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Abstract. The digital economy and artificial intelligence act as critical accelera-

tors for Chinese-style modernization, significantly boosting financial perfor-

mance of manufacturing enterprises in the Beijing-Tianjin-Hebei (BTH) region. 

They are vital for advancing high-quality manufacturing development, enhancing 

enterprise value, and achieving the "dual carbon" objectives (carbon peaking and 

carbon neutrality). This study uses the entropy weight method and coupling co-

ordination measurement model to analyze three interrelated systems: the digital 

economy, artificial intelligence, and high-quality manufacturing development in 

the BTH region. Based on 2013–2023 panel data from 13 BTH municipalities, a 

comprehensive evaluation index system is constructed to examine the systems’ 

overall development and internal coupling mechanisms. Key findings include: 1) 

The three systems show an overall upward trend—steady growth for the digital 

economy, explosive late-stage growth for artificial intelligence, and fluctuating 

growth followed by a decline for manufacturing; 2) The digital economy rises 

continuously, artificial intelligence exhibits "early stability and late explosion," 

and manufacturing declines after fluctuating upward, with its financial stability 

indicators reflecting transformation-period operational pressures; 3) The sys-

tems’ coupling coordination degree advances from extreme imbalance (2013) to 

high-quality coordination (2023), realizing leapfrog development. Accordingly, 

this study proposes recommendations to strengthen manufacturing financial sta-

bility, accelerate synergistic empowerment of the three systems, and promote dif-

ferentiated regional development, providing support for BTH integration and 

"dual carbon" goals. 
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1 Introduction

Globally, the digital economy is gradually transitioning into a new phase of the intelli-
gent economy, with artificial intelligence (AI) serving as its core driving force. The
intelligent economy is poised to become the key engine of new-quality productive
forces [1]. The Report of the 20th National Congress of the Communist Party of China
(CPC) proposes to "build a new generation of information technology, artificial intelli-
gence, and other new growth engines" and "accelerate the development of the digital
economy to promote in-depth integration between the digital economy and the real
economy".

As a major agglomeration area for China’s manufacturing industry, the Beijing-
Tianjin-Hebei (BTH) region holds significant advantages in traditional industries.
However, it also faces prominent shortcomings in key core technology fields such as
high-end chips and basic software. Meanwhile, some enterprises within the region still
suffer from drawbacks including high pollution emissions and poor environmental per-
formance. As the foundation of a strong nation, the manufacturing industry must shift
its development driver from the traditional factor-driven model to an innovation-driven
one—and the integration of the digital economy and AI precisely provides favorable
conditions for its digital transformation.

Therefore, in-depth analysis of the coupling and coordination relationship among the
digital economy, AI, and the high-quality development of the manufacturing industry
bears significant theoretical significance and practical value for formulating policies
for the integrated development of the BTH region and realizing the "dual carbon" goals
(carbon peaking and carbon neutrality).

In recent years, numerous scholars have conducted in-depth research on the digital
economy, artificial intelligence (AI), and the high-quality development of the manufac-
turing industry. Regarding the digital economy, relevant research findings mainly focus
on hot topics such as the coupling relationship between the digital economy and man-
ufacturing development, the impact of digital transformation on corporate financial per-
formance, the measurement and evaluation of the integrated development of the digital
economy and the real economy, as well as digital industrialization and industrial digi-
talization. For example, from the perspective of high-quality development, Wang Xia
et al. collected relevant data from 30 provinces in China during 2012–2022, constructed
an evaluation index system for the digital economy and the high-quality development
of the manufacturing industry, and measured the two systems using the coupling coor-
dination degree model and the entropy weight method [2]; from a micro-level research
perspective, scholars such as Zhou Yahong selected panel data from 30 provinces and
municipalities across China during 2014–2022, and found that the coupling level of
manufacturing development with the overall system is higher than that of the digital
economy, with significant differences in the integration level between the two across
regions [3]; Gao Danmeng et al. used the financial data of Midea Group from 2013 to
2022 to explore the impact of Midea Group’s digital transformation on its financial
performance from four dimensions: operational capacity, profitability, debt-servicing
capacity, and development capacity [4]; based on the data of A-share listed enterprises
in Shanghai and Shenzhen from 2011 to 2020, Wang Bo et al. concluded that digital
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transformation significantly improves enterprises’ financial performance and environ-
mental performance, and plays a positive role in enhancing enterprises’ sustainable de-
velopment performance [5]; Yang Mengjie studied the development level of digital in-
dustrialization and industrial digitalization in central China, and pointed out that in the
future, it is necessary to improve the construction of new infrastructure for the digital
economy, promote the innovative agglomeration development of digital industrializa-
tion in a targeted manner, and advance the coordinated development of digital industri-
alization and industrial digitalization in central China [6].

In terms of AI, Mi Jinhong et al. conducted an empirical analysis on the internal
mechanism and specific path of AI technology application in promoting manufacturing
upgrading from the perspective of micro-enterprises, using data from listed Chinese
manufacturing enterprises [7]; Lü Yue et al. deeply explored the impact effect and mech-
anism of AI on industrial chain resilience [8]; based on a panel data model, Li Lianshui
et al. empirically analyzed the impact of intelligentization on total factor productivity
(TFP), technical efficiency, and technological progress of China’s manufacturing in-
dustry from both national and regional perspectives [9].

Synthesizing the research perspectives and contents of the aforementioned scholars,
the current academic community mainly focuses on the binary relationships between
the digital economy and manufacturing, or between artificial intelligence (AI) and man-
ufacturing. Few studies have discussed the trilateral coupling and coordination relation-
ship among the digital economy, AI, and the high-quality development of the manufac-
turing industry—especially the internal relationship between the financial performance
of manufacturing enterprises and these three elements. Furthermore, the Beijing-Tian-
jin-Hebei (BTH) region has long been a key focus in the development of China’s in-
dustrial system and modernization drive.

Therefore, this study will focus on the BTH region, and use the entropy weight
method and the coupling coordination degree model to explore the comprehensive de-
velopment status of the digital economy system, AI system, and high-quality manufac-
turing development system, as well as their internal coupling relationship. It is expected
to contribute to promoting the coordinated industrial development of the BTH region,
enhancing enterprise value, and realizing the "dual carbon" goals (carbon peaking and
carbon neutrality).

2 Research Design

2.1 Research Area and Data Sources

This study takes the manufacturing industry of 13 cities in the Beijing-Tianjin-Hebei
(BTH) region of China as the research object, with a sample time span from 2013 to
2023. The basic data are derived from the China Statistical Yearbook, Hebei Statistical
Yearbook, Tianjin Statistical Yearbook, and Beijing Statistical Yearbook of successive
years, as well as the China Macro Economic Database, China High-Tech Industry Da-
tabase, CSMAR Database, and statistical bulletins of the three provinces and one mu-
nicipality (i.e., Beijing, Tianjin, and Hebei Province) mentioned above. Individual
missing data were supplemented using the interpolation method.
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2.2 Research Methods

2.2.1 Entropy Weight Method.
As an objective index weighting method, the entropy weight method can largely

eliminate deviations caused by subjective factors. The specific calculation steps are as
follows:

Standardization of data. Assume that m represents the number of prefecture-level
cities, and  n  represents the number of indicators; ;Xijdenotes the standardized value
of the j-th indicator of the i-th sample (i=1,2,…,m;j=1,2,.,n);maxxij and minxijrespec-
tively stand for the maximum and minimum values of the i -th indicator. In addition, to
avoid non-positive values, the standardized data are shifted by a distance of 0.0001.

For positive indicators:

(1)

For negative indicators:

= (2)

Calculate the proportion of the i-th sample’s value in the j-th indicator (i.e., the in-
dicator value weight):

(3)

Calculate the entropy value of the j-th indicator:

, = (4)

Calculate the difference coefficient of the j-th indicator:

(5)

Calculate the weight of the j-th indicator:

= (6)

Calculate the comprehensive score of each prefecture-level city:

= (7)

2.2.2 Coupling Coordination Model.
Coupling refers to a phenomenon where two or more systems generate integrated

linkage through a certain internal mechanism. Coordination refers to the transmission
and transformation of material, information, and energy between two subsystems. This
study draws on the coupling coordination model to measure the digital economy, arti-
ficial intelligence, high-quality development of the manufacturing industry, and the
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coupling coordination relationship among the three respectively. Therefore, on the ba-
sis of measuring the development levels of the digital economy, artificial intelligence,
high-quality development of the manufacturing industry, and their respective subsys-
tems, this study adopts the coupling coordination degree model to measure the coupling
degree and coupling coordination degree between them. The calculation formulas are
as follows:

1.Formula for Coupling Degree(G)

= (8)

Numerator ( ): Reflects the "joint effect" of the comprehensive indices of the
three systems.

Denominator : Represents the cube of the average comprehensive index
of the three systems, which is used to standardize the intensity of the "joint effect" and
eliminate the influence of dimensionality.

Cube root : Ensures the coupling degree falls within a reasonable value range.
2.Formula for Comprehensive Evaluation Index (T)
The comprehensive evaluation index reflects the "overall development level" of the

three systems. Weights need to be assigned to each system (let α、β、γ  be the weights
of the three systems, satisfying α+β+γ=1). The formula is:

= + + (9)

3.Formula for Coupling Coordination Degree(D)
The coupling coordination degree combines the "coupling degree (tightness of sys-

tem association)" and "comprehensive evaluation index (overall system development
level)", reflecting the "quality of coordinated development" of the three systems. The
formula is:

= (10)

Building on the existing research by Sun Peilei et al. [10], the coupling coordination
degree is divided into 10 grades, as shown in Table 1.

Table 1. Classification of Coupling Coordination Degree

Interval of Coupling Coordination De-
gree (D) Coordination Grade Degree of Coupling Coordina-

tion
[0.0~0.1) 1 Extreme Imbalance
[0.1~0.2) 2 Severe Imbalance
[0.2~0.3) 3 Moderate Imbalance
[0.3~0.4) 4 Mild Imbalance
[0.4~0.5) 5 Imbalance on the Verge
[0.5~0.6) 6 Barely Coordinated
[0.6~0.7) 7 Primary Coordination
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Interval of Coupling Coordination De-
gree (D) Coordination Grade Degree of Coupling Coordina-

tion
[0.7~0.8) 8 Intermediate Coordination
[0.8~0.9) 9 Good Coordination
[0.9~1.0] 10 High-Quality Coordination

2.3 Construction of the Indicator System

This study regards the digital economy, artificial intelligence (AI), and the high-quality
development of the manufacturing industry as three separate systems, and constructs a
comprehensive evaluation indicator system for each respectively.

For the digital economy system, drawing on the research findings of scholars such
as Su Yaohua [11] and Ren Baoping [12], the indicator system is established from three
dimensions: digital infrastructure, digital industry development, and digital business
scale.

Regarding the high-quality development of manufacturing enterprises, inspired by
the experience of Yu Donghua [13] and other scholars, and combined with the author’s
academic interest in accounting, the comprehensive characteristics are measured from
five dimensions: output scale, financial stability, efficiency and quality, innovation ca-
pability, and green low-carbon development.

For the AI system, the measurement is conducted from three dimensions: enterprise
development, high-tech manufacturing (R&D) activities, and the AI level of listed com-
panies.

The comprehensive evaluation indicator system for the digital economy, AI, and the
high-quality development of the manufacturing industry is presented in Table 2.

Table 2. Comprehensive Evaluation Indicator System for the Digital Economy, Artificial Intel-
ligence, and High-Quality Development of the Manufacturing Industry.

First-Level Indicator Second-Level Indicator No. Third-Level Indicator PE Weight

Digital Economy Digital Infrastructure X1 Internet broadband access ports P 0.018946764

X2 Length of optical cable lines P 0.023633186

X3 Mobile phone switch capacity P 0.028878084

X4 Number of IPv4 addresses P 0.007627908

X5 Number of domain names P 0.012999814

Digital Industry Developme X6nt Number of informatization-oriented enterprises P 0.047000805

X7 Number of websites per 100 enterprises P 0.016122132

X8 E-commerce sales of enterprises P 0.026021229

Proportion of enterprises engaged in e-commerce transac-
X9

tions
P 0.010234688

X1 Software business revenue0 P 0.034842543

Digital Business Scale X1 Total postal business volume1 P 0.019976134

X1 Number of letters2 P 0.046049884

X1 Express delivery business revenue3 P 0.021185772
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First-Level Indicator Second-Level Indicator No. evel IndicatorThird-L TYPE Weight

High-Quality Development of

Manufacturing Industry
Output Scale X14 mber of employees in the manufacturing industryNu P 0.031097456

X15 Number of manufacturing enterprises P 0.037646756

X16  number of employees per manufacturing enterprisAverage P 0.013788832

Financial Stability X17 Total assets of manufacturing enterprises P 0.020894626

X18 Total liabilities of manufacturing enterprises P 0.020098854

X19 Current ratio P 0.013062045

X20 Return on total assets (ROA) P 0.026116574

X21 Comprehensive leverage P 0.049997078

X22 Total asset turnover rate P 0.02009801

utput value of high-tech manufacturing enterprisesGross o
Efficiency and Quality X23

above designated size
P 0.020348246

X24
rofits of high-tech manufacturing enterprises aboveTotal p

P 0.035829522

X25 P 0.020285411
with R&D activities

er of R&D personnel in manufacturing enterprisesNumb
Innovation Capability X26 P 0.02035686

above designated size

 of patent applications by manufacturing enterpriseNumber
X27 P 0.024804449

above designated size

Green and Low-Carbon De-

velopment
X28 pleted investment in industrial pollution controlCom P 0.027517559

Artificial Intelligence (AI) Enterprise Development X29 Stock of AI enterprises P 0.051874384

X30 Number of patent applications P 0.037672163

X31
er of enterprises in information transmission, soft-Numb

P 0.012610101

High-Tech Manufacturing

ware, and information technology services

(R&D) Activities
X32 Full-time equivalent of R&D personnel P 0.026756419

X33 R&D expenditure P 0.025542021

X34 Number of R&D projects P 0.017331293

X35 Turnover of the technology market P 0.029527051

AI Level of Listed Compan Xies 36 Investment in AI software P 0.05510815

X37 Total investment in AI P 0.048117199

3 Analysis of Coupling Coordination Characteristics and
Results

3.1 Measurement and Evaluation of the Comprehensive Development
Level of the Three Systems

The comprehensive development levels of the three systems generally show a differen-
tiated upward trend. The digital economy has climbed steadily, artificial intelligence
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(AI) has experienced explosive growth in the later period, and the manufacturing in-
dustry has fluctuated upward followed by a slight decline. The differences in their de-
velopment rhythms and growth rates reflect that the coupling and coordination relation-
ship among the digital economy, manufacturing industry, and AI in the Beijing-Tianjin-
Hebei (BTH) region is in a dynamic adjustment process amid industrial evolution and
technological iteration. Fig. 1.

Fig. 1. Comprehensive Development Levels of the Digital Economy, High-Quality Manufac-
turing Development, and Artificial Intelligence in the Beijing-Tianjin-Hebei Region.

The digital economy has maintained a continuous upward trend. During 2013–2023,
it gradually grew from an initially low level without obvious retracement. This is at-
tributed to the BTH region’s continuous advancement of digital infrastructure construc-
tion, the development of digital industrial clusters, and the in-depth integration of dig-
ital technologies with traditional industries. For example, under the BTH Coordinated
Development Strategy, the three regions have carried out collaborative layout in fields
such as big data and cloud computing, promoting the continuous improvement of the
scale and quality of the digital economy.

The manufacturing industry has shown a zigzag fluctuating upward trend followed
by a decline: rising in 2013–2014, falling in 2014–2015, rising in 2015–2016, falling
in 2016–2018, rising in 2018–2019, falling in 2019–2020, rising in 2020–2021, and
then declining in 2021–2023. This fluctuation is related to the pains of the manufactur-
ing industry’s transformation and upgrading, changes in international market demand
(such as the impact of trade frictions on manufacturing exports), and the impact of tech-
nological iteration on traditional manufacturing links. The subsequent decline also re-
flects the phased characteristics of the manufacturing industry’s transformation towards
high-endization and intelligence—where the proportion of traditional manufacturing
has shrunk while emerging manufacturing has not yet fully released its growth momen-
tum.

AI has exhibited a slow growth in the early period and explosive growth in the later
period. Its growth was relatively flat during 2013–2021 but rose sharply in 2021–2023.
In the early stage, development was relatively slow due to constraints such as techno-
logical maturity and industrial layout. In the later period, with the scientific research
breakthroughs of AI technology in the BTH region, strong policy support (such as the
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construction of AI industrial parks and special fund support), and its wide application
in fields such as manufacturing and the digital economy, AI has entered a rapid devel-
opment track, becoming a key driving force for regional industrial upgrading.

3.2 Analysis of the Coupling Coordination Degree of the Three Systems

Table 3. Coupling Scores of the "Digital Economy - High-Quality Manufacturing Development
- Artificial Intelligence" in the Beijing-Tianjin-Hebei Region (2013–2023)

Year
Coupling
Degree
(C)

Coordination In-
dex
(T)

Coupling Coordi-
nation Degree
(D)

Coordination
Grade

Degree of Cou-
pling Coordina-
tion

2013 1.000 0.010 0.100 1
Extreme Imbal-
ance

2014 0.569 0.316 0.424 5
Imbalance on the
Verge

2015 0.809 0.231 0.432 5
Imbalance on the
Verge

2016 0.826 0.321 0.515 6
Barely Coordi-
nated

2017 0.818 0.258 0.460 5
Imbalance on the
Verge

2018 0.912 0.240 0.468 5
Imbalance on the
Verge

2019 0.909 0.365 0.576 6
Barely Coordi-
nated

2020 0.921 0.414 0.617 7
Primary Coordi-
nation

2021 0.940 0.726 0.826 9
Good Coordina-
tion

2022 0.984 0.780 0.876 9
Good Coordina-
tion

2023 0.991 0.907 0.948 10
High-quality Co-
ordination
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Fig. 2. Coupling Coordination Analysis Results of the "Digital Economy - High-Quality Manu-
facturing Development - Artificial Intelligence" in the Beijing-Tianjin-Hebei Region (2013–

2023).

From the overall coupling score results, it can be observed that the coupled and coor-
dinated development of the digital economy, high-quality manufacturing development,
and artificial intelligence (AI) in the Beijing-Tianjin-Hebei Region showed a sustained
positive and gradual upgrading trend during 2013–2023.Fig. 2. Specifically, this pro-
cess can be divided into three stages:

Stage 1: 2013–Extremely Low Coordination Level
In 2013, the coupling coordination degree was at an extremely low level: the cou-

pling degree (C) reached 1.00, while the coordination index (T) was only 0.01 and the
coupling coordination degree (D) was 0.10, falling into the category of "Extreme Im-
balance". This was because the AI industry had not yet taken off at that time, the scale
of the digital economy was small, and the manufacturing industry mainly operated in
traditional modes—resulting in a lack of interaction among the three systems.

Stage 2: 2014–2019–Transition from Imbalance to Coordination
This stage witnessed a transition from imbalance to coordination. The coupling de-

gree (C) remained at a relatively high level but with fluctuations, while the coordination
index (T) and coupling coordination degree (D) rose gradually, shifting from "Mild
Imbalance" to "Imbalance on the Verge". During this period, the digital economy began
to develop and AI technology entered the initial exploration phase. However, the trans-
formation of the manufacturing industry progressed slowly, and the collaborative
mechanism among the three systems was not yet mature—leading to the lag of coordi-
nation degree improvement behind coupling degree.

Stage 3: 2020–2023–Coordination Stage with Continuous Optimization
This stage entered the coordination phase with continuous optimization, moving

from "Good Coordination" to "High-quality Coordination". This progress benefited
from the in-depth advancement of the Beijing-Tianjin-Hebei Coordinated Development



478             J. Guo

Strategy, the in-depth integration of the digital economy and manufacturing industry,
and the wide application of AI technology in industries—such as the construction of
smart factories and the linkage of digital industrial clusters. The three systems formed
a positive interaction, which significantly improved their coupling and coordination
relationship. Table 3.

4 Research Findings and Discussion

4.1 Research Findings

Finding 1: Results of Comprehensive Evaluation
From 2013 to 2023, the comprehensive development of the three systems in the Bei-

jing-Tianjin-Hebei Region showed a differentiated upward trend:
The digital economy system climbed steadily and continuously, increasing from

0.058224 in 2013 to 0.239022 in 2023. This progress was driven by the improvement
of digital infrastructure and the advancement of industrial integration.

The artificial intelligence (AI) system grew moderately in the early stage and expe-
rienced explosive growth after 2021, with a comprehensive score of 0.302922 in 2023,
emerging as a new driver of regional development.

The high-quality manufacturing development system showed a trend of fluctuating
upward followed by a decline: it reached a peak of 0.201537 in 2021, and then declined
slightly due to the contraction of traditional industries and the incomplete release of
growth momentum from emerging industries. The fluctuations in indicators such as
total assets and current ratio under the financial stability dimension also reflected the
operational pressure during the transformation period.

Finding 2: Results of Coupling Coordination Characteristics
The coupling coordination relationship among the three systems was continuously

optimized, achieving a leapfrog upgrade from extreme imbalance to high-quality coor-
dination during 2013–2023:

In 2013, the coupling coordination degree (D) was only 0.10, indicating an extreme
imbalance.

From 2014 to 2019, it entered a transition stage from imbalance to coordination,
maintaining a level ranging from "imbalance on the verge" to "barely coordinated".

After 2020, it accelerated significantly: reaching 0.826 in 2021 (entering the "good
coordination" level) and 0.948 in 2023 (achieving "high-quality coordination").

The coupling degree (C) remained at a high level for a long time, while the coordi-
nation index (T) grew rapidly in the later period, indicating that the connection among
the three systems was increasingly close and the overall development quality was im-
proved simultaneously.

4.2 Discussion

Discussion on Comprehensive Evaluation Results
The dynamic evolution characteristics of the digital economy and high-quality man-

ufacturing development in this study are similar to the research conclusions of scholars
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such as Wang Xia on their coupling development, all confirming the enabling role of
the digital economy in the manufacturing industry. However, there is a difference from
the viewpoint proposed by Zhou Yahong et al. that "the manufacturing industry con-
tributes more to the coupling level than the digital economy". The reason lies in that
after incorporating the AI system in this study, the synergistic enabling effect of the
digital economy and AI became prominent; meanwhile, during the transformation of
the manufacturing industry in the Beijing-Tianjin-Hebei Region, the optimization of
debt structure and the improvement of asset operation efficiency under the financial
stability dimension lagged behind the application of digital technology, which weak-
ened the short-term contribution of the manufacturing industry to a certain extent. In
addition, the conclusion of Gao Danmeng et al. that digital transformation improves
corporate financial performance is consistent with the long-term improvement trend of
manufacturing financial stability indicators in this study. However, this study also iden-
tifies the short-term fluctuations of financial indicators during the transformation pe-
riod, which supplements the phased characteristics of the impact of digital transfor-
mation on manufacturing finance.

Discussion on Coupling Coordination Characteristics
The conclusion that the coupling coordination degree of the three systems is contin-

uously upgraded is consistent with the research direction of Sun Peilei et al. on the
coupling coordination between the digital economy and manufacturing industry in the
Beijing-Tianjin-Hebei Region, both reflecting the policy effects of regional coordinated
development. However, there is a difference from Yang Mengjie’s research on the lag-
ging synergy of industrial digitalization in the central region. The core reason is the
accurate implementation of the Beijing-Tianjin-Hebei Coordinated Development Strat-
egy and the explosive growth of AI in the later period, which filled the technical gap.
From a financial perspective, the improvement of manufacturing financial stability
(such as the optimization of current ratio and leverage ratio) enhanced the ability of
enterprises to undertake the empowerment of digital technology and AI, promoting the
formation of positive interaction among the three systems. Early studies did not include
the AI dimension and were limited by the technical maturity and data availability at
that time, failing to capture the complete synergy effect of the three systems. This also
confirms the necessity of expanding the research dimension in this study.

5 Conclusions

5.1 Research Conclusions and Policy Recommendations

Based on the panel data of 13 cities in the Beijing-Tianjin-Hebei (BTH) Region from
2013 to 2023, this study employs the entropy weight method and the coupling coordi-
nation measurement model to explore the comprehensive characteristics and coupling
relationships among the digital economy, artificial intelligence (AI), and the high-qual-
ity development of the manufacturing industry. The results indicate that the three sys-
tems present a differentiated upward trend: the digital economy has maintained steady
growth driven by improved infrastructure and industrial integration, AI experienced
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moderate growth in the early stage and explosive growth after 2021, and the manufac-
turing industry showed a fluctuating upward trend followed by a decline due to the
contraction of traditional industries and insufficient momentum from emerging sectors,
with fluctuations in its financial indicators reflecting the operational pressure during
the transformation period. The coupling coordination degree of the three systems has
achieved a leapfrog upgrade, rising from "extreme imbalance" (D=0.10) in 2013 to
"high-quality coordination" (D=0.948) in 2023, which confirms the enabling role of the
digital economy and AI in the manufacturing industry and provides strong support for
regional integration and the "dual carbon" goals.

Based on the above conclusions, it is necessary to strengthen the financial stability
of the manufacturing industry by guiding enterprises to optimize their debt structures
through policy incentives and alleviating capital pressure during transformation; accel-
erate the synergy of the three systems by promoting the coverage of digital infrastruc-
ture in manufacturing clusters and establishing an integrated "digital + AI + manufac-
turing" platform; and implement differentiated regional development strategies where
Beijing focuses on AI technology output, Tianjin strengthens the integration of manu-
facturing and the digital economy, and Hebei concentrates on the transformation of
traditional manufacturing and the enhancement of financial risk control capabilities.

5.2 Research Limitations and Future Prospects

The innovation of this study lies in breaking through the limitation of pairwise system
research by incorporating the three systems into a unified analytical framework, em-
phasizing the financial dimension of the manufacturing industry from an accounting
perspective, and capturing dynamic characteristics using long-term panel data, thereby
enriching the research dimensions and empirical evidence in related fields. However,
constrained by objective conditions, certain indicators were not included due to data
availability, the weights in the coupling model failed to fully reflect regional heteroge-
neity, and the focus on the BTH Region limits the generalizability of the conclusions.
Future research can supplement indicators to improve the evaluation system, optimize
weight settings to enhance measurement accuracy, expand the research scope to con-
duct cross-regional comparative analyses, and deepen the mechanism analysis of how
"digital + AI" empowers the manufacturing industry, so as to provide more precise the-
oretical and practical support.
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