
AIMS Mathematics, 8(10): 24825–24847. 

DOI: 10.3934/math.20231266 

Received: 09 July 2023 

Revised: 13 August 2023 

Accepted: 15 August 2023 

Published: 23 August 2023 

http://www.aimspress.com/journal/Math 

 

Research article 

Statistical monitoring of economic growth momentum transformation: 

empirical study of Chinese provinces 

Yixian Wen1 and Yanting Xu2,* 

1 School of Business, Hunan Institute of Technology, Hengyang 421002, China 
2 School of Economics and Statistics, Guangzhou University, Guangzhou 510006, China 

* Correspondence: Email: 2112164136@e.gzhu.edu.cn. 

Abstract: Statistical monitoring of the level of economic growth momentum transformation is the 

basis for implementing quantitative policies for economic growth transformation. Based on theoretical 

analysis and combined with the process of national economic operation, this paper designs an 

economic growth momentum transformation monitoring indicator system consisting of four 

dimensions, supply and demand, factors, consumption and trade, using a comprehensive evaluation 

method to compile the economic growth momentum transformation level index. Using mainland 

China's provincial data from 2002 to 2021, we calculated the economic growth momentum 

transformation level of each province and extracted corresponding characteristics. The research found 

that the economic growth momentum transformation level of provincial economies in China exhibits 

stage-wise and dimensional differentiation over time, and it has category agglomeration and tiered 

transfer characteristics in space. 
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1. Introduction and literature review 

In the 21st century, there have been significant changes in the global economic development 

pattern, accompanied by corresponding transformations in the economic development models of 

various economies. Developed economies in Europe and America have traditionally relied on deficit 
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financing and personal credit to drive economic growth, resulting in an economic development model 

centered around credit-based consumption. However, major financial events such as the 2008–2010 

U.S. subprime mortgage crisis and the Greek sovereign debt crisis have gradually led to a shift in the 

economic development model of these developed economies, transitioning from the virtual economy 

to the real economy [1,2]. In the East Asian region, economies have played a pivotal role in the 

international economic cycle by providing low-cost labor and products, primarily relying on high 

savings to promote economic growth. With the enhancement of technological capabilities and a higher 

global value chain position, East Asian economies have started to focus not only on low-cost labor and 

products but also on technological innovation and high value-added industries in their economic 

production activities. As their technological capabilities have improved, East Asian countries have 

made significant progress in the field of information technology [3,4]. The rapid development of 

information technology and the wave of digital transformation have provided new impetus and 

opportunities for economic growth in East Asian countries. Countries such as Russia and those in the 

Middle East and Latin America, characterized by abundant energy and resources, mainly rely on the 

provision of energy and resources for their economic growth [5]. However, with the adjustments and 

developments in energy strategies by countries like the United States, the landscape of energy and 

resource markets is gradually changing [6]. In general, due to their own conditions, resource 

endowments and changing development needs, different economies have witnessed a transformation 

in their economic growth momentum. 

Economic growth momentum transformation refers to the conversion of momentum during the 

process of economic growth. It encompasses two core elements: economic growth momentum and the 

transformation of economic growth momentum. Momentum is a common term in physics, referring to 

the energy possessed by an object due to its motion. The concept of momentum has also been 

introduced in economics as economic momentum. Economic momentum generally refers to the 

production efficiency generated through innovation and creation, relying on natural resources and 

regional advantages. From the above definitions of momentum, it can be seen that economic 

momentum serves as the source of growth for various economic entities. Based on the analysis above 

and the research objective of this article, the definition of economic growth momentum is further 

specified as follows: Economic growth momentum refers to the economic benefits generated by 

humans through various factors, such as result creation and reconstruction, which ultimately manifest 

in sustainable economic growth. By delineating economic growth momentum, the fundamental 

connotations associated with it can be derived. First, factors serve as the source of economic growth 

momentum. One of the contributing factors to economic growth is human beings, who generate 

economic benefits through their interactions with other factors. Other sources of economic growth 

include capital, technology and emerging factors like data, which have gradually emerged with the 

advancement of information technology [7,8]. Second, the integration and reconstruction of various 

factors constitute another source of economic growth momentum. For instance, when laborers acquire 

technological knowledge, their productivity improves, leading to the formation of human capital. The 

full integration of digital elements into various stages of production enhances operational efficiency. 

The transformation of economic growth momentum refers to the dynamic and progressive process in 

which two kinds of economic growth momentum alternately evolve under certain conditions. This 

process is typically characterized by dynamics and gradualness, allowing for the coexistence and 

mutual promotion of both types of momentum. For instance, in the development of capitalism, 

economic growth in the early stage of industrial development primarily relied on labor inputs. However, 
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as the economy advances, monopolistic capital emerges, leading to a dominance of capital-driven 

economic growth. 

The quantitative monitoring of the economic growth momentum transformation level mainly is 

reflected in two aspects. For one thing, the corresponding econometric model is used for analysis. Most 

literature of this kind is based on existing models and uses corresponding methods to decompose the 

original parameters to obtain the level of economic growth momentum transformation. For example, 

the index decomposition analysis method is used to monitor the momentum transformation between 

the new and the old, which is based on the production function: The labor productivity function is 

obtained according to the deviation decomposition method based on share, multi-dimensional 

economic growth momentum is analyzed based on decomposition, and statistical monitoring is carried 

out [9–11]. Some of the literature has established econometric models to detect the level of economic 

growth momentum transformation, usually by estimating the relationships between various economic 

variables and the transformation process and thus determining the key driving factors of 

transformation [12–14]. In addition, some of the literature has established dynamic stochastic general 

equilibrium models for monitoring from the perspective of institutional sector equilibrium [15,16] or 

has adopted factor analysis to determine the basic factors that promote the transformation process to 

establish an index of the transformation level [17]. For another, the comprehensive evaluation method 

is used to monitor the level of economic growth momentum transformation. The literature in this aspect 

is based on the establishment of the indicator system, using the comprehensive evaluation technology 

to summarize the original indicators and various dimensional indicators layer by layer, obtaining a 

comprehensive index for statistical monitoring [18]. Zheng et al. constructed an economic growth 

momentum index from five perspectives (changes in aggregate demand, changes in factor input 

structure, factor productivity growth rate, factor industrial structure transformation and growth 

heterogeneity at different periods) by decomposing the total factor productivity under the Cobb-

Douglas production function [19]. Li constructed a comprehensive index of new and old momentum 

by decomposing the total factor productivity under the stochastic frontier analysis method from three 

aspects: innovation momentum, factor momentum and institutional momentum. They constructed the 

new momentum index and the old momentum index based on the connotation concepts of new and old 

momenta, respectively [20]. 

As China has become one of the major economic powers in the world, its economy has also 

shifted from high-speed growth to high-quality development, entering a critical period of economic 

transformation and upgrading, and the way of economic growth needs to be upgraded from factor-

driven to innovation-driven accordingly [21,23]. Based on this, the economic growth momentum 

transformation in mainland China is quite complicated, both in terms of total growth and regional 

heterogeneity. Therefore, it is of typical significance to study the monitoring of the level of economic 

growth momentum transformation of mainland China's provinces. 

Based on the existing research, the marginal contribution of this paper is mainly reflected in two 

aspects. First, it involves the development of an economic growth momentum transformation level 

index based on the operation of the national economy. Previous studies have evaluated economic 

growth factors comprehensively, but the interrelationships between these factors violate the statistical 

principle of non-redundancy and completeness. By using the operation of the national economy as the 

basis for evaluating economic growth momentum transformation levels, this research can better 

monitor momentum transformation levels while also fully taking into consideration the national 

economic operating process. Second, this paper summarizes the spatiotemporal evolution of economic 
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growth momentum transformation. While many studies have focused on the results of a comprehensive 

evaluation, the evolution trend of the level of economic growth momentum transformation has not 

been analyzed in depth. This paper, therefore, summarizes the fundamental characteristics of economic 

growth momentum transformation levels based on measured results. 

The rest of the paper is structured as follows: The second part describes the method for developing 

the economic growth momentum index. The third and fourth sections focus on the basic features of 

the Chinese provincial economic growth momentum transformation level: The third section analyzes 

the evolution characteristics, and the fourth section presents the spatial features. The fifth part offers 

the conclusion of the research. 

2. Methodology for compiling the index of economic growth momentum transformation level 

Index compilation is essentially a multi-index comprehensive evaluation method. Therefore, the 

methodology follows the general process of a comprehensive evaluation, including steps such as 

constructing the indicator system, selecting weights and compiling the index. 

2.1. Construction and standardization of the indicator system 

From the perspective of the status-driven outcome of economic transformation momentum, it 

encompasses factors such as factor levels, supply-demand structure, trade linkages and efficiency 

elements. Economic momentum factors serve as the primary basis for decision-making by 

microeconomic entities, including the investment of new factors, improvements in the efficiency of 

existing market factors, optimization of overall factor allocation and the application of new business 

models. The productivity of microeconomic entities plays a foundational role in the mechanism of 

economic growth momentum transformation. Supply-demand structure encompasses three aspects: 

supply-side, demand-side and supply-demand equilibrium. The supply-side provides the conditions of 

institutions, structures and efficiency necessary for the transformation of economic growth momentum. 

For instance, in a planned economy, the allocation of resources plays a decisive role in the process of 

resource allocation, achieving optimal allocation of factors and resources [22,23]. The implementation 

of restrictive policy frameworks on carbon emissions guides industries towards transformation and 

upgrading, towards high-end and green-oriented development. Additionally, investment in and 

utilization of research and development innovation contribute to enhancing total factor productivity 

and labor productivity. On the demand side, investment and trade-related inputs are instrumental in 

driving economic growth. The direction of investment in the transformation process of economic 

growth momentum plays a vital role in subsequent sustainable economic development. Supply-

demand equilibrium mainly refers to the structural alignment between supply and demand, such as the 

mismatch between the demand for high-end consumption by residents and inadequacies in high-end 

production, which pose structural challenges. Trade linkages refer to the interdependence of supply 

chains and industrial chains influenced by global networks under the backdrop of economic 

globalization. Achieving synergy with other economic entities at network or chain nodes is crucial for 

maintaining the resilience of economic development during the transformation of economic growth 

momentum. Efficiency plays a critically important role in the transformation of economic growth 

momentum. Efficiency encompasses the efficiency of factors themselves, as well as the efficiency 

during the operation of economic growth. Upgrading factor efficiency, incorporating new factors and 
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attaining optimal factor allocation contribute to enhancing factor efficiency. Improving economic 

institutional innovation and the transformation of government functions are involved in enhancing 

efficiency during economic growth and operation processes. These aspects of economic growth 

momentum transformation need to be continuously practiced in China's high-quality development 

process. 

In designing the indicator system, the objectives and outcomes of economic momentum 

transformation should be considered. Different stages have significant roles in the conversion of 

economic growth momentum across each segment of the national economy, with corresponding 

transformation goals to facilitate this conversion. On the supply-demand front, the transformation of 

economic growth momentum is primarily reflected in the production process. The level of production 

and the structure of product demand are important aspects of economic growth momentum 

transformation. Elevating growth levels and efficiency in production processes are the goals of 

economic growth momentum transformation. Factors provide the driving force for economic growth 

and participate in a series of allocation activities in various segments of the national economy. The 

proportion of factor remuneration fully reflects the contributions of factor momentum to economic 

growth, thus primarily impacting the distribution stages of the national economy's operation. The goal 

of economic growth momentum transformation in distribution stages is to enhance factor efficiency 

and facilitate optimal factor allocation [24,25]. Consumption momentum transformation reflects the 

demand for products of different levels in the circulation market by market consumers. It primarily 

involves the conversion level of circulation stages in the operation of the national economy. In the 

circulation stage, efficient organizational efficiency is one of the manifestations of momentum 

conversion. In the consumption stage, the goal of economic growth momentum transformation is to 

continuously improve residents' quality of life and enhance consumption structure [26–28]. In addition, 

the level of foreign trade reflects the economic linkages and cooperation between a country and other 

economies. In the context of globalization, a robust level of foreign trade contributes to accelerating 

the speed of economic momentum transformation to some extent. Based on the above analysis and 

following a target-oriented principle, this paper designs a framework for monitoring the level of 

economic growth momentum transformation based on the segments of the national economy, 

specifically focusing on the dimensions of supply-demand, factors, consumption and foreign trade. 

Upon determining the dimensions of the indicator system, the nature of the specific indicators 

should be considered. Given that the objective of this indicator system is to monitor levels, the 

indicators primarily reflect the current status. It should be noted that when evaluating the state 

indicators and process indicators for the transformation of economic growth momentum, they need to 

be distinguished. The state indicators are used to illustrate the level of transformation and focus on the 

analysis of the results in the stages of momentum transformation [29,30]. The stages in this study refer 

to the results of various momentum transformations each year. The process indicators are mainly 

explained by the driving factors, so they often represent the influencing factors or driving forces for 

the transformation of economic growth momentum [31]. Taking research and development innovation 

as an example, the number of patents obtained is a result indicator that illustrates the ultimate level of 

momentum transformation, but the number of patent applications is a process indicator to some extent 

and cannot be used as an evaluation indicator for the level of momentum transformation, so it can only 

be used as an influencing factor or driving force. Thus, based on principles of importance, scientificity, 

and feasibility this paper constructs an indicator system for monitoring the level of economic growth 

momentum transformation, as shown in Table 1. 
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Table 1. Indicator system for monitoring the level of economic growth momentum transformation. 

Evaluation 

dimension 
Indicator name 

Indicator 

code 
Measurement method 

Supply-demand 

Momentum 

Investment Level Invl The growth rate of fixed asset investment 

Investment Structure Invs 
The proportion of tertiary industry fixed 

investment to total fixed asset investment 

Industrial Structure Inds Industrial structure coefficient 

Industrial Upgrading Indup 
The ratio of the added value of the tertiary industry 

to that of the secondary industry 

Degree of Government 

Intervention 
Gov The ratio of fiscal expenditure to GDP 

Factor 

Momentum 

Human Capital Hcap 
Product of employment and average years of 

education 

Technological 

Innovation 
Innov Patent applications and grants 

Capital Efficiency Cape The ratio of GDP to total fixed capital formation 

Labor Productivity Lapro The ratio of GDP to urban employment 

Consumption 

Momentum 

Survival-type 

Consumption 
Sur The proportion of food and apparel consumption 

Development-type 

Consumption 
Deve 

The proportion of residential and daily necessities 

and services consumption 

Enjoyment-type 

Consumption 
Enjoy 

The proportion of transportation and 

communication, education, culture, entertainment, 

medical and other goods, services consumption 

expenditure 

Trade 

Momentum 

High-tech Exports Htech Export value of high-tech products 

Foreign Trade 

Dependency 
Ftrade The ratio of total import and export value to GDP 

Foreign Capital 

Utilization Level 
Fcap 

The ratio of foreign-invested enterprise investment 

to GDP 

The connotation of each indicator in the design of the indicator system is as follows: 

• Supply-demand momentum: This dimension concentrates on the level at which economic 

growth momentum transforms into activities in sectors like industry and investment. Therefore, the 

selected indicators encompass three major categories: investment on the demand side, industry on the 

supply side and the interplay between government and supply-demand dynamics. The growth rate of 

fixed asset investment measures investment levels, while the proportion of tertiary industry investment 

signifies the direction of investment in the transition of momentum. Using the industry structure 

coefficient, the system evaluates the evolution of industrial structure, whereas the ratio of value added 

between the tertiary and secondary industries serves as a measure of industrial sophistication. To assess 

the impact of government intervention on market supply and demand, the degree of government 

intervention is incorporated as an indicator. 

• Factor momentum: This dimension examines the transformation of economic momentum 

from the perspective of factor contributions. Historically, labor and capital have been viewed as crucial 
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factors for economic growth, with technological innovation gradually gaining recognition as a factor. 

However, employing labor, capital and technological innovation as specific indicators in the factor 

transformation indicator system may exclude emerging technologies and industries. Therefore, the 

indicator system for the factor dimension adopts labor, capital and technological innovation as 

reference points, while also considering the integration of technology with relevant factors. The factor-

side indicators are categorized into two groups: level-oriented and efficiency-oriented. The former 

includes human capital and technological innovation. Human capital is a composite reflecting the 

fusion of the labor force and education level. Technological innovation represents the overall level of 

technological progress following the transformation of economic momentum. The efficiency-oriented 

indicators primarily focus on the contributions of labor and capital to economic growth. They include 

capital efficiency, which measures the effect of each unit of capital on economic output, and labor 

productivity, which indicates the contribution of each unit of labor to economic output. 

• Consumption momentum: This dimension assesses the level and pattern of consumption by 

focusing on consumption structure. Consumption is divided into different levels based on the hierarchy 

of needs and preferences. Survival consumption relates to essential needs required to compensate for 

necessary labor and forms the basis of consumption. Developmental consumption satisfies the needs 

for personal growth and development. Enjoyment consumption enhances the consumer's standard of 

living and satisfies their desire for pleasure and leisure. The consumption structure undergoes a general 

pattern of transformation: At lower levels, a higher proportion of expenditure is allocated to basic 

necessities like food, clothing and shelter. As income increases, the consumption structure gradually 

shifts towards developmental and enjoyment-oriented consumption, with a higher proportion of 

expenditure allocated to these higher-level needs. 

• Trade momentum: This dimension captures the level of trade and economic exchange between 

the evaluated entity and other economic entities in an open economy. It represents a significant 

outcome of momentum transformation. The project monitors trade momentum from three perspectives: 

high-tech exports, trade dependence and foreign investment utilization. High-tech exports primarily 

reflect the level of trade momentum transformation. Trade dependence measures the level of economic 

interaction and cooperation with other economies following momentum transformation. Foreign 

investment utilization reflects the attractiveness of external capital to the domestic economy. 

In the process of summarizing the indicators in the indicator system, original indicators cannot be 

added together directly due to different dimensions, so they need to be standardized. In this paper, the 

cumulative probability distribution method is used to standardize the original indicators, with two core 

steps: 

The first step is to calculate the cumulative probability distribution value for each indicator. 

Assuming that the indicator ξi follows a normal distribution with mean μi and variance σi
2, then the 

corresponding distribution function of indicator ξi is shown in Eq (1). Using this distribution function, 

the cumulative probability distribution values of the corresponding indicators for each year and 

province are calculated. 

𝐹𝑖(𝜉) =
1

√2𝜋𝜎𝑖
∫ 𝑒

−
(𝑥𝑖−𝜇𝑖)

2

2𝜎𝑖
2𝜉

−∞
𝑑𝑥𝑖 , −∞ < 𝑥 < +∞.     (1) 

The second step is to convert the cumulative probability value into a standard value ranging from 

0 to 100. After obtaining the cumulative probability distribution value corresponding to the respective 
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indicators and samples, multiply the corresponding probability distribution value by 100. Depending 

on the nature of the indicator, if the indicator is a positive indicator, the value will be directly used as 

the score for the sample to participate in the subsequent process of comprehensive evaluation. When 

the indicator is negative, we adopt 100 minus the corresponding sample year value of the indicator as 

the standardized evaluation value to participate in the subsequent process of comprehensive evaluation. 

2.2. Selection of index compilation weights 

In this paper, different methods are used for index weighting at different levels. When 

summarizing the original indicators into various dimensional indices, the entropy weighting method is 

used for index weighting, with the specific steps as follows: 

The first step is to construct a dimensionless indicator matrix. Before weighting, this paper has 

already standardized the indicators, so the dimensionless indicator matrix is directly used to construct 

the dimensionless indicator matrix. 

X = (xij)n×m
(i = 1,… ,31; j = 1,2, … ,m).      (2) 

In Eq (2), xij represents the -jth indicator of the -ith province; n and m represent the numbers 

of provinces and dimensional indicators, respectively. 

The second step is to calculate the entropy value of the -jth indicator: 

ej = −
1

ln(m)
∑ Pij ln(Pij)
31
i=1 .        (3) 

In Eq (3), Pij =
zij

∑ zij
31
i=1

 represents the characteristic weight of the -jth dimensionless indicator 

value for the -ith province. 

The third step is to calculate the weight of the -jth indicator: 

wj =
1−ej

31−∑ eij
31
i=1

ej = −
1

ln(m)
∑ Pij ln(Pij)
31
i=1 .     (4) 

When using the entropy weighting method to weigh each indicator, it is important to note that the 

entropy weight of each indicator is calculated based on the annual distribution. This ensures the 

dynamism of the comprehensive evaluation process. This approach is considered for the following 

reasons: The transformation process of economic growth momentum is dynamic, especially for spatial 

panel data, and some indicators have lower variability during the transformation process or have 

already achieved the predetermined goals during the transformation process. At this time, the weight 

of the indicator needs to be lighter, so a dynamic weighting method is required. 

Given the possibility of non-robust scenarios in the weighting process for each dimension and the 

subjectivity caused by organizational behavior, as well as the objectivity of the impact of each 

dimension on the process of economic growth momentum transformation, the paper uses the Analytic 

Hierarchy Process (AHP) to adapt to the combination of subjective and objective weighting, which is 

more consistent with the complexity of the economic growth momentum transformation process. 

When further summarizing the various dimensions, the AHP is used for weighting. The specific 

steps for determining the weights are as follows: 
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First, in the established hierarchical structure model, the importances of the four dimensions are 

compared in pairs. 

Second, the matrix structure is determined. By comparing the relative importances of the four 

dimensions to the transformation of economic growth momentum, the importance matrix A =
(aij)n×n for each dimension is obtained, where aij represents the comparison value of the importance 

of indicator i and indicator j. If the value is greater than 1, indicator ai is relatively more important 

than indicator aj, where ai × aj = 1. The specific values are shown in Table 2: 

Table 2. Scale table for pairwise judgment matrix. 

Scale Meaning 

1 Indicates that two indicators have the same level of importance 

3 Indicates that the first indicator is slightly more important than the second 

5 Indicates that the first indicator is significantly more important than the second 

7 Indicates that the first indicator is strongly more important than the second 

9 Indicates that the first indicator is extremely more important than the second 

2,4,6,8 Indicates the middle value of the adjacent judgments mentioned above 

Reciprocal 𝑎𝑗𝑖 = 1 𝑎𝑖𝑗⁄ , indicating the ratio of the importance of indicator 𝑎𝑗 to indicator 𝑎𝑖 

Third, the consistency ratio is calculated to check the consistency of the weights. 

Fourth, the weight of each dimension is calculated using the arithmetic mean method1. 

2.3. Compilation of the economic growth momentum level index 

We sought the opinions of experts in the macroeconomic industry and macroeconomic research 

in universities to rank the importance of each dimension, and all questionnaire responses were valid2. 

The arithmetic means of the weights determined by each expert were used to determine the final 

weights of each indicator, which are 0.2231, 0.4042, 0.1726 and 0.2002. According to the mapping 

function, the original data are converted, and the weight of the index layer is obtained through the 

entropy weight method. Then, the sub-indices of economic growth momentum transformation in each 

province are calculated. Based on this, after assigning the weights of corresponding dimensions to each 

sub-index of economic growth momentum transformation, the total index of economic growth 

momentum transformation can be constructed. The specific calculation formula is as follows: 

𝐼𝑛𝑑𝑒𝑥 = 0.2231 ∗ D1 + 0.4042 ∗ D2 + 0.1726 ∗ D3 + 0.2002 ∗ D4.  (5) 

 
1Given the maturity of the Analytic Hierarchy Process (AHP) steps, specific calculation processes such as consistency checks and weight 

calculation methods can refer to other relevant references and will not be further elaborated here. The commonly used methods for 

calculating hierarchical weights include the arithmetic mean method, square root method and eigenvector method. In this case, the 

arithmetic mean method was used. 

2We constructed a pairwise comparison table and sent it to 32 experts from different research and practical departments. The AHP method 

was used to calculate the weights of each dimension determined by different experts, and then the weights were arithmetically averaged 

to determine the final weights of each indicator. After calculating the weights, we used the reset sampling method to sample a random 

number of the survey questionnaires to verify the robustness of the weight calculation results, and we found that the results were robust. 
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3. Evolutionary characteristics of China's economic growth momentum transformation level 

3.1. Data sources and description 

The data description includes three dimensions: time, space and frequency. In terms of time, this 

paper selects the sample period from 2002 to 2021. Selecting 2002 as the starting point is due to two 

aspects: the phased process of China's economic system reform and changes in the global economic 

structure. In terms of space, this paper selects provincial regions in mainland China as specific research 

samples. The selection of provincial regions is also due to two aspects: the constraint of the 

administrative management system and the driving mechanism for economic growth momentum 

transformation, and the correlation between the series characteristics of provincial regions and 

economic growth momentum transformation [32]. The data frequency is annual, which is selected 

based on data availability. 

The data used in this paper mainly come from the following sources: first, the China Statistical 

Yearbook of various years. It is worth noting that some data collected from the yearbook cannot be 

directly used for the indicator measurement but need to be sorted or recalculated, such as human capital 

data, which are not directly obtained from the yearbook but calculated with the data of employment 

and average education years. In addition, relevant data are adjusted according to the latest statistical 

caliber. Second, the High-tech Industry Statistical Yearbook of each year was used. The data relating 

to high-tech products in the indicator system come from this yearbook. 

3.2. The overall evolution of the characteristics of the transformation level of China's economic growth 

momentum 

According to the abovementioned methods, relevant provincial data were collected to calculate 

the index of China's economic growth momentum transformation. The results of the calculation are 

shown as the total index of economic growth momentum transformation of each province, which 

includes four sub-indices of four dimensions: supply and demand, factors, consumption and trade 

momentum. To provide a basic description and analysis of the index of China's economic growth 

momentum transformation, this part briefly analyzes the temporal, spatial and dimensional correlations 

of the momentum transformation. 

Based on the calculation results, the annual momentum transformation index and the mean value 

of each dimension were calculated to form a time-series line chart, as shown in Figure 1. 

From Figure 1, it can be seen that the overall trend of economic growth momentum transformation 

is stable with certain periodicity. The overall index of economic growth momentum transformation is 

relatively stable mostly in the range of 45–48. The economic growth momentum showed two 

significant periodical characteristics during the sample period, namely, the period from 2002 to 2009 

and the period from 2010 to 2021. From 2002 to 2009, the economic momentum transformation was 

relatively stable, while the economic momentum transformation showed a significant increase after 

2010. However, after the outbreak of the COVID-19 pandemic in 2020, the economic momentum 

transformation index continued to decline for two consecutive years. This significant periodicity is 

related to major events. The critical point in 2009 was strongly related to the global economic crisis. 

Since 2002, interest rates of countries such as the United States have first dropped and then risen, and 

the real estate market has seen an economic phenomenon of being hot first and then cold. In 2007, the 
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sharp increase in subprime mortgage defaults in the US led to shocks, panics and crises in the 

international financial market. Some EU countries like Greece also experienced a sovereign debt crisis 

in 2008. These global financial crises have had a significant impact on the economic growth 

momentum. At the same time, the turning point of the momentum transformation in 2020 was due to 

the economic impact caused by the COVID-19 pandemic. Since the outbreak of the pandemic, it has 

had a restraining effect on the production, consumption and other links of various countries worldwide, 

thus hindering momentum transformation. 

 

Figure 1. Line chart of the evolution of the momentum transformation index and its 

dimensions over time. 

From the various dimensions of momentum transformation, the indices of all dimensions, except 

for the consumption momentum, have a basic consistency in trend, but there are still certain differences 

among the dimensions. As shown in Figure 1, from the various dimensions of the total momentum 

index, except for the consumption momentum dimension, the indices of other dimensions are basically 

in a relatively stable state. In terms of the effects of the four dimensions on momentum transformation, 

the consumption momentum has always been in the leading position, while the trade momentum is in 

the lowest position. Before 2014, the supply and demand momentum was in a secondary position, but 

with the rapid development of digital factors, it surpassed the supply and demand momentum and 

became second only to the consumption momentum. In terms of the time trend of each dimension, the 

consumption momentum has the largest amplitude of change. From 2002 to 2010, the consumption 

momentum rose rapidly and peaked in 2010. Subsequently, it decreased rapidly until it became stable 

after 2014. However, affected by the COVID-19 pandemic, the consumption momentum once again 

declined since 2019. The supply and demand momentum has been in a stable state, but it has also 

exhibited certain cyclical characteristics. The factor momentum was relatively stable in 2010, but after 

that, the upward trend became obvious, and it gradually became the second momentum of economic 

transformation. The trade momentum has been generally stable, and with the high-level opening up of 

the economy, its role in economic momentum transformation will be further enhanced. It should be 

noted that while investment is widely recognized as a crucial driving force behind China's economic 
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growth, this does not contradict the dominant role of consumption momentum in the transformation of 

economic growth momentum [33]. First, economic growth and the transformation of economic growth 

momentum are two distinct concepts. Second, the transformation of economic growth momentum is a 

complex process. Although investment plays a significant role in China's economic growth, it does not 

exclude the presence of consumption momentum as the dominant force in the transformation of 

economic growth momentum. 

From the stage trend, the stage trends of different dimensions also appeared around 2010, which 

is related to the global economic crisis in 2008. 

We drew a time series line chart of the annual standard deviation of the economic growth 

momentum index and its various dimensional sub-indices, as shown in Figure 2. 

 

Figure 2. Time series line chart of the standard deviation of regional economic momentum 

transformation. 

From Figure 2, it can be seen that the total index of the economic growth momentum 

transformation has a certain degree of fluctuation, but the fluctuation degree is not significant. During 

the period from 2002 to 2021, regional differences have always existed, but the fluctuations are not 

significant. Among them, from 2004 to 2012, the regional differences in economic momentum 

transformation were reduced, and there was a trend of convergence in economic momentum 

transformation among various regions. However, after that, the differences in economic momentum 

transformation among various regions returned to the original levels. Based on this, it can be inferred 

that in the process of momentum transformation in China's provincial economies, different provinces 

are balanced, and the process does not have divergent characteristics due to the promotion of 

momentum transformation. 

By comparing the standard deviations in different dimensions, we found certain differences 

between different dimensions. In the four dimensions of economic momentum transformation, the 

difference in the factor momentum is the largest, followed by the trade momentum, with smaller 

differences in the supply and demand momentum, and the smallest differences exist in the consumption 

momentum. In terms of the evolution over time in each dimension, the regional difference in the factor 

momentum is not only high but also has the potential to continue to widen. Especially after 2012, the 
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difference in the factor momentum has further widened, and the performance of regional differences 

in the factor momentum is obvious. The possibility of long-term high differences in factor momenta 

in different regions is related to the regional distribution. The natural differences in foreign trade 

between the eastern coastal areas and the northwestern inland areas have promoted the transformation 

of trade momenta in various areas. In 2020, affected by the COVID-19 pandemic, foreign trade in 

various regions was severely restricted, and the difference in the trade momentum was significantly 

reduced. The difference in the supply and demand functions in various regions continues to increase. 

This may be related to the local industrial structure adjustment, and the differentiation of industrial 

division of labor in various regions has led to a shift in supply and demand momenta in various regions, 

resulting in a significant increase in differences. The difference in the consumption momentum in 

various regions shows an increasing trend of fluctuations. Before 2005, except for the impact of SARS 

in 2003, the differences in consumption momenta in various regions were relatively low. From the year 

2006 to 2016, although the difference in the consumption momentum fluctuated, it maintained a certain 

level. After 2017, the differences in consumption momenta in various regions further widened. Based 

on this, due to resource endowment variations in different regions, combined with the gradual 

introduction of the digital economy into the process of momentum transformation, various provincial 

regions show a certain degree of divergence in the factor momentum transformation. 

3.3. Evolution trend of China's economic growth momentum transformation level 

To examine the evolutionary characteristics of momentum transformation and its various 

dimensions, this paper uses kernel density estimation to investigate its spatial evolution characteristics. 

Kernel density estimation is a non-parametric method used in probability theory to estimate unknown 

density functions. It was proposed by Rosenblatt (1955) and Emanuel Parzen (1962) [34,35]. Kernel 

density estimation is a commonly used non-parametric method for scholars to address imbalanced 

distributions. It solves the problem of the histogram being too rough and having poor estimation 

accuracy as the earliest non-parametric kernel density estimation method. It uses smoothing methods 

to replace the histogram with a continuous density curve, which can better describe the distribution 

shape of random variables. 

Assuming that the density function of the random variable momentum transformation index is 
( )f x , the probability density at point x  can be estimated by the following Eq (6). 

1

1
( ) ( )

N
i

i

X x
f x K

Nh h=

−
= 

.          (6) 

In Eq (6), 𝑁  represents the number of observed values for the provincial momentum 

transformation index, h represents the bandwidth, and 𝐾(∙) represents the kernel function, which is 

a weighting function or a smoothing conversion function. The kernel function has various types, such 

as Gaussian kernel, triangular kernel, etc. 𝑋𝑖 is the observed value of the independent and identically 

distributed momentum transformation index or each dimension index, and 𝑥 is the sample mean. 

The bandwidth h in the probability density estimation formula determines the smoothness of the 

density curve. If the bandwidth h  is larger, the curve will be smoother, and the selection of the 

bandwidth h will to some extent determine the shape of the density curve. In practical research, if 

there are more samples, the requirement for the bandwidth h should be smaller. The bandwidth h is 
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a function of the sample N and must satisfy the following conditions: 

lim ( ) 0
N

h N
→

=
, 

lim ( )
N

Nh N N
→

= →
. 

Since there are many types of kernel functions, for the problem studied in this paper, the 

commonly used Gaussian kernel function will be selected to estimate the distribution momentum of 

China's momentum transformation. 

Since kernel density estimation does not have an explicit functional expression, it is necessary to 

depict the graph to analyze the changes in the distribution of provincial momentum transformation. By 

depicting the distribution pattern, the location changes of the momentum transformation distribution 

can be observed, which can be used to illustrate the high and low levels of the momentum 

transformation index and its various dimensions. The distribution shape can illustrate the size of the 

distribution gap, the polarization phenomenon of provincial momentum transformation and its various 

dimensions. The extensibility of the distribution of the provincial momentum transformation index and 

its dimensions can illustrate the size of the distribution gap. Based on this, the kernel density estimation 

of the total momentum transformation index and its various dimensions is shown in Figure 3. 

 

Figure 3. Evolution of kernel density estimation of economic momentum and its 

dimensional index. 
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According to Figure 3, this research intends to analyze the overall index of economic momentum 

transformation and its dimensional indices by comparing them. From the perspective of the total index 

of momentum transformation, the overall trend shows a phased and rightward movement. Specifically, 

the characteristic analysis shows that, first, from the perspective of temporal evolution, the distribution 

of the total index of momentum transformation in Chinese provinces shows a rightward movement, 

indicating that the degree of momentum transformation in provincial regions is gradually improving 

over time. With the evolution of time, the momentum transformation in provincial regions also shows 

a certain stage, which can be divided into two stages with differences, namely, 2002–2013 and 2014–

2021. The division of these two stages is based on the time when China entered the new normal of the 

economy, indicating that China began to guide the economic momentum transformation with policy 

measures around 2013, and its effect has gradually been reflected in subsequent periods. Second, from 

the perspective of the peaks of the density function curve of the total index of momentum 

transformation in provincial regions, there is no significant change or trend in the distribution 

characteristics, indicating that the differences in the index of momentum transformation among 

different provinces are not obvious, and overall, they are within an acceptable range of fluctuation. 

Third, the density curve reflecting the total index of provincial momentum has always been in a 

unimodal state, indicating that the characteristics of changes in provincial momentum indices are 

consistent, and there is no trend of multi-polar development. 

From the perspective of the comparison of the evolution of various dimensions, different 

dimensions have significant differences in their evolution. The specific characteristics of each 

dimension are analyzed as follows. First, the characteristic of the supply-demand momentum has 

cyclical fluctuations. The supply-demand momentum remains stable within a certain range and has 

cyclical fluctuations during the evolution process. The supply-demand momentum mainly refers to the 

transformation of momentum caused by demand in production, and its level changes are reflected in 

the industry structure. The supply-demand momenta of different provinces in China remain within a 

certain range, indicating that different provinces have some fluctuations in the industry, but the overall 

change in structure is not significant. The supply-demand momentum also has cyclical fluctuations 

which are closely related to the business cycle. Second, the evolution process of the factor momentum 

is relatively stable and has a double peak and a rightward trend. Factors in economic growth have 

strong asymptotic characteristics, and they are relatively stable during the evolutionary process, which 

fully demonstrates that the transformation of the factor momentum needs to be driven by technological 

factors. Meanwhile, the kernel density distribution curve of the factor momentum shows a bimodal 

feature, indicating the polarization of the factor momentum among different provinces, and the 

distribution function also has a rightward trend, indicating that the transformation of factor momentum 

is gradually strengthening over time. Third, the evolution of the consumption momentum has a large 

fluctuation, and its peak is gradually decreasing. Consumption momentum is based on the evolution 

of consumption structure. According to the evolution theory of consumption structure, mankind's 

consumption structure gradually evolves from survival-oriented consumption to enjoyment-oriented 

consumption. The large fluctuation of consumption structure indicates that there are significant 

differences in consumption structure among different provinces, and there is a strong correlation 

between the evolution of consumption structure and the economic output supply-demand structure. 

Fourth, the peak of the trade momentum is changing, and the distribution function has a rightward 

trend. Trade momentum is evolving from multi-peak to single-peak, demonstrating that the regional 

trade division of labor among provinces is gradually balanced. Against the backdrop of the full 
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development of interconnectivity in recent years, the consumption structure is gradually balanced. The 

distribution function of consumption momentum has a rightward trend, indicating that the role of 

consumption momentum in the transformation of economic momentum is gradually increasing. 

Through the above analysis, the momentum index transformation of each dimension has significant 

differences, but overall, each dimension's role in the transformation of economic momentum is 

gradually increasing. 

4. Spatial characteristics of China's economic growth momentum transformation level 

4.1. Overall characteristics of spatial clustering of China's economic growth momentum 

transformation level 

To investigate the spatial characteristics of China's provincial economic growth momentum 

transformation, this research conducted a cluster analysis on the sample provinces based on various 

sub-indices of momentum transformation to investigate their spatial characteristics. The panel data of 

economic momentum transformation were clustered using the average distance method, and the cluster 

diagram is shown in Figure 4. 

 

Figure 4. Cluster diagram of provincial momentum transformation index panel data. 

Figure 4 shows that different provinces can be initially divided into three categories based on the 

cluster diagram, and there is an agglomeration effect between categories. From the perspective of the 

three categories, the first category includes provinces such as Anhui, Gansu, Guangxi Zhuang 

Autonomous Region, Guizhou and Hebei, which are mainly located in Central and Western provinces. 

The second category includes four provinces, namely, Fujian, Hainan, Liaoning and Shandong, which 

have coastal resource endowments, but their economic potential has not been fully realized. The third 

category includes provinces such as Beijing, Guangdong, Jiangsu, Shanghai, Tianjin and Zhejiang, 

which are mainly developed Coastal provinces. From the perspective of the agglomeration effect of 

momentum transformation in provincial regions, the agglomeration effect is concentrated in the first 
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category of Central and Western provinces, which indicates that momentum transformation has not 

played a demonstrative role in developed coastal provinces in Eastern China. Considering the 

implementation of Chinese policies in practice, different provinces, especially Central and Western 

provinces, have a strong imitation effect driven by the “local championship,” and this imitation effect 

is less prevalent in developed Coastal provinces in Eastern China, resulting in the agglomeration effect 

of momentum transformation being more reflected in Central and Western provinces [36,37]. In 

addition, the level of economic activity in China is strong in the East and weak in the West, which 

creates a need for alternatives in economic development and momentum transformation, and this need 

is determined by the regional hierarchy of China's economic development. Provinces in the West are 

generally less developed than those in the East, so traditional industries need to be replaced through 

industrial transfer during the process of momentum transformation. The industrial transfer is more 

about Western and Central provinces taking over industries from the East, giving the Eastern Coastal 

regions an advantage in momentum transformation [38–40]. Furthermore, due to resource endowments, 

such as ports in the Eastern region, these areas are more closely connected with the global economy in 

terms of momentum transformation and the aggregation of new emerging industries [41,42]. 

To further examine the central characteristics of different categories, the central characteristics of 

each category were calculated and are shown in Table 3. 

Table 3. Cluster centers of regional economic momentum transformation. 

Category Province 

Center Value 

General 

index 

Supply and 

demand  
Factors Consumption Trade 

The first 

category 

Anhui, Gansu, Guangxi 

Zhuang Autonomous 

Region, Guizhou, Hebei , 

Henan, Heilongjiang , 

Hubei, Hunan, Jilin , 

Jiangxi, Inner Mongolia 

Autonomous Region, 

Ningxia Hui Autonomous 

Region, Qinghai, Shanxi, 

Shanxi, Sichuan, Tibet 

Autonomous Region, 

Xinjiang Uygur 

Autonomous Region, 

Yunnan, Chongqing, 

35.28 44.19 46.88 49.63 43.96 

The 

second 

category  

Fujian, Hainan, Liaoning, 

Shandong 
56.23 46.50 48.83 51.43 50.08 

The third 

category 

Beijing, Guangdong , 

Jiangsu, Shanghai, 

Tianjin, Zhejiang 

79.81 53.33 41.67 45.63 44.02 

From Table 3, it can be seen that there are significant differences in the characteristics of regional 
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momentum transformation across different categories. In terms of the general index, the momentum 

transformation index of the three categories ranked from high to low is: the third category, the second 

category and the first category. The average scores of different categories are very different. The 

average score of the third category is 79.81, which is more than twice that of the first category (35.28). 

Each province has different scores in different dimensions. Provinces in the first category do not have 

significant advantages in each sub-dimension, and factors and consumption momenta are slightly more 

advantageous compared to other dimensions in different categories. The four provinces in the second 

category have certain advantages in factors, consumption and trade momenta, but this advantage is 

relative, and there is no significant advantage in scores. Provinces in the third category have a very 

significant advantage in the supply and demand momentum, which is almost 10 points higher than the 

first category. In terms of classification comparison, the characteristics of different category provinces 

are also very obvious. The economic momentum transformation in provinces in the first category is 

relatively low but shows an upward trend. Provinces in the first category are mainly located in the 

Central and Western regions, and their economic momentum transformation has a certain lag. At the 

same time, the momentum transformation base of this category of provinces is relatively low, so 

policies can have a more obvious guiding effect on these areas, and their momentum transformation 

general index and sub-dimensions are all showing an upward trend. The economic momentum 

transformation in provinces in the second category shows a certain asymmetric change of decline and 

slow rise. As mentioned above, the provinces in the second category are located in the Coastal areas, 

but their institutional advantages have not been fully utilized, so the economic momentum 

transformation has not been fully promoted. At the same time, there is an asymmetric trend of 

momentum transformation within the provinces, and this trend has an upward momentum. The 

economic momentum transformation of provinces in the third category shows a U-shaped change of 

decline and rise, and the overall value is relatively high. Developed provinces in the third category, 

such as Beijing, Shanghai and Guangzhou, have strong resilience in terms of economy, and the U-

shaped trend of their economic momentum transformation is due to external economic shocks. 

However, the demonstration effect of their leading role still exists. 

4.2. Stage cluster analysis of China's economic growth momentum transformation level 

In order to better reflect the significant changes in China's economic growth momentum transition, 

we conducted cluster analysis on two phases: 2002–2013 and 2014–2020, with the year 2013 as the 

dividing point. The reason for choosing 2013 as the basis for phase division is primarily due to China's 

entry into the new normal of economic development, which can more comprehensively reflect the 

entire process of China's economic growth momentum transition [43]. After 2013, the Chinese 

economy has exhibited several key characteristics. First, it has shifted from high-speed growth to 

medium-high-speed growth. Second, there is a continuous optimization and upgrading of the economic 

structure, with the tertiary industry and consumer demand gradually becoming the main driving forces 

of economic growth. Lastly, there has been a transition from factor-driven and investment-driven 

growth to innovation-driven growth. The specific results are shown in Table 4.  



24843 

AIMS Mathematics  Volume 8, Issue 10, 24825–24847. 

Table 4. Stage clustering results of momentum transformation. 

Category 

Stage one (2002-2013) Stage two (2014-2021) 

Province 
Center 

value 
Province 

Center 

value 

The first category 

Anhui, Gansu, Guangxi Zhuang 

Autonomous Region, Guizhou, 

Hebei, Heilongjiang, Hubei, 

Hunan, Jilin, Jiangxi, Inner 

Mongolia Autonomous Region, 

Ningxia Hui Autonomous 

Region, Qinghai, Shanxi, Shanxi, 

Tibet Autonomous Region, 

Xinjiang Uygur Autonomous 

Region, Yunnan, Hainan, Henan, 

Sichuan, Chongqing 

35.30 

Anhui, Gansu, Guangxi Zhuang 

Autonomous Region, Guizhou, 

Hebei, Heilongjiang, Hubei, 

Hunan, Jilin, Jiangxi, Inner 

Mongolia Autonomous Region, 

Ningxia Hui Autonomous 

Region, Qinghai, Shanxi, Shanxi, 

Tibet Autonomous Region, 

Xinjiang Uygur Autonomous 

Region, Yunnan, Chongqing, 

Liaoning 

36.68 

The second 

category 

Fujian, Liaoning, Shandong, 

Tianjin, Zhejiang 
64.50 Hainan, Fujian, Shandong. 56.58 

The third category 
Beijing, Guangdong, Jiangsu, 

Shanghai 
84.79 

Beijing, Guangdong, Jiangsu, 

Shanghai, Tianjin, Zhejiang 
79.64 

As can be seen from Table 4, there are stage-specific changes in the clustering characteristics of 

economic momentum transformation, with a tendency for the different categories to transition from 

lower to higher tiers. The clustering results demonstrate certain differences between the two phases, 

primarily reflected in two aspects: the distribution of provinces across different categories and the 

center values of each category. These aspects provide substantial evidence for the stage-specific 

changes in economic momentum transformation. Looking at the distribution of provinces across 

different categories, the number of provinces in the first category with lower scores decreased from 5 

to 3, while the number of provinces in the third category with higher scores increased from 4 to 6. This 

indicates an overall transition of economic momentum from lower to higher tiers. For example, in the 

first phase, provinces like Hainan transitioned from the lower-scoring first tier to the higher-scoring 

second tier, while Tianjin and Zhejiang province from the second tier transitioned to the higher-scoring 

third tier. Examining the provinces in the first tier for both phases, there may be a connection between 

the level of economic growth momentum transition and regional economic development. However, 

this may not necessarily hold true for provinces in the second tier. Moreover, some provinces in the 

northeastern region show a reverse trend in economic momentum transformation, where the 

momentum index did not improve but instead declined, as observed in Liaoning, for instance. This 

situation may be associated with the industrial structure in the northeastern region. The northeastern 

region is the birthplace of China's industrial revolution and saw the rise of many important domestic 

enterprises, particularly in the 1980s after the founding of China, which laid the foundation for heavy 

industrial development in the country. The development of heavy industry made it relatively difficult 

to adjust the industrial structure, consequently impeding the process of momentum transformation in 

the northeastern region. Considering the average score of each category, the overall score of the first 

category has slightly increased, from 35.30 to 36.68, a percentage increase of 3.9%. The scores of 

categories two and three have both decreased overall, which is due to the shift of samples within the 
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echelons and the relatively small sample size. 

5. Conclusions 

This paper constructed a monitoring indicator system for economic growth momentum 

transformation and used a comprehensive evaluation method to compile the general index and sub-

indices for the four dimensions of momentum transformation. The overall index and sub-indices for 

provincial-level economic growth momentum transformation in mainland China were calculated, and 

their characteristics were analyzed, leading to the following research conclusions. 

First, the level of economic growth momentum transformation in Chinese provinces exhibits 

phase and dimensional differentiation over time. Economic growth momentum demonstrated two 

significant phase features during the sample period, with the years from 2002 to 2009 being a relatively 

stable period for economic growth momentum transformation and the year from 2010 to 2021 being a 

period of significant increase. The significant phase is associated with major events. In addition, while 

the trends in each dimension were generally consistent, there were still certain differences between 

them, and the fluctuations in each dimension also exhibited some differentiation characteristics. 

Second, provincial-level economic growth momentum transformation in China exhibits clustered 

and tiered transfer characteristics in space. Based on the sub-indices of momentum transformation, we 

conducted cluster analysis on the sample provinces. From the provincial clustering effect of 

momentum transformation, the clustering effect was mainly concentrated in the first category of 

provinces in Central and Western China. There is substitution demand in China's economic 

development and momentum transformation process, leading to phased changes in the clustering 

characteristics of economic momentum transformation, and different categories exhibit a trend of 

transfer from low to high. 

Third, innovation plays an important role in the path and mechanism of economic growth 

momentum transformation level. Innovation is reflected in the factor dimension. From the analysis of 

the sub-indices for each dimension of economic growth momentum transformation, innovation has a 

strong correlation with factor momentum. Further analysis of the innovation index in the factor 

momentum shows that its weight and evolutionary trend have a very strong correlation with overall 

momentum transformation. In addition, from the regional clustering results, innovation also plays an 

important role in the path and mechanism of upgrading in each region. 
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