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Abstract: China is striving to build a new dual-circulation development pattern with the aim of
leading the coupling of science, technology, and innovation through the active role of financial
factors, ultimately promoting the country’s optimal economic development. As a result, this paper
constructs a coupled dual-circulation-STI (scientific and technological innovation) relationship model.
The domestic and foreign components of the input–output relationship are used to portray the
extent of the dual circulation, combined with Index DEA to measure the quality of science and
technology innovation under the role of financial factors and the coupled coordination model to
analyze the intrinsic correlation between the two. The study used an Index-DEA and value chain
analysis model to measure each industry’s technological effectiveness and the degree of internal and
external circulation, respectively. The coupled coordination model approach was used to measure
the coordination relationship between the double-loop model and technological innovation. Based
on the coordination assessment table, the degree of coupling and the natural state of science and
technology innovation and dual cycle in each industry were assessed. The study found that the
country’s dual-circulation pattern gradually strengthened from 2015–2019, with the financial element
also driving an increase in STI. However, due to the twists and turns of the external environment,
the coupling power of the dual-circulation STI weakened in some years. On this basis, the paper
concludes that the quality of STI, driven by financial factors, has been increasing year on year, and the
coupling with dual circulation has been trending upwards. Regarding policy implications, developing
countries such as China should continue to invest more financially to create a healthy and sustainable
innovation model. Through the innovation-dual-circulation development model, the country should
eliminate the sloppy development model in construction and use the power of science and technology
to lead social progress.

Keywords: a dual-circulation development pattern; scientific and technological innovation; industry;
coupling relationship; Index DEA model; coupling coordination model

1. Introduction

In the context of the world’s unprecedented changes in the past century, the in-
ternational system has been transformed and reshaped by the convergence of various
systems, mechanisms, and institutions. As a result of the multi-dimensional elements of
political multi-polarity, economic globalization, technological modernization, and diver-
sity of thought, a new political, economic, social, cultural, and ecological landscape has
emerged [1]. China is poised for a historical moment of significant development, based
on a profound historical evolutionary trend and a hard-won extension of strategic oppor-
tunities. The milestone intersection of the century’s unprecedented changes and China’s
remarkable development means that China must assume a leader’s role [2]. With a view
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to the new heights and depths of the human historical process, the government needs to
form a distinctive and visionary judgment scheme for national development [3]. However,
in the Western-dominated system of modernity, China has long been under the control
of the “knowledge-rights” and “center-marginal” patterns [4], and its national image and
development status are easily “othered”. The key to cracking the distortion of interna-
tional perceptions, breaking the stranglehold of othering, and reversing the deviation of
China’s image lies in the structural adjustment of China in open international cooperation
and politics.

The open international cooperation and political system has shown evident declines
and bottlenecks under the impact of epidemics and other “black swans”. However, behind
this, there is more of a “semi-open” and “closed” cooperation motive led by developed
countries. On the one hand, since the mid-1990s, developing countries represented by China
have been gradually integrated into the global value chain activities with the industrial
gradient shift of developed countries [5]. Based on marketing networks, international
business channels, and other media, China’s development has gained strong “foreign”
power to achieve the endogenous adjustment of the “Troika”. However, from a realistic
point of view, the so-called “resources and capital” open transfer is only a way for developed
countries to obtain low labor dividends and intercept the cost differential of production
factors in core technology, key factors, and other areas that are still in a “closed to customers”
state. On the other hand, under open system channels, economic development zones, export
processing zones, and other “economic enclaves” have become foreign investment carriers
in developed countries. However, this export-oriented model significantly squeezes the
growth space of domestic firms [6]. Even monopolistic oligopoly produces entry barriers
for nascent domestic firms, which affects the domestic market’s cultivation environment
and is not conducive to the overall integration of domestic resources. With the impact
of the export market, the domestic market is significantly more dependent on imported
products. A continued decline in the “smile curve” at both ends of the face of developed
countries, as well as technology and capital suppression from the side of the open system
reflects the “closed” and “indifferent” nature of the system.

Against this background, accelerating the construction of a new development pattern
with domestic-general-circulation and domestic-and-international-dual-circulation has
emerged as China’s response to the development trend and a strategic decision to deal with
the bottleneck of the open international cooperation and political system. As a model to
support a new stage of high-level opening and high-quality development, dual circulation
is not a “rejection” or “containment” of the open international cooperation and political
system, but more an anti-driving approach that is taken because of the influence of the
international system and power pattern. This approach refers to the overlap of internation-
alization headwinds with trade protection and economic and trade frictions, triggering a
rethinking of China’s future development landscape. In the dual-circulation development
pattern, China hopes to upgrade from a commodity and factor flow-based opening to a
system-based opening [7] and eventually, through internal circulation, internal adjustment,
and internal quality improvement, to lead China’s industries out of the “comparative
advantage trap” [8]. In this process, the “new openness”, a dual-circulation development
pattern, is promoted through institutionalized means such as domestic mechanism and
system reform, regulation and governance system adjustment, business environment opti-
mization, and factor market allocation [9]. The approach to achieving the new development
pattern is to benchmark advanced international rules, establish rules and other forms of
institutional openness, and make every effort to shape a circular governance model in
which external opening and domestic reform, external demand, and domestic demand
promote each other [10].

In general, the formation of the new pattern of dual-circulation is the “survival confu-
sion” caused by the stagnation of the open international cooperation and political system,
i.e., the low-end reluctance locking of industries and the lack of factor flow under the
international-single-circulation [11]. Domestic-general-circulation has become the core
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of the strategy [12]. The new development pattern is based on the “opening up” of the
domestic-general-circulation, guiding the entire domestic cycle of production, trade, and
consumption to operate in an open environment. It also attracts multinational companies
to transfer or retain high-quality industrial chains in China, share the Chinese market, tap
its vast potential, and ultimately empower the domestic market’s supply quality. With the
domestic market’s optimization, the second scenario of domestic-and-international-dual-
circulation is subsequently triggered, breaking down the institutional barriers that link the
internal and external circuits [13]. However, whether it is to avoid the disadvantages of
international-single-circulation or create an autonomous development model of domestic-
general-circulation, the key to improving the quality of the cycle is still technological
innovation [14].

Against this background, accelerating the construction of a new development pattern
with domestic-general-circulation and domestic-and-international-dual-circulation has
emerged as China’s response to the development trend and a strategic decision to deal with
the bottleneck of the open international cooperation and political system. As a model to
support a new stage of high-level opening and high-quality development, dual circulation
is not a “rejection” or “containment” of the open international cooperation and political
system, but more an anti-driving approach because of the influence of the international
system and power pattern. This approach refers to the overlap of internationalization
headwinds with trade protection and economic and trade frictions, triggering a rethinking
of China’s future development landscape. In the dual-circulation development pattern,
China hopes to upgrade from a commodity and factor flow-based opening to a system-
based opening [15] and eventually, through internal circulation, internal adjustment, and
internal quality improvement, to lead China’s industries out of the “comparative advantage
trap”. In this process, the “new openness”, a dual-circulation development pattern, is
promoted through institutionalized means such as domestic mechanism and system reform,
regulation and governance system adjustment, business environment optimization, and
factor market allocation. The approach to achieving the new development pattern is to
benchmark advanced international rules, establish rules and other forms of institutional
openness, and make every effort to shape a circular governance model in which external
opening and domestic reform, external demand, and domestic demand promote each other.

In general, the formation of the new pattern of dual-circulation is the “survival con-
fusion” caused by the stagnation of the open international cooperation and political sys-
tem, i.e., the low-end reluctance locking of industries and the lack of factor flow under
the international-single-circulation. Domestic-general-circulation has become the core
of the strategy [16]. The new development pattern is based on the “opening up” of the
domestic-general-circulation, guiding the entire domestic cycle of production, trade, and
consumption to operate in an open environment. It also attracts multinational companies
to transfer or retain high-quality industrial chains in China, share the Chinese market, tap
its vast potential, and ultimately empower the domestic market’s supply quality. With the
domestic market’s optimization, the second scenario of domestic-and-international-dual-
circulation is subsequently triggered, breaking down the institutional barriers that link the
internal and external circuits [17]. However, whether it is to avoid the disadvantages of
international-single-circulation or create an autonomous development model of domestic-
general-circulation, the key to improving the quality of the cycle is still technological
innovation [18].

Since the double cycle is the latest development policy in China, there is relatively little
work related to its discussion. Li, as the representative of the academic school, mainly from
a qualitative perspective, analyzes the significance of the contribution of the double-cycle
strategy. Emphasis is placed on the driving force of the dual cycle for each industry and
each place. Zhu and other scholars analyze the double-loop model from a quantitative
perspective and consider its practical significance of the double-loop. Scholars mostly
start with a particularly refined industry or region. This has led to the narrowness of
the assessment of the dual-cycle strategy. From the existing studies, the concept of dual
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cycle is relatively new and lacks a complete and systematic research perspective. This
study focuses on the necessity of building a new development pattern of double-loop and
analyzes the impact of this pattern on reality and draws the need of the new pattern on
innovation output. Considering the profound significance of the dual-cycle strategy, it
highlights the intrinsic linkage between the new development pattern of the dual-cycle and
the synergy of industries, identifies the linkage between the two sides, analyzes the changes
in the development of both sides, and measures them. A solid analytical framework is
constructed and explored to fill the gaps in the dual-cycle research.

By sorting out the background motivations, it is easy to see that China is trying its best
to cater to the goal of high-quality development through the shaping of the dual-circulation
model. However, the formation of the dual circulation needs to be driven by science and
technology innovation. Therefore, it is necessary to analyze the two-way relationship
between science and technology innovation and dual circulation as a complex system
that is interconnected and to clarify the complex mechanisms involved. In the Chinese
context, scholars emphasize that the complex linkage between the two stems from the need
for sustainable national development: that is, China is undertaking green development
goals, and the dual-circulation pattern is shaped to serve the flow of financial and capital
factors for green development [19]. Through the extension of the internal and external
circulation patterns, the various factors of production are iteratively renewed, inefficient
operating mechanisms are eliminated [20], and the economy is driven to green and healthy
development. China’s “technology-driven development” strategy is also essentially aimed
at using advanced technologies to eliminate crude and polluting technologies and ulti-
mately meet the needs of green construction [21]. From this perspective, dual-circulation
and science and technology innovation share the same objectives and momentum, and
both are realistic initiatives to serve China’s green development, and there is a significant
coupling between the two in terms of connotation [22]. Based on a profound analysis of the
connotation of the new pattern of dual-circulation and industrial science and technology
innovation, this paper realizes the quantitative transformation of the two. It constructs
the Index DEA-coupling coordination model to measure the coupling coordination degree
between the new pattern of dual-circulation and science and technology innovation in
35 industries in China to explore. The aim is to explore the transformation path of the
synergistic adjustment of industry science and technology under the new development
pattern of dual circulation.

The main contributions of this study are: (1) the construction of a research model
that is in line with China’s national conditions and meets the needs of China’s realistic
green development, actively portraying the specific situation of the new development
pattern of dual-circulation in each industry; (2) portraying the quality of science and
technology innovation in each industry based on financial, capital, and financial elements;
(3) effectively expanding the input–output research design, extending the available data
through a predictive modeling approach and advancing the study to 2015–2019, thus
covering the time points before and after the introduction of dual circulation, in order to
ensure the validity of the study. Based on this research objective, this paper forms the
organizational structure of the following research.

In the first part, the research design of building a new development pattern of a double
cycle and industrial science and technology innovation is presented. The connotation
of the double cycle and industrial science and technology innovation are analyzed. The
connotation leads to clarifying the respective measurement ideas. Then, the research
method is designed to match the research objectives. Index DEA measures the effectiveness
results of industrial science and technology innovation. The model of structure industry
cycle degree is measured through the industry production length through the world input–
output table and general equilibrium research method. Finally, the coupled coupling
coordination model is used to measure the degree of association and the coupling status
of both.
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In the second part, the empirical results are analyzed and discussed. First, each
industry’s domestic and foreign circularity degrees are summarized, and the state of
industrial circularity is analyzed. Secondly, the coupling degree of domestic and foreign
circularity of each industry and the efficiency of science and technology innovation is
analyzed to explain the circularity-innovation status of each industry. Finally, the coupling
type of each industry is examined, and specific directions are indicated for its future
development, cycle optimization, and innovation construction.

In the third part, conclusions and countermeasures are suggested. This section sum-
marizes the forms of science and technology innovation construction under the new de-
velopment pattern of China’s double cycle to provide a realistic basis for the optimized
development of each industry.

2. Literature Review

Scholars mainly analyze dual-circulation and science and technology innovation
in terms of connotation and portrayal methods. It is generally agreed that technological
innovation is an effective force to complement the international single-cycle model: through
autonomous technological innovation, filling the shortcomings of cutting-edge technologies,
and breaking the scientific and technological blockade, countries master the primary
discourse of the international cycle [23]. With the rising status of domestic circulation,
the dual-circulation model effectively supports the construction of developing countries.
Due to their historical position and transformation process, developing countries generally
have a large base market and abundant factor resources [24]. In this model, innovation
strategies lead to an innovation orientation that drives national resource allocation towards
balanced economic development [25]. The shift from an international to a domestic cycle of
interoperability, in which domestic products must replace foreign products and domestic
technologies must replace foreign technologies, will undoubtedly also require an active
role for science and technology innovation. Therefore, through the coupling between
the two, science and technology innovation leads the establishment and operation of the
double-loop model, and the double-loop model feeds science and technology innovation
again through the extraction of external resources.

In studying science and technology innovation, researchers mostly start from the con-
notation and focus on innovation evaluation and development contribution. Xiao Renqiao
and Ding Juan [26] measured the innovation efficiency of industrial enterprises in various
provinces and cities using a super-efficient DEA model and used a spatial panel model to
analyze the spatial spillover effects of green innovation efficiency. He et al. [27] analyzed
the green development of manufacturing enterprises in the Pearl River Delta. They con-
cluded that environmental regulations inhibit innovation performance at a certain level and
that a balance should be struck between regulatory instruments and the investment efforts
of innovation support policies. The improvement of green innovation power of enterprises
and other micro-entities empowers the green development of industries and cities and
promotes the achievement of high quality, high efficiency, and high level development
in society [28]. However, some of the limitations of the above studies are that, for one,
the driving mechanisms of financial, fiscal, and capital elements on STI outcomes are less
considered; additionally, no coupled system mechanism study of STI has been designed.

In contrast, there has been less scholarly discussion due to the relatively recent in-
troduction of dual circulation. Mainly, the quality of circularity is portrayed through
evaluation instruments. Guo Aijun [29] measured and verified the level of circularity in
China based on a Chinese-style decentralized system framework with a panel linkage
equation and mediating effects model. Wu Chuanqing [30] used a super-efficient SBM
model to measure the efficiency of economic cycles in the Yangtze River Economic Zone.
The study found that over-intensifying resource inputs and undermining the coordination
of the low-carbon cycle system may lead to an imbalance in the input–output ratio of the
economic cycle [31]. The above studies provide a comprehensive analysis of the overall
framework of the economic cycle. However, the cycle architecture is significantly spatially
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dependent, and ignoring its spatial relevance will not fully reveal the intrinsic relevance of
the factor cycle to the spatial region [32]. In general, the studies mentioned above provide a
good picture of the quality of the cycle, but they do not provide a complete explanation
of the formation process of dual circulation in terms of its connotation. Therefore, it is
necessary to find a quantitative model that can effectively measure the degree of circulation
and is in line with the concept of circulation.

Furthermore, at the level of science and technology innovation, the solid technological
advantage is the key to determining the quality and breakthrough of the double cycle.
In the context of a knowledge-based economy, scientific and technological innovation
capability has the role of leading social innovation and driving the development of the
regional economy, and the rich talent resources, active innovation atmosphere, rapid flow
of talents and knowledge and other characteristics establish the indispensable position
of innovative power in the national factor cycle system [33]. International competition
is increasingly reflected in the competition for strong technology and innovation, and
the ability of scientific and technological progress to contribute to economic growth is
growing, having surpassed the two traditional factors of production—namely, capital
and labor [34]. Therefore, converting the power of science and technology innovation
into the driving force of regional economic development is the key to transforming the
development model and overcoming weak economic development in the context of the
new economic normal, and it is also the top priority for China to pursue independent
innovation and power. With the successful issuance of the State Council of the CPC
Central Committee on deepening the reform of institutional mechanisms to accelerate the
implementation of the innovation-driven development strategy, the General Office of the
State Council is promoting reform initiatives related to supporting innovation and other
essential documents on the innovation-driven promotion of industrial transformation and
upgrading, and deepening the reform of the science and technology system to promote
innovation development. Innovation is an efficient platform for cultivating innovative
talents, creating and disseminating new technologies and knowledge, and is an essential
cornerstone for improving science and technology and enhancing the national capacity
for independent innovation [35]. It is also a pivotal force to guide the adequate flow of
circulating factors.

In addition, a considerable number of scholars have focused on the curatorial attributes
of science and technology innovation. Based on relevant research, Backhaus J [36] argues
that relying on certain types of innovation resources with heterogeneous attributes can
amplify the role of innovation in contributing to social progress, and along with the further
categorization and heterogeneity of innovation resources, innovation achievements can
penetrate various industrial fields and thus empower industries. With the development
of the times, scholars have also examined the concept of innovation from different per-
spectives. For example, Rosenberg [37] proposed that innovation is a kind of advanced
creative activity of human beings through the comparison of the concepts of innovation,
creation, and invention and highlighted the characteristics of the “first creation” of inno-
vation. According to Agasisti T [38], innovation has two meanings: one is to create new
products, and the other is to introduce the created products into the enterprise produc-
tion and management system or socio-economic system for the first time in a particular
environment to obtain comprehensive benefits [39]. In fact, after the implementation of
the innovation-driven development strategy, China has gradually attached importance
to the source supply capacity of innovation-driven development, emphasizing the role
of innovation in driving national productivity and focusing on enhancing the driving
force of social growth under the source orientation of innovation. Furman J [40] proposed
the critical elements of innovation curative power formation around the intersection of
innovation and management, i.e., focusing on the combination of practices that gradually
divest ineffective and non-marketable innovations, leading to sustainable, operational, and
transformable realistic curative effects. At some level, STI itself is the “additive” of industry
and development, and its coupling with the double cycle will determine the future quality
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of social development. Therefore, this paper explores the coupling mechanism between the
double cycle and STI, which is conducive to optimizing the supply of innovation resources
and promoting society to shape a new development model. Among them, the main findings
and conclusions of the literature are shown in Table 1.

Table 1. Core Research Findings.

Dimensionality Levels Main Points or Opinions

Study on the new development
pattern of double cycle

Concept layer The essence of the double cycle is the continuous circulation
of goods and factors at home and abroad

Meaningful layer
The key to the double cycle is to break through trade

barriers and achieve high-quality development under the
circular economy

Research layer Lack of quantitative, comprehensive and scientific research
models or evaluation models

Localized layer
The formation of a double cycle requires the support of the
power of science and technology innovation. Otherwise the

industry will fall into an inefficient cycle

Science and Technology
Innovation Research

Concept layer

STI emphasizes the importance of knowledge creation to
industry and society, and constantly replenishes new
knowledge to compensate for the declining marginal

benefits in knowledge application.

Meaningful layer
Science and technology innovation is the key force to bring

into play the industrial potential and promote the
high-quality development of society

Extension layer There are important research implications of coupling STI
and dual circulation patterns

3. Research Design
3.1. Dual-Circulation New Development Pattern and Quantitative Measurement of Industrial
Science and Technology Innovation

Industrial science and technology innovation itself is an unstructured, multidimen-
sional system of intertwined factors, so an objective evaluation based on a multidimensional
indicator system can help obtain a more realistic picture of industrial science and technol-
ogy innovation. The connotation of industrial science and technology innovation varies
according to the industry’s orientation, nature, and tasks [41–43]. The STI financial factors,
structure, and quality portray the overall STI of the industry. Combined with Table 2, it can
be seen that STI financial elements, structure, and quality, as sub-dimensions of industrial
STI, effectively support the competitiveness of each industry in the double-loop pattern.
In particular, the financial elements of STI are essentially the supporting manifestations
of science and technology finance. The realization of science and technology finance has
been the critical external force behind the rapid development of science and technology in
the 21st century. The combination of capital enables technological innovation to achieve
large-scale development; the optimization of the structure of technological innovation
helps to upgrade and transform the industrial development model, improve the efficiency
of the use of internal resources, and adapt to the changes in the domestic and foreign
development environment under the future double-cycle pattern; the improvement of the
quality of technological innovation is the key driving force for the overall efficiency of the
industry to advance, driving the construction of the new dual-circulation pattern to grow
resiliently. As a result, this paper has formed an index system for evaluating the degree of
industrial science and technology innovation, as shown in Table 2.
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Table 2. Industrial technology innovation degree evaluation index system.

Systems Secondary Indicators Tertiary Indicators Definition of Indicators

Industrial Technology
Innovation

Financial elements of industrial
technology innovation (input)

Capital size Industry Science and
Technology Innovation Output

Financial Scale Scale of industrial liquidity

Social financial size Social fixed capital investment

Industrial Science and
Technology Innovation

Structure (input)

Patent structure Number of R&D patents

R&D structure
Number of topics, conferences,
papers and other knowledge

exchanges

Quality of industrial science and
technology innovation (output)

Frontier Development Sales revenue of new products
in industry

Outward-looking economy Scale of industry import and
export

Inward-looking economy Overall output value of the
industry

Source: Drawn by the authors.
For the measurement of the dual-circulation development pattern, it is connoted as a

new Marxian theory of social reproduction, where the original form of social reproduction
consists of four small circulations of production, distribution, exchange, and consumption.
In contrast, the dual-circulation development pattern forms two types of domestic and
foreign circulation according to the circulation’s different fields. The domestic circulation is
a circulation system that relies entirely on the domestic market and defines the four smaller
circulations of production, distribution, exchange, and consumption as occurring within
the country. In comparison, foreign circulation is a circulation system that relies on foreign
markets and enables the four smaller circulations to interact abroad.

As shown in Figure 1, the mechanism of reproduction, regardless of the changes in
distribution, exchange, and consumption, is essentially the process of circulation of the
final product, which includes the process of circulation of raw materials and intermediate
goods. Therefore, as far as the sources of production theory are concerned, the nature and
changes in the final production domain can be characterized as the extent of domestic and
foreign circulation.
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3.2. Research Methodology
3.2.1. Index DEA

The industrial science and technology innovation system is a complex endogenous
system, which is the final result of multiple factors based on a non-deterministic produc-
tion function. Data envelopment analysis, as a non-parametric evaluation method based
on multiple input and output data, is regarded as one of the optimal tools to solve the
efficiency or evaluation results. In recent years, DEA has been widely used for portfo-
lio efficiency evaluation, and traditional DEA and decentralized DEA are two common
types of methods to solve this problem. The above two types of evaluation methods
do not require assumptions about the effectiveness of the innovation environment, and
they examine the variability of the scale factors. The relative evaluation is performed by
combining each indicator of the factor combination. However, the input–output process
derived from the above economic indicators has also been questioned by many scholars,
who believe that these indicators cannot fully reflect the true input–output relationship of
the portfolio. Therefore, in this paper, a new Index-DEA model is constructed based on the
opportunity-constrained stochastic environment. On the one hand, this model considers
the chance-constrained stochastic environment, and on the other hand, it strengthens the
non-compensatory composite indicators and optimizes the intervention mechanism of
weights. Combined with Cooper’s definition of randomly generated possible sets, the
following stochastic sets are constructed.

Index-DEA is constructed and formed in this paper.

θ∗α(r0) = maxθ

s.t.


P(

m
∑

j=1
λjrj ≥ θr0) ≥ 1− α,

m
∑

j=1
λj = 1, λj ≥ 0, θ ≥ 1,

j = 1, 2, . . . , m.

(1)

where α is the STI stochasticity, i.e., the probability that each element will generate an
outcome or STI success. It can also be considered as the probability of allowing the violation
of the chance constraint, and it is the decision unit efficiency value. Based on the random
generation constraint, the weights of each element are generated naturally and conform to
the most realistic element matching situation.

3.2.2. Industrial Production Length Measurement Model

Domestic value-added associated with global trade activities is related to the import
and export of intermediate input products. The length of domestic value-added production
is thus decomposed into domestic and foreign components, i.e., the length of domestic
production (domestic circulation degree) and the length of foreign production (foreign
circulation degree). Assuming that there are infinite stages of production, the domestic
value-added resulting from the production of intermediate input products for export is:

VYGVC = V̂AFŶ + V̂AD AFŶ + V̂AF AŶ + V̂AD AD AFŶ + V̂AD AF AŶ + V̂AF AAVŶ + L
= V̂LAFŶ + V̂LAF AŶ + V̂LAF AAŶ + L
= V̂LAFBŶ

(2)

where A is the matrix of input coefficients for each industry in each country based on the
classical Leontief equation. Based on the local Leontief inverse matrix, this paper obtains
AD and AF as the domestic input coefficient matrix and the import input coefficient matrix,
respectively [40]. YD and YF are the end-use matrix for meeting domestic demand and
the end-use matrix for meeting foreign demand (exports), respectively. V̂ is the diagonal
matrix form of the value-added factor matrix V.
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Using the length of domestic production at each stage of production as weights,
domestic output induced by domestic value added can be obtained.

XdGVC = V̂AFŶ + 2V̂AD AFŶ + V̂AF AŶ + 3V̂AD AD AFŶ + 2V̂AD AF AŶ + V̂AF AAVŶ + · · ·
= V̂LLAFLŶD + V̂LLAF(BŶ− LŶD)
= V̂LLAFBŶ

(3)

Thus, from Equations (2) and (3), the degree of domestic circulation is obtained as:

PLVD =
XdGVC
VYGVC

=
V̂LLAFBŶ
V̂LAFBŶ

(4)

Similarly, domestic value added triggers foreign output as:

XiGVC = V̂AFŶ + V̂AD AFŶ + 2V̂AF AŶ + · · ·
= V̂LLAFLŶD + V̂LAF(BBŶ− LLŶD)
= V̂LAFBBŶ

(5)

Thus, from Equations (2) and (5), the degree of foreign circulation is obtained as:

PLVI =
XiGVC
VYGVC

=
V̂LAFBBŶ
V̂LAFBŶ

(6)

3.2.3. Coupling Coordination Model

Based on clarifying the connotation of the dual-circulation development pattern and
the industrial science and technology innovation system, this paper uses the coupling coor-
dination model of Duan [41] to precisely determine the coupling relationship between the
dual-circulation development pattern and the industrial science and technology innovation
system. The model is as follows.

C = 2
[
(U1U2)/(U1 + U2)

2
] 1

2 (7)

C is the degree of system coordination relationship, based on the C value. It can
initially determine the interrelationship between the dual-circulation development pattern
and the industrial science and technology innovation system. U1 is the degree of domestic
and foreign circulation of the dual-circulation development pattern. U2 is the degree of
industrial science and technology innovation. Since both systems may have a low level of
coupling, the degree of coordination relationship at this point is not sufficient to indicate
the proper level of coupling between the two, so the adjustment model of Wang [42] is used
to construct an optimal measurement model of system coupling. The formula for this is:

D =
√

CT

T = αU1 + βU2 (8)

D is the coupling degree between the dual-circulation development pattern and the
industrial science and technology innovation system, and T is the comprehensive evaluation
index of the two systems. α and β are the coefficients of the comprehensive evaluation
index, which satisfy the endogenous relationship of α + β = 1. Taking into account the
mutually reinforcing and complementary roles of the dual-circulation development pattern
and industrial science and technology innovation, the two are considered to be of equal
importance, and α and β are taken to be 0.5, respectively. Through the measurement of the
coupling coordination model, the final obtained coupling degree is quantified based on the
uniform distribution function method, thus determining the coupling level between the
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dual-circulation development pattern and industrial science and technology innovation,
and the judging criteria are shown in Table 3.

Table 3. Judging criteria for the coupling of the dual-circulation development pattern and industrial
science and technology innovation.

Degree of
Coupling Dissonance Zone Adaptation Zone Coupling Zone

1-9
Coupling

grade

Severe
dissonance

Modelate
dissonance

Mild
dissonance

On the
verge of

dissonance

Primary
coordination

Intermediate
coordina-

tion

Good
coordina-

tion

Quality
coordination

1-9
Coupling

level
0.000–0.100 0.101–0.300 0.301–0.400 0.401–0.500 0.501–0.600 0.601–0.700 0.701–0.900 0.901–1.000

Among them, the coupling rubric in Table 4 is derived from an integrated analysis of
coupled coordination models in academia. This level of division and normativity has been
established. In this paper, we will strictly follow this judging structure to examine the in-
trinsic linkage between the industrial double cycle and science and technology innovation.

Table 4. Domestic Circulation Degree by Industry in China, 2015–2019.

Industries 2015 2016 2017 2018 2019 Average
Value

Agriculture, hunting, forestry and fishing 2.382 2.385 2.422 2.400 2.506 2.419
Extractive industries 3.364 3.368 3.379 3.384 3.405 3.380

Food, beverages and tobacco 2.460 2.461 2.475 2.538 2.501 2.487
Textile raw materials and textile products 3.464 3.470 3.498 3.535 3.629 3.519

Leather, leather products and footwear 2.831 2.837 2.857 2.913 2.939 2.875
Wood, wood products and cork 2.617 2.627 2.635 2.711 2.765 2.671

Pulp, paper products, printing and publishing 2.009 2.018 2.050 2.027 2.165 2.054
Coke, refined petroleum and nuclear fuel 2.050 2.055 2.084 2.089 2.220 2.100

Chemicals and chemical products 3.848 3.866 3.852 3.912 3.911 3.877
Rubber and plastic products 3.307 3.315 3.313 3.346 3.348 3.326

Other non-metallic mineral products 2.381 2.389 2.392 2.410 2.466 2.407
Base metals and metal products 2.128 2.139 2.149 2.188 2.247 2.170

Mechanical and electrical products 2.313 2.330 2.327 2.326 2.446 2.348
Electrical and optical equipment 3.473 3.470 3.469 3.491 3.540 3.488

Transport equipment 3.877 3.889 3.884 3.956 4.051 3.931
Recycling industry 3.038 3.041 3.055 3.099 3.187 3.084

Electricity, gas and water supply 3.864 3.864 3.876 3.881 3.987 3.894
Construction 3.287 3.285 3.281 3.282 3.442 3.315

Sales of cars, motorbikes, etc.; retailing of fuel 3.132 3.140 3.147 3.139 3.283 3.168
Wholesale trade and brokerage trade 2.778 2.792 2.811 2.786 2.822 2.798

Retail trade; repair of household goods 1.211 1.212 1.236 1.289 1.364 1.262
Catering 3.019 3.019 3.035 3.098 3.095 3.053

Inland transport 3.632 3.630 3.651 3.646 3.763 3.664
Water transport 2.998 3.009 3.044 2.998 3.114 3.032

Air transport 1.983 1.986 1.992 1.993 2.015 1.994
Other paratransit activities; travel agency operations 1.816 1.811 1.814 1.891 1.930 1.852
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Table 4. Cont.

Industries 2015 2016 2017 2018 2019 Average
Value

Post and telecommunications 2.109 2.114 2.115 2.128 2.247 2.143
Finance 2.949 2.957 2.972 2.961 2.975 2.963

Real estate 2.490 2.505 2.525 2.515 2.659 2.539
Equipment rental and other commercial activities 3.783 3.796 3.799 3.800 3.925 3.820

Public administration and defence;
compulsory social security 1.076 1.077 1.086 1.149 1.143 1.106

Education 1.507 1.523 1.523 1.516 1.570 1.528
Health and social work 1.792 1.795 1.830 1.792 1.934 1.829

Other community, social and personal services 1.108 1.114 1.109 1.150 1.252 1.147
Family services 1.346 1.359 1.383 1.375 1.494 1.391
Average value 2.612 2.619 2.631 2.649 2.724 2.647

3.3. Data Collection

In this study, data from the world input–output tables are only integrated up to 2014.
However, given the realistic timing of the proposed dual-circulation strategy and the rapidly
growing size of China’s economy and distribution system, this study utilizes the trend
extrapolation forecasting method. Using the data available up to 2014 and considering
its development trends, the data are forecasted to fall further into the 2015–2019 range.
The data are also used to analyze the dual-circulation situation under the new cycle in
China. On the other hand, the yearbooks and other data materials have been temporarily
updated to 2019. The main period of this study is thus set as 2015–2019. Of course, the
sudden pandemic in 2020 also prevents the data projection of this study. The impact of the
pandemic on international trade and global value chains has been enormous. It is likely to
trigger significant data changes. The significance of the follow-up calculation is, therefore,
more limited. Summing up all the above factors, we start a positive and correct study from
2015–2019. In the DEA calculation, we substitute the annual cross-sectional data separately.
The final summary forms the efficiency of each province in each year.

4. Empirical Analysis
4.1. Domestic and Foreign Circulation Degree Analysis

Using the import–export trade relationship from the World Input-Output Database
(WIOD), this paper analyses the scale of production–trade–final consumption in the domes-
tic market. Based on Equations (2)–(6), this paper measures each industrial sector’s domes-
tic and foreign circulation degrees in China from 2015–2019, as shown in Tables 4 and 5.
Our data come from the China Industry Yearbook. World input–output data are derived
from international databases and their forecast sections.
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Table 5. China’s foreign circulation degree by industry, 2015–2019.

Industries 2015 2016 2017 2018 2019 Average
Value

Agriculture, hunting, forestry and fishing 0.219 0.22 0.248 0.281 0.306 0.249
Extractive industries 0.683 0.667 0.624 0.634 0.711 0.691

Food, beverages and tobacco 0.272 0.263 0.278 0.249 0.276 0.265
Textile raw materials and textile products 0.515 0.562 0.525 0.577 0.547 0.539

Leather, leather products and footwear 0.388 0.342 0.328 0.326 0.304 0.366
Wood, wood products and cork 0.351 0.33 0.318 0.294 0.286 0.333

Pulp, paper products, printing and
publishing 0.468 0.499 0.479 0.46 0.443 0.485

Coke, refined petroleum and nuclear fuel 0.689 0.662 0.725 0.754 0.83 0.725
Chemicals and chemical products 0.547 0.484 0.467 0.491 0.554 0.525

Rubber and plastic products 0.628 0.584 0.541 0.495 0.528 0.566
Other non-metallic mineral products 0.348 0.384 0.41 0.331 0.341 0.37

Base metals and metal products 0.615 0.54 0.53 0.56 0.53 0.562
Mechanical and electrical products 0.609 0.547 0.508 0.557 0.515 0.583

Electrical and optical equipment 0.919 0.828 0.851 0.848 0.899 0.869
Transport equipment 0.559 0.574 0.534 0.596 0.556 0.586
Recycling industry 0.349 0.323 0.336 0.366 0.395 0.343

Electricity, gas and water supply 0.89 0.726 0.85 0.832 0.858 0.864
Construction 0.693 0.662 0.612 0.618 0.633 0.667

Sales of cars, motorbikes, etc.; retailing of fuel 0.414 0.462 0.436 0.47 0.452 0.435
Wholesale trade and brokerage trade 0.881 0.894 0.803 0.828 0.723 0.831

Retail trade; repair of household goods 0.373 0.352 0.316 0.302 0.367 0.306
Catering 0.557 0.671 0.773 0.782 0.601 0.67

Inland transport 0.934 0.886 0.814 0.91 0.984 0.9
Water transport 0.742 0.729 0.76 0.81 0.799 0.728

Air transport 0.434 0.416 0.523 0.423 0.48 0.439
Other paratransit activities; travel agency

operations 0.289 0.306 0.391 0.362 0.271 0.333

Post and telecommunications 0.35 0.229 0.219 0.228 0.267 0.252
Finance 0.235 0.261 0.12 0.159 0.188 0.224

Real estate 0.583 0.608 0.541 0.565 0.53 0.549
Equipment rental and other commercial

activities 0.751 0.619 0.592 0.517 0.494 0.655

Public administration and defence;
compulsory social security 0.181 0.158 0.108 0.141 0.094 0.164

Education 0.443 0.349 0.317 0.366 0.34 0.391
Health and social work 0.386 0.339 0.325 0.494 0.397 0.394

Other community, social and personal
services 0.033 0.065 0.019 0.068 0.016 0.035

Family services 0.026 0.031 0.025 0.076 0.17 0.05
Average value 0.496 0.474 0.464 0.479 0.477 0.484

Source: Calculated by the authors.
As shown in Table 4, the degree of domestic recycling in China varies in a gradient

across industries. The mean value of domestic circularity in the primary industry, with
agriculture, hunting, forestry, and fishery as the core, is 2.419, indicating that agricultural
products need to go through about 2.419 internal circular links in the process of domestic
production and consumption, and the scale of domestic intermediate inputs is significantly
larger. Moreover, compared to Liu’s portrayal of the 2008–2014 data period, the dual
circulation enters a new circle that strengthens the domestic circularity force. The mean
value of domestic circularity in the secondary sector, including food, textile, leather, wood,
and construction, is 2.996, which is significantly more substantial than in the primary
sector. Among them, the average value of domestic circularity for primary manufacturing
industries such as industrial raw materials (textiles, leather, wood, pulp, coke, chemicals,
rubber, and non-metallic minerals) was 2.854, which is slightly lower than the average
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value of domestic circularity for industries. This feeds back into the essential attributes of
China’s resource power, with more pronounced redundancy and misallocation of resources
in resource-driven industries. The average value of domestic circularity for important
manufacturing industries such as industrial products (primary metals, machinery and
electrical, optical equipment) was 2.669, which is 10.91% lower than the average value
of domestic circularity for secondary industries and 6.48% lower than that of primary
manufacturing industries, indicating that China’s crucial manufacturing industries are still
relatively weak. This indicates that the shortcomings of China’s manufacturing circularity
still exist, and the domestic fluency is not high. The lack of more technology matching
channels limits the development of circularity in this area, making the overall quality of the
manufacturing sector unevenly graded. The domestic circularity of pillar manufacturing
industries such as transport and energy (electricity, gas, and water supply), on the other
hand, is relatively outstanding, with an average value of 3.894, which is 23.06 percentage
points above the manufacturing average. These industries are undeniably the mainstays
of the domestic economy, and their grander scale of input and output allows them to
participate actively in the domestic cycle, thus presenting a positive image of their role. The
increased participation in the energy supply cycle also means that the country’s economic
performance is active and robust.

The average value of domestic circulation in the tertiary sector was 2.311, indicating
that the internal circulation of intangible goods takes about 2.311 steps, significantly lower
than that of the secondary sector. However, retail and commerce have a mean domestic
circulation of 3.82, much higher than other sectors, indicating that China’s efforts to expand
domestic demand are increasingly successful. The increase in commercial activity as a high
or low output of product terminals implies the active participation of the production sectors
in all Chinese industries. The boom in the commodity sector has also led to an increase
in the consumer’s ability to absorb economic activity, which feeds back into production
and manufacturing activities from downstream of the industry to incentivize efficient
performance by producers. The domestic circularity of national public safety industries
such as social security and health is only 1.106, indicating that government-led industries
are risk-averse in terms of multiple circularities and hoping to enhance public service
output through stable and precise public management.

Table 5 portrays the foreign circulation in China by industry structure. Combined with
Table 4, it can be seen that China’s foreign circulation is significantly lower than its domestic
circulation. There are three reasons for this: first, China’s emphasis on autonomous
development allows it to get rid of its dependence on foreign industries through the
continued expansion of the domestic cycle; secondly, China is still in a developing stage,
and the exclusion of foreign industrial and value chains is still evident, making it difficult
for China to participate in them; thirdly, the technological level of some Chinese industries
is insufficient, and the utility of resources is low, making it difficult for China to participate
in the international circuit.

Specifically, although the average value of the industry’s foreign circularity is only
0.484, representing only 18.285% of the domestic circularity, it mainly occupies advanced
or critical industries. Electrical and optical equipment, electricity, gas and water, wholesale
economy, and inland transport have an industrial circularity of 0.8 or more, indicating a
high degree of foreign capital or factor involvement in these industries. Moreover, some
product processing links even originate from foreign scenes. This is highly likely to lead to
industrial lifelines being controlled by other countries. Among them, the average value
of the foreign circulation degree of our wholesale trade and commerce is as high as 0.831,
which means that the core of our tertiary industry is equally dependent on the supply and
processing of foreign products. The lack of products and weak processing capacity of the
commodity industry is limiting the quality development of our country, and over time, our
tertiary industry is facing the unfavorable situation of weak consumption and suppressed
domestic demand.
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4.2. Analysis of the Degree of Coupling between the a Dual-Circulation Development Pattern and
Industrial Science and Technology Innovation

Using the coupling coordination model, through Equations (7) and (8), this paper
sought to obtain the coupling degree between the dual-circulation development pattern and
industrial science and technology innovation, and the results are shown in Tables 6 and 7.

Table 6. Coupling of domestic circulation degree and industrial science and technology innovation
degree by industry in China, 2015–2019.

Industries 2015 2016 2017 2018 2019 Average
Value

Agriculture, hunting, forestry and fishing 0.302 0.319 0.345 0.396 0.407 0.354
Extractive industries 0.376 0.420 0.461 0.516 0.559 0.467

Food, beverages and tobacco 0.296 0.318 0.380 0.387 0.435 0.363
Textile raw materials and textile products 0.372 0.431 0.494 0.544 0.566 0.482

Leather, leather products and footwear 0.339 0.367 0.400 0.450 0.492 0.410
Wood, wood products and cork 0.325 0.336 0.395 0.436 0.461 0.391

Pulp, paper products, printing and publishing 0.225 0.264 0.305 0.319 0.322 0.287
Coke, refined petroleum and nuclear fuel 0.234 0.289 0.295 0.330 0.352 0.300

Chemicals and chemical products 0.382 0.458 0.528 0.578 0.613 0.512
Rubber and plastic products 0.354 0.394 0.480 0.521 0.554 0.460

Other non-metallic mineral products 0.274 0.328 0.345 0.397 0.418 0.353
Base metals and metal products 0.256 0.284 0.309 0.334 0.363 0.309

Mechanical and electrical products 0.272 0.322 0.335 0.375 0.373 0.335
Electrical and optical equipment 0.341 0.400 0.454 0.505 0.572 0.454

Transport equipment 0.381 0.427 0.537 0.545 0.604 0.499
Recycling industry 0.357 0.399 0.421 0.484 0.508 0.434

Electricity, gas and water supply 0.369 0.430 0.506 0.560 0.621 0.497
Construction 0.329 0.432 0.483 0.515 0.530 0.458

Sales of cars, motorbikes, etc.; retailing of fuel 0.349 0.403 0.434 0.477 0.502 0.433
Wholesale trade and brokerage trade 0.317 0.379 0.394 0.450 0.449 0.398

Retail trade; repair of household goods 0.066 0.070 0.086 0.091 0.081 0.079
Catering 0.337 0.412 0.444 0.475 0.484 0.430

Inland transport 0.386 0.426 0.481 0.551 0.579 0.485
Water transport 0.340 0.392 0.431 0.471 0.503 0.427

Air transport 0.254 0.273 0.294 0.323 0.330 0.295
Other paratransit activities; travel agency operations 0.203 0.247 0.254 0.273 0.271 0.249

Post and telecommunications 0.235 0.275 0.309 0.341 0.343 0.300
Finance 0.346 0.372 0.414 0.472 0.484 0.418

Real estate 0.307 0.325 0.371 0.390 0.434 0.365
Equipment rental and other commercial activities 0.352 0.478 0.479 0.549 0.620 0.496

Public administration and defence;
compulsory social security 0.000 0.000 0.002 0.000 0.000 0.000

Education 0.164 0.174 0.189 0.208 0.228 0.193
Health and social work 0.197 0.228 0.246 0.286 0.297 0.251

Other community, social and personal services 0.023 0.019 0.000 0.016 0.005 0.012
Family services 0.119 0.131 0.135 0.144 0.159 0.137
Average value 0.279 0.321 0.355 0.392 0.415 0.352
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Table 7. Coupling of foreign circulation degree and industrial science and technology innovation by
industry in China, 2015–2019.

Industries 2015 2016 2017 2018 2019 Average
Value

Agriculture, hunting, forestry and fishing 0.244 0.250 0.263 0.308 0.335 0.280
Extractive industries 0.357 0.399 0.437 0.496 0.531 0.444

Food, beverages and tobacco 0.220 0.229 0.269 0.265 0.265 0.249
Textile raw materials and textile products 0.311 0.354 0.399 0.437 0.445 0.389

Leather, leather products and footwear 0.239 0.254 0.264 0.299 0.383 0.288
Wood, wood products and cork 0.232 0.239 0.266 0.282 0.288 0.262

Pulp, paper products, printing and publishing 0.257 0.301 0.367 0.395 0.411 0.346
Coke, refined petroleum and nuclear fuel 0.344 0.445 0.452 0.527 0.601 0.474

Chemicals and chemical products 0.304 0.355 0.399 0.426 0.508 0.398
Rubber and plastic products 0.298 0.329 0.388 0.417 0.429 0.372

Other non-metallic mineral products 0.237 0.272 0.283 0.321 0.395 0.302
Base metals and metal products 0.302 0.335 0.375 0.403 0.404 0.364

Mechanical and electrical products 0.294 0.346 0.356 0.407 0.429 0.366
Electrical and optical equipment 0.350 0.411 0.466 0.530 0.621 0.475

Transport equipment 0.302 0.332 0.404 0.410 0.504 0.391
Recycling industry 0.274 0.298 0.319 0.360 0.401 0.330

Electricity, gas and water supply 0.351 0.406 0.477 0.530 0.573 0.467
Construction 0.304 0.390 0.438 0.466 0.494 0.418

Sales of cars, motorbikes, etc.; retailing of fuel 0.283 0.321 0.347 0.378 0.420 0.350
Wholesale trade and brokerage trade 0.342 0.409 0.424 0.498 0.550 0.445

Retail trade; repair of household goods 0.244 0.280 0.328 0.346 0.334 0.306
Catering 0.319 0.384 0.417 0.439 0.487 0.409

Inland transport 0.400 0.442 0.504 0.576 0.594 0.503
Water transport 0.363 0.420 0.462 0.521 0.523 0.458

Air transport 0.311 0.339 0.368 0.400 0.439 0.371
Other paratransit activities; travel agency operations 0.203 0.242 0.267 0.286 0.346 0.269

Post and telecommunications 0.200 0.221 0.258 0.304 0.243 0.245
Finance 0.178 0.186 0.212 0.219 0.279 0.215

Real estate 0.314 0.333 0.386 0.408 0.419 0.372
Equipment rental and other commercial activities 0.270 0.349 0.348 0.381 0.412 0.352

Public administration and defence;
compulsory social security 0.110 0.099 0.128 0.137 0.183 0.131

Education 0.258 0.273 0.293 0.348 0.391 0.312
Health and social work 0.248 0.291 0.333 0.345 0.362 0.316

Other community, social and personal services 0.000 0.000 0.000 0.000 0.000 0.000
Family services 0.163 0.177 0.210 0.177 0.287 0.203
Average value 0.269 0.306 0.340 0.373 0.408 0.339

Source: Calculated by the authors.
As seen in Table 6, the coupling between domestic circulation and STI is slightly lower

in China’s industries in 2015–2019, and most of them are within the mild dissonance and
adaptation zone. However, some industries are close to 0, verifying the dysfunctional
problem. The above industries are mainly concentrated in the tertiary industry, which
indicates that the coupling between STI and domestic circulation in China presents an
unbalanced coupling, and the overall quality is still insufficient.

Regarding the industry dimension, (i) the coupling between the domestic circulation
and STI in the primary sector is fair, with an average annual coupling of 0.354, at a mildly
dislocated level. This is mainly because, since 2015, China has further strengthened the
Agricultural Science and Technology Development Plan (2006–2020). However, due to
the restructuring of agriculture, some cutting-edge technologies have entered a period of
delayed research. Around this, China has further proposed a rural revitalization strategy,
hoping to lead development through the innovation of technological power. Therefore,
this dislocation is short-lived and is a necessary part of the industrial transformation. In
addition, China’s status as a major agricultural country remains unchanged, and, except
for some agricultural industries that are dependent on imports, there is a long-standing
trend towards an internal agricultural circulation. In this process, the strengthening of
the internal circulation trend has effectively stimulated the kinetic energy of agricultural
and rural subjects and fostered the leading force of agricultural and rural development,



Systems 2022, 10, 62 17 of 25

combined with the optimizing role of science and technology innovation for agricultural
business subjects, the relationship between which needs to be further sorted out.

The average value of coupling in the secondary sector is 0.3 to 0.512, at the stage
of mild dissonance and prior coordination. The scale of China’s manufacturing sector
has proliferated, and the quality and length of the internal circulation have increased
significantly. However, the rate of scale expansion of STI is significantly insufficient. This
has led to a slight disconnect in the coupling of the two. Furthermore, the lack of momentum
in cutting-edge manufacturing technology, the apparent lack of promotion of financial
factors, and the formation of virtual industries such as the external ‘meta-universe’ have
left the manufacturing industry system outside of science and technology innovation and
internal circulation. It is undeniable that China’s manufacturing industry has long been
at a disadvantage in the global division of value labor, yet it is the pillar industry of the
domestic economic cycle system. The former means that the industry cannot part with
the vast foreign market and is caught in the quagmire of low-end technology locking; the
latter is at a disadvantage in the competition with foreign products due to the lack of core
technology. It can be seen that, contrary to the domestic circularity, the average value of the
coupling degree of pillar manufacturing industries such as transportation and recycling
reaches 0.410. The average value of the coupling degree of important manufacturing
industries such as industrial products is 0.741. Moreover, the average value of the coupling
degree of primary manufacturing industries such as industrial raw materials is 0.648.
These three show an inverted gradient change, indicating that China has focused on the
problem of insufficient domestic circularity and effectively promoted the in-depth science
and technology innovation strategy and has focused on tackling technically tricky areas.

The tertiary sector has a coupling degree in the range of 0.496, with a sizeable overall
span. In recent years, China has been committed to innovation and change in the public
sector, but due to its unique and secure nature, its internal circulation links have been
inhibited, leading to a low degree of coupling and a state of dissonance. With the steady
rise in domestic demand, the innovative adjustment of business models and service ideas,
and the introduction of innovative industries, the coupling between the inner circle of the
tertiary sector and science and technology innovation is set to rise again.

As shown in Table 7, China’s foreign circulation and industrial science and technology
innovation coupling maintain a neutral coupling state, with an average annual coupling
value of 0.339, which is in a mildly dislocated state. However, the average value of the
coupling degree of the secondary industry reaches above 0.45, which is the highest value
for each industry in the whole foreign circulation system. Furthermore, considering that the
foreign circulation degree is generally much lower than the domestic, our manufacturing
technology is more seriously dependent on foreign countries. The expansion of foreign
circularity is led by advanced technology to meet the needs of domestic manufacturing.
This means that China’s homogeneous coupling of industrial technology and foreign cycles
is a reluctant move due to technological and developmental pressures. The fluctuations
within the tertiary industry remain high, and the average value of industrial coupling also
remains at around 0.2, in a state of moderate dissonance, with a poor overall coupling level.
Overall, the level of science and technology innovation in China’s industries and foreign
circularity required to maintain the same coupling changes and critical core technology
research closely follow the changes in the international situation of the industry. China
should, through the acceleration of science and technology innovation, smooth the docking
channel between science and technology, finance and real industry and advanced foreign
technology, open up the foreign circulation in all aspects of production, distribution,
exchange, and consumption, and avoid the unfavorable risk of over-reliance on foreign
technology and falling behind in science and technology innovation.
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4.3. Analysis of the Type of Coupling between the a Dual-Circulation Development Pattern and
Industrial Science and Technology Innovation

The domestic and foreign circulation degrees of each industry are standardized and,
considering that there should be a difference between the circularity degree and the science
and technology innovation degree of each industry (∆U = 0, ∆U = U1 − U2), this paper
further classifies the coupling degree of science and technology innovation of industries
in the dual-circulation development pattern into three significant types (Zhu et al., 2019).
When ∆U > 0.255, the industry shows a circulation overtaking state (S, i.e., STI lagging
state). When ∆U is in the interval of [0.155, 0.255], the industry is in a synergy state
(T, i.e., STI stable state). When ∆U < 0.155, the industry enters a circulation lag state (F, i.e.,
STI frontier state). The final calculation results are shown in Tables 8 and 9.

Table 8. Type of coupling between domestic circulation degree and industrial STI in China by
industry in major years.

Industries
2015 2017 2019

∆U D Type ∆U D Type ∆U D Type

Agriculture, hunting, forestry and
fishing 0.067 0.302 F −0.043 0.345 F −0.364 0.407 F

Extractive industries 0.442 0.376 S 0.274 0.461 S 0.061 0.559 F

Food, beverages and tobacco 0.132 0.296 F −0.107 0.380 F −0.297 0.435 F

Textile raw materials and textile
products 0.495 0.372 S 0.243 0.494 T 0.063 0.566 F

Leather, leather products and footwear 0.247 0.339 T 0.102 0.400 F −0.103 0.492 F

Wood, wood products and cork 0.161 0.325 T −0.039 0.395 F −0.234 0.461 F

Pulp, paper products, printing and
publishing 0.032 0.225 F −0.270 0.305 F −0.471 0.322 F

Coke, refined petroleum and nuclear
fuel 0.031 0.234 F −0.171 0.295 F −0.425 0.352 F

Chemicals and chemical products 0.652 0.382 S 0.397 0.528 S 0.156 0.613 T

Rubber and plastic products 0.452 0.354 S 0.208 0.480 T 0.016 0.554 F

Sales of cars, motorbikes, etc.; retailing
of fuel 0.378 0.349 S 0.209 0.434 T −0.012 0.502 F

Wholesale trade and brokerage trade 0.264 0.317 S 0.098 0.394 F −0.166 0.449 F

Retail trade; repair of household goods −0.285 0.066 F −0.519 0.086 F −0.746 0.081 F
Catering 0.348 0.337 S 0.120 0.444 F −0.055 0.484 F

Inland transport 0.547 0.386 S 0.364 0.481 S 0.185 0.579 T

Water transport 0.332 0.340 S 0.142 0.431 F −0.068 0.503 F

Air transport −0.074 0.254 F −0.262 0.294 F −0.424 0.330 F

Other paratransit activities; travel
agency operations −0.051 0.203 F −0.284 0.254 F −0.547 0.271 F

Post and telecommunications 0.066 0.235 F −0.175 0.309 F −0.372 0.343 F

Finance 0.292 0.346 S 0.131 0.414 F −0.077 0.484 F

Real estate 0.126 0.307 F −0.073 0.371 F −0.280 0.434 F

Equipment rental and other commercial
activities 0.667 0.352 S 0.455 0.479 S 0.182 0.620 T

Public administration and defence;
compulsory social security −0.358 0.000 F −0.598 0.002 F −0.791 0.000 F

Education −0.234 0.164 F −0.421 0.189 F −0.578 0.228 F

Other non-metallic mineral products 0.135 0.274 F −0.046 0.345 F −0.344 0.418 F

Base metals and metal products 0.024 0.256 F −0.174 0.309 F −0.358 0.363 F
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Table 8. Cont.

Industries
2015 2017 2019

∆U D Type ∆U D Type ∆U D Type

Mechanical and electrical products 0.102 0.272 F −0.063 0.335 F −0.339 0.373 F

Electrical and optical equipment 0.546 0.341 S 0.350 0.454 S 0.064 0.572 F

Transport equipment 0.665 0.381 S 0.403 0.537 S 0.205 0.604 T

Recycling industry 0.318 0.357 S 0.165 0.421 T −0.125 0.508 F

Electricity, gas and water supply 0.677 0.369 S 0.442 0.506 S 0.222 0.621 T

Construction 0.481 0.329 S 0.186 0.483 T 0.023 0.530 F

Health and social work −0.056 0.197 F −0.302 0.246 F −0.538 0.297 F

Other community, social and personal
services −0.389 0.023 F −0.579 0.000 F −0.759 0.005 F

Family services −0.262 0.119 F −0.506 0.135 F −0.668 0.159 F

Table 9. Type of coupling between the foreign circularity degree and the industrial science degree
and technology innovation in Chinese industries in major years.

Industries
2015 2017 2019

∆U D Type ∆U D Type ∆U D Type

Agriculture, hunting, forestry and fishing −0.093 0.244 F −0.228 0.263 F −0.486 0.335 F

Extractive industries 0.345 0.357 S 0.186 0.437 T −0.022 0.531 F

Food, beverages and tobacco −0.089 0.220 F −0.332 0.269 F −0.573 0.265 F

Textile raw materials and textile products 0.199 0.311 T −0.055 0.399 F −0.246 0.445 F

Leather, leather products and footwear −0.074 0.239 F −0.236 0.264 F −0.340 0.383 F

Wood, wood products and cork −0.109 0.232 F −0.315 0.266 F −0.537 0.288 F

Pulp, paper products, printing and publishing 0.142 0.257 F −0.140 0.367 F −0.317 0.411 F

Coke, refined petroleum and nuclear fuel 0.529 0.344 S 0.300 0.452 S 0.171 0.601 T

Chemicals and chemical products 0.224 0.304 T −0.043 0.399 F −0.139 0.508 F

Rubber and plastic products 0.185 0.298 T −0.073 0.388 F −0.287 0.429 F

Other non-metallic mineral products 0.012 0.237 F −0.191 0.283 F −0.386 0.395 F

Base metals and metal products 0.180 0.302 T −0.012 0.375 F −0.279 0.404 F

Mechanical and electrical products 0.184 0.294 T −0.005 0.356 F −0.227 0.429 F

Electrical and optical equipment 0.603 0.350 S 0.401 0.466 S 0.222 0.621 T

Transport equipment 0.227 0.302 T −0.048 0.404 F −0.090 0.504 F

Recycling industry 0.015 0.274 F −0.128 0.319 F −0.358 0.401 F

Electricity, gas and water supply 0.550 0.351 S 0.320 0.477 S 0.067 0.573 F

Construction 0.336 0.304 S 0.043 0.438 F −0.078 0.494 F

Sales of cars, motorbikes, etc.; retailing of fuel 0.102 0.283 F −0.059 0.347 F −0.215 0.420 F

Wholesale trade and brokerage trade 0.384 0.342 S 0.201 0.424 T 0.107 0.550 F

Retail trade; repair of household goods 0.037 0.244 F −0.181 0.328 F −0.471 0.334 F

Catering 0.263 0.319 S 0.036 0.417 F −0.046 0.487 F

Inland transport 0.638 0.400 S 0.466 0.504 S 0.239 0.594 T

Water transport 0.454 0.363 S 0.253 0.462 T −0.016 0.523 F

Air transport 0.087 0.311 F −0.105 0.368 F −0.218 0.439 F

Other paratransit activities; travel agency
operations −0.050 0.203 F −0.261 0.267 F −0.437 0.346 F
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Table 9. Cont.

Industries
2015 2017 2019

∆U D Type ∆U D Type ∆U D Type

Post and telecommunications −0.036 0.200 F −0.273 0.258 F −0.520 0.243 F

Finance −0.195 0.178 F −0.334 0.212 F −0.478 0.279 F

Real estate 0.155 0.314 F −0.032 0.386 F −0.309 0.419 F

Equipment rental and other commercial activities 0.200 0.270 T −0.021 0.348 F −0.347 0.412 F

Public administration and defence;
compulsory social security −0.272 0.110 F −0.515 0.128 F −0.667 0.183 F

Education −0.046 0.258 F −0.261 0.293 F −0.331 0.391 F

Health and social work 0.093 0.248 F −0.131 0.333 F −0.440 0.362 F

Other community, social and personal services −0.398 0.000 F −0.579 0.000 F −0.760 0.000 F

Family services −0.198 0.163 F −0.420 0.210 F −0.521 0.287 F

Source: Calculated by the authors.
As seen in Table 8, the domestic circulation-STI in China in the significant years

showed an F-shaped coupling, with the apparent STI leading the domestic circulation. This
is a positive pattern of STI, i.e., STI has effectively promoted the completion of the domestic
circulation pattern. The coupling pattern varies widely across modes within industries, but
most industries show less cross-sectional variation across years. The coupling pattern be-
tween the double-loop model and STI is relatively fixed, with less cross-sectional variation
over the years, showing only fluctuating changes in the strength of the coupling within
the same morphological framework. Vertically, there are few relatively stable coupling
intermediate states (T), mostly showing coupling trends that are too extreme. Among the
primary industries, agriculture develops rapidly. The absolute value of coupling gradually
expands, indicating that the coupling equilibrium between agriculture and science and
technology innovation is gradually broken, and the supreme power of science and technol-
ogy innovation is gradually presented. In the secondary industry, primary manufacturing
industries show a cyclical over-advancement state (S), i.e., the penetration of science and
technology innovation into the upstream of the industry and the supply chain is limited,
and efficient resource allocation and a strong science and technology innovation system still
need to be further explored. Industrial products and other critical manufacturing industries,
on the other hand, show an excellent frontier state of science and technology innovation
(F), and the radiation of science and technology innovation to the domestic circulation
has increased. The gap between the two has increased significantly in innovation power
and vitality pull. Pillar manufacturing industries such as transport and energy also show
an F-state coupling, but the strength of the coupling gradually decays with time, shifting
towards the reverse state (S). On the other hand, the tertiary sector shows a non-equilibrium
state with alternating F-states and S-states, with large fluctuations between and within
industries across years.

As shown in Table 9, China’s industrial foreign circulation and science and tech-
nology innovation present an F and S type cross-coupling state, i.e., there is no positive
co-directional coupling. Instead, the absolute leading state in which the circulation or STI
overtakes is dominant. The shift of the primary industry from the F-state of the domestic
cycle to the S-state indicates that the scale of China’s demand for foreign agricultural
products is still significant, and this gap cannot be bridged by science and technology
innovation in the short term. More than 50% of the primary manufacturing industries have
shifted to the S-state in the secondary sector, and the tendency of foreign recycling in indus-
tries such as chemicals and coke has intensified. The support of science and technology
innovation has weakened significantly, which further supports the gap between China’s
advanced manufacturing industries and the world’s advanced level: the characteristics of
China’s manufacturing industries as large but not strong have not changed, and there is a
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development gap in terms of independent innovation capacity and quality and efficiency.
Except for the public service sector, which is under the control of the government, the rest
of the tertiary sub-sectors are in a state of fluctuation and change. As new industries and
new business models emerge, China’s service industries’ core model and strategic thinking
need to be strengthened. The integration of innovative technologies and service paths has
become the focus of industrial adjustment under the new double-circulation development
pattern. On the whole, China’s industries are at a disadvantage in foreign circulation,
the influence of scientific and technological innovation is minimal, and the extension and
consolidation of innovative power are urgent.

5. Academic and Management Implications

Of course, there are certain research limitations in this paper. On the one hand,
the research object is mainly based on extensive industrial categories, and some specific
industries are not portrayed. On the other hand, the assessment of STI can be further
optimized and the discussion of the coupling relationship between the two extended from
the perspective of green development.

5.1. Academic Implications

This study enriches the endogenous theory of the new development pattern of the
double cycle and science and technology innovation. Based on the research results, this
paper proposes the following theoretical implications.

(1) As an essential practice field of the new national economic model, the new dual-cycle
development lacks a unified theoretical foundation in terms of origin, appearance,
and connotation, and its portrayal process also lacks theoretical interpretation. In this
paper, we analyze and propose the connotation of the link between the double cycle
and the length of production in general equilibrium. It also identifies the internal and
external circularity of the new development pattern of double-loop, which enriches
the existing research in the field of double-loop and provides a theoretical reference
for guiding local governments to focus on the construction of double-loop.

(2) This paper proposes a more objective and quantitative evaluation system for the
core connotation of industrial science and technology innovation. With the help of
the improved Index DEA model, the degree of industrial science and technology
innovation is fully portrayed, and the theoretical research on its evaluation and
measurement is extended.

(3) The verification idea and judgment method of coupling a double cycle and science and
technology innovation are given. It also enriches the theoretical research on the type of
coupling and provides the theoretical basis for industries to guide their behavior and
strengthen the practice of science and technology effectiveness. This is accomplished
through the formation of the analytical framework of science and technology innova-
tion double cycle to help industry and government recognize the leading cooperation
framework and synergy mode of science and technology innovation.

5.2. Management Insights

The government and industry should recognize the mechanism of the role of science
and technology innovation on the double cycle. The primary conditions vary among in-
dustries, and the momentum brought by STI also differs. They should not blindly expand
investment in science and technology innovation and stimulate the formation of a new
model of a double cycle. There is an endogenous coupling relationship between the two.
Therefore, from the management point of view, the main optimization strategies include:
First, accelerating the optimization of market mechanisms. The economy and the science
and innovation system are further opened internally. The accelerated cycle of domestic
demand depends on more efficient and rapid allocation of scientific and technological
resources, which requires further reducing the share of state-owned enterprises (both finan-
cial and non-financial) in the national economy and correspondingly increasing the share
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of more dynamic small, medium, and micro private enterprises, giving them a stronger
market position and enabling them to enter more industrial fields, including monopolistic
ones. Second, further improve the circulation system of commodities and production
factors, break down regional, industrial, and hierarchical barriers in various fields such as
technical talents, capital, land, scientific and technological goods and services, and form
a unified, competitive, orderly, and open market circulation system. Third, accelerate the
upgrading of the industrial structure. At present, China’s economy, and even the global
economy, is in a critical point of industrial upgrading—namely, the information revolution
or the outbreak of the fourth industrial revolution moment. China is already in the lead in
this revolution and will accelerate the transformation to a piece of information or intelligent
society in the future. This transformation has given rise to intelligent consumption and
intelligent investment, which has given rise to and transformed a series of new industries
and products. The derivatives include new electronic materials, electronic components,
information equipment manufacturing, information infrastructure, intelligent machines,
information facilities, and a series of information products. The transformation is “Inter-
net+”, “Internet of Things,” and “Artificial Intelligence+”. That is, industries and products
are transformed with the technologies and platforms of the Internet, Internet of Things, and
artificial intelligence. Accelerating this transformation, that is, accelerating the upgrade
of industrial structure to the direction of information technology and intelligence, will
undoubtedly accelerate this cycle. Combined with the conclusion of this article’s analysis,
the coupling of various industry cycles with technology is precisely the deep integration of
this wisdom revolution technology. The superposition of new technology products fully
reveals the effectiveness of scientific and technological innovation. In the final double-cycle
model, it is necessary to drive the flow of elements.

6. Conclusions and Suggestions

Based on the Index DEA and coupling coordination model analysis, combined with
the construction of a dual-circulation measurement model, this paper clarifies the coupling
relationship between the dual-circulation development pattern and industrial science and
technology innovation. This study finds that:

(1) The quality of our domestic and foreign circulation is slightly better, but the pattern
of domestic circulation dominance is excellent. Both dual-circulation lengths show
a steady increase with the dual-circulation pattern proposed for 2015–2019. How-
ever, some industrial circulation is weaker, and the trend of industrial stratification
is apparent.

(2) All industries are coupled with science and technology innovation, but the direction
and degree of coupling vary considerably. One of the critical technology industries
is more dependent on foreign technology, and the domestic circulation requires
more innovative technology and requires the financial element to expand the quality
of innovation.

(3) Compared to other developing countries, China has more effectively coupled science
and technology innovation and the dual-circulation development model. The do-
mestic circular structure cultivates autonomy and retains circular independence for
industries with high technological claims; in the foreign circular structure, it actively
extends the primary production chain and exposes part of the independent circular
chain to the global value chain in order to obtain the right to participate and have
a voice in global economic activities. Other countries such as India have faced diffi-
culties in forming an utterly circular system due to the lack of complete industrial
sectors, and therefore the double circular pattern is difficult to establish.

In view of this, the following recommendations are made in this paper.

(1) Give local governments greater fiscal and taxation authority to expand their dual-
circle dynamics. Optimize industrial management mechanisms, attach importance to
the coordination of fiscal policies with other policies, revitalize asset efforts through
fiscal restructuring, and activate the establishment of the dual-circulation model and
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the enhancement of science, technology, and innovation governance with the practical
extension of fiscal support. Apply policies in different regions and precisely match the
funding gap to construct the dual circulation and science, technology, and innovation
to avoid industries facing significant debt risks in fiscal turnover.

(2) By highlighting the dominant role of the internal circulation and leveraging the com-
plementary power of the external circulation, we can achieve a greater connection
between domestic and international markets. The cutting-edge technologies that
have been developed or overcome are already profoundly imprinted in the industrial
practices of various countries, but capturing technologies that have not yet been devel-
oped or discovering future industrial trends is the lifeblood of the future international
environment and sustainable competitive advantage.

(3) Accelerate the construction of an industrial-political, administrative, geographical,
and economic-spatial interaction system conducive to coordinated development,
promote the formation and improvement of a policy system for the free flow of factors,
and lead the positive and high-quality development of the dual-circulation model
through a division of labor pattern in which the advantages of science and technology
innovation are complementary. Strengthen the support of factors, crack the problem
of resources and growth potential limitations, and truly achieve the deep integration
of science and technology innovation and industrial circulation.
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