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Abstract: At the 75th session of the United Nations General Assembly, China formally proposed the
goal of achieving carbon peak by 2030 and carbon neutrality by 2060, which is called the dual-carbon
strategy. In this study, we incorporated the dual-carbon strategy perspective into ecological product
value (EPV) evaluation. The EPV is the sum of the final product and service value provided by
regional ecosystems for human production and life. A significant uncertainty exists in evaluating
the EPV. To bridge this gap, we explored the quantitative evaluation index system of EPV based
on the dual-carbon perspective and conducted an empirical analysis relating to four subindexes
(ecological protection, ecological products carbon neutral capacity transformation, ecological value,
and ecological product value realization safeguard mechanism). The EPV in nine provinces of the
Yellow River basin in 2020 was measured. The results showed that the total evaluation score of
EPV realization in the Yellow River basin was relatively low, and the average scores of ecological
product protection level, carbon neutrality capacity, value transformation level, and value realization
guarantee mechanism were all at a low level. Overall, the protection level of ecological products and
the guarantee mechanism to realize the EPV were relatively good. However, the carbon neutrality
capacity and the value transformation level were relatively poor. From the spatial perspective,
the value realization level of ecological products was roughly upstream region > downstream
region > midstream region in the Yellow River basin. Finally, corresponding countermeasures and
suggestions are put forward according to the comprehensive evaluation index of EPV realization and
analysis of the four subindexes.

Keywords: ecological products; carbon neutral capability; transformation of value; safeguard mecha-
nism; value evaluation system; China

1. Introduction

Global warming is closely related to human activities and also affects the quality of
ecological products provided by ecosystems to human beings [1]. The Paris Agreement
has received strong support from the international community, which not only proves the
urgency of taking action on climate change but also shows that governments all over the
world agree that strong international cooperation is needed to address climate change. Gov-
ernments and all sectors of society should take action to reduce greenhouse gas emissions
and enhance their ability to cope with climate change [2]. As a responsible big country,
China has implemented a clear “emission peak and carbon neutral” (dual-carbon) strategy
and a specific implementation plan [3]. The dual-carbon strategy is one of the cores of
China’s ecological civilization construction. The realization of the ecological product value
(EPV) is closely related to the construction of ecological civilization, which is also a direct
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reflection of the concept that “green water and green mountains are golden mountains and
silver mountains” [4,5]. As the material carrier and practical grasp of the “clear waters
and green mountains are as good as mountains of gold and silver” theory and ecological
civilization construction, ecological products are the Chinese expression of ecosystem ser-
vices [6]. To realize the EPV, it is necessary to deeply study the concept and connotation of
ecological products, the main classification of ecological products, and the principle and
path of realizing the EPV.

In order to better understand the research status of EPV, this paper summarizes four
aspects. The first aspect is the connotation of ecological products. A search of existing
research at home and abroad showed that there is no concept of ecological products abroad
and that the related concepts are ecosystem services or environmental services [7-11].
Daily believes that ecosystem services refer to “the environmental conditions and utility
formed by the ecosystem that can sustain human survival” [12]. The Millennium Ecosystem
Assessment (MEA) considers ecosystem services as “all the benefits that humans derive
from ecosystems” [13]. Ecosystem services include not only the direct and indirect services
provided by the ecosystem for human beings [14] but also the structure and functions of the
ecosystem itself as well as some ecological resource stocks, excluding clean water and fresh
air [15-17]. The concept of ecological products was first put forward in the National Main
Function Zoning released in 2010, which listed ecological products, agricultural products,
industrial products, and service products as necessary and consumable products for human
life [18]. In recent years, the concept of ecological products has been widely studied by
scholars with the deepening of ecological civilization construction. Some scholars define
ecological products as “the final products or services provided by ecosystems for human
well-being through biological production and joint action with human production, which
are the necessities of life that are parallel to agricultural products and industrial products
and meet the needs of human beings for a better life” [19,20]. Although different scholars
have different views on ecological products, the essence of ecological products is the general
term of materials and services that human beings can obtain from nature to maintain their
survival and meet their own needs.

The second aspect is the main classification of ecological products. The classification
of ecological products is the basis for studying their value sources [21,22] and realization
paths [23-25]. Their main classifications are also different depending on the different
attributes of ecological products. Specifically, ecological products are divided into natural
elements, natural attributes, ecological derivatives, and ecological labels based on sup-
plied attributes [26-28]; into public ecological products, quasi-public ecological products,
club ecological products, and private ecological products [29-31] based on consumption
attributes; and into material supplied products [32], ecological regulation service products,
and cultural service products [33-35] based on ecological attributes.

The third aspect is the principle of realizing the EPV. Some scholars have summarized
that there are two different perspectives on the principle of realizing the EPV in China at
present. One perspective is that the realization of the EPV is the process of “internalization”
of its “externality” characteristics [36-38]. The other perspective is that ecological products
are taken into consideration in the socioeconomic system and that the realization of the
EPV is the process of realizing value creation and appreciation in the process of ecological
products from production to circulation, consumption, and completion of transactions.

The fourth aspect relates to the path to realizing the EPV. The way to realize the EPV
is determined by many factors [39]. At present, relevant scholars have proposed that the
realization path of the EPV depends on the types of ecological products, the consumption
and trading methods of ecological products, and the different stages of the whole process
of realizing the EPV [40]. The above research provides important theoretical support for
the construction of the EPV evaluation system in the Yellow River basin and is of great
significance for realizing the EPV.

However, due to the various types of ecological products, huge differences in their
attribute characteristics, and the various forms of expression of their contribution to human
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society, in-depth research on the indicator system of ecological products, the path mech-
anism for realizing the EPV, and policy guarantee is limited. Due to the lack of a mature
indicator system to evaluate the value of ecological products, this study attempted to
establish an indicator system based on the dual-carbon perspective to solve the quantitative
problem of ecological product value evaluation.

The Yellow River basin is an important ecological barrier in China and a national
critical ecological functional area. It is also an important source of energy, resources for
the chemical industry, and raw materials and is an essential industrial base in China. It
plays a very important role in China’s ecological civilization construction and economic
development. However, extensive development has always been the main form of eco-
nomic development in the Yellow River basin. All provinces in the basin have problems
(e.g., excessive resource consumption, difficulties in industrial structure transformation,
and serious ecological environment pollution) that are contrary to green and low-carbon
development in the context of the dual-carbon strategy and also seriously hinder the value
transformation and realization of ecological products. In the period 2001 to 2015, the
total ecosystem service value and the ecosystem service value per unit area in the Yellow
River basin generally showed a U-shaped pattern (decreasing slightly then increasing
rapidly) [41]. The embodied carbon emission transfer between the provinces in the middle
and lower reaches of the Yellow River basin is much higher than that between the upstream
provinces [42]. However, the EPV of the Yellow River basin has not been systematically
studied. The realization of the EPV and double-carbon goals is an endogenous requirement
for high-quality economic development and the only way to comprehensively promote
the construction of ecological civilization. In this sense, exploring and building an EPV
evaluation system is of great theoretical and practical significance for realizing the EPV, the
long-term goal of carbon peaking and carbon neutralization as scheduled, and the dynamic
balance of ecological construction and economic development with the EPV as the core.

How do we build an appropriate indicator system to evaluate EPV? How do we apply
this indicator system in the Yellow River basin? According to the evaluation results, how
can we optimize the supply of ecological products in the Yellow River basin? The above
problems need to be solved. Therefore, based on the four subindicators of ecological product
protection, carbon neutralization capacity of ecological products, value transformation of
ecological products, and the guarantee mechanism for realizing the EPV, we constructed
an EPV evaluation index system and used the TOPSIS (Technique for Order Preference
by Similarity to an Ideal Solution) model of entropy weight to measure and evaluate the
EPV of nine provinces in the Yellow River basin in 2020. This study is expected to support
data-oriented decision-making for the research on EPV in the nine provinces of the Yellow
River basin.

2. Methodology
2.1. Methodological Flow

This paper proposes a solution to build an EPV evaluation index system based on the
perspective of dual-carbon strategy and outlines the results of empirical research conducted
through the entropy weight TOPSIS method. Firstly, we preprocessed the Yellow River
basin’s research data from the National Bureau of Statistics of the People’s Republic of
China (NBSPRC) and Ministry of Natural Resources of the People’s Republic of China
(MNRPRC). Secondly, we integrated the most critical dimension of carbon neutrality into
the indicator system. In this way, we built an indicator system with four dimensions
(ecological product protection level, carbon neutralization capacity, transformation level,
and security mechanism). Thirdly, we calculated the weight of each index by the entropy
method and obtained fitness between the evaluation value of EPV and the optimal scheme
by the TOPSIS method. Finally, we calculated the total score and subscore of the EPV. The
comprehensive evaluation score was used to judge and measure the ranking of EPV in nine
provinces of the Yellow River basin (Figure 1).
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Figure 1. Methodological flow diagram.

2.2. Research Area and Data Sources

The Yellow River flows through Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia,
Shaanxi, Shanxi, Henan, and Shandong provinces, cities, and autonomous regions from
west to east and finally flows into the Bohai Sea, as shown in Figure 2.

In 2019, the ecological protection and high-quality development of the Yellow River
basin became a major national strategy, together with the coordinated development of
Beijing-Tianjin—Hebei, development of the Yangtze River Economic Belt, construction of
the Guangdong-Hong Kong-Macao Greater Bay Area, and the integrated development
of the Yangtze River Delta. The protection of the Yellow River is a grand long-term plan
concerning the great rejuvenation of the Chinese nation. Therefore, it is of great significance
to study the value of ecological products in the Yellow River basin. This study took nine
provinces, cities, and autonomous regions where the Yellow River flows as the research
area and selected relevant data from 2020 as the time node to measure and evaluate their
EPV. The data used in this study are mainly from the China Statistical Yearbook in 2021,
China Energy Statistical Yearbook in 2021, Statistical Yearbook of the provinces in the
Yellow River basin in 2021, ecological environment status bulletins of the provinces in 2020,
financial bulletins, and official websites of provincial-level government departments. The
data source information is shown in Table 1.

2.3. Index System
2.3.1. Ecological Product Protection Subindex

To better realize the EPV in the nine provinces of the Yellow River basin, it is necessary
to strengthen the protection of ecological products. Air quality, water environment, and
waste disposal are all important indicators that affect the quality of ecological products and
have important reference value for measuring the level of ecological product protection.
Therefore, this subindex was composed of five indicators (Table 2).
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Figure 2. Research area of nine provinces in the Yellow River basin, China.

Table 1. Dataset source information.

Data Name

Data Format Data Support Organization

China Statistical Yearbook (2021)
China Energy Statistical Yearbook

Statistics in Excel National Bureau of statistics of the

format

(2021) format

Statistical Yearbook of the provinces

in the Yellow River basin (2021) format

Map of China

Vector format,
Arcgis.shp files

People’s Republic of China (NBSPRC)

Statistics in Excel National Bureau of statistics of the

People’s Republic of China (NBSPRC)

Statistics in Excel National Bureau of statistics of the

People’s Republic of China (NBSPRC)
Ministry of Natural Resources of the
People’s Republic of China
(MNRPRC)

Table 2. Indicators and index interpretation of ecological product protection subindex.

Serial Number Index Meaning
Proportion of days with The proportion of monitoring days with
W, . N . . .
excellent air quality (%) good air quality or above in the whole year.
. The concentration of dust or drifting dust in
Average concentration of . s .
W PM, 5 (1g/m°) ambient air with a diameter of less than or
25 (H8 equal to 2.5 um.
W3 Excellent cross—sec.tlon;i Lratio Water quality at or better than Class III.
of water quality (%)
The amount of treated domestic sewage and
Wy Sewage treatment rate (%) industrial wastewater accounts for the
proportion of total sewage discharge.
The harmless treatment of domestic waste
W Harmless treatment rate of (sanitary landfill, composting, and
5

domestic waste (%)

incineration) as a proportion of domestic
waste production.
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2.3.2. Carbon Neutralization Capacity Subindex of Ecological Products

The realization of the EPV is closely related to carbon neutralization. Carbon neu-
tralization refers to the offset of the total amount of carbon dioxide or greenhouse gas
emissions directly or indirectly generated in a certain time period by afforestation, energy
conservation, and emission reduction to achieve relative “zero emissions” [43,44]. In a
sense, carbon neutralization capability is the capability to reduce carbon dioxide emissions.
There are two ways to reduce carbon dioxide emissions. One is carbon sequestration, that
is, carbon dioxide in the air is mainly absorbed and stored by natural carbon sinks (e.g.,
soil and forests), such as afforestation. The other is carbon offset, that is, reducing the
carbon dioxide emissions of one industry to offset the emissions of another industry by
developing renewable energy and low-carbon clean technology. The forest area, grassland
area, cultivated land area, and energy consumption per unit of GDP of each province
are important reference indicators for measuring the carbon neutralization capacity of
ecological products, so the subindex was set with four subindicators (Table 3).

Table 3. Indicators and index interpretation of the carbon neutral capacity of ecological prod-
uct subindex.

Serial Number Index Meaning
The area of woodland or forest belt with a
X Forest area (ten thousand closure of 0.2 or more (including 0.2) or a
! hectares) crown width of more than 10 m is composed
of tree species, that is, it is a woodland area.
Pastoral areas and agricultural areas are used
Grass area (ten thousand for grazing’ livestock or mowing groass, and
X2 hectares) the vegetation cover is more than 5% of. the
grasslands, grass slopes, grass mountains,
and other areas.
Area of land that is frequently cultivated,
including mature land, newly opened
X cultivated land (ten thousand ~ wasteland in the current year, cultivated land
3 hectares) that has been abandoned for less than three
consecutive years, and leisure land in
that year.
Energy consumption per unit  The energy consumed by a country for each
Xy of GDP (tons of standard unit of GDP produced in a certain period
coal/ten thousand yuan) of time.

Notes: X;-X3 adopts the absolute area index, which emphasizes the absolute importance of the scale of ecological
land for the EPV.

2.3.3. EPV Transformation Subindex

Different connotations and characteristics of ecological products lead to significant
differences in the ecological products themselves, so classification of ecological products
according to their manifestations can reflect different transformation modes of ecologi-
cal products.

L Material ecological products refer to various products processed by human be-
ings, including green agricultural products, such as agriculture, forestry, animal
husbandry, and fishery, as well as green energy products that can represent the
double-carbon strategy;

II. Service-oriented ecological products refer to the service products provided by the
ecosystem that can meet the daily ecological experience of human beings, among
which ecotourism products are typical representatives.

ML Equity-based ecological products refer to those whose property rights improve the
ecological environment and internalize the externalities of resources through the
market trading mechanism, such as carbon emission trading rights, water rights,
pollution discharge rights, energy use rights, and green power certificates.
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Iv. Ecological-compensation-type ecological products refer to cross-regional ecological
compensation products constructed with the overall function of the ecosystem
as the core. Cross-regional ecological products include forests, wetlands, grass-
lands, rivers, deserts, and cultivated land. For example, a river flows through the
economically developed area and the less developed area, so the economically
developed area should give economic compensation for the corresponding cost of
river ecological management to the economically underdeveloped area.

V. Based on the above classification of ecological products, five subindicators were
set for this subindex (Table 4).

Table 4. Indicators and index interpretation of the EPV transformation subindex.

Serial Number

Index

Meaning

Y1
Yo

Y3

Ys

Construction of ecological
agricultural products
Construction of ecological
energy products
Construction of ecotourism
products

Construction of ecological
rights and interests products

Construction of ecological
compensation products

The total output value of agriculture, forestry,
animal husbandry, and fishery.

Clean energy power generation as a
proportion of total power generation.
Tourism revenue as a proportion of total
revenue from the service industry.

For the trading mechanism of ecological
rights and interests, such as pollutant
discharge rights, carbon emission rights,
water rights, carbon sinks, energy use rights,
forest indicators, and cultivated land
indicators, each item is awarded 1 point, up
to a maximum of 7 points.

For ecological compensation mechanisms,
such as forests, wetlands, grasslands, rivers,
deserts, and cultivated land, 1 point is
awarded for each item, up to a maximum of
6 points.

2.3.4. Subindex of the EPV Realization Guarantee Mechanism

Reasonable use of security mechanisms and related policies is essential in realizing EPV.
Therefore, measuring the construction effect of the EPV realization guarantee mechanism
is particularly important to assess. As the contents, forms, and methods of various security
mechanisms are different, a unified scoring system was adopted to evaluate them. Five
subindicators were set for this subindex (Table 5).

Table 5. Indicators and index interpretation of the guarantee mechanism for the EPV realiza-

tion subindex.

Serial Number

Index

Meaning

Zy

Institutional guarantees

For the active creation of pilot
demonstrations related to the realization of
the value of ecological products by ministries
and commissions, such as the Ministry of
Ecology and Environment, the National
Development and Reform Commission, the
Ministry of Agriculture and Rural Affairs,
the Ministry of Natural Resources, the
Ministry of Culture and Tourism, and the
State Forestry and Grassland Administration,
1 point is awarded for each item, up to a
maximum of 5 points.
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Table 5. Cont.

Serial Number Index Meaning

For the unified right confirmation
registration system for natural resources, the
grid environmental monitoring system, the
construction of the ecological environment
big data cloud monitoring platform, the EPV
accounting mechanism, the strengthening of
intellectual support, and inter-regional
discussion and exchange, each item is
awarded 1 point, up to a maximum of
5 points.
Fiscal expenditure related to ecological
Z3 Funding guarantee protection and ecological industry as a
proportion of total fiscal spending.
For policies such as preferential taxes and
fees for industries related to ecological
products, policies for rewarding and
compensating for ecological brand building,
auditing leading cadres leaving office, and
guiding the establishment of social welfare
funds, each preferential mechanism
established will receive 1 point, up to a
maximum of 4 points.
For the active promotion of local classic cases,
1 point is awarded for the establishment of a
special publicity platform for ecological
products, 1 point is awarded for actively
Z5 Publicity and promotion holding ecological-product-related publicity
activities, and 2 points/1 point is awarded
for being recommended by
national/provincial authoritative media, up
to a maximum of 5 points.

Zy Technical support

Policy rewards and

Z4 punishments

2.4. Evaluation Method of the EPV
2.4.1. Entropy Weight TOPSIS

At present, the method to determine the indicator weights in the multi-indicator
comprehensive evaluation is mainly divided into subjective methods (i.e., expert evaluation
method and analytic hierarchy process) and objective methods (i.e., entropy weight method,
variation coefficient method, etc.) [45,46]. Compared to other methods, using the entropy
weight method to determine the weight can prevent significant deviations of the evaluation
outcomes due to the subjective will. The TOPSIS calculates the distance between each
evaluation object and the optimal and the worst scheme and obtains the relative proximity
of each evaluation object to the optimal solution, which is used as the evaluation basis to
reflect the gap between the evaluation objects [47]. Drawing on the experience of other
scholars, a combination of the entropy weight method and the TOPSIS comprehensive
evaluation method is adopted for multi-index comprehensive evaluations in many fields.
Therefore, in this study, we constructed an EPV evaluation system according to four sub-
indicators (Table 6) and used the entropy weight TOPSIS model for EPV evaluation in the
Yellow River basin from the perspective of carbon peaking and carbon neutrality strategy.
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Table 6. Evaluation index system of the EPV.

Subindex Indicators Attribute Serial Number Weight
Proportion of excellent days (%) Forward W, 0.0531
. 3 .

The protection of Average conceptranon .Of PMy5 (ug/ m ) . Negative W, 0.0569
ecological products Excellent cross-sectional ratio of water quality (%) Forward W3 0.0641
Sewage treatment rate (%) Forward Wy 0.0587

Harmless treatment rate of domestic waste (%) Forward Ws 0.0571

Forest area (ten thousand hectares) Forward X1 0.0421

The carbon neutral Grass area (ten thousand hectares) Forward Xo 0.0267
capacity of ecological Cultivated land (ten thousand hectares) Forward X3 0.0527
products Energy consumption per unit of GDP (tons of standard Negative X, 0.0549

coal/ten thousand yuan)

Construction of ecological agricultural products Forward Y 0.0406

The Vah_le Construction of ecological energy products Forward Y, 0.0404
transfprmatlon of Construction of ecotourism products Forward Y3 0.0539
ecological products Construction of ecological rights and interests products Forward Yy 0.0539
Construction of ecological compensation products Forward Ys 0.0613

Institutional guarantees Forward Zq 0.0565

The value guarantee Technical support Forward Zy 0.0559
mechanism of Funding guarantee Forward Z3 0.0610
ecological products Policy rewards and punishments Forward Zy 0.0587
Publicity and promotion Forward Zs 0.0516

(1) Evaluate the indicator type

The evaluation indicator is a forward indicator, that is, the larger the value, the better
itis. In terms of a negative indicator, the smaller the value, the better it is.

(2) Positive processing of indicators

There are differences in the indicator units, so it is necessary to unify the indicator
data before calculation, that is, to transform the negative indicator into a forward indicator.
The specific formula is as follows:

Xij= (Xmaxj —xij) 1)

where i represents the province; j represents indicator; X;; represents the value of the desired
forward index; x;; represents the original value of the indicator; and x;,,,; represents the
initial value of the maximum indicator.

Zij = Xij/\/;Xizj (2)

where i represents the province; j represents indicator; Z;; is each element in the normalized
matrix; and X;; represents the value of the desired forward index.

(3) Build a standardized matrix

(4) Calculate the probability matrix P;;:

m
P =Zij/ ) Zij @)
i=1

where i represents the province; j represents indicator; and Z;; is each element in the
normalized matrix.

(5) Calculate the entropy value for each indicator e;:
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1
EA™

2 P:ln P 4)

=1

(6) Calculate the information utility value d it

(7)  Calculate the entropy weight of the j indicator W;:

Wj:dj/gd]’(].zl,z,...,m) (6)
]:

where m represents the number of provinces.

(8) Conduct an evaluation of the EPV realization level.

® Construct a weighted normalized decision matrix:
V= (Vip) e Vii= WiXij @)
® Determine the positive ideal solution V* and negative ideal solution V™
+ i —
b e ®
® Calculate the actual distance to the positive ideal solution L and the distance

to the negative ideal solution L™:

n 2
= £ w)
j=1
n 2 (9)
- B0 )
® Calculate the fit between the evaluation object and the optimal solution C;.
C = L (10)
YL 4L

The value range of C; is between 0 and 1. A higher value of C; in this province means
the level of realizing the value of ecological products is higher.

2.4.2. Advantages and Disadvantages of the Method

The advantages of the TOPSIS method are as follows: there is no special requirement for
sample data; the original data information is fully used and more consistent with the actual
situation; and the advantages and disadvantages of each evaluation object can be ranked. The
disadvantages of the TOPSIS method are as follows: when the index values of two evaluation
objects are symmetrical for the connection between the best and worst schemes, accurate
results cannot be obtained; only the advantages and disadvantages of each evaluation object
can be sorted instead of hierarchical management; and the sensitivity is low [48].

The classical TOPSIS algorithm has the same weight value for each indicator by
default, which means that its essence is to determine the contribution of distance in the
result according to the position of each sample in the maximum absolute difference of each
feature [49]. There may be better choices than this, so we wanted to give each indicator
a weight based on TOPSIS in some way. As a result, we introduced the entropy weight
method to give each indicator a weight value.
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3. Results
3.1. Comprehensive Evaluation

Table 7 provides the comprehensive evaluation scores of the EPV index system of the
nine provinces in the Yellow River basin in 2020 and the evaluation scores of each subindex.

Table 7. The value evaluation score of ecological products in nine provinces of the Yellow River basin
in 2020.

. The Carbon The Value The Value .
The Protection 1C . Transformation Guarant Comprehensive
Province of Ecological Neutra a}?aaty ranstormatio uarantee Evaluation
Products of Ecological of Ecological Mechanism of Score
Products Products Ecological Products
Qinghai Province 0.9725 (1) 0.3903 (3) 0.5401 (3) 0.5173 (6) 0.4988 (3)
Sichuan Province 0.7018 (3) 0.4956 (2) 0.8925 (1) 0.3748 (7) 0.5287 (2)
Gansu Province 0.8457 (2) 0.3422 (5) 0.5495 (2) 0.2971 (9) 0.4117 (6)
Ningxia Hui
Autonomous Region 0.6263 (5) 0.0331 (9) 0.2663 (9) 0.6361 (2) 0.3650 (8)
Inner Mongolia
Autonomous Region 0.6947 (4) 0.8031 (1) 0.4485 (5) 0.5870 (3) 0.6419 (1)
Shaanxi Province 0.3422 (6) 0.3274 (7) 0.3987 (8) 0.5358 (6) 0.4048 (7)
Shanxi Province 0.2484 (7) 0.2455 (8) 0.4297 (6) 0.3566 (8) 0.3319 (9)
Henan Province 0.1196 (9) 0.3678 (4) 0.4501 (4) 0.7300 (1) 0.4680 (4)
Shandong Province 0.2071 (8) 0.3292 (6) 0.4152 (7) 0.5792 (4) 0.4174 (5)
Average value 0.5287 0.3705 0.4878 0.5127 0.4520
Range 0.8529 0.7700 0.6262 0.4328 0.3100

On the whole, it can be seen from Table 6 that the C; comprehensive evaluation score
of the nine provinces in the Yellow River basin is 0.4520, with a range of 0.3100, which
indicates that the overall realization level of the EPV in the nine provinces is low. There is a
particular gap in the EPV between the provinces (Figure 3).
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Figure 3. Comprehensive evaluation index.
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The main reasons for this are as follows: the realization and development of the EPV in
each province is still relatively immature, a complete set of the EPV realization mechanisms
have not been formed, and relevant policies in the various regions have not been fully
implemented. Therefore, realizing the EPV still needs time to be implemented.

Spatially, the realization level of the EPV in the Yellow River basin is roughly as follows:
upstream region > downstream region > middle reaches. The main reason for this is that
although each province in the upstream region has rich natural resources, its ecosystem
is also relatively fragile and needs to be protected more vigorously. Excellent natural
resource endowments promote economic growth, but we should also pay attention to the
reverse compensation of economic growth for ecological construction. The government
should increase its support for ecological protection through macroeconomic regulation.
To promote the virtuous cycle of ecological construction and economic development, the
upstream provinces focus on the construction of ecological products, so the realization of
the EPV in the upstream areas is more significant. In comparison, the natural endowment
of the downstream region is poor, but the capital is more abundant and the technology is
more advanced. Therefore, the EPV realization effect of the downstream region is lower
than that of the upstream region but higher than that of the midstream region. Shanxi
Province in the middle reaches of Shaanxi Province is a large industrial province dominated
by coal. There are still some difficulties in transforming industrial structure and developing
a green economy. Therefore, there is still much potential for improvement in realizing the
EPV in the two provinces.

3.2. Ecological Product Protection Level

It can be seen from Table 6 that the C; average evaluation score of the ecological
product protection level in the nine provinces of the Yellow River basin is 0.5287. Moreover,
the range is 0.8529. This indicates significant differences in the protection level of ecological
products in each province (Figure 4).

[nnerdMongolial

(Gansul

Ecological product protection
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[ 0. 207128 —0. 342190
I o. 342191 —0. 626335
I o. 626336 —0. 701805

500 1000 2000 I o- 701806 — 0. 972491
KM Y ellow River

Figure 4. Ecological product protection level subindex.

Generally, the protection level average score 1 of ecological products is higher than
the total evaluation score and ranks first among the subindicator systems, indicating that



Land 2023, 12,516

13 of 20

0
T N S— < — Y €llow River

the protection level of ecological products in nine provinces is relatively good. In the
subindicator system of the ecological product protection level, the harmless treatment level
of sewage and domestic garbage in each province is relatively average and the treatment is
relatively good. The sewage treatment rate and the harmless treatment rate of domestic
garbage reached more than 95%. Comparatively speaking, although the ambient air quality
and the proportion of excellent water quality have also been significantly improved, the
governance level of each province (district) is still quite different.

From the spatial perspective, the protection level of ecological products in the Yellow
River basin is the upper reaches > the middle reaches > the lower reaches. The main reasons
are as follows: compared with the middle and lower reaches, the five upstream provinces
have natural advantages in natural resources, and have not caused excessive damage to the
ecological environment with the economic development; In the middle reaches of Shaanxi
Province and Shanxi Province, the coal industry is developed, and due to the special terrain,
the industrial pollutants discharged are not easy to spread, resulting in relatively poor
ambient air quality in the two provinces, with relatively high average concentrations in the
air, so the measured score of ecological product protection level is relatively low; Henan
Province and Shandong Province in the lower reaches are in the last two places in the
subindex system of the ecological product protection level in the nine provinces of the
Yellow River basin. Due to poor air quality, relatively high average concentrations in the
air, and low proportion of good water quality, it is not conducive to the construction of
ecological products. At the same time, the significant differences in the protection level
of ecological products in various provinces are also not conducive to the regional green
coordinated development.

3.3. Carbon Neutralization Capacity

It can be seen from Table 6 that the C; average score of carbon neutralization capacity
of ecological products in nine provinces of the Yellow River basin is 0.3705, with a range of
0.7700. There is a significant difference in the carbon neutralization capacity of ecological
products among provinces (Figure 5).
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Figure 5. The carbon neutral capacity of ecological products subindex.
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In general, the subindicator average value of ecological product carbon neutralization
capacity is far lower than the average value of the comprehensive evaluation and other
subindicators, and the carbon neutralization capacity of ecological products in all provinces
is relatively poor. On the one hand, irrational land use, inadequate protection of forest,
other resources and other reasons lead to insufficient forest, grassland, and cultivated
land, which affects the carbon storage of natural resources and cannot achieve the purpose
of increasing sinks. On the other hand, the energy structure cannot be changed rapidly.
Among the nine provinces in the Yellow River basin, some provinces still have coal as the
main energy structure. The energy consumption in industry and energy fields is still high,
which hinders the reduction of carbon emissions. Therefore, the average score of carbon
neutralization capacity assessment of ecological products in each province in the basin
is low.

From the spatial perspective, the carbon neutralization capacity of ecological products
in the Yellow River basin is roughly as follows: upper reaches > lower reaches > middle
reaches. The main reason for this is that most of the upstream regions have the advantage
of natural resources and invest heavily in the protection of natural resources, and there
are few heavy industrial regions. The industry and energy efficiency has been improved
rapidly. The average score of this subindex in the Inner Mongolia Autonomous Region,
which is also the upstream region, is 24.3 times that of Ningxia Hui Autonomous Region.
The index value of grassland cultivated land and other natural resources area is small,
and the energy consumption per unit GDP is the highest. Although Henan and Shandong
in the downstream area have less natural resources, their primary industries are more
developed and their added value of the primary industry accounts for a higher proportion
of GDP, so their energy consumption per unit GDP is smaller than that of other provinces.
The natural resource conditions of Shaanxi Province and Shanxi Province in the middle
reaches are relatively poor. The energy consumption of the two provinces is mainly coal,
and they mainly rely on heavy industry to drive economic growth. Therefore, the energy
consumption per unit of GDP is relatively high. Therefore, the carbon neutralization
capacity of the ecological products of the two provinces in the middle reaches is lower than
that of the upstream and downstream regions.

3.4. Transformation Level

It can be seen from Table 6 that the C; average score of the EPV transformation level
in the nine provinces in the Yellow River basin is 0.4878, and the range is 0.6262. This
indicates that the EPV transformation level of each province in the Yellow River basin is
significantly different (Figure 6).

On the whole, the value transformation level average score of ecological products is
slightly higher than the comprehensive evaluation score. This indicates that although the
value transformation of ecological products in each province has achieved certain results, a
complete set of the EPV transformation mechanism has not been established. Firstly, with
the improvement of economic development and consumption capacity, especially in the
post epidemic era, people pay more attention to health, so the demand for organic and
pollution-free ecological agricultural products is becoming stronger and the market share
of ecological agricultural products is gradually expanding. However, due to insufficient
scale and standardized production of ecological agricultural products, tighter constraints
on the ecological environment, limited soil quality and water resources, and other factors,
the supply of ecological agricultural products is insufficient. It is therefore difficult to meet
the differentiated market demand. Secondly, in the context of the dual-carbon strategy, the
development of clean energy is particularly important. However, wind energy and solar
energy are constrained by natural factors at this stage, and it will be difficult for the cost
of energy storage to decline. Water energy and nuclear energy have the characteristics of
a long construction cycle, large investment scale, etc., so China’s thermal power genera-
tion transformation is more difficult. Thirdly, in the post-epidemic era, the demand for
ecotourism has never been higher, which provides a huge potential market for the con-



Land 2023,12,516

15 of 20

0

(Gansul

500
[ e——— — (Y] e Yellow River

struction of ecotourism products. However, at this stage, there is a wrong understanding
of ecotourism, with too much pursuit of economic interests and neglect of the ecological
protection and environmental education functions of ecotourism. Ecotourism is still in the
primary stage of development, so the ecotourism product system is not perfect. Finally, in
the study area, the ecological product protection and compensation mechanism of each
province is relatively perfect, but the construction of ecological rights and interests products
has only stayed at the level of policy documents and has not really been implemented, thus
affecting the value transformation level of ecological products.

Ecological product value transformation

[ ]o.266254
[ ] 0.266255—0. 415153
[ o. 415154 —0. 450053

I o. 450054 — 0. 549502
1000 2000 - 0. 549503 — 0. 892460

Figure 6. The EPV transformation subindex.

From the spatial perspective, the transformation level of the EPV in the Yellow River
basin is roughly as follows: upstream region > downstream region > middle reaches. The
main reasons for this are as follows: the upstream region has always sought the balance
between ecological protection and economic development and is committed to achieving
green and healthy economic development and a virtuous circle in the context of the double-
carbon strategy; comparatively speaking, the downstream area has a large population and
a high level of economic development, so Henan Province and Shandong Province prefer
to use labor, capital, technology, and other conditions to promote the green development of
social economy, but due to the poor natural resource endowment, the value transformation
level of ecological products is not high; in the middle reaches of Shaanxi and Shanxi
Provinces, the secondary industry is the main industry, and the difficulties in industrial
structure transformation and ecological construction have lowered the value of ecological
products in the two provinces.

3.5. Guarantee Mechanism

It can be seen from Table 6 that the C; average score of the EPV realization guarantee
mechanism of the nine provinces in the Yellow River basin is 0.5127, and the range is 0.4328.
This indicates specific differences in the EPV realization guarantee mechanism among the
provinces in the Yellow River basin (Figure 7).
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Figure 7. The guarantee mechanism for the realization of the EPV subindex.

On the whole, the average score of the EPV realization guarantee mechanism is slightly
higher than the comprehensive evaluation score, indicating that the guarantee mechanism
of the EPV realization in the nine provinces is gradually improving. Given the “two moun-
tains theory” and the “double carbon strategy”, provinces in China are paying more and
more attention to the construction of ecological civilization, actively exploring the path
to realize the EPV, and carrying out relevant pilot demonstration activities. All provinces
(autonomous regions) have also continuously improved and updated relevant technolo-
gies, strengthened technical support, and introduced a series of reward and punishment
policies with publicity and promotion mechanisms to combine technology with policies
and systems to strengthen the guarantee mechanism for the EPV realization. However,
there are also corresponding problems. For example, some system guarantees have only
stayed at the document level, with few actually being implemented, and there has also
been insufficient promotional efforts, thus reducing the potential of the EPV realization
guarantee mechanism.

Spatially, the level of the guarantee mechanism for the realization of EPV in the Yellow
River basin is roughly as follows: the lower reaches > the upper reaches > the middle
reaches. It can be seen that Henan and Shandong in the lower reaches are economically de-
veloped, so the construction of the security mechanism is more perfect, while the upper and
middle reaches should strengthen the protection of relevant systems and improve publicity.

4. Discussion

We believe that it is of positive significance to add a dual-carbon perspective to
EPV evaluation and conduct empirical research. There is currently no unified index
system for evaluating EPV in the academic circle [50,51]. The articles that do exist also
lack the perspective of the dual-carbon strategy to study ways to achieve EPV [52,53].
Nevertheless, for human beings, the importance of EPV is obvious. This study attempted
to construct an index system that can quantitatively evaluate EPV from the perspective of
carbon peaking and carbon neutrality to be used as reference by relevant decision-makers
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and researchers. Based on entropy weight TOPSIS, we analyzed the protection level,
carbon neutral capacity, transformation level, and safeguard mechanism of EPV ecological
products in nine provinces of the Yellow River basin and explained the results. This study
has positive significance for the quantitative evaluation of EPV, but it also has certain
limitations. The index system we constructed can reflect the distribution characteristics of
EPV in the nine provinces of the Yellow River basin to a certain extent. However, particular
emphasis should be given when studying other regions. When looking at EPV of areas
such as river basins, cities, mountains, farmland, and wetland, the indicators should be
optimized according to the characteristics of the research object. Secondly, the classical
TOPSIS algorithm as a research method has the same weight value for each indicator by
default, which means that its essence is to determine the contribution of distance in the
result according to the position of each sample in the maximum absolute difference of each
feature. Our method used the entropy weight method to improve TOPSIS and achieved
good results. Besides us, many scholars have also applied this method [54,55], which proves
that entropy weight TOPSIS has been widely used. Scholars in the same field can consider
building a more comprehensive indicator system or a new artificial intelligence method
on the basis of this article. The limitations of the data are also worth considering. Each
quantitative evaluation index data will have more or less impact on the comprehensive
evaluation results. Therefore, we should start from the evaluation goal and obtain more
comprehensive data for evaluation as much as possible. Only then can we have a deeper
understanding of the evaluation object.

Through experiments, we verified the practicability of the EPV evaluation index from
the dual-carbon perspective. At the same time, we have the following suggestions for
improving the EPV of the nine provinces in the Yellow River basin. Firstly, the ecosystem
of the Yellow River basin needs coordinated development. The upstream region requires
enhanced ecosystem protection, more pollution control is needed in the middle reaches,
and greater attention should be paid to the maintenance of biodiversity in the downstream
region. For the middle and lower reaches of the Yellow River basin, we should increase
investment in ecological protection and strengthen environmental monitoring and gov-
ernance in this region. Secondly, on the one hand, backward production capacity and
production process should be eliminated. The industrial structure needs to be adjusted and
upgraded, and a modern industrial system should be established. On the other hand, we
need to coordinate the development and utilization of ecological resources, increase the
total amount of ecological resources, and improve land greening to increase carbon sinks.
Thirdly, the development of different types of ecological products needs to be increased and
measures should be adjusted to suit local conditions. For example, the Yellow River basin
has rich natural resources and landscapes, colorful national culture, distinctive regional
characteristics, and other advantages. We should strengthen the construction of supporting
infrastructure, increase the supply of high-quality ecological agricultural products and
ecotourism products, and establish an efficient ecological resource market system. Finally,
institutional and technical guarantees should be strengthened, and there should be greater
promotion of the application of ecological product value in ecological protection com-
pensation, ecological environment damage compensation, ecological management, and
ecological resource rights and interests transactions. The guiding mechanism of ecological
environment interest protection should be established to encourage enterprises, society,
and individuals to actively participate in ecological environment protection.

5. Conclusions

In this work, to solve the problem of the lack of a quantitative evaluation index
system in EPV research, we proposed an EPV evaluation index system based on the dual-
carbon perspective. For this purpose, using the nine provinces in the Yellow River basin
as the research object, we evaluate the results using entropy weight TOPSIS, which has
been proven to be a promising choice for this kind of task. The results showed that the
comprehensive evaluation score of the EPV was 0.4520, indicating that the overall level of
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EPV realization in the nine provinces was low. The overall realization level of the EPV was
the best in the upstream region, followed by the downstream region, and the worst in the
middle reaches. The average score of carbon neutralization capacity was 0.3705, indicating
that the carbon neutralization capacity of ecological products in all provinces was relatively
poor. In the context of the dual-carbon strategy, all regions should strive to improve this
indicator. The carbon neutralization capacity of ecological products was generally best
in the upstream region, followed by the downstream region, and poor in the midstream
region. The average score of the EPV transformation level was 0.4878, which indicates
that although the EPV transformation of each province has achieved certain results, the
EPV transformation mechanism is still being explored. The value transformation level of
ecological products generally showed the best results in the upstream region, followed by
the downstream region, and the worst results in the midstream region. The average score
of the guarantee mechanism for realizing the EPV was 0.5127, which indicates that the
guarantee mechanism for realizing the value of ecological products in the nine provinces is
being strengthened. The level of guarantee mechanism for the realization of EPV showed
the best results in the downstream region, followed by the upstream region, and worst
results in the midstream region. Given the double-carbon strategy, we should speed up the
improvement of various guarantee measures to realize the value of ecological products.
The EPV evaluation framework from the perspective of dual-carbon strategy scientifically
solves the problem of lack of quantitative methods for EPV measurement. Assessing the
EPV in nine provinces in the Yellow River basin provides a meaningful decision-making
reference for the basin’s spatial planning and ecological governance.
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