordination Type
0.00-0.09 Extremely dysregulated recession class Iy 1Ty, 11Ty, 1 T3
L . 0.10-0.19 Severe dysregulation recession class I T, 15Ty, 1,13
Coordination recession class I 0.20-0.29 Moderate dysregulation recession class I3 I3T1, 13T, I3T3
0.30-0.39 Mild dysregulation recession class I4 14T, 14Ty, 14T3
Excessive class II 0.40-0.49 On the verge of dysregulation decline class II; 1Ty, 11T, 11 T3
0.50-0.59 Barely coordinated development class II, II,Ty, 0Ty, T3
0.60-0.69 Junior coordination class III; I T, 11 T,, 1 T3
L. 0.70-0.79 Intermediate coordination class III, I, T, U, T,, NI, T3
Coordination of class III 0.80-0.89 Good coordination class ITI 13Ty, Ty, ;T
0.90-1.00 Good coordination class Il HI,T1, My Ty, 4T3

3.3. Evaluation Index System of the Relationship between Environment and
Economic Development

This study examines the state-owned forests in Heilongjiang Province and its specific
ecological protection practices and economic development results. In order to develop
a comprehensive evaluation index system, this study follows scientific, systematic, typi-
cality, operability, and comprehensive basic principles. For instance, it examines how the
environment is related to economic development in Heilongjiang Province and develops
a comprehensive evaluation index system based on this information [48]. The results are
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summarized in Table 2. Among them, the first-level indicators of the different systems are
environment and economic development. The first-level indicators are further observed by
the second- and third-level indicators. The environment construction of key state-owned
forest areas is reflected by ecological construction and environmental protection, while
economic development is reflected by economic scale and economic structure. Table 2
provides the basic index system for the subsequent empirical study of the GRA correlation
degree and coupling coordination degree model. The weight of each index in the table is
obtained according to the entropy weight method (in view of the extensive application of

the entropy weight method, the process will not be described in detail).

Table 2. Comprehensive evaluation index system of the relationship between environment and

economic development.

Quasi-Lateral Sec‘.mdary Le.vel 3 Index Description Index of the Unit
Layer Index Indicators Indicators
Forestation area of barren hills and
Forest construction X 11 sandy land in the forest area Barren ha
mountains and sandy land
afforestation area
In mountainous areas with suitable
natural resources, the area of forest
Closing hillsides to ~ Vegetation restored after the
e . implementation of measures such as ha
facilitate afforestation X1 .
. . regular closure of mountains for
Ecological construction X . -
. reforestation and prohibition of land
Eco-environment X : :
reclamation and grazing.
. . The area for which workers are paid
Forest administration and . .
. to enter into a responsible system of ha
protection X3 .
forest protection
qos . Cumulative forestation and
Silvicultural input X4 afforestation investment 10,000 yuan
Forest management and Actual investment in forest
S . 10,000 yuan
protection input X 15 management and conservation
_Forest tending Actual investment in 10,000 yuan
investment Xi¢ forest nurturing
. . Environmental protection Investment in environmental o
Environmental protection X, . ; o
input Xp; protection as a share of GDP
Economic aggregate Y 11 Total output value of forest industry 10,000 yuan
. Economic growth Y 12 Growth rate of tqtal output value of %
Economic scale Y; forest industry
Fixed asset Fixed asset investment in forestry as o
investment Y 13 a share of GDP ¢
Economic Labor compensation Y 14 Average wage of employees yuan

development Y

Economic structure Y,

The share of secondary
industry in GDP Y 9
The Share of tertiary
industry in GDP Y 2

Non-forest specific
gravity Y »3

The share of forest industry in GDP
in the study area
The share of forest services in GDP
in the study area
The share of non-forest and
non-wood industries in GDP in the
study area

%

%

%

3.4. Data Sources

The study’s main data sources included:

1. China Forestry Statistical Yearbook (2012-2018), State Forestry Administration, China
Forestry Press, 2012-2018.
2. State Forestry and Grassland Administration, China Forestry and Grassland Statistical
Yearbook (2019-2020), China Forestry Press, 2019-2020.
3. National Bureau of Statistics, Heilongjiang Statistical Yearbook (2012-2020), China
Statistics Press, 2012-2020.
4.  Statistics published on the website of the State Forestry and Grassland Administration
(www.forestry.gov.cn/) and others accessed on 15 July 2022.
5. Data from the Ninth National Forest Resources Inventory of China (China Forestry
Network http/ /:www.forestry.gov.cn/) accessed on 21 July 2022.
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Data translated with www.DeepL.com/Translator (free version) accessed on 1 August
2022 are from the China Forestry Statistical Yearbook issued by China Forestry Publishing
House from 2012 to 2020 (China Forestry and Grassland Statistical Yearbook after 2018);
the Heilongjiang Statistical Yearbook issued by China Statistics Press from 2012 to 2020;
statistics published on the website of the National Forestry and Grassland Administration;
and data from China’s ninth National Forest Resources Inventory.

4. Results and Discussion
4.1. Analysis of the Stress and Limitation between the Environment and Economic Development

The correlation degree matrix of the interaction between environment and economic
development indicators at various levels in the key state-owned forest areas of Heilongjiang
Province from 2011 to 2019 was calculated using the GRA model (Table 3). Table 3 shows
that the degree of correlation between the environment and the indicators of all levels
of economic development was higher than 0.5, which is a medium correlation. First, the
results confirm the basic hypothesis of an effective correlation between the environment
and economic development in key state-owned forest areas. Further, by ranking the average
value of the correlation degree among indicators, we obtained the interaction stress and
limiting factors of the corresponding indicators.

Table 3. Grey relational analysis correlation degree matrix between the environment and eco-
nomic development.

Environmental
Indicators at Each Ecological Construction (0.6158) Protection
Level (0.6551) Average
X11 X12 X13 X1 X15 X16 Xo1

Size of Y11 0.8736 0.4984 0.7264 0.6361 0.6308 0.6929 0.6807 0.6770
economy Y1 0.6201 0.5977 0.5794 0.5536 0.5600 0.5711 0.5877 0.5814
(0.6353) Yi3 0.5590 0.6445 0.6962 0.5641 0.6398 0.5757 0.5589 0.6055
Y1a 0.8960 0.4755 0.6848 0.6288 0.6091 0.7068 0.7383 0.6771
Economic Yo, 0.5657 0.5642 0.5390 0.5740 0.5187 0.5071 0.6110 0.5543
structure Yoo 0.8411 0.4618 0.6553 0.6279 0.6292 0.7160 0.7257 0.6653
(0.6029) Yo3 0.5970 0.5279 0.5280 0.5726 0.5427 0.6731 0.6831 0.5892

Average - 0.7075 0.5386 0.6299 0.5939 0.5901 0.6347 0.6551 -

4.1.1. Analysis of the Stress and Limitation of the Environment on Economic Development

According to the second-level indicators under the criterion level, the average cor-
relation degree between the two indicators—ecological construction and environmental
protection, which constitute the environment system, and the economic development
system of the KSOFAsHP—was higher than 0.6. The results show that environmental
protection has a more prominent restriction effect on economic development.

Specifically, the second phase of the Natural Forest Protection Project (2010-2020) was
officially implemented in key state-owned forests in 2011. The first phase of the project
(2000-2010) aimed to reduce timber harvesting by 50%. The volume of timber harvested in
the forest area decreased from 4.025 million cubic meters in 2010 to 774,000 cubic meters in
2013. Logging of natural forest resources stopped after 2014.

The strictly enforced policy of prohibiting the logging of natural forest resources has
had a direct impact on traditional forest industries in the forest areas. Forest industries
of different sizes have either shrunk or closed down, and economic development in the
forest areas has suffered from the stress effect of environment construction. In addition,
based on furthering the ecological construction of forest areas, forest management, financial
input in engineering, forest to ecological construction and protection, state investment
reached 9.585 billion yuan in 2018, with an additional 60.36 million yuan invested in the
development of forestry industries. The huge difference in ecological protection capital
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investment has become an important factor that restricts the economic development of
forest industry logging.

Among the three levels of indicators, the forest construction index X in ecological
construction11 (0.7075) has the most prominent stress effect on the economic develop-
ment of the KSOFAsHP. Combining the original forests and artificial afforestation, forest
management plays an important role in the ecological construction of the whole system
and involves a large amount of capital and labor input. The core role in the woodland
multifunctional use of the forest region is to develop alternative industries and speed up
the upgrading of traditional abilities and the scale of the logging industry objectively and
confine the formation stress effect. That is, the investment is mainly in the construction of
forestry, rather than in the harvesting and processing industry. Therefore, the input index
of environmental protection Xp; (0.6551) has an obvious limiting effect on the economic
development of the forest areas, mainly due to an unbalanced allocation of capital, policy,
labor, and other key factors in forest areas, which produces an insufficient driving force and
support for the economic development of forest areas, and further weakens the economic
development ability and efficiency of the forest areas.

4.1.2. Analysis of the Stress and Restriction of Economic Development on the Environment

From the perspective of the second-level indicators under the criterion level, the
average degree of correlation between the economic scale and economic structure of the
economic development system and the ecological construction system of the KSOFAsHP is
0.6353 and 0.6029, respectively. Both are lower than the average correlation level of 0.6355
between the forest ecological construction system and economic development (namely, the
average of the two indicators of ecological construction and environmental protection),
indicating that economic development has a more significant stress restriction effect on
forest ecological construction.

In other words, economic scale has played a more important role than economic
structure in two ways: (1) Since 2011, the economic scale of the KSOFAsHP has shown a
basic trend of total increase but slow and weak growth. The value of the total economic
output of the forest area increased from 36.316 billion yuan in 2011 to 60.729 billion yuan
in 2018, with a growth rate of 67.23%, but the average annual growth rate decreased
from 12.95% in 2011 to 10.12% in 2018, and declined further to —3.86% in 2014. Forest
undergrowth enterprises took a long time to speed up the development of a variety of
alternative industries. In addition to the development of forest tourism, food, and other
industries, cottage industries, such as understory plant breeding, represent small-scale,
decentralized operations that are unable to support regional economic development. In the
forest community, the burden of obtaining employment is becoming increasingly serious
due to the huge loss of talent. This has a limiting effect on accelerating the promotion of new
breakthroughs in ecological construction in the forest areas [49]. (2) From the perspective of
economic structure, the prominent labor-intensive characteristics of the primary industry,
the severe contraction of forest product processing industries, and the structural imbalance
of the three industries cannot provide an effective economic basis and value feedback for
forest environment construction.

From the three-level indicators under the criterion level, labor remuneration in eco-
nomic development is Y14 (0.6771) and the economic aggregate is Y11 (0.6770). The two
indexes have a high degree of correlation with the environment construction of the KSO-
FAsHP, and have relatively obvious and almost indistinct restrictive and limiting effects on
the ecological construction and environmental protection of the forest areas. Specifically,
there are two main effects: (1) In terms of labor remuneration, in 2019, logging enterprises
in the key state-owned forest region in Heilongjiang Province had more than 200,000 em-
ployees. When logging activities stopped, these employees were impacted by layoffs, but
the development of alternative industries had not yet reached scale benefits and therefore
not able to provide jobs and higher pay [50]. (2) In terms of economy development, the
current economic benefits of the key state-owned forest region from primary industries and
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the increase in tertiary industries related to forest tourism and ecological services are still
unable to form effective decoupling. Forest resources rather than the wood of the forestry
industry are still heavily dependent on capital and resources. There is still a large gap
in realizing the expected goal of the economic development of non-forest and non-wood
industries feeding back into environment construction.

4.2. Dynamic Analysis of the Coupling Coordination Relationship between the Environment and
Economic Development

Equations (4)—(6) and the basic data, show the changes in the coupling coordination
relationship between the environment and economic development in the key state-owned
forest areas of Heilongjiang Province from 2011 to 2019, and are summarized in Table 4.

Table 4. The coupling coordination relationship between environment and economic development in
key state-owned forest areas of Heilongjiang Province from 2011 to 2019.

Couplin, Type of Coupled Coordinated
Year Coordfnatigon Stage of Development P Devglopment
2011 0.5351 Barely coordinated development class II;T3, eco-lagged type
2012 0.6749 Junior coordination class III; T3, eco-lagged type
2013 0.3747 Mild dysregulation recession class 14T3, eco-environmental lag type
2014 0.4361 On the verge of dysregulation decline class I1; T3, eco-lagged type
2015 0.4506 On the verge of dysregulation decline class II; T3, eco-lagged type
2016 0.9384 Good coordination class 114 T1, economic development lag type
2017 0.9842 Good coordination class 14 T4, economic development lag type
2018 0.9015 Quality coordination class III4 T4, economic development lag type
2019 0.9112 Quality coordination class II4T1, economic development lag type

4.2.1. The Coupling and Coordination Relationship between the Environment and
Economic Development Tends to Be Good

Table 4 shows the level of coupling coordination between the environment and eco-
nomic development in key state-owned forest areas of Heilongjiang Province since 2011;
the stage and type of coupling coordination relationship between them are dynamically
identified. The relationship between them tends to be generally excellent.

First, in terms of development stage, the relationship between the environment and
economic development in the forest area has experienced a relatively complex transition
process. The primary coordination between the two was realized from 2011 to 2012, which
means that the key state-owned forest areas steadily cut back on logging activities and
reduced production levels. By actively developing multiple understory management initia-
tives during the first phase of the national forest protection project, they gradually adapted
to find a balance between ecology and economy and win-win development solutions [51].
However, in 2012, the large-scale reduction in timber output of the leading traditional forest
industry had a huge impact. The emerging alternative industries could not effectively
support the forest regions’ economic growth, and the fragile balance between ecology and
economy was broken. Before 2015, both were on the verge of dysregulation and recession.
Ecological prioritization of time for space did not begin to change until 2016 [52,53]. After
2016, the environment construction and economic development of the forest area adjusted
and re-adapted over nearly four years, getting rid of the previous dysregulation and re-
cession dilemma, and started to enter a phase of high-quality coordinated development.
The reasons are directly related to the acceleration of the adaptive development of the
understory economy, an increase in the government’s capital investment in forest areas,
and the continuous improvement in the environment. In spite of the positive development
of the economic and ecological sectors since 2016, the relationship between them has not
remained stable. In order to ensure stable development and effectively promote the high-
quality development of the regional forest and grass industries during the period of change,
it became imperative that the department responsible for the key state-owned forest region
pay more attention by the end of 2019 to ensure stability in development.
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Evaluation Indexes

4.2.2. Improvement in the Economic Development of Forest Areas under the Orientation of
Ecological Construction

Table 4 shows the key state-owned forest regions in Heilongjiang Province from 2011
to 2019 during the coordinated development of the environment and changes in economic
development type (as shown in Figure 2), specifically the changing trends in the evaluation
index of the environment and economic development, as well as the impact of the coupled
coordination of the forest environment and economic development.

1.4 4 |—=— Evaluation Index of Ecological Environment

Evaluation Index of Economic Development

1.2

1.0 -

0.8 +

0.6 1

0.4

0.2 1

0.0 1

2010

1 ' 1 " 1 * 1 '
2012 2014 2016 2018 2020
Year

Figure 2. Change trends in the evaluation index of the environment and economic development from
2011 to 2019.

Figure 2 shows that the evaluation indexes of environment and economic development
in the key state-owned forest areas of Heilongjiang Province maintained a highly consistent
upward trend from 2011 to 2019, indicating that the forest areas had achieved positive
results in the fields of ecological construction and economic development in recent years.
This is related to the long-term implementation of effective ecological engineering policies in
the forest areas and the reversal of understory economic transformation and development.
Especially after 2015, both development indexes showed significant growth as the result of
the effective adaptation to the no-logging policy decision in 2014, the stimulus provided by
the comprehensive launch of the state-owned forest resource management system in 2015,
and the restructuring and reform policy of forest industrial enterprises in the state-owned
forest areas [54].

From a development perspective, the environment development evaluation index
began to exceed the economic development evaluation index after 2015. The forest areas
also officially changed from the environment lag period to the economic development lag
period as the 100-year history of commercial logging of natural forests in the key state-
owned forest areas of Heilongjiang Province came to an end. The forest areas entered a new
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phase in which the mountains were closed for afforestation and recuperation. The ecological
priority strategy of exchanging time for space makes the environment construction in forest
areas the core task for the future [55,56]. At the same time, the reform of the system
mechanism became the focus of forest management after 2015. Despite the government’s
fiscal reform of the forest areas and the provision of special funds, economic development
has been challenged by insufficient talent, capital, industry, and multiple factors such as the
supply of resources. Development results are far less than environment construction [57].

The reform of the management system of the key state-owned forest region in Hei-
longjiang Province in 2020 still needs to strengthen all kinds of industry development
and support to achieve the protection and restoration of the natural forests against the
background of environment construction. In particular, there is still room for the non-wood
forestry economy to develop and improve.

4.3. Results and Discussion

Key state-owned forest areas have undertaken the task to protect natural forest re-
sources, practice green economic development, and support national ecological progress.
The quantitative evaluation and analysis of the coupling and coordination between en-
vironment and economic development of forest areas have deepened the understanding
of sustainable development of forest areas. However, there are still some deep-seated
problems worthy of further discussion and exploration.

Firstly, based on the construction concept of ecological priority, it is necessary to
explore policies and measures to stimulate economic development from the perspective of
resource allocation [25]. Weak economic development in key state-owned forest areas has
limited environment construction. To achieve the goal of ecological protection and economic
transformation in forest areas, the central government issued relevant economic support
policies and investment stimulus policies. These policies need to be refined further. On
the premise of adhering to the concept of ecological priority construction, it is necessary to
optimize the factor supply structure and scale for the cultivation of replacement industries
and the development of enterprises in forest areas, especially in traditional factors such as
capital and labor, which are moderately inclined to the economic transformation.

Secondly, a new policy design for forest areas is very critical to promote its environment
and economic development. The central government has issued a new ecological policy for
key state-owned forest areas to protect and restore natural forests. It is necessary to speed
up the development of the key state-owned forest areas’ forest ecosystem protection and
restoration measures [58]. On the basis of fully using the natural forest protection repair
system plan and the implementation scheme of protection and restoration of natural forests
in Heilongjiang Province, the key ecological forests, wetlands, lakes, river basin areas
related to the natural ecological system, wild animals, and plant resources and habitats
require comprehensive repair management and protection to achieve the goal of ecological
protection [59].

Thirdly, it is necessary to expand the research horizon and strengthen the integrated
development of key state-owned forest areas and their surrounding areas. The reformed
management system of forest resources in key state-owned forest areas has been devolved
from the central government to local governments, and cooperation should be carried
out with local regions for ecological restoration, resource protection, and environmental
pollution prevention and control, rather than independent decision making and manage-
ment of the past, to obtain maximum ecological protection benefits. At the same time,
in terms of economic development, we should actively promote the integration of the
forestry industry and local agricultural resources and industries [57], accelerate the flow of
production factors across regions, explore a broader spatial scope of economic and social
interaction and integration development model [60], and improve the factors and market
environment of forest economic transformation and development [61-63].
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5. Conclusions

Based on the empirical evaluation of the long-term coupling and coordination relation-
ship between the environment and economic development in the key state-owned forest
areas of Heilongjiang Province, the following conclusions are drawn:

(1) From 2011 to 2019, the key state-owned forest areas achieved positive results in eco-
logical construction and economic development, especially in ecological construction.
The ecological construction evaluation index increased by 448.99%, and the economic
development evaluation index increased by 73.56%.

(2) There was a significant interaction between environment and economic development
in key state-owned forest areas from 2011 to 2019. The average correlation degree
between ecological construction and environmental protection and economic devel-
opment of forest areas was 0.6158 and 0.6551, respectively. The average correlation
degree between economic scale and economic results and forest environment was
0.6353 and 0.6029, respectively.

(3) From 2011 to 2019, the interaction between the environment and economic devel-
opment in key state-owned forest areas showed a gradual high-quality trend. The
coupling coordination degree increased from 0.5351 in 2011 to 0.9112 in 2019, and the
coupling coordination relationship shifted from a barely coordinated development
stage to a high-quality coordinated development stage.

(4) The average correlation degree between economic development and environment in
key state-owned forest areas was 0.6191, which was lower than between the environ-
ment and economic development (0.6355), indicating that economic development in
forest areas had certain stress and restriction effects on environment construction.

(5) Key state-owned forest areas began to enter the stage of economic development lag
from the stage of eco-environmental development lag in 2015. It is an important task
for forest areas to continuously accelerate economic transformation and development
in the future.
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