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Evaluation of provincial
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in the Yellow River basin using
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The Yellow River basin spans nine provinces and autonomous regions and plays an important role

in China’s economic and social development and ecological security. However few studies have
integrated the concept of carbon neutrality into research to evaluate the carbon-neutral development
level. This paper calculates the comprehensive evaluation value of the provincial carbon-neutral
capacities comprehensive evaluation index in the Yellow River basin through the driving-force-
pressure-state-impact-response (DFPSIR) index system and the global entropy method based on
provinces data between 2008 to 2019. The final results indicated that from 2008 to 2019, the carbon-
neutral capacities of the provinces in the Yellow River basin were in a state of rapid development and
had achieved a grade leap. However, seven provinces had carbon-neutral capacity levels at the Grade
Il standard in 2019, thereby leaving scope for substantial improvement. Through the above research,
we identified the changes in the trend and driving mechanisms of the carbon-neutral capacity of the
Yellow River basin and provide a theoretical reference value for a comprehensive realization of carbon
neutrality in China in 2060.

Unchecked emissions of greenhouse gases lead to global warming and aggravate problems such as ecological
and environmental deterioration and energy crises. Therefore, an increasing number of countries have switched
to developing low-carbon economies as an effective way for sustainable development since the advent of the
twenty-first century. As a special low-carbon development mode, carbon neutrality promotes the balancing
of carbon emissions and carbon absorption through the innovation and reform of technologies and systems,
industrial transformation and upgrading, and the promotion and utilization of clean energy. Finally, the coordi-
nated development of society, the economy, the environment, and energy is being emphasized. The terrain of the
Yellow River basin is high in the west and low in the east. The western region of the basin is covered with snow
throughout the year. Its central area is covered with loess; therefore, the soil and water losses are significant in
this region. The eastern region of the basin is comprised mainly of the alluvial plain of the Yellow River. The Yel-
low River basin spans nine provinces and autonomous regions and plays an important role in China’s economic
and social development and ecological security. Therefore, the objective and comprehensive evaluation of the
carbon-neutral development level of the Yellow River basin is of high significance for the sustainable develop-
ment of the provinces and cities in the Yellow River basin.

There are few researches on the development level of carbon neutrality, but the establishment and methods
of sustainability evaluation system!, regional low-carbon economy*?, low-carbon transportation®, evaluation
of ecological level” and analysis of influencing factors of carbon emissions are mature. The evaluation indicators
are roughly divided into three categories: basic indicators, core indicators, and different orientation indica-
tors according to the research purpose®’. There are some differences in the selection of indicators by differ-
ent scholars'®!!. Jing et al.'? collected a set of 21 indicators covering the economic, social and environmental
levels, constructed an indicator system, and proposed the comprehensive TOPSIS-ORM method to evaluate
the sustainable development performance of shrinking cities in northeast China. Chaofeng et al.!* established
a low-carbon city construction and evaluation index system in view of the carbon emission problem in urban
construction and development. Yuzhao et al.' studied the ecological security index system of the river basin,
proposed the improved DPSIR model, and verified the applicability and importance of the improved DPSIR
model in the ecological security assessment of the river basin scale. Guo et al.'® established the evaluation index
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system of ULCC from the perspective of driving force and resistance, respectively used the principal compo-
nent analysis method and cluster analysis method to evaluate and classify the ULCC of Wuhan metropolitan
area, and tested the results with fuzzy analytic hierarchy process to find out the problems existing in the city.
Duan et al.'® constructed the evaluation system of Dalian’s low-carbon economic development level based on
AHP + entropy weight method. The comprehensive evaluation index of the development level of low-carbon
economy in Dalian from 2005 to 2014 was calculated. Cheng et al."” used correlation analysis, fuzzy rough set
and entropy weight methods to select and analyze 21 indicators and construct a regional green competitiveness
index. The above studies are all studies on evaluation indicators and evaluation methods between low-carbon
and related industries or economies in different regions. However, in the evaluation of multi-provincial regions,
river basins and heterogeneous regions, the characteristic indicators increase, and further research on the index
system and evaluation methods is also needed.

In terms of carbon neutrality capacity evaluation and its influencing factors, Niu et al.'"® constructed an
evaluation index system including 20 indicators at six levels. An improved TOPSIS method is proposed for
analysis and calculation, and the results show that the use of renewable energy, the maintenance of ecological
environment quality and low carbon technology are the important factors affecting the carbon neutrality ability
of China. Liu et al.”? used China’s provincial panel data from 2004 to 2016 and the Dubin spatial model based
on the Stippart model to empirically analyze the impact of the three subsystems of ecological civilization on
carbon emission intensity. Cao et al.” proposed an evaluation model based on the improved matting element
extension cloud model to evaluate China’s ecological and environmental performance in 2019, taking Jiangsu
Province as an example. Wei et al.*! adopted the PSR method to identify the influencing factors of China’s carbon
emissions. Jiang et al.>* respectively studied the impact of structural changes in internal and external inputs on
global carbon emissions, and used structural decomposition analysis to decompose changes in global carbon
emissions into six factors: carbon emission intensity, domestic input structure, international input structure,
consumption pattern, consumption and population. Wei et. al.** took Xiamen City as an example to establish a
calculation method for the carbon footprint accounting of urban buildings. Ghaffar et. al.?> establishes baseline
information on urban energy use and CO, emissions. Built-up areas verify the increment of urban CO, sources.

In summary, the current research results show that the DPSIR model can effectively represent the concept
and structure of the composite system, and can be well applied to the evaluation of low-carbon or carbon neutral
development levels in river basins or multi-province regions. However, there are the following problems in the
research: (1) most of the research objects of low-carbon development are urban areas or single industries, and
there are few studies on the evaluation of low-carbon development level in river basins, multi-provincial or multi-
heterogeneous regions. (2) At present, most of the research focuses on the field of low-carbon economy. (3) At
present, most of the evaluation indicators of low-carbon development level are aimed at both carbon emission and
carbon absorption, and no evaluation indicators have been established for the process of carbon transmission.

In view of the shortcomings in the above studies, this paper builds the DPSIR analysis model of carbon
neutrality capacity evaluation on the basis of the existing studies, and integrates the ecological evaluation index
according to the actual situation of carbon emission, carbon absorption, economy, population, technology,
resources and environment in the Yellow River Basin. Improve the driving mechanism analysis, pressure meas-
urement, state assessment, impact analysis, response evaluation and other index systems of the carbon neutrality
evaluation system in the Yellow River Basin. Combined with statistical data, the analytic hierarchy process and
entropy weight method are used to evaluate the carbon neutrality capacity of the nine provinces in the Yellow
River Basin. To verify the applicability and importance of DPSIR model in the evaluation of carbon neutral
development level in the Yellow River Basin, and to provide theoretical reference for promoting the sustainable
development of the Yellow River Basin.

1.18

Construction of a provincial carbon-neutral capacity evaluation index system

for the Yellow River basin

DPSIR model. The driving-pressure-state-impact-response (DPSIR) model has evolved from the pressure-
state-response (PSR) model proposed by the Organization for Economic Cooperation and Development and the
driving-pressure-response (DPR) model proposed by the United Nations Commission on Sustainable Develop-
ment. It is comprehensive, systematic, holistic, and flexible. The model can reveal the causal relationship between
the environment and economy. The DPSIR model divides the system into five factors: driving, pressure, status,
impact, and response. Figure 1 depicts the DPSIR concept model for the Yellow River basin and reflects the
interaction process of carbon-neutral influencing factors. Driving (D) represents the driving factors of carbon-
neutral capacity caused by provincial economic development in the Yellow River Basin, and pressure (P) refers
to the pressure of the economic development activities on the carbon-neutral capacity of the basin. State (S) is
the state level of the provincial carbon-neutral capacity under pressure. Influence (I) is the feedback result and
impact of various state levels on the provincial carbon-neutral capacity in the Yellow River Basin. Response (R)
refers to various positive measures and countermeasures adopted to enhance the carbon-neutral capacity of
provinces in the basin.

Construction of the carbon-neutral-capacity evaluation index system. TO objectively and sci-
entifically evaluate the carbon-neutral capacity of the Yellow River basin, this study follows the principles of the
DPSIR model: science, system, compatibility, regional, hierarchy, operability, and regional economic and social
development. The evaluation index system includes three levels: the target layer, subsystem layer, and index
layer. The determined index layer comprises 37 specific indicators. It determines its attributes as positive (+) or
negative indices (—) for the index characteristics. The specific carbon-neutral-capacity evaluation index system
is listed in Table 1.
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Figure 1. DPSIR model for carbon-neutral capacity evaluation in the Yellow River basin.

Evaluation of provincial carbon-neutral capacity level in the Yellow River basin

Data source and collection methodology. The research objects of this paper are nine provinces in
the Yellow River basin, mainly including Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia, Shaanxi, Henan,
Shanxi,and Shandong. As shown in Fig. 2.

The data on economic and social development were mainly sourced from China Statistical Yearbooks from
2008 to 2019 and included data for nine Yellow River basin provinces. The data on the use of resources were
sourced mainly from the China Energy Statistical Yearbooks from 2008 to 2019. The data on environmental
quality and environmental governance were sourced mainly from the 2008-2019 China Environmental Statistics
Yearbooks, China Bulletin on the Status of the Marine Environment and the Department of Ecology and Envi-
ronment of the nine Yellow River Basin provinces. The indicator data on per capita carbon emissions, annual
average temperature change rate, GDP proportion of secondary industry, tertiary industry GDP proportion,
and provincial health cities were calculated using their respective formulas from the index description and
explanation given in Table 1.

Evaluation-index weight determination based on the global entropy value method. After the
evaluation index system was established, an appropriate evaluation method was selected to evaluate the devel-
opment level of the system. Commonly used comprehensive evaluation methods include hierarchical analysis,
fuzzy comprehensive evaluation, main component analysis, factor analysis, and entropy methods. The entropy
method is an objective empowerment method that calculates the degree of numerical dispersion among the
indicators. However, the traditional entropy method can handle only cross-sectional data. It cannot handle the
panel data of a multi-index system spanning years. Therefore, this study used the global entropy method to
determine the weight of the evaluation index system for the provincial carbon-neutral capacity of the Yellow
River basin.

1. Standardized processing of index data Because the original data of the N index may have different units and
dimensions, these data must be standardized to obtain standardized data z;;
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Target layer Subsystem layer | Index layer Variable | Description and description Properties | Notes
GDP per capita d, Measure people’s living standard (Yuan) + 591823
. Measure the growth rate of regional economic 18
GDP per capita growth rate d, growth (%) +
Provincial population growth rate d; Measure the regional population growth rate (%) | — 18.23
- . Characterizing the provincial population distribu- 18
Provincial permanent population d, tion (10,000 people)
Driving (D) The process and de f lati i
P gree of population aggregation 2,5,0,18,23
Urbanization level ds toward the city (%) +
Industrial output value growth rate dg Industrial production growth degree (%) - 21821
Approved patents ratio d Regional scientific and technological innovation + 25
PP P 7 capacity
Afforestation areas d Measure the ecological improvement capacity of + 29
8 the area (ha/person)
. . Capacity to consume energy per person (tons of | 21823
Energy consumption per capita o2t standard coal/person)
Carbon emissions per capita P2 Total carbon emissions per person (ton/person) | — 202123
Pressure (P) Cars per capita ps Measure traffic carbon pollution (vehicle/person) | — »18
Average annual heating days P4 Impact of heating (days) - 2
living area per capita Ps Impact of construction industry (m ?/person) + Z1821.22
roportion of renewable eneray power | s Measure the regional dependence on traditional . 218
prop §YP ! energy generation (%)
Carbon absorption to carbon emission s Total regional carbon absorption/total carbon + 21,22
ratio 2 emissions (%)
GDP proportion of the secondary s GDP of processing and manufacturing industry/ | _ 2182022
industry 3 GDP of region (%)
Proportion of national hygiene cities s The province was selected as National Health + »
Status (5) P Y8 4 City/all cities in the province (%)
GDP proportion of the tertiary industry | ss Service sector GDP gross value/regional GDP + 2182022
s gross value (%)
Cultivated land area per capita S6 Per capita cultivated land area (mu/person) + 18
Evaluation of provincial Number of days the ai lit ts the stand
carbon neutral capacity in Regional air qualified rate s; 37; 66; ot days the air quaiity meets the stand- + 18,2022
the Yellow River Basin ar
Annual average flow Sg liquid volume flowing through a section (m*/s) + z
Water qualified rate Sg Number of days of Yellow River/(%) + 2
Annual average temperature change rate | §; é\%e)asure the stability of the regional temperature | _ 2
Carbon dioxide concentration iy Regional air CO, contains (%) - 1820
Air pollution index is Measures the quality of regional air quality - 18.20.22
Impact (I) Proportion of soil erosion ; Provincial soil and soil loss area/provincial total B 2
P 4 land area (%)
Comprehensive pollution index of water i The method of evaluating the water environmen- | 18,22
quality s tal quality is divided into six levels
Waste water discharge volume ig Total annual wastewater discharge (ton/year) - 218
Proportion of photovoltaic power r Solar power generation/total power generation: n 2
! (%)
Percentage of the forestry and grass Measure the ability of the natural environment to + 2182022
coverage 2 absorb carbon absorption (%)
Public transport travel ratio I, En;%rorémental impact of carbon emissions from + 220
traffic (%)
. . Wind power generation/total power generation: 2
Proportion of wind power Iy (%) +
Comprehensive utilization percentage Comprehensive utilization of industrial solid
Response (R) 0f4n§ strial solid waste p & Is waste accounts for industrial solid waste produc- | + 218,20,22
pons indu: solid w: tion (%)
. Percentage of sewage treated by urban central-
Sei::atrzhzed treatment rate of urban Te ized sewage treatment plant and urban sewage + 2022
8 discharge (%)
ngl(; \;\:—carbon economic development I, Government response to carbon neutrality + 1820
Urban road areas per capita r Reacting the congestion of urban traffic (m?/ + 2
P 2 8 person)
. . Measure the dependence on new energy genera- 2
Hydropower station capacity Iy tion (GW) +
Table 1. Carbon-neutral-capacity evaluation index system for the Yellow River basin.
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Figure 2. The research areas of the Yellow River Basin.

wherek = 1/In(m x n). When y;; = 0, set yodjlnymij =0.
4. Calculate the redundancy of each index Dy:

Dy =1—Eq (4)
5. Calculate the weights of each index wy:
Dy

Wo = ZN71 Dy (5)

DPSIR model subsystem level evaluation. The DPSIR model subsystem layer evaluation formula is as
follows:

N
Sdpsir = Z Wa X Yaij (6)

a=1

where Sgpgir is the subsystem layer evaluation value of the DPSIR model. The five subsystem evaluation values
are as follows: driving subsystem evaluation value (S4), pressure subsystem evaluation value (S,), state subsystem
evaluation value (S;), impact subsystem evaluation value (S;), and response subsystem evaluation value (S,).

Comprehensive evaluation index and capacity level of provincial carbon-neutral capacity of
the Yellow River basin.  The weight (Wy,;,) of the DPSIR subsystem layer was determined using the expert
evaluation method. The five subsystem weights were as follows: driving (wg), pressure (W,), state (W), impact
(W;) and response (W,) weights.

The carbon-neutral capacities comprehensive evaluation Index (CCCEI) was obtained as

CCCEIL = S§4 x Wy + Sp x Wy + Sg x W5 + §; x Wi + S x Wy (7)

Considering the score of the comprehensive evaluation index of the provincial carbon-neutral capacity of the
Yellow River basin and referring to the relevant comprehensive index classification method at home and abroad
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CCCEI Grade | Carbon-neutral capacity level
<04 I Poor

(0.4,08] |1I Fair

(0.8,1.2] 111 Average

(1.2, 1.6] v Good

>1.6 \% Excellent

Table 2. Classification of carbon-neutral capacities in the Yellow River basin.
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Figure 3. Evaluation values of provincial carbon-neutral driving subsystems in the Yellow River basin during
2008-2019.

and the actual situation of this study, the grading standards for establishing provincial carbon-neutral capacities
in the Yellow River basin are listed in Table 2.

Empirical analysis

Analysis of factors affecting provincial carbon-neutral capacity development levels in the Yel-
low River basin.  The DPSIR subsystem was thoroughly analyzed by comparing the evaluation values of the
carbon-neutral capacity DPSIR subsystem of the nine provinces in the Yellow River basin from 2008 to 2019 and
combining the characteristics of resources and environment and the specific characteristics of the basin.

1. Driving subsystem

The evaluation values of the carbon-neutral capacity driving subsystems in nine provinces in the Yellow
River basin generally exhibited an upward trend, as depicted in Fig. 3. Among the provinces, Inner Mongolia
has an extensive and large forest coverage area; therefore, its carbon-neutral driving subsystem evaluation
value is at a relatively high level. Sichuan, Shaanxi, and Shandong have the largest GDP per capita growth
rate, and relative scientific research patent technological achievements have gradually increased. Economic
and technological developments provide sufficient support for carbon neutrality. The evaluation value of
the carbon-neutral driving subsystem increased steadily, with a small annual growth in other provinces. The
growth rate of various carbon-neutral driving indices slowed. Overall, the carbon-neutral capacity driving
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Figure 4. Evaluation values of provincial carbon-neutral pressure subsystems in the Yellow River basin during
2008-2019.

subsystem in nine provinces in the Yellow River basin has been maintained at a relatively high level and has
achieved good driving results.
Pressure subsystem

Although the evaluation values of the carbon-neutral pressure subsystems in the nine provinces of the
Yellow River basin decreased slightly in some years during 2008-2019, the overall trend exhibited a small
increase, as depicted in Fig. 4. Carbon emissions per capita increased slightly. However, with economic
development and technological progress, the energy consumed per unit economic growth was significantly
reduced. Overall, the pressure subsystem evaluation values exhibited an increasing trend. Because the Yellow
River basin provinces are located in the north, the heating requirements and people’s living conditions put
increased pressure on the resources and environment. This leads to the instability of the pressure subsystem
evaluation values and inhibits the growth of the pressure subsystem evaluation values. Although the prov-
inces have actively strengthened the idea of a low-carbon economy in recent years and gradually increased
their investment in realizing the carbon-neutral development goal, the pressure problems facing carbon
neutrality are difficult to improve significantly in a short timeframe.
State subsystem

Figure 5 exhibits the state subsystem evolution trend of the provincial carbon-neutral capacity in the
Yellow River basin during 2008-2019. Under the dual action of driving and pressure, the evaluation value
of the carbon-neutral state subsystem in Henan, Shandong, and Shanxi was at a low level. In the face of the
environmental problems brought about by provincial economic development in the Yellow River basin,
the effectiveness of the measures adopted is not obvious, thereby resulting in pressure on environmental
resources. Existing governance measures cannot effectively improve the state of resources and the environ-
ment. The rationality of an industrial structure determines its level of economic quality. Industrial transfor-
mation and upgrading are conducive to improving the quality of the economy. When compared with the
tertiary industry, the secondary industry in its growth stage has the characteristics of a high cost of unit
economic growth. Inner Mongolia, Qinghai, and Gansu have relatively small proportions of secondary
industry and large proportions of renewable energy in power generation. Therefore, these provinces main-
tain a good carbon-neutral state. Recently, Sichuan, Ningxia, and Shaanxi have actively developed emerging
industries, strengthened ecological and environmental protection in the Yellow River basin, and formulated
and implemented low-carbon development plans. These measures have effectively eliminated some of the
negative impacts of development activities. Presently, the carbon neutrality states in most provinces in the
Yellow River basin are alarming, and resource and environmental problems are evident. To improve their
carbon-neutral states, the resources and environment of the Yellow River basin must be further and ration-
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Figure 5. Evaluation values of provincial carbon-neutral state subsystems in the Yellow River basin during
2008-2019.

ally utilized, treated, and protected. In general, China’s carbon-neutral state subsystem in the Yellow River
basin must be further improved.
Impact subsystem

Figure 6 depicts the impact subsystem evolution trends of the provincial carbon-neutral capacities in the
Yellow River basin from 2008 to 2019. From the perspective of the environmental and resource impacts of
provinces in the Yellow River basin, certain fluctuations are evident in the evaluation values of the carbon-
neutral impact subsystems of provinces. Although the rates of increase in the temperature in all provinces are
negative, the temperatures in all provinces in 2019 exhibited a significant increase compared with those in
2008. The Yellow River basin suffers from serious soil and water losses. Therefore, it has negatively impacted
the trend of the carbon-neutral impact subsystem evaluation values. However, the characteristics of low car-
bon dioxide emissions and a low air comprehensive pollution index in Qinghai and Inner Mongolia ensure
that the carbon-neutral impact subsystem in this region remains at a high level. Shaanxi, Henan, Sichuan,
Gansu, Shanxi, Ningxia, and Shandong were negatively affected by provincial economic development. Owing
to the excessive development of resources and emissions and wastewater in the process of economic develop-
ment in each region, the evaluation value of the impact subsystem has decreased to a certain extent, thereby
hindering any improvement of the evaluation value of the impact subsystem. Therefore, to mitigate the
negative impact of provincial economic development in the Yellow River basin, it is necessary to establish a
reasonable resource and environment utilization mechanism and strictly control the emissions of industrial
pollutants.
Response subsystem

Figure 7 depicts the response subsystem evolution trend of the provincial carbon-neutral capacity in the
Yellow River basin from 2008 to 2019. Carbon-neutral driving indices and pressure indices varied across
provinces, and the response degree of the measures adopted varied. However, the evaluation values of the
response subsystem rapidly and steadily improved after wavy increases and decreases in the early stage. In
Henan, Shaanxi, Shanxi, Shandong, and Sichuan, the government organized afforestation drives and invested
efforts in scientific and technological research and development to improve the utilization rate of industrial
waste and urban sewage and achieved good results. Ningxia and Gansu promoted public transport to imple-
ment a low-carbon economic development plan and promote the improvement of the evaluation value of
the provincial carbon-neutral response subsystem in the Yellow River basin.
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Figure 6. Evaluation values of provincial carbon-neutral impact subsystems in the Yellow River basin during
2008-2019.

Comprehensive evaluation and analysis of provincial carbon-neutral capacities in the Yellow
River basin. The provincial CCCEI in the Yellow River basin from 2008 to 2019 is depicted in Fig. 8. A radar
map of the provincial CCCEI is presented in Fig. 9. The following features can be observed.

1. Overall, the provincial carbon-neutral capacities in the Yellow River basin were gradually enhanced.

During 2008-2019, the provincial carbon-neutral capacities in the Yellow River basin were continuously
enhanced, and the CCCEI exhibited an upward trend. Since 2013, the concepts of a low-carbon economy and
sustainable development have attracted wide attention from society and governments at all levels. In 2013,
the State Council on Printing and Distributing the National Sustainable Development Plan for Resource-based
Cities (2013-2020) was issued. The development plan for sustainable economic development in the next seven
years was introduced. From 2013 to 2019, nine provinces responded positively to state calls. Governments at
all levels need to rationally develop and use environmental resources and strengthen environmental govern-
ance and protection in accordance with relevant work arrangements. The strong development of the response
subsystem and gradual comprehensive and stable implementation of the regulation measures improved the
quality of economic development, the pressure and negative impact on the ecological environment of the
Yellow River basin decreased continuously, and the CCCEI increased rapidly.

However, driven by the ever-increasing population and economic aggregate, the increases in the coal-
dominated industrial energy consumption structure and cars per capita ensure that the evaluation values of
the pressure and impact subsystems fluctuate, thereby impeding the development of the provincial CCCEI
in the Yellow River basin.

2. 'The development of carbon-neutral capacity in the Yellow River basin varies.

Qinghai and Inner Mongolia have relatively good ecological environments, large vegetation coverage areas,
and underdeveloped economies. Therefore, the provincial CCCEIs were above 0.8 in 2008.

From 2008 to 2012, the provincial CCCEI values of Henan, Shanxi, Ningxia, and Shandong were less than
0.8. The overall levels of the carbon-neutral capacities of these provinces were level II, which were poor.
Economic development leads to the destruction of resources and the environment. The evaluation values of
the driving, pressure, and state subsystems were low.

The provincial CCCEIs of Qinghai and Inner Mongolia were the first to attain level IV in 2017, which indi-
cated that their carbon-neutral capacities were good. In 2019, the provincial CCCEIs of Sichuan, Shaanxi, and
Gansu were above 1.1, i.e., slightly lower than the lower limit of the standard of IV. These provinces entered
the initial stage of development with good carbon-neutral capacities. However, owing to the environmental
damage and reduced green areas caused by economic development, the carbon-neutral capacities of Shanxi,
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Figure 7. Evaluation values of provincial carbon-neutral response subsystems in the Yellow River basin during
2008-2019.
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Figure 8. Provincial CCCEIs of the Yellow River basin from 2008 to 2019.
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Figure 9. Radar map of provincial CCCEIs in the Yellow River basin from 2008 to 2019.

Ningxia, Henan, and Shandong are relatively low. In 2019, their provincial CCCEIs were higher than 0.95
but lower than 1.1, thereby indicating their middle development stage of standard III.
The provinces in the Yellow River basin have significant development potential.

During 2008-2019, the carbon-neutral capacities of provinces in the Yellow River basin achieved a grade
leap. However, there is a huge scope for development beyond the upper limit of standard IV. Furthermore,
no province has reached standard I, thereby leaving scope for further development of provinces. Ningxia
and Shanxi are important coal carbon bases in China, and the coal energy industry is an important industry.
With the development of green energy technology, the carbon-neutral capacities of these provinces will be
significantly improved. Shandong and Henan Provinces have large populations. A small cultivated land area
per capita, a small proportion of renewable energy power, and a large proportion of secondary industry lead
to increased pressure on carbon-neutral capacities in these provinces. Therefore, it is necessary to increase
the utilization of new energy, vigorously develop tertiary industry, strengthen carbon-capture technology,
and strive to achieve the sustainable development goal of carbon neutrality at first.

Discussion.

A carbon-neutral-capacity-evaluation index system for the Yellow River basin is established based on the
DPSIR model. The index system has three levels and 37 indicators>!829-2326_ The index system is scientific,
complete, and easy to obtain and provides a basic framework for a comprehensive analysis of the causal
relationship between carbon neutrality and social and economic activities in the Yellow River basin.

The global entropy method was used to calculate the capability evaluation value of each subsystem of the
DPSIR, the CCCEI model of the Yellow River basin was constructed, and a classification standard for the
carbon-neutral capability was proposed. This method can be used to perform quantitative analysis on each
subsystem of the carbon-neutral capacity of each province in the Yellow River basin. It can dynamically
describe the evolution trend of the subsystems and objectively measure the level and future development
scope of the carbon-neutral capacity of each province. Compared with reference”!, the practicability of
DPSIR model and the scientificity of the result are further verified.

The comprehensive evaluation of carbon neutrality capacity in the whole Yellow River basin shows a sig-
nificant upward trend, showing the spatial difference of the comprehensive evaluation of carbon neutrality
capacity in the middle and lower reaches of the river basin than that in the upper reaches of the river basin.
The evolution trend of spatial differences among each subsystem is basically consistent with the evolution
trend of comprehensive evaluation.

Conclusions and policy recommendations
Conclusions.
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1. Based on DPSIR model and global entropy method, the comprehensive evaluation Index (CCCEI) of pro-
vincial carbon neutrality capacity in the Yellow River Basin was established to evaluate the carbon neutrality
capacity of the Yellow River Basin from 2008 to 2019. The logical relationship among subsystems in DPSIR
model and the spatial and temporal differences of each province are revealed, and the dynamic evolution
trend of carbon neutral capacity of each province is analyzed.

2. From 2008 to 2019, the carbon neutrality capacity of the provinces in the Yellow River Basin was in a state
of rapid development and achieved multi-level leapfrog, but there is still a great room for improvement. The
carbon neutrality capacity of each subsystem shows two time differences: fluctuation and rise from 2008 to
2019. Driven by the continuous growth of population and economic aggregate, the continuous fluctuation
of the evaluation index of pressure subsystem and influence subsystem hinders the consubstantial growth
of the comprehensive evaluation index of carbon neutrality capacity of provinces in the Yellow River Basin
to a certain extent.

3. The index system based on the DPSIR model is capable of evaluating the impacts of economic and social
developments in various provinces on their carbon-neutral capacities, as well as those of positive measures
adopted to achieve carbon neutrality. The proposed index system is broad based and can be extended to the
carbon-neutral assessments of other river basins.

Policy recommendations. Combined with the research and analysis, it is not difficult to see that the car-
bon neutrality capacity level of the provinces in the Yellow River Basin has been significantly improved. The
evaluation of carbon neutrality capacity shows obvious regional heterogeneity and distinct regional character-
istics. Accordingly, according to the provincial characteristics and differences carried by different river basins,
policy suggestions are put forward to promote the carbon neutrality capacity of the Yellow River Basin as follows:

1. Provinces have actively developed emerging industries, strengthened ecological and environmental protec-
tion in the Yellow River basin, formulated and implemented low-carbon development plans, and effectively
eliminated obstructive indicators. The carbon neutrality status of most provinces in the Yellow River Basin
is relatively severe, and the resource and environment problems in the middle reaches are prominent. To
improve the carbon neutrality capacity of the Yellow River basin, the resources and environment in the Yel-
low River basin need to be further rationally utilized, managed and protected. It is necessary to establish a
reasonable resource and environmental utilization mechanism, strictly control the emission of industrial
pollutants, advocate public transportation, promote the implementation of low-carbon economic develop-
ment plans, and improve the comprehensive capacity of carbon neutrality in the provinces along the Yellow
River Basin.

2. 'The distribution of the middle and lower reaches of the Yellow River provincial carbon neutral pressure gen-
erally larger, strengthen the response and the implementation of the policy, increasing factors of flow across
the land, digging in the middle and lower reaches of the Yellow River and Yangtze river along the Banks of
the leading type carbon neutral city experience, give full play to their ability of carbon neutral spillover effect
and is a progressive effect, formation of the carbon cycle in the Yellow River urban agglomeration, It will
drive the improvement of provincial carbon neutrality capacity in the form of urban agglomeration. Based
on the development advantages of each region, the differences in factors hindering carbon neutrality shown
by each region should be solved.

3. While dredging economic development, the government should constantly coordinate the contradiction
between environmental protection and economic development, improve the overall coordinated develop-
ment level at the material level such as industrial support and the accumulation of development factors, and
formulate relevant policies according to local conditions.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.

Received: 8 July 2022; Accepted: 25 October 2022
Published online: 28 October 2022

References

1. Liu, X. et al. Evaluating the sustainability of marine industrial parks based on the DPSIR framework. J. Clean. Prod. 188, 158-170
(2018).

2. Fang, X. et al. Evaluation of the sustainable development of an island “Blue Economy”: A case study of Hainan, China. Sustain.
Cities Soc. 66, 102662 (2021).

3. Fabianek, P. et al. Green and regional? A multi-criteria assessment framework for the provision of green electricity for electric
vehicles in Germany. Transp. Res. Part D Transp. Environ. 87, 102504 (2020).

4. Xiaozhong, L. et al. Comprehensive evaluation of agricultural modernization level in Heilongjiang Province from the perspective
of low carbon economy. Agric. Econ. Manag. 6, 33-42 (2020).

5. Xianshi, L. et al. Evaluation of low carbon economy development in Hebei province based on DPSIR model. J. Hebei Univ. Econ.
Trade 35, 106-109 (2014).

6. Bo, D. et al. Study on the construction of low carbon transportation index system in Beijing Tianjin Hebei region. Railway Transp.
Econ. 43, 44-49 (2021).

7. Zhao, R. et al. Evaluating urban ecosystem resilience using the DPSIR framework and the ENA model: A case study of 35 cities in
China. Sustain. Cities Soc. 72, 102997 (2021).

Scientific Reports |

(2022) 12:18180 | https://doi.org/10.1038/s41598-022-23105-z nature portfolio



www.nature.com/scientificreports/

8. Siyang, X. Fuzzy comprehensive evaluation of low carbon operation of distribution network based on AHP anti entropy weight
method. J. Electr. Power Sci. Technol. 34, 69-76 (2019).
9. Lu, W. et al. Ecological effect assessment based on the DPSIR model of a polluted urban river during restoration: A case study of

the Nanfei River, China. Ecol. Indic. 96, 146-152 (2019).

10. Delgado, L. E. et al. Toward social-ecological coastal zone governance of Chiloé Island (Chile) based on the DPSIR framework.
Sci. Total Environ. 758, 143999 (2021).

11. Malekmohammadi, B. et al. Vulnerability assessment of wetland landscape ecosystem services using driver-pressure-state-impact-
response (DPSIR) model. Ecol. Ind. 82,293-303 (2017).

12. Jing, Z. Evaluation of low carbon city development based on DPSIR model: A case study of Jiyuan City. Urban Issues 12, 42-47
(2012).

13. Chaofeng, S. et al. Research on index system of low carbon city based on DPSIR model. Ecol. Econ. 10, 95-99 (2010).

14. Yuzhao, L. et al. Study on evaluation index system of watershed ecological security based on DPSIR model. J. Peking Univ. 48,
971-981 (2012).

15. Guo, H. et al. Simulation evaluation of urban low-carbon competitiveness of cities within Wuhan city circle in China. Sustain.
Cities Soc. 42, 688-701 (2018).

16. Duan, Y. et al. Research on comprehensive evaluation of low carbon economy development level based on AHP-entropy method:
A case study of Dalian. Energy Procedia 104, 468-474 (2016).

17. Cheng, X. et al. Green competitiveness evaluation of provinces in China based on correlation analysis and fuzzy rough set. Ecol.
Ind. 85, 841-852 (2018).

18. Niu, D. et al. Evaluation of provincial carbon neutrality capacity of china based on combined weight and improved topsis model.
Sustainability 13, 1-18 (2021).

19. Liu, K. et al. How does ecological civilization construction affect carbon emission intensity? Evidence from Chinese provinces’
panel data. Chin. J. Popul. Resour. Environ. 18, 97-102 (2021).

20. Cao, Y. et al. Improving the ecological environmental performance to achieve carbon neutrality: The application of DPSIR-improved
matter-element extension cloud model. J. Environ. Manag. 293, 112887 (2021).

21. Wei, Y. et al. Influential factors of national and regional CO, emission in China based on combined model of DPSIR and PLS-SEM.
J. Clean. Prod. 212, 698-712 (2019).

22. Jiang, M. et al. Structural decomposition analysis of global carbon emissions: The contributions of domestic and international
input changes. J. Environ. Manag. 294, 112942 (2021).

23. Chen, Y. et al. Evaluation and driving factors of city sustainability in Northeast China: An analysis based on interaction among
multiple indicators. Sustain. Cities Soc. 67, 102721 (2021).

24. Wei, H. et al. Carbon footprints of urban residential buildings in Xiamen: A household survey approach. Sustainability 10, 1131-
1141 (2018).

25. Ghaffar, A. et al. A synthesis approach to investigate and validate carbon sources and sinks of a mega city of a developing country.
Environ. Dev. 4, 54-72 (2012).

26. Tingting, D. et al. Systematic evaluation of management measure effects on the water environment based on the DPSIR-Tapio
decoupling model: A case study in the Chaohu Lake watershed, China. Sci. Total Environ. 801, 149528 (2021).

Acknowledgements
The revision of the language was supposed by Elsevier language editing services.

Author contributions

Methodology: J.X. and Z.L,; validation: Z.L. and K.Z.; data curation: K.Z; draft preparation: H.W.; writing—origi-
nal draft: Z.L. and K.Z.; review and editing: ].X. and H.W.; supervision: ].X. and H.W.,; project administration:
J.X. And H.W. All authors have read and agreed to the final version of the manuscript.

Fundin

This reseagrch was funded by Research on the Modernization of Rural Governance from the Perspective of
Risk Society [grant number 20BGL214], the National Social Science Fund Project and the Impact of China’s
Coal Market Changes on the Economic Development of Shaanxi Province and Policy Research [grant number
2015KRMO005], Soft Science Program of Shaanxi Province and Study on Energy Environment Economy Com-
prehensive Accounting and Its Derivatives of Shaanxi Province Based on Green Social Accounting Matrix [grant
number 16JZ040], Key Scientific Research Program of Shaanxi Provincial Department of Education, and Shaanxi
Social Science Foundation Project [grant number 2021R039], Research on the driving force mechanism, path
and policy of energy production revolution in the Yellow River Basin under the background of carbon neutral-
ity [grant number 22YJA630100].

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.W.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2022) 12:18180 | https://doi.org/10.1038/s41598-022-23105-z nature portfolio


www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022) 12:18180 | https://doi.org/10.1038/s41598-022-23105-z nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Evaluation of provincial carbon-neutral capacities in the Yellow River basin using DPSIR
	Construction of a provincial carbon-neutral capacity evaluation index system for the Yellow River basin
	DPSIR model. 
	Construction of the carbon-neutral-capacity evaluation index system. 

	Evaluation of provincial carbon-neutral capacity level in the Yellow River basin
	Data source and collection methodology. 
	Evaluation-index weight determination based on the global entropy value method. 
	DPSIR model subsystem level evaluation. 
	Comprehensive evaluation index and capacity level of provincial carbon-neutral capacity of the Yellow River basin. 

	Empirical analysis
	Analysis of factors affecting provincial carbon-neutral capacity development levels in the Yellow River basin. 
	Comprehensive evaluation and analysis of provincial carbon-neutral capacities in the Yellow River basin. 
	Discussion. 

	Conclusions and policy recommendations
	Conclusions. 
	Policy recommendations. 

	References
	Acknowledgements


