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Abstract: Ecological Product Value Realization (EPVR) is regarded as an effective tool for ecological
civilization construction in China and has received widespread attention. Based on the Driver-
Pressure-State-Impact-Response (DPSIR) model, this study constructs a multi-layered evaluation
index system for the effectiveness of EPVR in China from a systemic perspective and determines the
weights of the indicators through the entropy weight method. On this basis, an empirical analysis
of the EPVR effectiveness in China from 2011 to 2021 is conducted using the TOPSIS method, the
coupling coordination degree model, and the obstacle diagnosis model. The results show that the
whole effectiveness of EPVR in China has been significantly improved during the study period, with
the composite evaluation index increasing from 0.1481 to 0.7680, which can be categorized into a slow
exploration period (2011 to 2016) and a rapid development period (2017 to 2021). The development
effectiveness and the state of coupling coordination varies between subsystems, and the main obstacle
factors are not fixed. The above results verify the scientific nature and applicability of the index
system, which can provide a new assessment method to promote the efficient utilization of resources
and sustainability. This study also makes recommendations in terms of ecological product supply,
natural resource utilization, eco-industry, and coordinated development.

Keywords: ecological products; index system; effectiveness evaluation; DPSIR model; ecosystem
services

1. Introduction

As the global problems of resource scarcity, environmental pollution, and ecological
damage become increasingly serious, mankind is compelled to seek a more effective and
rational path to realize sustainable development [1]. In this context, the United Nations put
forward 17 Sustainable Development Goals (SDGs) for the 2030 Agenda for Sustainable De-
velopment, reflecting the determination of the world’s countries to solve these problems [2].
As of October 2023, 191 countries have submitted voluntary national reviews to the annual
meeting of the High-Level Political Forum on Sustainable Development, although they are
not mandatory [3]. There are variations in the implementation of the SDGs in countries
at different levels of development. OECD countries are concerned about global natural
environment problems in general and are launching appropriate programs of action. BRICS
countries are actively involved in international and regional cooperation, and government
plans are dominant in advancing sustainable development. Due to limited financial and
facility status, the least developed countries tend to prioritize the goal of meeting the basic
needs of their people [4]. As one of the BRICS countries, China has taken the construction of
ecological civilization as a concrete practice and a primary task of sustainable development
and elevated its status to a strategic level of national development [5]. Under the guidance
of the concept that “lucid waters and lush mountains are invaluable assets”, ecological
restoration and ecological governance have been continuously promoted and achieved
great results [6,7]. According to the Report on the State of the Ecology and Environment in
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China 2022 [8], the percentage of days of urban air quality meeting the standard was 86.5%,
the percentage of centralized drinking water sources meeting the standard was 95.9%, the
percentage of water quality of nearshore sea areas meeting the standard was 81.9%, forest
coverage was 24.02%, and the area of the red lines for ecological conservation accounted
for about 30% or more of the national territory.

As China’s ecological advantages become more and more obvious, the desire to
transform ecological factors into production factors becomes increasingly strong. Hence, a
new concept has been proposed in China: Ecological Products (EPs), which are understood
as the result of the intertwining of ecosystems, economic systems, and social systems
and have great value in their use [9]. Ecological Product Value Realization (EPVR) is not
only regarded as an effective tool for the construction of ecological civilization but is also
considered an important way to promote economic structural adjustment and social green
transformation under the new normal [10]. Exploring EPVR is a process of continuous
improvement and gradual progress. The Chinese government has issued a series of policy
documents to clarify related matters and promoted the practice by establishing pilots, as
detailed in Wang et al. [11].

The research on EPVR is a widely discussed topic and can yield new insights in inter-
disciplinary studies such as economics, management, and environmental sciences [11,12].
There is some progress in the basic research on the connotations, categorizations, and
attributes of EPs, as well as on the pathways and models for EPVR, as follows: (1) In
a narrow sense, EPs are often regarded as natural elements that maintain ecological
security and enhance people’s well-being. In a broad sense, they are more focused on
the impact of human activities on ecosystem production and can be understood as an
extension of the concept of Ecosystem Services [11,13]. (2) Based on competitiveness
and exclusivity, EPs can be divided into public ecological products, private ecological
products, and quasi-public ecological products. However, they can still be categorized
from different theoretical perspectives due to their multiple attributes of “ecology”,
“economy”, and “society” [12,14]. (3) The value of EPs is often implicit, and the essence
of EPVR is to make these implicit values explicit through appropriate ways [15]. There-
fore, many scholars are concerned about the models and paths of EPVR. Zhang et al. [16]
summarized eight major categories and twenty-two sub-categories of models from many
practice cases, as well as three types of paths: the government path, the market path,
and the hybrid path, which provide important references for promoting EPVR. Some
scholars have argued that EPs, like general products, needed to realize their value
through market exchanges. For example, in some regions, natural resources were being
assetized and capitalized through platforms such as “forest banks” and “wetland banks”
to continuously improve the benefits of EPs [17,18]. Further, some studies have found
that eco-industrialization and industrial ecologization were endogenous and exogenous
driving forces of EPVR, respectively, and were particularly applicable in eco-fragile
areas, such as karst regions [12,19].

Wang et al. [20] argued that EPVR could be simply characterized by indicators
such as the Green Gold Index. However, to better reflect the EPVR status, it was still
necessary to build a suitable evaluation index system, which was the focus of the current
research. The Chinese government has released evaluation index systems for ecological
civilization construction, beautiful China construction, green development, and the
“Two Mountains” index, which provide many references for research in this field [21–23].
Some scholars have tried to construct the EPVR effectiveness evaluation index system
from different perspectives, including the logical perspectives of “ecological product
supply—policy intervention—people’s well-being improvement” [24] and “ecological
product protection—value transformation—guarantee mechanism” [25], the factor per-
spective of “input capacity—operational capacity—organizational capacity” [26], the
modeling perspective of the Inclusive Wealth Index [27], and the transformational ef-
ficiency perspective based on the Gross Ecosystem Product [28]. In general, these
studies could provide useful references for this study, but there were still some problems
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that needed improvement. First, the research scale focused on the river basin [24,27],
province [26], and city [28], but lacked research at the national level. Second, most
of the studies only analyzed the EPVR effectiveness at a certain point in time, such
as for 2019 [25] and 2020 [26], and ignored the dynamic trend of interannual changes.
Third, there was a lack of a systematic and mature research framework, and the intrinsic
relationship between different indicators was neglected, which made it difficult to ac-
curately understand the essence and process of EPVR. It was necessary to construct a
more systematic, comprehensive, practical, and dynamic evaluation index system for
the effectiveness of EPVR.

The Driver-Pressure-State-Impact-Response (DPSIR) model provides a framework to
help understand complex social and economic phenomena and can elucidate the structure
and connections of problems [29]. It will offer great prospects for a comprehensive evalua-
tion of EPVR. However, there are no studies that directly apply the DPSIR model to the
field of EPVR.

In summary, this study aims to make up for the shortcomings of the above studies and
tries to construct an evaluation index system for the effectiveness of EPVR in China based
on the DPSIR model and answers the following questions through empirical analysis: (1) Is
the index system reasonable and can it be applied? (2) What is the law of temporal dynamic
change of the effectiveness of EPVR in China? (3) What are the differences in effectiveness
and the degree of coordination between the different subsystems? (4) What are the main
obstacles to promoting the EPVR in China? Secondly, based on the results of the study,
corresponding recommendations are made for the reference of governmental departments.

2. Process of Constructing the Evaluation Index System
2.1. Adaptability of the DPSIR Model to EPVR
2.1.1. Important Connotations of EPVR

Xu et al. [30] argued that EPVR in China was a localized practice of Nature-based
Solutions and that the two are highly compatible in terms of philosophies and models. This
study argued that the essence of EPVR was the process of transforming natural resource
elements containing ecological advantages into ecological products through appropriate
means and measures, leading to the continuous manifestation of their economic, ecological,
and social benefits. It was formed in a specific context and had a positive impact on the
production—living—ecological spaces. The aim was to strengthen ecosystem functions
and promote harmony between humans and nature.

2.1.2. Positive Effects of Introducing the DPSIR Model

As an effective tool for constructing the evaluation index system, the DPSIR model
was widely used in many study areas [29,31]. We proposed to introduce it into the EPVR
effectiveness evaluation to provide additional insights. On the one hand, it could explain
the process of human interaction with the natural environment [32], which provided the
possibility of revealing the potential causes and expressing the intrinsic mechanism of
EPVR. On the other hand, with the introduction of it, the evaluation index system for EPVR
effectiveness could be made more comprehensive, systematic, logical, and operable. First,
it could cover multiple aspects of the evaluation unit, which facilitates a comprehensive
analysis. Second, it could clarify the causal relationships between different factors and
specifically refine the effectiveness of EPVR into five subsystems: Driver, Pressure, States,
Impact, and Response. Third, it embodied a complete chain of thinking for the effectiveness
of EPVR: why, what, and how. Fourth, as a mature framework, there were a certain number
of cases for reference, and it was highly operational.

2.2. Design Logic and Principles of the Index System

To combine the DPSIR model with the evaluation of EPVR effectiveness, it was not
only necessary to use the model as the logical framework of the index system but also to
take into full consideration the important connotations, main features, and critical factors
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of EPVR. In the selection of indicators, the differences and connections between indicators
of different dimensions should be fully considered to reduce redundancy.

Based on learning from the international experience of constructing the evaluation
index system [33,34], this study determines the following principles: (1) Scientific nature.
Ensure that each evaluation index can truly and effectively reflect the EPVR’s development
status. (2) Systematicity. Ensure that the layers of the index system are diversified and
the subsystems are correlated. (3) Data availability. The indicators can be obtained from
public statistical yearbooks, statistical bulletins, or corresponding databases and have good
continuous statistical characteristics. (4) Farsightedness. The indicators can be applicable
over a long period and be able to indicate the direction of EPVR development.

2.3. Selection of Indicators

Based on summarizing the common indicators used in existing studies [24–28] and
combining the relevant evaluation indicators issued by the Chinese government [21–23],
the basic indicators for this study were obtained. Further, according to the design logic
and principles, representative indicators affecting EPVR were selected from resource status,
economic development, human activities, and social changes to improve the whole index
system. The logic of the evaluation index system constructed in this study is shown in
Figure 1, and the description of the indicators is shown in Table 1. Indicator attributes were
categorized as positive, negative, and moderate. Positive indicators would promote the
effectiveness of EPVR, negative indicators would inhibit the effectiveness of EPVR, and
moderate indicators fall somewhere in between. Specifically, the selection of indicators for
the subsystems was considered as follows.
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Figure 1. The logic of constructing the evaluation index system of EPVR effectiveness. 
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Figure 1. The logic of constructing the evaluation index system of EPVR effectiveness.

The Driver subsystem represented the potential causes that affect the changes of EPVR,
which could be considered in three dimensions: economic development (D1), population
growth (D2), and social structure (D3). Accordingly, X1~X6 were selected as the driving
factor indicators. These indicators were the deep-seated causes and macro-drivers of EPVR
development.

The Pressure subsystem was the direct cause of changes in EPVR under the long-term
influence of the Driver subsystem, which was mainly reflected in the impacts of human
activities on resources, the environment, and ecology. Specifically, it was set as three aspects
of resource depletion (P1), environmental pollution (P2), and ecological damage (P3) in this
study, and X7~X12 were selected as indicators of pressure factors.

Under the direct action of the Pressure subsystem, resources, environment, and ecology
would exhibit certain statuses and changes and would be gathered in the State subsystem.
It was the basic condition and main carrier for the formation of EPs. The indicators were
selected from resource reserves (S1), environmental conditions (S2), and ecological security
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(S3), and X13~X23 were taken as the indicators of the State subsystem. These indicators
characterized the state of multiple ecological elements and could reflect the strength of
regional ecological advantages.

Table 1. The evaluation index system of EPVR effectiveness based on the DPSIR model.

Standard Layer Factor Layer Indicator Layer Unit Attribute

Driver (D)

Economic
development (D1)

Per capita GDP (X1) 104 yuan Positive

Engel coefficient (X2) % Negative

Population growth (D2)
Population density (X3) Persons/km2 Moderate

Natural population growth rate (X4) ‰ Moderate

Social structure (D3)
Urbanization rate (X5) % Moderate

Gini coefficient (X6) — Negative

Pressure (P)

Resource depletion (P1)

Energy consumption per
unit GDP (X7) Tce/104 yuan Negative

Water depletion per unit GDP (X8) m3/104 yuan Negative

Environmental
pollution (P2)

Emissions of major pollutants per unit
GDP (X9) Tons/104 yuan Negative

Emissions of chemical fertilizers and
pesticides per unit GDP (X10) Tons/104 yuan Negative

Ecological damage (P3)

Ratio of soil erosion area to total land
area (X11) % Negative

Ratio of desertified and sandified
areas to total land area (X12) % Negative

State (S)

Resource reserves (S1)

Per capita water resources (X13) m3/person Positive

Forest coverage (X14) % Positive

Ratio of cultivated land area to
total land area (X15) % Positive

Ratio of wetland area to
total land area (X16) % Positive

Integrated vegetation cover of
grassland (X17) % Positive

Environmental
conditions (S2)

Percentage of centralized drinking
water sources meeting

the standard (X18)
% Positive

Percentage of water quality of
nearshore sea areas meeting the

standard (X19)
% Positive

Percentage of days of urban air quality
meeting the standard (X20) % Positive

Ratio of high-grade cropland area to
total cropland area (X21) % Positive

Ecological security (S3)

Ratio of the protected natural area to
total land area (X22) % Positive

Number of major environmental
events (X23) — Negative
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Table 1. Cont.

Standard Layer Factor Layer Indicator Layer Unit Attribute

Impact (I)

Industrial
ecologicalization (I1)

Ratio of clean energy consumption to
total energy consumption (X24) % Positive

Ratio of water-saving irrigated area to
total cultivated area (X25) % Positive

Comprehensive utilization rate of
agricultural production waste (X26) % Positive

Water consumption per 10, 000 yuan
of industrial added value (X27) m3 Negative

Comprehensive utilization rate of
industrial solid waste (X28) % Positive

Ecological
industrialization (I2)

Ratio of the output value of ecological
agricultural products to gross output
value of agriculture, forestry, animal

husbandry, and fishery (X29)

% Positive

Ratio of the ecological processing
industry’s business revenue to total

business revenue of the industry (X30)
% Positive

Ratio of eco-tourism’s business
revenue to gross output value of

tertiary industry (X31)
% Positive

Social life (I3)

The green coverage rate of
built-up area (X32) % Positive

Public recreational green space
per capita (X33) % Positive

Per capita disposable income
of households (X34) Yuan Positive

Registered unemployment rate
in urban areas (X35) % Negative

Response (R)

Ecological
governance (R1)

Total area of afforestation (X36) Hectare Positive

Prevention rate of forest
harmful organisms (X37) % Positive

Area of integrated soil
erosion control (X38) 104 km2 Positive

Area of sandified land
rehabilitated (X39) Hectare Positive

Fiscal support (R2)

Total investment in the treatment of
environmental pollution as percent of

GDP (X40)
% Positive

Proportion of environmental
protection expenditure to general
public budget expenditure (X41)

% Positive
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Table 1. Cont.

Standard Layer Factor Layer Indicator Layer Unit Attribute

Response (R)

Green finance (R3)

Proportion of credit lines for
environmental protection projects to

total credit lines (X42)
% Positive

Proportion of environmental pollution
liability insurance revenue to total

insurance revenue (X43)
% Positive

Proportion of total green bond
issuance to total issuance

of all bonds (X44)
% Positive

Proportion of total market
capitalization of green funds to total

market capitalization
of all funds (X45)

% Positive

Ecological property
rights trading (R4)

Proportion of market turnover of
ecological property rights to total

market turnover of
property rights (X46)

% Positive

Research and
education (R5)

Proportion of granted green patents to
total granted patents (X47) % Positive

Number of new higher education
institutions (X48) — Positive

Infrastructure
development (R6)

Popularization rate
of telephones (X49) set/100 persons Positive

Railway and highway density (X50) km/104 km2 Positive

Environmental
regulation (R7)

Total number of local environmental
regulations enacted

during the year (X51)
— Positive

Number of key emission units
implemented with automatic

monitoring (X52)
— Positive

Notes: (1) Ecological agricultural products consist of green food and organic agricultural products; (2) The eco-
processing industry is mainly involved in agro-food processing, food manufacturing, beverage manufacturing,
wood processing, furniture manufacturing, and water production and supply; (3) Eco-tourism consists of coastal
tourism, forestry tourism, and leisure agriculture; (4) Ecological property rights include pollutant emission rights,
carbon emission rights, and energy use rights; (5) Green patents consist of green invention patents and green
utility model patents.

Existing state conditions would have certain impacts on economic and human social
systems, which could be seen as a result of the EPVR development process. In this study,
the Impact subsystem was categorized into three aspects: industrial ecologicalization
(I1), ecological industrialization (I2), and social life (I3), and X24~X35 were used as the
measurement indicators. I1 and I2 reflected the significant impacts on the economic field
brought about by EPVR, which could contribute to the development of the ecological
economy. I3 reflected the positive impacts released by EPVR on the social field.

The Response subsystem focused on human efforts to adjust the EPVR system. It
consisted of measures that contributed to the development of EPVR. Based on the analysis
of the EPVR practice process, the indicators were selected from ecological governance (R1),
fiscal support (R2), green finance (R3), ecological property rights trading (R4), research
and education (R5), infrastructure development (R6), and environmental regulation (R7),
and X36~X52 were used as the measurement indicators of this subsystem. The Response
subsystem could act on the other subsystems to varying degrees by reducing “pressure”,
improving “state”, promoting positive “impact”, and guiding the “driver”.
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Finally, the evaluation index system of the effectiveness of EPVR in China was con-
structed with five subsystems as the standard layer (first-level indicators), nineteen aspects
as the factor layer (second-level indicators), and fifty-two specific indicators as the indicator
layer (third-level indicators). The indicators were all placed in this cyclically ordered
system, which could illuminate the causal chains and dynamic evolutionary paths of EPVR.

3. Empirical Study
3.1. Study Area and Data Sources

To verify that the constructed index system was rational and applied, this study
conducted an empirical analysis and limited the study scale to the national level. Due to
data availability, the results of the EPVR effectiveness evaluation in this study reflected the
overall level of the Chinese mainland (31 provinces).

On the one hand, the earliest official document in which the term “Ecological Products”
appeared was the National Main Functional Areas Plan in December 2010. Since then,
the corresponding practical work has been gradually rolled out, and the development
direction of EPVR has become increasingly clear. On the other hand, the national annual
data statistics have a certain lag. Currently, many data are only updated up to 2021. For
example, the latest China Statistical Yearbook 2022 could only reflect the situation in 2021.
To ensure the completeness and authenticity of the data, 2011–2021 was finally used as the
study period.

The indicator data for the study came from the following three aspects: (1) Yearbook
data, mainly including the China Statistical Yearbook, China Rural Statistical Yearbook,
China Forestry Statistical Yearbook, China Environmental Statistical Yearbook, China
Energy Statistical Yearbook, China Financial Statistical Yearbook, etc.; (2) Bulletin data,
mainly including the National Economic and Social Development Statistical Bulletin, China
Water Resources Bulletin, Bulletin on the Ecology and Environment Status in China, Bulletin
on the State of Land Greening in China, China Soil Conservation Bulletin, China Marine
Economy Bulletin, etc.; (3) Annual report data, including the China Environmental Statistics
Annual Report, China Green Food Statistics Annual Report, China Organic Food Statistics
Annual Report, etc. Based on the study period, the corresponding year data were selected.
For the very few missing data (six in total), referring to Tan et al. [35], the linear interpolation
method was applied to supplement the data, which ultimately constituted the complete
panel data.

3.2. Research Methods
3.2.1. Entropy Weight Method

After constructing the evaluation index system, it was necessary to assign a certain
weight to each index to characterize the importance of the index in the system. This part
was crucial, because it would directly affect the objectivity and accuracy of the evaluation
results [36]. At present, there are many methods to determine the weights of indicators, such
as the subjective evaluation method represented by the Delphi method and the Analytic
Hierarchy Process (AHP), and the objective evaluation method represented by the entropy
weight method (EWM), the correlation coefficient method, and the fuzzy comprehensive
evaluation (FCE). There are advantages and disadvantages to the different methods, and
details can be found in the summary of Shi et al. [37].

On the one hand, this study introduced the DPSIR model into EPVR effectiveness
evaluation, which was an innovative exploration. We only knew that there were differences
between the indicators, but we could not obtain the weight reference values directly from
the published literature. On the other hand, EPVR was a complex systematic project. There
was a large uncertainty in determining the indicator weights through the subjective method,
and it would affect the evaluation results. Ultimately, the EWM was chosen as the method
to determine the indicator weights to improve credibility. In general, the greater the discrete
degree of the indicator data, the smaller its information entropy, the greater the amount
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of information it contains, and the greater the weight that should be assigned [38]. The
specific steps of EWM are as follows.

Step 1: Normalization of raw data

Raw data is usually represented as a distribution of n indicators over m time series.
Since the units and attributes of different indicators may not be consistent, they are not
directly comparable with each other and need to be normalized. For positive and negative
indicators, Equations (1) and (2) are used for processing, respectively. For moderate
indicators, data smaller than the mean of the indicator are processed by Equation (1), and
data greater than or equal to the mean are processed by Equation (2). The specific equations
are as follows.

xij
′ =

xij −min(xi
)

max(xi)−min(xi)
(1)

xij
′ =

max(xi)− xij

max(xi)−min(xi)
(2)

where xij denotes the value of the j indicator in the i-th year, i = 1, 2, 3, . . ., m; j = 1, 2, 3, . . .,
n. xij’ denotes the normalized value of xij.

To meet the requirement of subsequently performing logarithmic calculations (the
antilogarithm is not zero), it is necessary to coordinate the xij’ translation

Oij = xij
′ + β (3)

where Oij is the new normalized data and β is the translation distance, which here takes
the value 0.000001.

Step 2: Calculate the information entropy ej of the j-th indicator

ej = −
1

lnm∑m
i=1 PijlnPij (4)

where Pij =
Oij

∑m
i=1 Oij

, assume that limOij → 0 , lnPij = 0.

Step 3: Calculate the weight ωj of the j-th indicator

ωj =
1− ej

∑n
j=1 1− ej

(5)

Finally, the factor layer weight Gj and the standard layer weight Wj are obtained by
accumulating the corresponding indicator weights.

3.2.2. TOPSIS Method

The TOPSIS method, the full name being the Technology for Order Preference by
Similarity to an Ideal Solution method, cleverly analyzes the degree of strengths and
weaknesses of the assessment object through the principle of distance and has been well
applied in some comprehensive evaluation models [39,40]. In effect, it determines the
developmental level of the subject by assessing the combined distance (expressed as
relative closeness) between the subject with the positive and negative ideal solutions. If the
relative closeness is closer to 1, the better the subject performs; conversely, the closer it is to
0, the worse the subject performs. The steps are as follows.

Step 1: Construct the weighting normalization matrix Zij

ωj =
1− ej

∑n
j=1 1− ej

(6)

Step 2: Determine the ideal solutions Zj
* (including positive ideal solution Zj

*+ and negative
ideal solution Zj

*−)



Sustainability 2023, 15, 15572 10 of 26

Zj
∗ =

{
Zj
∗+ = Max

{
Z1j, Z2j, Z3j, · · · , Zij

}
Zj
∗− = Min

{
Z1j, Z2j, Z3j, · · · , Zij

} (7)

Step 3: Calculate the Euclidean distance Di
+ between the evaluated object and the positive

ideal solution and the Euclidean distance Di
− between the evaluated object and the negative

ideal solution, respectively

Di
+ =

√
∑n

j=1

(
Zij − Zj

∗+)2 (8)

Di
− =

√
∑n

j=1

(
Zij − Zj

∗−)2 (9)

Step 4: Calculate the relative closeness of the evaluation object for each year Ci

Mi =
D−i

D+
i + D−i

(0 ≤ Mi ≤ 1) (10)

where the larger the Mi is, the closer the EPVR effectiveness is to the ideal level. Therefore,
Mi can be used as a composite evaluation index for the effectiveness of EPVR in China,
reflecting its dynamic trend in the time series.

3.2.3. Weighted Sum Method

In order, the evaluation scores Tij of different subsystems are calculated by the
weighted sum method with the following equation [41].

Tij =



TiD = ∑D
j=1 (O ij ×

ωj
W1

)

TiP = ∑P
j=D+1 (O ij ×

ωj
W2

)

TiS = ∑S
j=P+1 (O ij ×

ωj
W3

)

TiI = ∑I
j=S+1 (O ij ×

ωj
W4

)

TiR = ∑R
j=I+1 (O ij ×

ωj
W5

)

(11)

where D, P, S, I, and R are the last indicators in the Driver, Pressure, State, Impact, and
Response subsystems, respectively, and TiD, TiP, TiS, TiI, and TiR are the evaluation score
values for the corresponding subsystems.

Correspondingly, the relative contribution of the subsystem Uij is the ratio of the
subsystem’s evaluation score to the sum of all subsystems’ evaluation scores, with the
following equation:

Uij =
Tij

TiD + TiP + TiS + TiI + TiR
× 100% (12)

3.2.4. Coupling Coordination Degree Model

Overall, EPVR is a complex system formed by the coupling of multiple subsystems.
To quantitatively evaluate the degree of interaction between these subsystems and reveal
the characteristics of the subsystem coordination status, the coupled coordination degree
model is introduced to enhance the understanding of the EPVR process and the horizontal
comparison of the subsystems [42]. The specific steps are as follows.

Step 1: Calculate the coupling degree Ci between the different subsystems in the i-th year

Ci =

∣∣∣∣∣∣∏k
k=1 Tij/

(
∑k

k=1 Tij

k

)k
∣∣∣∣∣∣

1
k

, 2 ≤ k ≤ 5, k ∈ N+ (13)
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where k is the number of subsystems involved in calculating the coupling degree; the larger
the value of Ci, the stronger the interaction between the different subsystems.

Step 2: Calculate the comprehensive coordination index Hi between the subsystems in the
i-th year

Hi = ∑k
k=1 Tij ×Wj (14)

where k is the number of subsystems involved in calculating the comprehensive coordi-
nation index; the larger the value of Hi, the better the coordination between the different
subsystems.

Step 3: Calculate the coupling coordination degree Pi between the subsystems in the
i-th year

Pi =
√

Ci × Hi (15)

The larger the value of Pi, the stronger the connection between the subsystems of
that year and the higher the degree of coordinated and orderly development. Referring to
Zameer et al. [43], the coupling coordination degree is categorized into 10 levels, as shown
in Table 2.

Table 2. Classification levels of coupling coordination degree.

Pi 0.0000~0.0999 0.1000~0.1999 0.2000~0.2999 0.3000~0.3999 0.4000~0.4999

Performance Extreme disorders Serious disorders Moderate disorders Mild disorders Endangered
disorders

Level 1 2 3 4 5

Pi 0.5000~0.5999 0.6000~0.6999 0.7000~0.7999 0.8000~0.8999 0.9000~1.0000

Performance Reluctant
coordination

Primary
coordination

Intermediate
coordination Good coordination Excellent

coordination

Level 6 7 8 9 10

3.2.5. Obstacle Diagnosis Model

To further explore the main obstacle factors affecting the development of EPVR in
China, this study introduced the obstacle diagnosis model for analysis [44,45]. The model
can calculate the obstacle degree Qij of each indicator. At the same time, by summing up
the Qij corresponding to the subsystems, the obstacle degree Vij of different subsystems to
the whole EPVR system can be obtained, and the specific equations are as follows.

Qij =

(
1− xij

′)×ωj

∑n
j=1
(
1− xij

′)×ωj
× 100% (16)

Vij = ∑ Qij (17)

All of the above calculations were completed using Microsoft Excel software (version
2021), and the related graphs were produced using Microsoft Excel software and Microsoft
Visio software (version 2021).

4. Results
4.1. Indicator Weights

The weights of different layers of evaluation indicators for the effectiveness of EPVR
in China could be obtained by Equations (1)–(5), as shown in Table 3. In the whole
evaluation index system, the State subsystem (WS = 0.2788) and the Response subsystem
(WR = 0.2712) had a large weight, and the two together totaled 0.5500. It indicated that
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these two subsystems were the key points in the evaluation of the effectiveness of ERVR,
which were concentrated in the aspects of resource reserves (S1), environmental conditions
(S2), ecological governance (R1), green finance (R3), and environmental regulation (R7).
Second, the Impact subsystem (WI = 0.1985) and the Pressure subsystem (WP = 0.1535) also
played a role in the operation of the whole system, which were concentrated in the aspects
of industrial ecologicalization (I1), ecological industrialization (I2), and ecological damage
(P3). Finally, the Driver subsystem had the smallest weight (WD = 0.0980), mainly because
these potential factors affecting EPVR were long-term, gradual, and induced and did not
change much in the short term.

Table 3. Weights of evaluation indicators at different layers.

Standard Layer Factor Layer Indicator Layer Weight

D (0.0980)

D1 (0.0281)
X1 0.0169
X2 0.0112

D2 (0.0388)
X3 0.0193
X4 0.0195

D3 (0.0311)
X5 0.0206
X6 0.0105

P (0.1535)

P1 (0.0308)
X7 0.0184
X8 0.0124

P2 (0.0274)
X9 0.0134

X10 0.0140

P3 (0.0953)
X11 0.0614
X12 0.0339

S (0.2788)

S1 (0.1163)

X13 0.0084
X14 0.0159
X15 0.0233
X16 0.0611
X17 0.0076

S2 (0.1012)

X18 0.0208
X19 0.0172
X20 0.0156
X21 0.0476

S3 (0.0613)
X22 0.0550
X23 0.0063

I (0.1985)

I1 (0.0735)

X24 0.0145
X25 0.0139
X26 0.0164
X27 0.0129
X28 0.0158

I2 (0.0671)
X29 0.0158
X30 0.0128
X31 0.0385

I3 (0.0579)

X32 0.0163
X33 0.0122
X34 0.0157
X35 0.0137
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Table 3. Cont.

Standard Layer Factor Layer Indicator Layer Weight

R (0.2712)

R1 (0.0546)

X36 0.0082
X37 0.0198
X38 0.0122
X39 0.0144

R2 (0.0255)
X40 0.0128
X41 0.0127

R3 (0.0601)

X42 0.0161
X43 0.0151
X44 0.0144
X45 0.0145

R4 (0.0156) X46 0.0156

R5 (0.0185)
X47 0.0072
X48 0.0113

R6 (0.0257)
X49 0.0112
X50 0.0145

R7 (0.0712)
X51 0.0317
X52 0.0395

Note: The values in parentheses are the weights of the standard and factor layers.

4.2. Comprehensive Effectiveness of EPVR in China

The effectiveness scores of EPVR in China from 2011 to 2021 could be obtained through
Equations (6)–(10), and the results are shown in Table 4. It was found that China had made
some achievements in strengthening the overall EPVR capacity.

Table 4. The development effectiveness index and rank of EPVR in China from 2011 to 2021.

Year Di
+ Di

− Mi Rank

2011 0.1583 0.0275 0.1481 11
2012 0.1518 0.0337 0.1815 10
2013 0.1499 0.0403 0.2116 9
2014 0.1433 0.0493 0.2561 8
2015 0.1402 0.0535 0.2763 7
2016 0.1368 0.0559 0.2901 6
2017 0.1231 0.0786 0.3897 5
2018 0.0794 0.1159 0.5933 4
2019 0.0531 0.1391 0.7236 3
2020 0.0405 0.1450 0.7815 1
2021 0.0453 0.1501 0.7680 2

From 2011 to 2020, the overall effectiveness level of EPVR in China showed an increas-
ing trend year by year, with Di

+ decreasing from 0.1583 to 0.0405, Di
− increasing from

0.0275 to 0.1450, and the composite evaluation index Mi increasing from 0.1481 to 0.7815
(top-ranked).

The development of EPVR in China during the study period could be categorized into
two stages, namely the period of slow exploration (2011~2016) and the period of rapid
development (2017~2021). Within the slow exploration period, the average annual increase
of Mi was small, about 0.0284. It was mainly because the understanding of EPs was still not
extensive enough in that period [11,12], the paths and patterns of advancing EPVR were
being explored, and the direction of the development of the related industries was not clear
yet. Since 2017, the EPVR process in China has significantly accelerated. Within the rapid
development period, the average annual increase of Mi was large, about 0.0946. It was
mainly because the strategic position of EPVR has been continuously clarified and strength-
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ened in government documents, and corresponding practice pilots have been carried out,
which accumulated invaluable experience for exploring paths and patterns of EPVR [17,46].
Meanwhile, under strong environmental regulation, the ecological situation continued to
improve, which also created greatly favorable conditions for EPVR. In particular, the Mi
increased by 0.2036 from 2017 to 2018. The direct cause of this phenomenon was closely
related to the policies of the period. For example, in 2017, China carried out several environ-
mental protection actions, and the central environmental protection inspectors achieved full
coverage of 31 provinces [47]; from January 2018, China began to trial the Compensation
System for Ecological and Environmental Damages [48]. It took time for the elements
to accumulate in the process of formation and combination, and the later development
effectiveness might partly come from the “contribution” of the earlier practice.

Although the comprehensive effectiveness fell back in 2021 (Mi = 0.7680), the decline
was smaller (the rank remains second). This was mainly due to China’s effective COVID-19
control strategy, the stability of economic and social development was ensured [49], and
the development of EPVR did not suffer a severe blow. However, it could be seen that it
did not fully offset the huge impact of COVID-19, especially the negative impact on related
industries [50]. As a result, EPVR development in China has slowed down.

4.3. Development Effectiveness of Different Subsystems

The evaluation scores of different subsystems and their relative contribution to the
whole system were calculated by Equations (11) and (12). The change trend of each
subsystem is shown in Figure 2. Except for the Driver subsystem, the change trend of the
other subsystems was basically the same as that of the overall EPVR development level,
which was shown to be increasing year by year. Through further analysis, it was found
that the relative contribution of different subsystems to the overall EPVR system would
have large differences over time, with certain volatility characteristics (Figure 3). For the
operating condition characteristics of different subsystems, they were specifically described
as follows.
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Figure 2. Evaluation scores for different subsystems from 2011 to 2021.

4.3.1. Driver Subsystem

The Driver subsystem reflected the influence of macro factors, such as economic,
population, and social, on EPVR. As can be seen from Figure 2, 2018 was a turning point
in the development trend of the subsystem. Its evaluation score increased from 0.0364 in
2011 to 0.5257 in 2018 and then began to decline, decreasing to 0.3318 in 2021. This directly
reflected the changes in the New Normal of China’s economy, which has shifted from high-
speed growth to high-quality development [51]. The relative contribution of the Driver
subsystem increased from 9.57% in 2011 to 27.20% in 2015 and then began to decrease and
fell back to 8.94% in 2021, with the overall trend showing an inverted “U” shape (Figure 3).
It mostly showed that with the obvious improvement of the ecological environment, the
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dependence of China’s EPVR on macro-conditions such as socio-economic conditions has
weakened, and endogenous ecological advantages have gradually come into play [52].

Sustainability 2023, 15, x FOR PEER REVIEW 14 of 25 
 

 

Figure 3. Relative contributions of different subsystems from 2011 to 2021. 

4.3.1. Driver Subsystem 

The Driver subsystem reflected the influence of macro factors, such as economic, pop-

ulation, and social, on EPVR. As can be seen from Figure 2, 2018 was a turning point in 

the development trend of the subsystem. Its evaluation score increased from 0.0364 in 2011 

to 0.5257 in 2018 and then began to decline, decreasing to 0.3318 in 2021. This directly 

reflected the changes in the New Normal of China’s economy, which has shifted from 

high-speed growth to high-quality development [51]. The relative contribution of the 

Driver subsystem increased from 9.57% in 2011 to 27.20% in 2015 and then began to de-

crease and fell back to 8.94% in 2021, with the overall trend showing an inverted “U” 

shape (Figure 3). It mostly showed that with the obvious improvement of the ecological 

environment, the dependence of China’s EPVR on macro-conditions such as socio-eco-

nomic conditions has weakened, and endogenous ecological advantages have gradually 

come into play [52]. 

4.3.2. Pressure Subsystem 

The Pressure subsystem evaluation score consistently increased from 0.0038 in 2011 

to 0.9974 in 2021 (Figure 2). In particular, the rise increased further after 2017, which was 

consistent with the overall effectiveness trend described above, suggesting that the sub-

system acted in a more direct way on the whole system. Its relative contribution generally 

showed an increasing trend year by year, from 0.99% in 2011 to 26.87% in 2021 (Figure 3). 

It indicated that whether the pressure factor can be continuously improved was related to 

the size of the subsequent ability to release the ecological dividend, and influences the 

overall EPVR effectiveness to improve. The effect would be increasingly more obvious 

with the passage of time [53]. 

4.3.3. State Subsystem 

The State subsystem evaluation score increased from 0.0702 in 2011 to 0.8902 in 2021, 

but there was a partial fallback during this period (Figure 2). Like the Pressure subsystem 

change, it also saw a further increase in its evaluation score value after 2017, reflecting the 

results of EPVR under various pressures. Its relative contribution fluctuated somewhat 

between years, but was generally stable, averaging 20% (Figure 3). It showed that the cur-

rent state of the combination of elements in terms of resources, environment, and ecology 

constitutes the ecological background, which was the basic condition of EPVR [54]. Its role 

was continuously inputted and would not drastically change. 

4.3.4. Impact Subsystem 

The Impact subsystem evaluation score increased from 0.1493 in 2011 to 0.7477 in 

2021 (Figure 2). Among them, the faster-rising interval was in 2019~2020, where the score 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

R
el

at
iv

e 
co

n
tr

ib
u

ti
o

n
s

Year
D P S I R

Figure 3. Relative contributions of different subsystems from 2011 to 2021.

4.3.2. Pressure Subsystem

The Pressure subsystem evaluation score consistently increased from 0.0038 in 2011
to 0.9974 in 2021 (Figure 2). In particular, the rise increased further after 2017, which
was consistent with the overall effectiveness trend described above, suggesting that the
subsystem acted in a more direct way on the whole system. Its relative contribution
generally showed an increasing trend year by year, from 0.99% in 2011 to 26.87% in 2021
(Figure 3). It indicated that whether the pressure factor can be continuously improved
was related to the size of the subsequent ability to release the ecological dividend, and
influences the overall EPVR effectiveness to improve. The effect would be increasingly
more obvious with the passage of time [53].

4.3.3. State Subsystem

The State subsystem evaluation score increased from 0.0702 in 2011 to 0.8902 in 2021,
but there was a partial fallback during this period (Figure 2). Like the Pressure subsystem
change, it also saw a further increase in its evaluation score value after 2017, reflecting the
results of EPVR under various pressures. Its relative contribution fluctuated somewhat
between years, but was generally stable, averaging 20% (Figure 3). It showed that the
current state of the combination of elements in terms of resources, environment, and ecology
constitutes the ecological background, which was the basic condition of EPVR [54]. Its role
was continuously inputted and would not drastically change.

4.3.4. Impact Subsystem

The Impact subsystem evaluation score increased from 0.1493 in 2011 to 0.7477 in
2021 (Figure 2). Among them, the faster-rising interval was in 2019~2020, where the score
leaped from 0.5685 to 0.7281. In the remaining years, the growth rate of its development
was relatively stable. This reflected that the ecological benefits released by the EPVR were
continuously and extensively affecting the development of ecological industries and social
life changes and the Impact subsystem concentrated on the economic and social benefits of
the EPVR. Its relative contribution was larger from 2011 to 2017, especially in 2011, when it
reached 39.26%. From 2018 to 2021, its relative contribution declined, but the average level
was still maintained at around 18% (Figure 3). This indicated that the Impact subsystem
was an important component and endogenous driver of the whole system.

4.3.5. Response Subsystem

The Response subsystem evaluation score increased from 0.1207 in 2011 to 0.7720 in
2020 and fell back to 0.7453 in 2021 (Figure 2), which was consistent with the trend in the



Sustainability 2023, 15, 15572 16 of 26

overall development effectiveness of EPVR. This indicated that the effectiveness of the
overall system was largely driven by the Response subsystem and that there was a clear
positive correlation between the two. Except for 2011, its relative contribution fluctuated in
the range of 20% to 25% in the remaining years (Figure 3), which indicated that EPVR was
not spontaneously completed and its development depended on a variety of purposeful
and targeted human measures [11,30,52]. These measures could be abstracted into a variety
of management elements which directly reflected the importance of “human labor” for
EPVR and efforts to improve the conditions for the development of other subsystems.

4.4. Status of the Coupling Coordination between Subsystems

The degree of coupling coordination between different subsystems and the corre-
sponding coordination level from 2011 to 2021 were obtained by Equations (13)–(15), and
the results are shown in Table 5. It can be seen that the level of coordination between the
different subsystems increased over time, which indicated that the different subsystems
were becoming more closely linked to each other. The coordination between them was
steadily developing, gradually shifting from dysfunction to coordination and from disorder
to order.

Table 5. Degree of coupling coordination between different subsystems and level of coordination.

Year D-P Level P-S Level S-I Level I-R Level

2011 0.0491 1 0.0940 1 0.2143 3 0.2490 3
2012 0.1265 2 0.2239 3 0.3083 4 0.2975 3
2013 0.1638 2 0.2353 3 0.3198 4 0.3502 4
2014 0.2261 3 0.2996 3 0.3708 4 0.3870 4
2015 0.2769 3 0.3329 4 0.3864 4 0.4002 5
2016 0.2990 3 0.3334 4 0.3803 4 0.4426 5
2017 0.3098 4 0.3979 4 0.4456 5 0.4929 5
2018 0.3916 4 0.5284 6 0.5268 6 0.5342 6
2019 0.4261 5 0.6104 7 0.5840 6 0.5630 6
2020 0.3997 4 0.6233 7 0.6239 7 0.5948 6
2021 0.4008 5 0.6329 7 0.6286 7 0.5921 6

Year R-D Level R-P Level R-S Level D-P-S-I-R Level

2011 0.1125 2 0.0642 1 0.1682 2 0.2242 3
2012 0.1409 2 0.1293 2 0.2549 3 0.3748 4
2013 0.2115 3 0.1679 2 0.2797 3 0.4322 5
2014 0.2083 3 0.2026 3 0.2854 3 0.5107 6
2015 0.2400 3 0.2327 3 0.3067 4 0.5547 6
2016 0.2705 3 0.2826 3 0.3184 4 0.5853 6
2017 0.3020 4 0.3177 4 0.4126 5 0.6644 7
2018 0.3064 4 0.3953 4 0.5097 6 0.7840 8
2019 0.3006 4 0.4319 5 0.5713 6 0.8524 9
2020 0.2657 3 0.4237 5 0.5621 6 0.8604 9
2021 0.2507 3 0.4257 5 0.5548 6 0.8579 9

To further analyze and visualize the trend of coupling coordination between different
subsystems, Table 5 was transformed into Figure 4. It can be seen that the coupling
coordination of the whole system (D-P-S-I-R) was usually higher than that between two
subsystems. It confirmed that EPVR was a complex system project, and its coordinated
development needed to rely on different subsystems within it. As the coordination between
the subsystems improved, it would create a greater synergy effect on the whole system.

The coupling coordination of the D-P subsystem was like that of the R-P subsystem,
with both coordination statuses increasing from Level 1 (extreme disorders) to Level 5
(endangered disorders) from 2011 to 2021. Although the status was improved, it was still
at a lower level, indicating that there was more room for improvement. The coupling
coordination degree of the P-S subsystem increased from 0.0940 (extreme disorders) in
2011 to 0.6329 (primary coordination) in 2021, reflecting the fact that more ecological space
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and ecological elements could be released after the “pressure” was reduced, and that a
more coherent ecological consensus between the two subsystems was gradually being
formed. The coupling coordination of the S-I and I-R subsystems both reached rank 3
(moderate disorders) in 2011, which was consistent with that of the whole system (D-P-
S-I-R) and higher than that of the other subsystems, indicating that the three subsystems
of State, Impact, and Response had a greater contribution to promoting the coordination
of the whole system at this time. The coupling coordination degree of the R-D subsystem
increased from 0.1125 (serious disorders) in 2011 to 0.2507 (moderate disorders) in 2021,
with a relatively small change. Although it reached Level 4 (mild disorders) in 2017–2019, it
was still at a low level, indicating that the measures related to the Response subsystem were
not yet directly effective in guiding the development of the Driver subsystem. The coupling
coordination degree of the R-S subsystem increased from 0.1682 (serious disorders) in 2011
to 0.5548 (reluctant coordination) in 2021, reflecting the fact that the relevant measures in
the Response subsystem were playing an increasingly important role in improving the
resource, environmental, and ecological conditions.
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4.5. Diagnosis of Major Obstacles to EPVR in China
4.5.1. The Main Obstacle Factors at the Indicator Layer

The obstacle degree of different indicators from 2011 to 2021 could be calculated by
Equation (16). Ranked according to their size, the top 10 indicators were selected as the
main obstacle factors of EPVR in China (Table 6).

As shown in Table 6, the main obstacle factors were not fixed in different years, and
the total obstacle degree increased from 44.9% in 2011 to 70.67% in 2021. It indicated that
the development of China’s EPVR was gradually entering a “deep-water zone”, and was
constantly facing new challenges, with some factors not yet fully optimized. It is worth
noting that the ratio of soil erosion area to total land area (X11), the ratio of desertified and
sandified areas to total land area (X12), the ratio of wetland area to total land area (X16),
the ratio of high-grade cropland area to total cropland area (X21), the ratio of the protected
natural area to total land area (X22), the ratio of eco-tourism’s business revenue to the gross
output value of tertiary industry (X31), the total number of local environmental regulations
enacted during the year (X51), and the number of key emission units implemented with
automatic monitoring (X52) were the common obstacle factors from 2010 to 2016. It reflected
that, in that period, as the practical activities of environmental protection and ecological
restoration were vigorously promoted, the ecological background gradually improved, but
it was still relatively fragile, and the environmental advantages were not very prominent,
which was not enough to release a substantial ecological dividend to drive the development
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of eco-industry [12,33,54]. At the same time, the external environmental regulation also
needed to be further strengthened [55].

Table 6. Main obstacle factors and corresponding obstacle degrees for the EPVR in China from 2011
to 2021.

Main Obstacle Factors 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

X3 1.88 2.81 5.02 6.76 8.94
X4 2.31 2.40 2.62 2.61 4.40 7.39 9.02
X5 2.25 2.44 4.06 6.79 8.68 9.55

X11 6.72 7.30 7.74 8.42 8.98 9.49 11.13 3.68
X12 3.70 4.03 4.27 3.55 3.78 4.00 4.69 6.79
X15 2.55 2.77 2.94 3.27 4.87 5.62 5.78
X16 6.69 7.27 7.71 8.38 8.94 9.45 11.08
X18 2.96 3.42 5.46 5.74
X20 1.96
X21 5.21 5.67 6.01 6.53 6.97 7.36
X22 5.77 6.19 6.93 7.37 7.97 8.21 9.68 11.93
X28 3.89 6.15 5.02
X29 4.28 5.06 5.48
X30 3.83 4.60 5.96
X31 4.21 4.41 4.68 5.05 4.98 5.15 5.64 8.10 12.00 4.37
X35 6.19
X37 2.46 2.32
X39 5.73
X48 5.23
X51 3.48 3.69 3.73 3.99 4.58 3.39 2.66 7.05 10.61
X52 4.32 4.55 4.74 5.09 5.62 5.79 5.72 7.16 9.12 7.13

Total 44.9 48.19 51.21 53.1 55.66 58.42 59.07 57.15 62.2 63.5 70.67

After 2019, the ecological and environmental factors mentioned above, such as X11,
X12, X16, X21, and X22, were improved and no longer the main obstacle factors. Accord-
ingly, population density (X3), natural population growth rate (X4), urbanization rate (X5),
the ratio of cultivated land area to total land area (X15), the ratio of the output value of
ecological agricultural products to the gross output value of agriculture, forestry, animal
husbandry, and fishery (X29), and the ratio of the ecological processing industry’s business
revenue to total business revenue of the industry (X30) became new common obstacle
factors. It could be found that the social contexts such as population aging, negative pop-
ulation growth, and a large urban-rural gap were not conducive to the development of
EPVR [56]. The increase in encroachment on cropland also limited its improvement [57].
At the same time, the inherent potential of eco-industries could not be fully stimulated, and
it was necessary to innovate the development pattern and increase the added value of EPs.

4.5.2. Analysis of the Obstacle Degree at the Standard Layer

According to Equation (17), the obstacle degree of each subsystem and its trend from
2011 to 2021 could be calculated (Figure 5). Overall, the obstacle degree of the Driver
subsystem showed a trend of decreasing and then increasing. It decreased from 10.33%
in 2011 to 8.19% in 2016, and then increased to 30.35% in 2021, indicating that some
underlying economic, population, and social problems gradually emerged over time and
concentrated at a later stage, constraining the development of EPVR in China [58]; The
trend of decreasing obstacle degree of the Pressure subsystem was significant, from 16.73%
in 2011 to 0.18% in 2021, a reduction of about 16.55%, indicating that this subsystem was
continuously optimized, and the constraints on EPVR were decreasing and tending to zero;
The State subsystem and Response subsystem were the main obstacle factors affecting
EPVR in China from 2011 to 2017, with an average obstacle degree of 29.54% and 25.51%,
respectively. After that, the constraint of the State subsystem on EPVR gradually decreased,



Sustainability 2023, 15, 15572 19 of 26

and the constraint of the Response subsystem on EPVR gradually increased; The Impact
subsystem maintained a relatively stable obstacle degree from 2011 to 2017, with an average
of 18.15%. After that, its obstacle degree on EPVR gradually increased, especially peaking
in 2019 (33.44%), indicating that it was gradually becoming a major obstacle factor affecting
EPVR in China.

Sustainability 2023, 15, x FOR PEER REVIEW 18 of 25 
 

X29         4.28 5.06 5.48 

X30         3.83 4.60 5.96 

X31 4.21 4.41 4.68 5.05 4.98 5.15 5.64 8.10 12.00  4.37 

X35          6.19  

X37   2.46 2.32        

X39           5.73 

X48           5.23 

X51 3.48 3.69 3.73 3.99 4.58 3.39 2.66   7.05 10.61 

X52 4.32 4.55 4.74 5.09 5.62 5.79 5.72 7.16 9.12 7.13  

Total 44.9 48.19 51.21 53.1 55.66 58.42 59.07 57.15 62.2 63.5 70.67 

4.5.2. Analysis of the Obstacle Degree at the Standard Layer 

According to Equation (17), the obstacle degree of each subsystem and its trend from 

2011 to 2021 could be calculated (Figure 5). Overall, the obstacle degree of the Driver sub-

system showed a trend of decreasing and then increasing. It decreased from 10.33% in 

2011 to 8.19% in 2016, and then increased to 30.35% in 2021, indicating that some under-

lying economic, population, and social problems gradually emerged over time and con-

centrated at a later stage, constraining the development of EPVR in China [58]; The trend 

of decreasing obstacle degree of the Pressure subsystem was significant, from 16.73% in 

2011 to 0.18% in 2021, a reduction of about 16.55%, indicating that this subsystem was 

continuously optimized, and the constraints on EPVR were decreasing and tending to 

zero; The State subsystem and Response subsystem were the main obstacle factors affect-

ing EPVR in China from 2011 to 2017, with an average obstacle degree of 29.54% and 

25.51%, respectively. After that, the constraint of the State subsystem on EPVR gradually 

decreased, and the constraint of the Response subsystem on EPVR gradually increased; 

The Impact subsystem maintained a relatively stable obstacle degree from 2011 to 2017, 

with an average of 18.15%. After that, its obstacle degree on EPVR gradually increased, 

especially peaking in 2019 (33.44%), indicating that it was gradually becoming a major 

obstacle factor affecting EPVR in China. 

 

Figure 5. The obstacle degree of different subsystems of EPVR in China from 2011 to 2021. 

  

0

5

10

15

20

25

30

35

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

O
b

st
ac

le
 d

eg
re

e 
%

Year

D P S I R

Figure 5. The obstacle degree of different subsystems of EPVR in China from 2011 to 2021.

5. Discussion
5.1. Linkages and Differences between Ecological Product Value Accounting (EPVA) and EPVR
Effectiveness Evaluation

In fact, EPVA was a fundamental work to promote EPVR, which was conducive
to figuring out the ecological background. It could present the potential well-being of
ecosystems for mankind in a more intuitive form (amount of value) and provide scientific
decision-making services for the government to carry out natural resource management
and ecological protection [15,59]. In other words, EPVA could provide a usable “stock”
reference for evaluating the effectiveness of EPVR. However, like EPVR, EPVA also faced
a few challenges. On the one hand, mainstream ecosystem services accounting methods,
such as the Millennium Ecosystem Assessment (MEA, 2005), The Economics of Ecosystems
and Biodiversity (TEEB, 2010), and the System of Environmental-Economic Accounting
(SEEA) (United Nations, 2012) provided useful references for EPVA, but ecological products
and ecosystem services cannot be viewed as completely equivalent [60]. On the other hand,
although Gross Ecosystem Product accounting was an effective method for EPVA [61],
the gross ecosystem value could not be used as a direct substitute for gross ecological
product, because the inclusion of traditional products, such as agriculture, forestry, animal
husbandry, and fishery in ecological products might overestimate its value [62]. Therefore,
there was a need to further clarify the concept of ecological products and the boundary
between them and traditional products to better serve the evaluation of EPVR effectiveness
through EPVA.

EPVR was a process in which the comprehensive benefits of ecological products were
gradually realized in different links, involving the preservation, growth, and transformation
of ecological assets, and its effectiveness was the result of the interaction of different factors,
such as economic, social, and ecological, under specific conditions [17,30]. As a result, the
EPVR effectiveness evaluation tended to be an outcome-oriented type of evaluation based
on an understanding of the process. There still have been relatively few studies in this area
(see the Introduction section for details). Undeniably, these studies, including this paper,
concluded that the effectiveness of EPVR was closely related to the amount of available
ecological products and their value [11,15].
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5.2. Comparison with Other Studies

EPVR is an effective tool and an important element of China’s ecological civilization
construction [6,19,31,58]. By constructing an evaluation index system and conducting
empirical analyses, this study found that the overall effectiveness of China’s EPVR showed
an upward trend, with the composite evaluation index increasing from 0.1481 in 2011 to
0.7680 in 2021, which was similar to the results of some previous studies. For example, Yan
and Sun [63] designed an indicator system for ecological civilization construction (ECC)
in terms of environment, society, and economy, and empirically found that China’s ECC
level increased from 0.355 in 2012 to 0.553 in 2021. Zhang et al. [64] found that China’s
ECC made great progress from 2015 to 2019 through empirical analysis, with the scores
improving by about 8%. In addition, it was estimated that China’s GEP grew from CNY
70.6 trillion in 2015 to CNY 82.2 trillion in 2020, which confirmed the development potential
of China’s EPVR [65].

EPs can be seen as an “upgraded version” of ecosystem services [12]. In this study, it
was found that its obstacle effect on EPVR could be eliminated by improving the ecological
background conditions. Similarly, some studies argued that the implementation of ecologi-
cal restoration projects could significantly increase the value of ecosystem services [66,67].
In addition, this study concluded that demographic, social, and economic factors needed to
be fully considered to further promote the development of EPVR. For ecosystem services,
many scholars also believe that, in addition to natural factors, some key anthropogenic
factors need to be considered, such as the intensity of human activities, population density,
GDP, land-use change, etc. [68,69]. Nevertheless, EPVR still holds its own characteristics,
such as being closely related to the eco-industry [12,20].

5.3. Innovation, Significance, and Applicability

The innovation of this study was to review the existing EPVR effectiveness evaluation
index system, analyze its shortcomings, and make appropriate improvements. First, it filled
the research gap in this field at the national level. Second, the continuous dynamic analysis
of EPVR effectiveness in time series was realized. Third, the DPSIR model was introduced
for the first time and organically integrated with EPVR to establish a more systematic and
mature research framework. In addition, in the selection of indicators, we not only fully
absorbed and extracted some common indicators from the existing study, but also added
some indicators that were more relevant to EPVR and could highlight its characteristics,
such as the indicators of ecological industrialization (X29, X30, and X31), green finance
(X42, X43, X44, and X45), and ecological property rights trading (X46), and so on. At the
same time, this study fully considered the availability of data, and all indicators could be
quantified to minimize the influence of human subjective factors.

This study contributed both in terms of theoretical and practical significance. On the
one hand, this study tried to use the DPSIR model to organize complex empirical scientific
research with a new perspective to deepen the understanding of EPVR effectiveness by
incorporating the causes, status, and improvement pathways of EPVR into a holistic
framework. It not only complemented and improved the research in the field, but also
consolidated and developed theories related to ecological capital, ecological economy, and
strong sustainability. On the other hand, this study was a comprehensive review of China’s
EPVR development in a quantitative form. By constructing a chain feedback mechanism
of EPVR effectiveness, elucidating the coupling coordination relationship of each element,
and analyzing the main obstacles affecting EPVR, this study could provide a guiding
direction for the governmental departments to formulate a more scientific and reasonable
improvement strategy.

The empirical results of this study were in line with the actual situation of EPVR
development in China, and the variation in EPVR effectiveness over certain periods was
rationally explained (see Section 4 for more details). This not only validated the applicabil-
ity of the DPSIR model in evaluating the effectiveness of EPVR in China but also verified
the practicality of the constructed indicator system. Hence, this study could provide a
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new methodology for multidisciplinary researchers in human geography, resource eco-
nomics, and ecology. Furthermore, the DPSIR model was also a theoretical framework
with openness, and the indicator system could be modified and improved according to the
characteristics of different research scales, research regions, and research objects, to realize
wider application. Meanwhile, the methodology and indicator system of this study were
not only applicable to China but could also provide a reference for other countries to assess
the degree of green development and sustainable resource utilization.

5.4. Limitations and Future Research Perspectives

Despite the promising results of this study, there were still some shortcomings due to
the objective conditions, mainly as follows. First, China has had a relatively short period to
carry out EPVR practice work in the true sense of the word. This study already selected the
corresponding period to the greatest extent possible, but the development of EPVR might
go through a more complex process as time goes by. It was needed to make the evaluation of
EPVR effectiveness a long-term task with continuous observations to test the methodology
of this study, as well as the scientific nature of the index system over a longer time span.
Second, this study was based on certain principles to select representative indicators to
construct the evaluation system. The number of indicators has already reached 52, but it
still needs to be improved in the future according to the development characteristics of
EPVR and the actual situation of ECC. Some indicators that present greater difficulties in
data collection and quantification, such as policy, behavioral change, community action,
stakeholder involvement, and climate change response, still need to be explored in depth.
Third, this study determined the indicator weights using EWM, which was relatively
objective but might not be comprehensive enough. Future studies can consider combin-
ing subjective evaluation methods, such as the Delphi method, to improve the indicator
weighting process. Finally, this study was a preliminary evaluation of EPVR effectiveness
at the national scale, taking China as a whole. Caution is needed when directly applying
this evaluation index system to other countries or other research scales (e.g., province,
city, county). Because the factors involved in EPVR are very complex and diverse. When
developing specific assessment guidelines, the government can try to introduce third-party
organizations, such as research institutes, to strengthen the scientific nature and integrity
of the evaluation system. Different regions have differentiated characteristics and should
make appropriate adjustments to the evaluation system according to their own realities.
In addition, the issue of spatial spillover effects was not considered in this study. Next,
we would combine spatial analysis methods to further explore the characteristics of EPVR
effectiveness among different provinces.

6. Conclusions and Recommendations
6.1. Conclusions

In this study, EPVR was regarded as a complex system project, and based on the
DPSIR model, a multi-layered comprehensive evaluation index system of China’s EPVR
effectiveness was constructed in terms of five sub-systems, namely, Driver, Pressure, State,
Influence, and Response, and the entropy weight method was used to determine the
weights of the indicators. On this basis, an empirical analysis of China’s EPVR effectiveness
from 2011 to 2021 was conducted through the TOPSIS method, the weighted summation
method, the coupling coordination degree model, and the obstacle diagnosis model, and
the main conclusions were as follows.

(1) The evaluation index system had certain science and applicability. In the whole system,
the weights were ordered as follows: State subsystem > Response subsystem > Impact
subsystem > Pressure subsystem > Driver subsystem.

(2) The EPVR effectiveness in China was significantly improved from 2011 to 2021, with
the composite evaluation index increasing from 0.1481 to 0.7680, showing an overall
upward trend. According to the development characteristics, it could be divided



Sustainability 2023, 15, 15572 22 of 26

into the period of slow exploration (2011~2016) and the period of rapid development
(2017~2021).

(3) There were differences in the developmental effectiveness of the different subsystems,
and except for the Driver subsystem, the other subsystems were generally consistent
with the trend in the overall effectiveness of the system. The contribution of the Pres-
sure subsystem to the overall system increased over time. The different subsystems
became increasingly interconnected and their coordination continued to improve,
with greater synergy effects on the whole system.

(4) The main obstacle factors were not fixed in different years. From 2011 to 2016, some
indicators characterizing the ecological and environmental conditions became the
main obstacle factors for the development of China’s EPVR. From 2019 to 2021, the
indicators concerning the population, society, and industrial development conditions
became the new main obstacle factors. In terms of subsystems, the obstacle degree of
the Pressure subsystem to the whole system decreased, while the Influence subsystem
gradually increased and the rest of the subsystems showed fluctuations.

6.2. Recommendations

With the deepening of practice, the challenges faced by EPVR are becoming increas-
ingly diverse and complex. To consolidate the effectiveness of development, based on the
above findings, this study proposed the following policy recommendations.

(1) Enhance ecological restoration and improve the supply capacity of ecological products.
The results of this study showed that some ecological indicators were once the main
obstacle factors for EPVR in the previous period. To avoid the huge losses caused by
the re-deterioration of the ecosystem, it is still necessary to improve and strengthen the
structure and function of the ecosystem. The government should adhere to the princi-
ple of “mountain—water—forest—farmland—lake—grassland—desert ecosystems”
systematic management, vigorously promote land greening projects, scientifically
demarcate ecological red lines, strengthen agricultural land remediation, and gradu-
ally improve the construction of national parks, to create favorable conditions for the
transformation of ecological elements into ecological products.

(2) Control environmental pollution and improve the efficiency of natural resource uti-
lization. From the results of the study, the contribution of the Pressure subsystem
to the comprehensive effectiveness of EPVR has increased over time. It cannot be
separated from the stress-relieving effect of the Response subsystem, as evidenced
by the continued positive state of coordination between these two subsystems. The
government should continue to increase investment in the treatment of environmental
pollution, give strong support to the R&D of energy-saving and emission-reducing
technologies and the optimization of industrial structures, and continue to promote
cleaner production methods. In addition, environmental laws and standards should
be strictly enforced, and inspections on ecological and environmental protection
should be strengthened.

(3) Optimize market operation and improve the development of eco-industry. In this
study, it was found that eco-industrialization was gradually becoming one of the main
obstacle factors of EPVR. The government should explore the development pattern
of the whole ecological industry chain according to the different characteristics of
the ecological industry, and endeavor to build a price mechanism that truly reflects
the supply and demand relationship in the ecological product market. For eco-
agriculture, it should be accelerated the construction of regional public brands and the
establishment of a standardized product certification system; for the eco-processing
industry, the added value of products should be increased in the form of deep and
intensive processing; for eco-tourism, it should be a new pattern of whole-area tourism
and accelerated to a high degree of integration with multi-industries such as eco-
recreation and eco-education.
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(4) Make good use of policy instruments to strengthen the overall coordination of EPVR.
The results of this study revealed that although the coordination between different
subsystems continued to improve, it was still at a low level and there was much room
for improvement. We can consider implementing actions with some macro policy
instruments. First, the government should determine the direction of EPVR develop-
ment based on a reasonable assessment of regional resource endowments and demand
differences, and guide the eco-industry layout through some binding indicators when
formulating territorial spatial planning. Second, the important tasks of EPVR should
be included in the government’s work program and annual development plan, and
be compatible with the national economic and social development plan. Finally, a
sound ecological assessment mechanism can be considered to strengthen the respon-
sibility of ecological protection. For example, around the different aspects of EPVR,
implementation objectives and requirements for the corresponding management de-
partments should be formulated and used as an important references for assessing
the performance of managers.
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