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High-quality sustainable development is the common goal pursued by all

countries in the world. China’s high-quality development (HQD) includes five

concepts of “innovation, coordination, green, opening-up, and sharing”. In this

context, we established an evaluation system that included these five

fundamental characteristics, used the comprehensive entropy method and

BP neural network to evaluate and predict the high-quality development of

Hubei Province in China, and conducted a spatiotemporal deductive analysis.

The study found that: 1) Economic growth still has an important impact on

HQD, for all the five main indicators, “opening-up” and “innovation” have the

highest impact weights, which are 0.379 and 0.278, respectively, while the

proportions of coordination and sharing are both less than 0.1. 2) There are

huge differences in the level of high-quality development between regions in

Hubei Province. From 2010 to 2020, the average comprehensive index of

Wuhan City was greater than 0.5, which is 7 times that of the second Xiangyang

City, and 46 times that of the last Shennongjia district. 3) In the past few years,

the overall high-quality development of Hubei Province has shown a fluctuating

upward trend. However, due to the impact of COVID-19, during the following

years, its comprehensive development index will decline by an average of 5%

annually, but starting from 2022, it will gradually increase. As a result, tailored

and coordinated sustainable environmental policies of integrating institutional

and open-market measures should be provided.
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1 Introduction

In 2015, the United Nations established 17 development

objectives with the goal of transitioning to a high-quality

sustainable development path and resolving development

issues in society, the economy, and the environment (Mlachila

et al., 2016; Menegaki and Tugcu, 2017). The EU suggested a

series of circular economy proposals and unveiled the European

Green Deal at the end of 2019, with carbon neutrality by 2050 as

the primary strategic goal (Hausken and Moxnes, 2018). To gain

an advantage, in the new round of international economic

competition, most developing countries have planned future-

oriented development strategies to achieve high-quality

development (Fricker, 1998; Anand and Sen, 2000; Günzel-

Jensen et al., 2020). Accordingly, the report of China’s 19th

National Congress stated that the Chinese economy has

transitioned from a stage of high-speed growth to a stage of

high-quality development (abbreviated as HQD), indicating that

the country is in a crucial stage of transitioning development

mode, optimizing economic structure, and transforming growth

momentum (Yang et al., 2019). Stable economic growth,

balanced urban and rural development, and achieving

ecological green development through the driving force of

innovation are all components of high-quality development,

which ensures that developing outcomes benefit all people

more fairly (Shi et al., 2018). China’s five development

concepts of “innovation, coordination, green development,

opening up, and sharing”, which are practical, people-

oriented, developmental, and integrated have historically

provided new ideas and directions for its long-term

development (Wang, 2018; YangLiu and Li, 2020). As a result,

comprehension, and application of the five concepts has evolved

into a significant indicator for determining high-quality

development, and researchers are utilizing them to evaluate

HQD (Doyen and Martinet, 2012; Singh et al., 2012; Dale

et al., 2013).

In this regard, recent studies on HQD have focused on

evaluating it from a single dimension or with the connotation of

a single aspect. In terms of economics, Ren and Zhuo indicated that

policies of HQD, as well as the updating of development modes, are

beneficial to China’s economic transition (Ren and Liu, 2018; Zhuo

and Deng, 2020). However, Zhao and He stated that the focus of

policy guidance should not only be on transforming the economic

model but also on social progress and regional coordination (Zhao

et al., 2019; He et al., 2020). Gupta et al. Believed that sustainable

development is a vital challenge in global development today and it

needs a global response to environmental and climate change

(Gupta and Gupta, 2020; Shrivastava et al., 2020; Wang et al.,

2022). Some of the important theoretical viewpoints employed in

HQD research are innovation, green, coordination, land use, and

water resource utilization (Jorgenson et al., 2014; Howarth and

Kennedy, 2016; Aberilla et al., 2020; Jiang et al., 2022). For example,

Zhang discovered that overall innovation in Mainland China is

increasing, but at a low efficiency level that needs to be improved

(Zhang and Liao, 2019). China’s ecological environment is

deteriorating as the country’s industrialization accelerates. Green,

environmentally friendly development has become an important

symbol of China’s high-quality social development. Given this,

promoting the ecological development of the social economy and

achieving green GDP growth is becoming increasingly important

(Coulter, 2017; Long and Ji, 2019). HQD policies have also

improved land use efficiency (Sun et al., 2020), strengthened

environmental regulations, facilitated water resource

management, and encouraged pollution prevention (Zhang H.,

2020). Furthermore, local heterogeneity and coordinated regional

development in both urban and rural areas should be further

considered (Sun et al., 2019; Wang and Luo, 2020). Besides,

HQD and sustainable development study also incorporate a

variety of intriguing research perspectives. Mani believed that

equity, health, safety, and education can promote the high-

quality and sustainable development of society (Mani et al.,

2014). Similarly, Geng et al. found tourism quality and the

sharing economy can boost resident and visitor satisfaction

while also promoting social and economic progress (Geng et al.,

2021). Moreover, the positive effect of trade opening on economic

growth is greater than the contribution of economic growth to trade

opening (Yu and Sun, 2020).While, from a provincial standpoint in

China, the five development concepts of “innovation, coordination,

green, opening-up, and sharing” have led to a continual growth in

HQD of ethnic minority areas (Shi et al., 2018). For example,

Chongqing’s high-quality economic development is gaining

traction, producing fruitful results in a variety of fields. The

main reasons for promoting progress in Chongqing are

economic development, innovation, ecological civilization, and

infrastructure construction (Huang et al., 2019). Although each

of these theoretical perspectives provides important insights into

HQD, it is critical that researchers begin to systematically evaluate

and predict HQD to gain further insight into the context of

academic research and management practice.

In terms of researchmethodologies, multi-index comprehensive

evaluation methods may be divided into subjective weighting

evaluation methods and objective weighting evaluation methods

(Kong et al., 2020). The subjective weighting evaluation technique,

for example, takes a qualitative approach in which experts make

subjective judgements based on experience to derive weights prior to

thoroughly testing the indicators (Hedelin et al., 2017). While the

objective weighting evaluation approach allows for weights based on

indicator correlation or the coefficient of variation of each indicator

(Cairns and Martinet, 2014). The subjective weighing evaluation

method is influenced by human factors, and there may be some

subjective arbitrariness, therefore there is a possibility of inaccuracy

(Huang et al., 2018). As a result, we decide to put theHQD to the test

using the standard objective weighing evaluation method entropy.

Furthermore, there has been a lack of original research into the

effects of the COVID-19 outbreak, with the goal of improving

assessment, interpretation, and simulation estimation. BP neural
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networks can analyze and simulate past data to enable prediction of

future trends, and this training includes the effect of uncertainty

(Yang et al., 2021). Therefore, we will assess the impact of COVID-

19 and forecast the future trend of high-quality development using

HQD evaluation results.

Overall, current studies have laid the foundation for the

analysis of HDQ. However, we still need to conduct in-depth

research in three aspects: 1) A system HDQ evaluation index

must be designed. 2) A case of HQD in a region should be verified

by a scientific evaluation system and prediction. Obviously, this

evaluation system should include five concepts of HQD that

represent social, economic, and environmental dimensions,

while the prediction should also consider the impact of

COVID-19. 3) Predictions based on regional sustainable

development experience and considering uncertain factors can

be used for reference in the decision-making of future

development in other regions. Thus, we first selected data

from 2010 to 2020 for 17 prefecture-level cities in Hubei

Province, established a multi-level evaluation system that

reflects the connotation of China’s HQD, which includes

“innovation, coordination, green development, opening, and

sharing.” Second, we used the entropy method to calculate the

HQD values under the established evaluation system, and used

the BP neural network method to simulate the values of the past

years. We predicted the future trend of HQD based on the impact

of COVID-19. Based on this, we tried to present the state of

China’s sustainable development through empirical analysis and

the temporal and spatial evolution of HQD in a certain region of

China, as well as make predictions based on empirical data to

provide reference for other regions.

2 Materials and methodologies

2.1 Study area

Hubei Province, which consists of 17 prefectures and cities,

is located in central China, in the middle reaches of the Yangtze

River, as shown in Figure 1. The main channel of the Yangtze

River passes through Yichang, Jingzhou, Xianning, Wuhan,

Ezhou, Huanggang, and Huangshi. It is also an important

province along China’s “Yangtze River Economic Belt.”

Wuhan is the largest city in Hubei, while Yichang and

Xiangyang are medium-sized and Qianjiang and Xiantao are

small. Xiangyang and Jinmen are industrial cities, while

Shennongjia and Enshi are ecological environment

protection areas. For a long period, the Hubei Provincial

Government coordinated and promoted comprehensive

green development reform and the transformation of

economic growth. Hubei Province is emerging as a model in

the process of national high-quality development, with its

strategic development mainly reliant on the Yangtze River

Economic Belt (HQD).

2.2 Index system establishment and data

2.2.1 Index system
For scientifically developing an HQD index framework, a

thorough understanding of the concepts of high-quality

economic development is required. HQD is the modern

paradigm’s connotation of “innovation, coordination, green

development, opening up, and sharing,” and it might

successfully answer people’s growing needs for a better life

(Zhang T., 2020). Economic growth is a prerequisite for

policymaking, “innovation” is the main driver of HQD,

while coordinated development will narrow regional

disparities, which is an endogenous feature of HQD (Guo

et al., 2020). Sustainable economic growth is defined as the

efficient use of natural resources combined with scientific

environmental conservation. Sharing the fruits of economic

development will enhance social well-being, which is an

inevitable requirement of HQD, and “opening-up” will

facilitate regional exchanges, drawing more resources and

advanced technologies (Hamilton, 1999). This relationship is

depicted in Figure 2.

FIGURE 1
(A) The location of Hubei Province in China. (B) Distribution of cities in Hubei Province.
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FIGURE 2
Framework diagram of the connotation of high-quality development.

TABLE 1 High-quality development index system.

Target layer First-level Second-level Third-level Unit Attributes

Index layer Index layer Index layer

High-Quality Development
Comprehensive Index

Economy Growth Level GDP Thousand
Million RMB

Positive

Consumption Level Disposable Income of Urban Residents RMB Positive

Disposable Income of Rural Residents RMB Positive

Investment Level Investment in Fixed Assets Thousand
Million RMB

Positive

Innovation Innovation Output Level Number of Patent Applications Granted Item Positive

Achievement
Transformation Level

Added Value of High-tech Industry
Development

Thousand
Million RMB

Positive

coordination Industry Coordination
Level

Tertiary Industry Output Value/Secondary
Industry Output Value

% Positive

Urban-rural Coordination
Level

Urbanization Rate % Positive

Disposable Income Ratio of Urban and
Rural Residents

% Negative

Green
Development

Resources and
Environment

Raw Coal Consumption Ten Thousand
Tons

Negative

Industrial Sulfur Dioxide Emissions Ten Thousand
Tons

Negative

Industrial Waste-Water Discharge Ten Thousand
Tons

Negative

Opening Up Opening Up Level Total Import and Export Ten
Thousand USD

Positive

Actual Utilization of Foreign Investment Ten
Thousand USD

Positive

Sharing People’s Living Standards Number of Urban Minimum Living Ten Thousand
Persons

Negative
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Based on the findings of the preceding analysis, we developed

a HQD evaluation system for Hubei Province, which includes a

target level, first level, second level, and third-level index.

The quality of comprehensive economic development is the

target layer. The first level adopts the guiding philosophy of

balanced-coordinated development in terms of the quality and

quantity of economic growth and examines the connation of

HQD. We selected overall economic growth in conjunction with

“innovation, coordination, green development, opening up, and

sharing” as indicators of economic growth quality (Shi et al.,

2018; Wang, 2018). The second-level indicator layer has ten

indicators. The amount of growth, consumption, and investment

represents the overall economic output. The level of innovation

output is reflected in the level of transformation of innovation

achievement (Plummer et al., 2018; Ningrum et al., 2022). Green

development takes into account both resources and

environmental circumstances (Hausken and Moxnes, 2018; Lu

et al., 2021). The degree of openness to foreign countries is

denoted by opening-up, whereas the level of living is denoted by

sharing. The system, comprehensiveness, science, practicability,

and comparability core principles are adhered to by the three-

level structure (Polezer et al., 2019; Xu Jianying et al., 2020). The

specific indicator system is depicted in Table 1.

2.2.2 Data
The research data in our article is primarily drawn from the

Hubei Provincial Statistics Yearbook (2010–2020), the City

Water Bulletin (2010–2020), and the China City Statistical

Yearbook (2010–2020). We use the interpolation method to

supplement missing data, and the average growth rate is used

to adjust the data for abnormal data values.

2.3 Methodologies

2.3.1 Entropy
The entropy method is a mathematical method for

determining the dispersion of an index. The greater the

dispersion, the greater the impact of this index on systematic

evaluation. As a result, information entropy can calculate the

weight of each indicator and, based on the variation of various

indicators, provide a foundation for a comprehensive evaluation

of multiple indicator (Huang et al., 2018). The following is the

detailed procedure.

First, we normalize the entire set of indicators to eliminate

indicator inconsistency. If the evaluation system has “n”

indicators and “m” samples (the data for each year in the

research area is considered a participating sample), the data of

each participating sample can be recorded as a data column, and

the i-th participating sample can be recorded as a comparison

data column, as shown below.

Xi � {Xi(1), Xi(2), ..., Xi(n)}, (i � 1, 2, ..., m) (1)

For the positive index, the normalized of the j-th index can

use Equation 2:

Mi(j) �
Xi(j) −min

i
Xi(j)

max
i

Xi(j) −min
i

Xi(j)
, i � 1, ..., m; j � 1, ..., n (2)

For negative indicators, the normalized of the j-th indicator is

Equation 3:

Mi(j) �
max

i
Xi(j) −Xi(j)

max
i

Xi(j) −min
i

Xi(j)
, i � 1, ..., m; j � 1, ..., n (3)

Then we used these normalized indicators to calculate their

weight. To calculate the proportion of index j in the total value of

all regional indexesbij, we use Equation 4:

bij � Mij
′

∑m
n�1

Mij
′

(4)

The information entropy of index j in the i-th area ejcan be

calculated as Equation 5:

ej � − 1
ln n

∑n
i�1
bij ×ln bij (5)

Last as Equation 6, the influence weight of index j of first-

level index is wj:

wj � 1 − ej∑6
j�1(1 − ej) (6)

2.3.2 BP neural network
A three-layer BP neural network with input, output, and a

nonlinear hidden layer can accurately approximate a continuous

nonlinear function in the closed interval, completing any

FIGURE 3
Three-layer BP neural network function relationship.
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n-dimensional to m-dimensional mapping relationship. As a

result, when designing the BP neural network structure in our

paper, only one hidden layer is specified, resulting in a three-layer

BP neural network (input layer, hidden layer, and output layer

shown in Figure 3).

The input layer consists of the high-quality comprehensive

development index of each city in Hubei Province from 2010 to

2020, and the output layer comprises the high-quality

comprehensive development index of each city from 2021 to

2025. We used the time series forecast recursive method and

historical data because of the characteristics of the data

organization. Then, for training, we input 2-year data to

forecast the next year’s data, thus there are 11 input nodes

and 5 output nodes.

The number of nodes in the BP neural network’s hidden

layer will influence the BP neural network’s prediction

accuracy. The training time increases as the number of

nodes increases, and the network is prone to over-fitting. If

the number of nodes is too small, the network cannot learn

effectively, and training accuracy suffers as a result. There is

no exact formula for determining the optimal number of

hidden layer nodes. In our paper, we chose the following

Equation 7 to calculate the optimal number of hidden

layer nodes based on the characteristics of input and

output nodes:

l � �����
m + n

√ + a (7)

Among them:n is the number of nodes in the input layer, l is

the number of nodes in the hidden layer, m is the number of

nodes in the output layer, and a is a constant between [0, 10]. In

our article, the predicted input variables are 9 and the output

variables are 6. Based on the above formula, the number of

hidden layers is 5.

The initial settings of the network are as follows: the weight

from the input layer to the hidden layer is wij, the weight from

the hidden layer to the output layer iswjk, the bias from the input

layer to the hidden layer is aj, and the bias from the hidden layer

to the output layer isbk. The learning rate is η, and the activation

function is f(x). Among them, the form of the excitation

function is:

f(x) � 1
1 + e−x

(8)

The output of the hidden layer is:

Hj � f⎛⎝∑n
i�1
wijxi + aj⎞⎠ (9)

The output of the output layer is:

Ok � ∑l
j�1
Hjwjk + bk (10)

The error function is:

E � 1
2
∑m
k�1

(Yk − Ok)2 (11)

Among Equation 11, Yk is the expected output, we denote

ek � Yk − Ok, then E can be expressed as:

E � 1
2
∑m
k�1

e2k (12)

we should constantly adjust the weight and threshold of the

network to minimize the error function E.

The update formula of the weight is:

⎧⎪⎨⎪⎩ wij � wij + ηHj(1 −Hj)xi∑m

k�1wjkek
wjk � wjk + ηHjek

(13)

The update formula for the bias is:

⎧⎪⎨⎪⎩ aj � aj + ηHj(1 −Hj)∑m

k�1wjkek
bk � bk + ηek

(14)

At last, we set the BP neural network-learning rate η, training

accuracy and maximum training times to 0.00001, 0.000001 and

1000, respectively.

3 Results

According to the method system established in Table 1, after

substituting the data, the weight of Hubei Province in the five

concepts of high-quality development can be calculated. Figure 4

depicts the Hubei Province’s high-quality evaluation results

using the Entropy Method.

FIGURE 4
High-Quality evaluation weights of indicators at first-second
levels.
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Here, the economic development weight in the overall first-

level indicator evaluation is 0.192, whereas the weight of

opening-up and innovation indexes are higher than those of

other indexes, which are 0.379 and 0.278, respectively. It

demonstrates that the economic level continues to play an

important role in regional high-quality measurement, but for

Hubei Province, “opening-up” and “innovation” are the primary

drivers of regional differences “coordination”, “green” and

“sharing” rank the last three, with weights of 0.095, 0.039, and

0.019, respectively. This means that Hubei Province’s regional

coordination, ecological economy, and public services are

suffering from development flaws. The weights of the third

level indicators are 0.211, 0.168, 0.150, and 0.128, respectively,

for actual use of foreign investment, total import and export,

patent application authorization, and an increase in the

development of high-tech industries. While the number of

urban residents receiving subsistence allowances, the

disposable income ratio of urban and rural residents, and raw

coal consumption all account for relatively small percentages of

0.019, 0.016, and 0.009, respectively. This shows the importance

of promoting technological innovation and expanding reform,

and opening-up for HQD.

When the data of the seventeen prefectures and cities in

Hubei Province are substituted into the high-quality

comprehensive development evaluation system, the

comprehensive level of high-quality development in each

region can be showed in Table 2. We can find that, from

2010 to 2020, Wuhan consistently ranked first, with average

annual comprehensive index scores exceeding 0.5, accounting

for half of the comprehensive index of Hubei’s HQD and

showing its strong comprehensive development capabilities.

The cities of “Xiangyang”, “Huangshi”, “Yichang”, and

“Ezhou” are ranked 2–5. Yichang’s ranking has risen

significantly since 2013, from fifth to third. Shiyan has

risen from tenth to sixth place for average, and it is now

ranked fourth among all regions, making it the region with the

greatest progress in 2019. Xiangyang City has the highest

average annual score of 0.073, which is less than one-seventh

of the Wuhan Development Index. While Shennongjia has the

lowest score, its average annual comprehensive index value is

only 0.012, which is 1/46 of Wuhan’s Comprehensive

Development Index, demonstrating the enormous inter-

regional development gap.

We used ArcGIS software to divide the 5-level breaking point

to analyze the high-quality “innovation” index, “coordination”

index, “green” index, “opening-up” index, and “sharing” index of

17 cities in Hubei Province from 2010 to 2020 (as shown in

Figure 5).

According to Figure 5, the six indexes of “economy,

innovation, coordination, green development, opening-up, and

sharing” in 17 cities in Hubei Province fluctuated in certain ways

between 2010 and 2020. The “Innovation” and “Opening-up”

indices fluctuate significantly, while the “Green” and “Sharing”

indices fluctuate slightly. The six types of indicators show a rising

trend overall, but there are significant differences between the

region’s development indicators.

In terms of time, although most of the indexes of HQD in

Hubei Province have shown an upward trend because of the

TABLE 2 Comprehensive index and ranking of high-quality development of Hubei provinces (2010–2020).

Region 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Wuhan 0.559 (1) 0.550 (1) 0.504 (1) 0.492 (1) 0.508 (1) 0.509 (1) 0.491 (1) 0.499 (1) 0.524 (1) 0.513 (1) 0.544 (1)

Huangshi 0.051 (3) 0.055 (2) 0.054 (3) 0.053 (3) 0.049 (5) 0.034 (5) 0.044 (5) 0.036 (7) 0.040 (4) 0.037 (5) 0.035 (5)

Shiyan 0.024 (10) 0.027 (10) 0.030 (8) 0.029 (9) 0.030 (8) 0.031 (7) 0.047 (4) 0.043 (5) 0.032 (8) 0.047 (4) 0.041 (4)

Yichang 0.043 (5) 0.031 (7) 0.046 (5) 0.047 (5) 0.049 (4) 0.067 (3) 0.060 (3) 0.045 (4) 0.058 (3) 0.050 (3) 0.046 (3)

Xiangyang 0.055 (2) 0.055 (3) 0.080 (2) 0.078 (2) 0.077 (2) 0.082 (2) 0.083 (2) 0.069 (2) 0.079 (2) 0.073 (2) 0.073 (2)

Ezhou 0.046 (4) 0.044 (4) 0.048 (4) 0.050 (4) 0.049 (3) 0.030 (9) 0.033 (8) 0.046 (3) 0.024 (10) 0.020 (12) 0.019 (14)

Jingmen 0.023 (11) 0.023 (11) 0.025 (11) 0.027 (11) 0.026 (10) 0.032 (6) 0.034 (7) 0.032 (9) 0.035 (6) 0.036 (6) 0.027 (9)

Xiaogan 0.031 (7) 0.034 (6) 0.033 (7) 0.035 (7) 0.034 (7) 0.036 (4) 0.036 (6) 0.036 (8) 0.037 (5) 0.035 (7) 0.033 (6)

Jingzhou 0.033 (6) 0.034 (5) 0.034 (6) 0.036 (6) 0.036 (6) 0.030 (8) 0.028 (10) 0.041 (6) 0.033 (7) 0.032 (8) 0.032 (7)

Huanggang 0.027 (8) 0.029 (8) 0.027 (10) 0.029 (10) 0.028 (9) 0.029 (10) 0.030 (9) 0.029 (10) 0.027 (9) 0.029 (9) 0.028 (8)

Xianning 0.021 (12) 0.019 (12) 0.018 (12) 0.020 (12) 0.020 (12) 0.022 (12) 0.020 (12) 0.023 (11) 0.022 (12) 0.023 (10) 0.021 (11)

Suizhou 0.025 (9) 0.028 (9) 0.028 (9) 0.030 (8) 0.027 (11) 0.023 (11) 0.023 (11) 0.022 (12) 0.023 (11) 0.023 (10) 0.020 (12)

Enshi 0.013 (14) 0.017 (13) 0.017 (13) 0.016 (14) 0.016 (14) 0.018 (13) 0.017 (13) 0.019 (13) 0.015 (14) 0.020 (12) 0.020 (12)

Xiantao 0.015 (13) 0.015 (15) 0.016 (14) 0.017 (13) 0.017 (13) 0.016 (14) 0.015 (14) 0.017 (14) 0.014 (15) 0.017 (14) 0.023 (10)

Qianjiang 0.012 (16) 0.013 (16) 0.013 (16) 0.014 (16) 0.014 (16) 0.014 (16) 0.014 (15) 0.016 (15) 0.016 (13) 0.014 (16) 0.012 (16)

Tianmen 0.013 (15) 0.016 (14) 0.016 (15) 0.015 (15) 0.015 (15) 0.015 (15) 0.013 (16) 0.016 (16) 0.013 (16) 0.016 (15) 0.014 (15)

Shennongjia 0.009 (17) 0.011 (17) 0.012 (17) 0.012 (17) 0.010 (17) 0.013 (17) 0.012 (17) 0.013 (17) 0.009 (17) 0.014 (17) 0.012 (16)

Note: Within the brackets are the rankings of each city’s comprehensive economic development quality index.
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continuous effect of policies, corresponding indexes of specific

years in some regions have shown fluctuations. During

2012–2013, the “innovation” index in Wuhan, Xiaogan, and

Xianning City fell by 8.3%, 6.7%, and 2.6%, respectively. In

the year 2017–2018, the “green” index of Yichang,

Huanggang, and Jingzhou Cities fell by 9.3%, 4.2%, and 5.3%,

respectively, while the “Green” Index fell 5.3% in Jingmen. And

in 2018, “opening-up” index of Enshi and Xiantao fell by 98%

and 99%, respectively. Besides, the economy of nearly all regions

in Hubei Province dropped in 2019–2020, as did the

“Innovation” index. Expect for Wuhan, “opening-up” index of

other cities has likewise shown a declining trend. However, in the

last 2 years, the “green” index of each city has increased

significantly.

Wuhan has an unrivaled lead in the development of

“economic, innovation, and opening-up” indexes, with an

average evaluation score of nearly 30 times that of other

regions. Wuhan and Shennongjia maintained a lead in the

coordination index, indicating that the development mode is

closing the development gap between the two poles. The central

regions of Hubei have a slightly higher coordination index than

the western and eastern regions. The “green” index, which uses

negative indicators as an evaluation system, played a role in

narrowing the vast gap caused by “opening-up” and the

“economic” index to some extent. The green index evaluation

scores for the province are relatively average, with fewer time

fluctuations. Cities in mountainous areas, such as western Hubei,

have higher green index scores. The “green” index in each region

FIGURE 5
(A) Time and space chart of economic index. (B) Time and space chart of innovation index. (C) Time and space chart of coordination index. (D)
Time and space chart of green index. (E) Time and space chart of opening-up index. (F) Time and space chart of sharing index.
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has mushroomed, with noticeable changes since 2015. The

overall “opening-up” index is trending upward. “Opening-up”

index of cities along the Yangtze River or surrounding Wuhan is

slightly higher than in other regions, whereas the western region

and the mountainous area of eastern Hubei are less open (Liu

et al., 2020). The overall fluctuation of the “sharing” index, like

that of the “green” Index, is relatively small, and the level of

“sharing” has increased since 2015.

Hubei Province, in particular, has a low overall evaluation

score in six high-quality evaluation indexes: economy,

innovation, coordination, green, opening-up, and sharing. Its

high-quality development potential and availability are still

substantial. There is some variation in the temporal sequence,

but there is a significant spatial variance in regions.

According to the BP neural network prediction findings,

Hubei Province’s HQD will exhibit an increasing trend in the

next 6 years, from 2021 to 2025, as is shown in Figure 6A, the

average value of HQD goes higher. This is due to the continuing

effect of various policies and the continued emphasis on HQD in

various regions (Zameer et al., 2020). However, the overall

development in the next 5 years will fluctuate in some years

due to the new COVID-19 epidemic and policy adjustments. Our

results show, over 80% of regions experienced a decline in 2019,

but this situation will improve by 2022. Figure 6 illustrates the

COVID-19-influenced average forecast findings and growth rate

patterns.

According to Figure 6, Wuhan City still has a competitive

advantage that cannot be replaced by the development of the

province. The level of HQD will fluctuate and rise in the coming

years, but its average value of HQD will remain nearly ten times

higher than that of other regions. Xiangyang and Yichang City

will take second and third places, respectively, while the overall

HQD value of Jingzhou, Jingmen, and Xiaogan will accelerate.

Despite improvements in high-quality development, the HQD

potential of Xiantao, Tianmen, Qianjiang, and Shennongjia is

insufficient, and overall development remains languished. The

average HQD value of various regions in Hubei Province will

decrease by about 5% over the next few years. Based on the

average forecast of HQD, the COVID-19 has a significant impact

on the HQD level of various regions in Hubei Province. Prior to

2019, as is shown in Figure 6B, we discovered that, while year-on-

year growth of high-quality development in various parts of

Hubei Province was rather moderate, and there were clear

variances in the growth circumstances of various regions

(Ding and Zhang, 2021). However, implying to the current

pandemic situation, the HQD of various regions in Hubei

Province has steadily slowed and almost all regions are in a

state of negative growth after 2019.

According to the above findings, coastal cities along the

Yangtze and Han rivers will profit from national plans such

as the Yangtze River Economic Belt, the Han River Economic

Belt, and the Yangtze River Protection. The ecological and water

conservation function division region will have green

development conditions (Luna-Nemecio et al., 2020). While

the regional disparity remains significant, the value of the gap

will steadily decrease. Furthermore, the COVID-19 will have a

significant influence on Hubei Province’s high-quality growth.

4 Discussion

For a long time, we have typically realized sustainable

development through the interpretation of macroscopic

meaning or the influence of economic growth mode. Hediger

analyzed the relationship between sustainable development and

social welfare (Hediger, 2000). Roseland believed that sustainable

development is economic joint growth of the environment and

society (Roseland, 2000). These explanations must interpret the

policy’s connotation to analyze it. Therefore, we interpret the

connotation of China’s high-quality development, and analyze

the impact of this development method from five aspects:

innovation, coordination, green, opening-up, and sharing. In

FIGURE 6
(A) Average value of HQD forecast. (B) Average (2021–2025) increase rate of HQD due to COVID-19.
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fact, many scholars have discussed individual dimensions such as

innovation and green in the study of high-quality regional

development, and Zhang et al. believes that green

development is the connotation of high-quality regional

economic development (Zhang and Liao, 2019; Kong et al.,

2021) and Wang found that innovation is the fundamental

driving force for sustainable development (Wang and Luo,

2020). Measuring the impact of development policies through

the establishment of a specific assessment system will be a

valuable endeavor to get an in-depth understanding of the

impact of China’s high-quality development policies and gain

inspiration. The HQD includes not only the reasons for the free

economy’s development, as mentioned in free economic theory,

but also structural changes in development economics, as

mentioned by the famous Chinese scholar Lin Yifu (Linnér

and Wibeck, 2020; Arocena and Sutz, 2021). From a national

standpoint, “innovation, coordination, green, opening-up, and

sharing” reflects the current social and economic development

requirements of China. Just as we analyzed Hubei Province, Guo

and Zhang analyzed the economic growth of Chongqing and the

Yangtze River Economic Belt (Huang et al., 2019; Liu et al., 2020).

They found that the lack of green development and innovative

development in Chongqing has dragged down the overall level of

high-quality development. The level of coordination and

openness in the Yangtze River Economic Belt is relatively low,

with only 30.5% of the regions performing well, which is roughly

the same as Hubei Province’s 28.1%. This most likely suggests

that many Chinese provinces and cities are in the same situation

and experience the same development challenges (Tu et al., 2021;

Yang et al., 2021).

According to the research findings, Wuhan, the capital of

Hubei Province, ranks substantially better than other places in

terms of high-quality development indicators, 10 times higher

than neighboring cities and about 50 times higher than the most

developed areas. This shows that provincial capitals or large cities

in each province occupy a dominant position in HQD in China at

this stage of rapid urbanization. This position is reflected not only

on the economic scale but also in all dimensions of HQD (Yu and

Hu, 2018). Large cities frequently have inherent advantages in the

development process due to their huge attraction to talents,

capital, energy, and others. These advantages are often the

result of the accumulation of technology, innovation, and

policy convergence during the development process, which

will eventually result in an increase in inter-provincial

regional differences (Jayasooria, 2016; Medvedev, 2016). As a

result, large cities squeeze small cities out in the process of HQD.

Small city resources are diverted to neighboring large cities,

resulting in slow HQD. Hence, government policies must

favor small cities to promote high-quality innovation and

coordinated development. As a central province, Hubei

Province has a low overall level of open development,

particularly in small and medium-sized cities. In this

indicator, Wuhan has the highest advantage, extending the

gap with other cities. Despite China’s increasing degree of

openness, particularly as open industries and policies relocate

from the coast to the inland, there is still potential for

development in this area (Kong et al., 2020). Although the

western region of Hubei, particularly Shennongjia, Shiyan, and

Enshi, have ecological functions and a green economy, this

advantage has not been extended to cities in the central and

eastern regions. Based on this, we can conclude that economic

growth is still required to support green development. The

ecological industry system has yet to form a sustainable

foundation that can promote green development. Eastern

region of economic development can gradually make up the

gap in green development by investing more capital in improving

the ecological environment. The region’s development will be

boosted by the region’s opening, which impact green

development (Scherer et al., 2018; An et al., 2022). As a result,

to achieve HQD, it is necessary to find an appropriate scientific

path that promotes both openness and green development.

“Sharing” reflects a region’s level of social security. Overall,

the level of social security in Hubei Province is average; however,

there is a disparity in shared development between urban and

rural areas, with higher standards for urban social security and

welfare. There are also distinctions between cities. This is related

to economic development in both urban and rural areas. To

minimize the impact of inter-regional and historical economies

in shared development, each city government must unify

guarantee and welfare distribution standards, as well as

incorporate the contribution of green development to build an

inter-regional compensation guarantee system (Ismail and

Kemal, 2017; You and Zhang, 2017).

The COVID-19 has severely reduced the needs of residents,

has had a negative impact on the economic and social life of the

area where it occurred. It also generated a negative impact on

residents’ employment opportunities and the development of

various elements of the city (Debata et al., 2020). As a result,

following the COVID-19, the affected areas must develop long-

term policies to restore production and consumption.

5 Conclusion and recommendation

In this paper, we use the entropy method to measure high-

quality development in Hubei Province from 2010 to 2020,

focusing on “innovation, coordination, green, opening-up, and

sharing.” Under the effect of COVID-19, the BP neural network

was used to predict future high-quality development. Based on

our research, we have drawn the following conclusions:

First, the Chinese-style high-quality development assessment

is a multi-dimensional measurement that includes indicators of

“innovation, coordination, green, opening, and sharing”. Second,

in high-quality development, “economic” is still the foundation,

while “opening-up” and “innovation” remain the primary drivers

of regional disparities. Judging from the results of China’s
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provincial high-quality development assessment, the high-

quality development of various regions in Hubei Province is

not coordinated. The quality of Hubei Province’s economic

development is rising with volatility, but there are also issues

of insufficient overall development, incoordination between

dimensions, and imbalance in regional development. Finally,

from the perspective of time and space, the overall level of high-

quality development shows a fluctuating upward trend, and the

degree of development between regions is in a state of

incoordination. Affected by COVID-19, the overall

development level of Hubei Province has declined sharply

from 2019 to 2021, but it will gradually improve from 2022.

In terms of space, the development level of larger cities such as

Wuhan is much higher than small remote cities. The

development gap between regions is constantly widening

under the influence of “innovation and opening".

Thus, we suggest the following recommendations.

1) Because economic development and innovation play such an

essential part in high-quality development, the entropy weight

measure results suggest that the total relative growth rate of the

economy should be the fundamental criterion for ensuring

high-quality development. The government should prioritize

reform, promote economic structure optimization, and

reinvent the macro-control mode in order to achieve

comprehensive and coordinated development targets. All

cities should seize the second round of global information

and biotechnology progress to strengthen independent

innovation capabilities, promote core technology research

and development. Similarly, they should improve people’s

training in fundamental technologies and the technological

content of economic and social development.

2) All localities should advocate for green development path that is

both resource-efficient and environmentally friendly. They should

encourage the growth of ecological economies and green industry

cultivation. Policies should be developed in places such asHubei to

improve the relevance of policy formulation and implementation,

as well as to actively promote the coordination of regional, urban,

and rural development.

3) Governments and organizations should be more proactive in

their reform and opening efforts. They must fully capitalize

on their comparative advantages, which can increase the

efficiency of foreign capital utilization, and fully realize the

critical goal of mutual benefit and win-win outcomes. We

must adhere to the concept of people-oriented development,

which involves reducing income disparities between

residents, improving people’s living conditions,

strengthening the social security system, and supporting

and integrating targeted poverty alleviation programs.

Following COVID-19, particularly in affected areas such as

Hubei, policies introduced must have long-term measures to

restore output and consumption while mitigating the

outbreak’s adverse impact.

This article also has some limitations in terms of quality

development evaluation research. The article only considers the

factors specified by the policy. Subsequent studies will consider

sensory evaluation that can reflect residents’ perceptions of

high-quality development, which will make the evaluation

system more complete. In addition, we only generated the

training set according to the empirical data of the years of

the COVID-19, which can reflect the timely impact of the

epidemic on regional development to some extent. However,

the impact of epidemics is generally long-term and with a

certain lag, and later researchers may consider long-term

impact assessment and prediction.
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