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Abstract: Using data of 1133 Chinese A-share listed enterprises on the Shanghai and Shenzhen Stock 

Exchanges for the period 2011–2022, this study examines the effects of corporate innovation, firm over-

indebtedness, financing constraints, and firm profitability on supply chain concentration. The baseline results 

show that corporate innovation and profitability reduce supply chain concentration, while over-indebtedness and 

financing constraints increase it. These findings suggest that higher R&D investments and profitability enable 

firms to diversify their supply chains, whereas financial pressures lead to consolidation. The results remain 

robust after addressing endogeneity concerns using the system GMM approach. Heterogeneity analysis reveals 

stronger responses in large firms, state-owned enterprises, and high-tech industries. These results suggest policy 

implications of promoting R&D investments, reducing the debt levels, alleviating the financing constraints, and 

adopting profit-generating activities to diversify supply chain.
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1. Introduction

Supply chain concentration, characterized by a firm’s dependence on a fewer number of suppliers and 

customers, comes with both, opportunities and challenges. It allows enterprises to save costs through economies 

of scale, smooth operations, and improved suppliers and customers’  connections [1]. The closer connections 

with fewer suppliers and customers strengthen quality control and increases the response times to adapt market 

changes [2]. Additionally, firms relying on fewer suppliers and customers could have greater bargaining power 

due to interdependence [3]. On negative side, there are significant risks associated with the high supply chain 

concentrations such as lower flexibility in sourcing, being vulnerable to the supply chain disruptions, and being 

directly affected by the internal challenges of larger suppliers and customers [4,5]. These challenges can posit 

severe operational risks, and especially when firms are highly integrated to the global supply chain. Moreover, 

the interplay between financial deepening and economic growth may further impact supply chain concentration, 

particularly in emerging markets [6]. Thus, supply chain management must prioritize operational flexibility 

while using extreme risk models to better assess potential financial shocks from rare events [7]. Similar to 

information processing methods in certain fields, businesses can enhance system stability in the face of 
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uncertainty by optimizing and combining various technologies, effectively reducing risks associated with 

concentration [8–10].

The reversal of globalization may impact China’s supply chains, with increasing regionalization and 

localization, as seen in other sectors [11]. The COVID-19 pandemic sharply highlighted the challenges 

associated with highly concentrated supply chains. The sudden and widespread disruptions, resulted by COVID-

19, exposed the fragility of global supply networks, especially for those companies relying on fewer suppliers 

and customers [12]. China is known as the world’s factory, as its enterprises export the products to almost every 

country across the world. The corporate sector of China is highly concentrated to the global supply chain, and 

any challenge to this sector could posit serious challenges to the enterprises across the world. It is reported that 

firms experienced significant production halts and delays due to inability of concentrated suppliers to deliver 

essential materials, required for production [13]. The lockdowns and transportation restrictions during COVID-

19 pandemic, exacerbated these challenges, resulting in high financial losses and operational bottlenecks [14]. 

So, the uncertainty associated with supply chain concentration underscored the need for more diversified supply 

chain [15,16]. Similarly, the application of advanced technologies, such as logistics optimization, can help 

businesses reduce reliance on single resources through intelligent decision-making, thereby enhancing overall 

flexibility in supply chain management [17–19]. Based on this need, this study will examine the factors leading 

to supply chain concentration in Chinese A-share listed enterprises.

Understanding the factors lead to supply chain concentration is crucial to present guideline for enterprises to 

mitigate the risks associated with reliance on few suppliers and customers. This study will examine the factors 

of corporate innovation, firm over-indebtedness, financing constraints, and firm profitability, to show whether 

they tend to be positive or negative contributors to supply chain concentration. Examining these factors will 

enable the enterprises to make informed decisions and strengthen their internal operations to avoid the potential 

risks [20]. This study will analyze that how firms can develop a balance between supply chain concentration and 

need of flexibility and risk management to counteract the sudden vulnerabilities with suppliers [21]. Realizing 

the challenges with global supply chain, there is growing importance of corporate resilience and it is required to 

explore the determinants of supply chain concentration to ensure a robust supply chain network [22]. Leveraging 

advanced AI and deep learning technologies, particularly innovations in recommendation algorithms within 

social networks, businesses can optimize supply chain decisions without relying on a single supplier, ensuring 

sustainable and efficient operations [23,24].

Corporate innovation and firm over-indebtedness can be the crucial factors to influence supply chain 

concentration as innovation drives firms to develop and manage closer connections with its concentrated 

customers and suppliers to foster market adaption and co-development of new technologies and products [25]. 

This could allow firms to leverage the specialized capabilities to extend the control over supply chain network to 

streamline operations [26]. On the other hand, over-indebtedness constraints firm’s financial flexibility, and thus 

pushes the enterprises to rely on fewer customers and suppliers in a pressure to manage financial obligations and 

reduce costs [27,28]. Highly indebted enterprises tend to adopt risk-averse behavior, making them reluctant to 

diversify their supplier and customer base [29].

Financing constraints and firm profitability could also play an essential role frame supply chain 

concentration of enterprises. Firms encountered with financing constraints, might not have sufficient resources 

and capabilities to develop and sustain their relationships with suppliers, and this scenario leads higher supply 

chain concentration [30,31]. The limited access to capital tends to mitigate firm’s ability of investing in supply 

chain diversification and being able to counteract the potential risks associated with supply chain concentration 

[32]. On the other hand, higher profitability fosters financial strength, allowing the firms to engage with more 

and more suppliers and customers, and invest in a more resilient supply chain structure [33]. Profitable firms are 

in a position to bear the costs associated with supply chain flexibility and thus can leverage financial stability to 

negotiate with a greater number of suppliers and customers [34].

The influence of corporate innovation, firm over-indebtedness, financing constraints, and firm profitability 

could be explained through the lenses of several theories. Transaction cost economics theory states that firms 

concentrate supply chains to foster the coordination efficiency and reduce the transaction costs [35]. Resource-
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based view theory posits that firms enriched with greater capabilities and resources are more resilient, and thus 

in a position to counteract the challenges associated with supply chain concentration [36]. The pecking order 

theory explains the nexus of financing constraints and firm over-indebtedness with supply chain concentration 

[37], suggesting that firms prefer internal financing over external financing options to avoid the cost of adverse 

selection. The financing constraints limit firms’  access to internal funds, and thus firms resort to excessive debt, 

which lead them to be highly indebted. In turn, this indebtedness forces firms to concentrate their supply chain 

to manage cash flow more efficiently and mitigate financing risks. These theoretical perspectives collectively 

present a comprehensive view that how corporate innovation, firm over indebtedness, financing constraints, and 

firm profitability could influence supply chain concentration in context of Chinese A-share listed enterprises.

There are several findings presented by this study: First, firms investing in R&D are able to diversify their 

supplier and customer base, and thus corporate innovation negatively influences supply chain concentration. 

Second, Over-indebtedness and financing constraints create financial pressure for firms which drive them to 

consolidate their supply chain. Third, profitability reduces the supply chain concentration through creating 

greater potential of financial stability. Fourth, this study shows that effects of corporate innovation, firm over-

indebtedness, financing constraints, and firm profitability vary across the firm sizes, ownership structure, and 

industry types.

Remaining of this paper is structured as follow, Section 2 covers the literature review presenting the nexus 

of corporate innovation, firm over-indebtedness, financing constraints, and firm profitability with supply chain 

concentration, and constructs hypotheses; Section 3 presents data, variables and empirical model of this paper; 

Section 4 presents descriptive statistics, correlation analysis results, baseline regression results, robustness check 

results, and heterogeneity analysis tests’  results; Section 5 concludes the paper and presents policy implications.

2. Literature Review and Hypotheses Development

2.1. Nexus between Corporate Innovation and Supply Chain Concentration

Corporate innovation, the process through which firms develop new services, products, and/or process, is a 

crucial factor to frame the supply chain strategies of enterprises. Innovation tends to develop closer connections 

of firms with suppliers and customers, as they engaged in leveraging unique capabilities of their supply partners 

to co-adopt and develop innovative solutions in response to the market changes [38]. The closer connections 

between them result in being more resilient to the changes being occurred in industry [39]. It can be argued that 

firms with greater innovation level are more informed about the changes being occurred in market, and thus they 

collaborate with their larger suppliers and customers to adapt the changes immediately and avoid the potential 

financial and operational losses. Innovative firms tend to develop long-term connections with suppliers and 

customers through enhancing trust, coordination, and collaboration, which can further influence supply chain 

concentration [40].

Innovation drives firms to gain specialized inputs and advanced technologies, and pushes the partners of 

these firms to adopt these new inputs and technologies as well, thereby shaping a more robust supply chain 

network [41]. This strategic approach enables the firms to have smoother operations and being capable of 

adjusting the processes in response to the market changes [42]. It can be argued that enterprises are not only 

engaged in upgrading their own infrastructure but they are also in an effort to upgrade the overall supply chain 

mechanism, which can be more resilient and robust to the market vulnerabilities [43]. Previous studies have 

examined the influence of corporate innovation on supply chain performance; however, it remains unexplored 

that whether it influences the supply chain concentration and this gap will be filled by existing study.

The influence of corporate innovation on supply chain concentration can be explained by the resource-based 

view theory. This theory posits that firms achieve sustainable competitive advantage through utilizing valuable, 

rare, inimitable, and non-substitutable resources and capabilities [44]. Corporate innovation is a valuable 

resource for a firm that could be leveraged to gain the sustainable competitive advantage. The utilization of 

corporate innovation to frame supply chain network, could be a substantial element which is required to manage 

efficiently for achieving the potential goals. By concentrating supply chains, firms can manage and integrate 
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innovative resources, to achieve enhanced performance and gain sustained competitive advantage [45]. This 

perspective underscores the importance of corporate innovation to frame the supply chain concentration, and 

thus we can postulate this hypothesis;

H1: Corporate innovation negatively influences the supply chain concentration in Chinese A-share listed 

enterprises.

2.2. Nexus between Firm Over-Indebtedness and Supply Chain Concentration

Firm over-indebtedness, a situation when firm’s actual debt level is higher than its expected debt level, 

could significantly influence a firm’s ability to concentrate or diversify its supply chain. Highly indebted 

enterprises could experience higher financial constraints that restraints them to diversify their supplier or 

customer base [46]. These firms are required to manage their financial obligations, so they are in need of 

concentrating their supply chain to improve operational efficiency and reduce costs [47]. In addition to this, 

over-indebtedness firms, due to financial obligations, are risk-averse, so they need to rely on existing trusted 

suppliers and customers to minimize disruptions and uncertainty [48]. The high debt level mitigates firm’s 

ability to adopt the processes through which it can develop new products or services, and thus not being in a 

position to find the new suppliers as well.

The pressure to maintain liquidity and meet debt covenant complicates the nexus between over-indebtedness 

and supply chain concentration [49]. Firm with high debt levels are more concerned about their short-term 

financial stability instead of long-term strategic goals, which tends them to rely on fewer suppliers and 

customers [50]. It can be claimed that high debt can significantly influence the firms to adopt those strategies 

through which they can be able to maintain their current operations only, instead of focusing the future 

prospectives [51]. The influence of firm over-indebtedness on supply chain concentration is not been explained 

by any study yet, which is an ultimate gap and will be filled by current study.

The trade-off theory presents a theoretical framework to explain the nexus between firm over-indebtedness 

and supply chain concentration. This theory argues that firms balance benefits and costs to determine an optimal 

capital structure [52]. In context of the nexus of over-indebtedness and supply chain concentration, it can be 

argued that firms with high debt levels could concentrate their supply chains to reduce the costs associated with 

financial distress. This approach enables the firms to have enhanced control over their supply chain network, 

and thus improves their ability to manage debt-related risks and improve overall financial stability. Drawing on 

these theoretical views, we can postulate this hypothesis;

H2: Firm over-indebtedness fosters the supply chain concentration in Chinese A-share listed enterprises.

2.3. Nexus between Financing Constraints and Supply Chain Concentration

Financing constraints, known as the firm’s limit to get access to external capital, would have a significant 

impact on supply chain concentration. Firms facing financing constraints, are lacked in accessing required 

financial resources which can allow them to diversify supplier base, and tend to have higher supply chain 

concentration [53]. These firms are required to rely on fewer suppliers and customers to reduce the transaction 

costs and improve the coordination, so they could not face any disruption or bottleneck on any stage. These 

firms would have to manage their limited financial resources more effectively to ensure smooth operations, so 

they require concentration of supply chain. Furthermore, financing constraints restrict a firms’  ability of 

investing in new supplier and customer relationships and thus exposes them to supply chain risks [54,55].

The nexus between financing constraints and supply chain concentration is also framed by the firm’s ability 

of responding toward market opportunities and threats. Firms with limited access to capital tend to focus on 

their short-term financial stability and resilience, instead of having long-term strategic perspectives, that could 

result in more concentrated supply chain [56]. The financing constraints could influence the supply chain 

concentration through creating the challenges for firms to expand their operations and thus being dependent on 

fewer customers and suppliers. It can be claim that there is significant influence posited by financing constraints 

on supply chain concentration, and it is not explained by the prior literature yet.

The relationship of financing constraints with supply chain concentration can be theoretically explained via 
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the lenses of pecking order theory. This theory suggests that firms prioritize internal financing over external 

financing because of the transaction costs and asymmetric information [28]. Firm face financing constraints, 

could be engaged in concentrating their supply chain for optimizing their limited financial resources and 

reducing the reliance on costly external financing [57]. This approach tends firms to maintain financial 

flexibility and control over supply chain, and thus mitigates the risks associated with the financing constraints. 

Based on these theoretical views, we can postulate this hypothesis:

H3: Financing constraints increases the supply chain concentration in Chinese A-share listed enterprises.

2.4. Nexus between Firm Profitability and Supply Chain Concentration

Firm profitability, characterized as the firm’s ability of generating higher earning relative to its expenses, 

can mitigate the supply chain concentration through pushing the firms to increase their customer and supplier 

base, due to having higher potential of moving toward new suppliers and customers. It can be explained as that 

profitable firms tend greater financial resources to invest in diversified supplier base, which lowers the supply 

chain concentration [58]. These firms have the potential to engage with multiple suppliers and invest in supply 

chain risk management practices, and thus enhance the overall supply chain resilience [59]. Additionally, higher 

profitability allows the firms to have better financial stability, requires to manage favorable terms with broader 

range of suppliers [60], and thereby reducing the supply chain concentration.

Furthermore, firm’s strategic priorities and risk tolerance approaches could influence the nexus between 

firm profitability and supply chain concentration. Profitable firms pursue long-term strategic goals, such as 

supply chain innovation and diversification, to gain and sustain competitive advantage [61]. The risk tolerance 

behavior of firms enables them to follow different practices in response to the changing market conditions such 

as if there are uncertain conditions, firm tend to follow higher risk tolerance behavior [62]. Previous studies 

explain of firm profitability’s impact on supply chain performance; however, its influence on supply chain 

concentration remained unexplained, which will be focused by existing study.

The dynamic capabilities theory offers theoretical framework to understand the influence of firm 

profitability on supply chain concentration in context of Chinese A-share listed enterprises. This theory states 

firms achieve competitive advantage via developing and utilizing dynamic capabilities that could enable them to 

adapt changing circumstances [26]. In context of supply chain management, profitable firms are engaged in 

leveraging their financial resources to develop dynamic capabilities, such as supply chain diversification and 

risk management, thereby results in lowering supply chain concentration. Drawing on these theoretical views, 

we postulate this hypothesis;

H4: Firm profitability mitigates the supply chain concentration in Chinese A-share listed enterprises.

3. Data, Variables Selection, and Empirical Model

3.1. Data

This study uses data of 1133 Chinese A-share listed enterprises over the period of 2011–2022. The sample is 

finalized as follow; initially, we excluded the enterprises of financial industries, second, we excluded enterprises 

having partial or special treatment in any years of selected time period, third, the enterprises have any missing 

values for the variables of study in any year, are dropped from final sample. The sample is further winsorized, 

and ensured that final sample is valid for study.

3.2. Variables of Study

3.2.1. Explanatory Variables

1. Corporate Innovation (R&D)

It is measured as the proportion of R&D expenditures of the total sales revenue of the enterprise.

2. Firm over-indebtedness (OD)

The data of firm over-indebtedness (OD) is directly sourced from CSMAR, and is measured as the actual 
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debt level minus expected debt level.

3. Financing constraints (FC)

SA index (FC) is used as the measure of the firm’s financing constraints, and it is based on the firm’s age 

and size. It is also sourced from CSMAR, and it is measured as;

SA index =  -0.737 ´ Size +0.043 ´ Size 2 - 0.040 ´ Age

4. Firm profitability (Profit)

Firm profitability is measured as the return on total assets, indicating the earning generated by enterprise on 

each unit of asset.

3.2.2. Explained Variables

1. Supply chain concentration (SCC)

It represents the dependence of an enterprise on five largest suppliers and five largest customers, and it is 

measured as;

SC = (proportion of the amount of purchase from five largest suppliers + proportion of the amount of sales 

to five largest costumers)/2

3.3.3. Control Variables

The control variables of this study include Firm liquidity (Liq) measured as the current assets divided by 

current liabilities, Firm age (Age) measured as the log of 1 plus number of operating years, Firm size (Size) 

measured as natural logarithm of total assets, Debt ratio (Debt) measured as total debt divided by total assets, 

Firm Growth (Grth) measured as the change in operating revenue of enterprise over a year, and Fixed Assets 

ratio (FA) ratio of the fixed assets in total assets of enterprise.

3.3. Empirical Model

This study employs two-way fixed effects regression model with time and firm year fixed effects. Based on 

the hypotheses of study, this study constructs these empirical models;

SCC it = β0 + β1 R&D it + β2 Control it +  year t +  firm i + ε it (1)

SCC it = β0 + β1 OD it + β2 Control it +  year t +  firm i + ε it (2)

SCC it = β0 + β1 FC it + β2 Control it +  year t +  firm i + ε it (3)

SCC it = β0 + β1 Profit it + β2 Control it +  year t +  firm i + ε it (4)

where SCC denotes the supply chain concentration, R&D represents corporate innovation, OD denotes firm 

over-indebtedness, FC is the financing constraints experienced by enterprises, Profit is the firm profitability, 

β1 is the regression coefficient of independent variable, Control is the control variables, i and t represent firm and 

time fixed effects, and ε is the error term.

4. Empirical Results and Analysis

4.1. Descriptive Statistics

Table 1 presents the descriptive statistics of all variables of study including mean, standard deviation, 

minimum, and maximum values. The mean value for SCC is 29.44, which indicates that there is significant 

existence of the supply chain concentration in Chinese A-share listed enterprises. Corporate innovation (R&D) 

has mean value of 15.126 with standard deviation of 6.823 which shows that Chinese A-share listed enterprises 

has a crucial focus on innovation which could serve as the factor to influence supply chain concentration. 

Chinese firms also experience significant financing constraints as indicated by the mean value of −3.857 for SA 

index. OD has the mean value of −0.00897, which shows that overall, there is lower level of the over-

indebtedness held by the Chinese enterprises. Additionally, Profit has mean value of 0.0296, reflecting the 

profitability position of the enterprises of China for the sample period.
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4.2. Correlation Analysis Results

Correlation matrix results are shown in Table 2. It can be seemed that there is a negative relationship exists 

between R&D and SCC, reflected by correlation value of −0.018. It shows that with the increase in R&D 

expenses, there is decrease in supply chain concentration of Chinese enterprises. The correlation coefficient 

between SA and SCC is positive and significant at 1%, 0.127, which indicates increased financing constraints 

lead to increase the supply chain concentration for enterprises. The relationship between OD and SCC is also 

found positive as reflected by the value of 0.060, which shows that with the increase in over-indebtedness, there 

could have been greater supply chain concentration. For firm profitability, it is found that relationship between 

Profit and SCC is negative, reflected by correlation coefficient of −0.097. It can be argued that firm profitability 

reduces the supply chain concentration of Chinese enterprises.

Table 2.　Correlation matrix results.

SCC

R&D

SA

OD

Profit

Liq

Age

Size

Debt

1.000

−0.018*

(0.03)

0.127***

(0.00)

0.060***

(0.00)

−0.097***

(0.00)

0.037***

(0.00)

0.116***

(0.00)

−0.133***

(0.00)

−0.059***

1.000

0.051***

(0.00)

−0.011

(0.19)

0.026**

(0.00)

0.022**

(0.01)

−0.049***

(0.00)

0.057***

(0.00)

−0.130***

1.000

−0.090***

(0.00)

0.071***

(0.00)

0.121***

(0.00)

−0.870***

(0.00)

0.017

(0.05)

−0.100***

1.000

−0.163***

(0.00)

−0.347***

(0.00)

0.088***

(0.00)

0.069***

(0.00)

0.786***

1.000

0.113***

(0.00)

−0.085***

(0.00)

0.071***

(0.00)

−0.280***

1.000

−0.166***

(0.00)

−0.232***

(0.00)

−0.460***

1.000

0.217***

(0.00)

0.212***

1.000

0.473*** 1.000

Variable SCC R&D SA OD Profit Liq Age Size Debt Grth FA

Table 1.　Descriptive statistics.

Variable

SCC

R&D

SA

OD

Profit

Liq

Age

Size

Debt

Grth

FA

Obs

13,596

13,596

13,596

13,596

13,596

13,596

13,596

13,596

13,596

13,596

13,596

Mean

29.44519

15.12599

−3.856727

−0.0089787

0.0296462

2.291307

1.283207

8.647222

0.4478077

0.1338461

0.2192952

Std. Dev.

16.54397

6.823058

0.292994

0.1552037

0.0786979

1.401795

0.1520877

1.308988

0.2054906

0.528172

0.1612912

Min

0.29

0

−5.79795

−0.635561

−1.64791

0.067224

0.4771213

3.847832

0.007521

−0.929032

0.0002

Max

100

24.6

−2.09361

0.762535

0.864125

14.869

1.838849

14.80876

0.995793

37.0287

0.9542
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Grth

FA

(0.00)

0.002

(0.82)

0.131***

(0.00)

(0.00)

−0.002

(0.85)

−0.020*

(0.02)

(0.00)

0.041***

(0.00)

0.049***

(0.00)

(0.00)

0.073***

(0.00)

−0.014

(0.12)

(0.00)

0.141***

(0.00)

−0.048***

(0.00)

(0.00)

0.019*

(0.03)

−0.164***

(0.00)

(0.00)

−0.060***

(0.00)

−0.011

(0.20)

(0.00)

0.031***

(0.00)

0.034***

(0.00)

−0.014

(0.10)

0.036***

(0.00)

1.000

−0.096***

(0.00)

1.000

Cont.

Variable SCC R&D SA OD Profit Liq Age Size Debt Grth FA

      Note: p-values reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 1% respectively.

4.3. Baseline Regression Results

The baseline regression results, reported in Table 3 show the impact of corporate innovation, over-

indebtedness, financing constraints, and firm profitability on supply chain concentration in content of Chinese A-

share listed enterprises. In Column (1), corporate innovation (R&D) has a significant negative coefficient of 

−0.087, which indicates that higher levels of R&D activities are associated with lower supply chain 

concentration. This suggests that firms investing more in innovation tend to have less concentrated supply 

chains. Column (2) of Table 3 shows the effect of over-indebtedness (OD), with a significant positive coefficient 

of 5.259, showing that those higher levels of debt lead to increased supply chain concentration. Column (3) of 

Table 3 presents the regression coefficient 5.316, which demonstrates that firms with greater financing 

constraints tend to have more concentrated supply chains. Finally, Column (4) of Table 3 reveals the impact of 

firm profitability (Profit) with a significant negative coefficient of −1.359, implying that that more profitable 

firms are likely to have less concentrated supply chains.

Table 3.　Baseline regression results.

R&D

OD

SA

Profit

Liq

Age

Size

Debt

Grth

FA

−0.087***

(−3.96)

0.096**

(2.86)

37.426***

(28.09)

−2.953***

(−13.99)

0.902

(1.01)

0.881***

(5.21)

−6.237***

5.259***

(3.69)

0.090**

(2.69)

38.492***

(29.38)

−2.628***

(−12.37)

−3.560*

(−2.47)

0.734***

(4.26)

−5.737***

5.316***

(4.22)

0.104**

(3.11)

31.014***

(14.19)

−2.885***

(−13.84)

0.795

(0.89)

0.849***

(5.02)

−5.496***

−1.359***

(−3.01)

0.097**

(2.88)

38.205***

(28.84)

−2.772***

(−13.27)

0.353

(0.38)

0.880***

(5.16)

−6.219***

Variable

Column (1)

SCC

Column (2)

SCC

Column (3)

SCC

Column (4)

SCC
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Cons.

N

R−squared

(−5.18)

6.264***

(3.99)

13,596

0.273

(−4.75)

5.370***

(3.48)

13,596

0.262

(−4.53)

−5.414

(−1.85)

13,596

0.286

(−5.16)

5.301***

(3.41)

13,596

0.279

Cont.

Variable

Column (1)

SCC

Column (2)

SCC

Column (3)

SCC

Column (4)

SCC

      Note： t-statistics reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 1% respectively.

The supply chain concentration is positively contributed by over-indebtedness and financing constraints, while 

reduced by the corporate innovation and firm profitability. The negative impact of R&D on supply chain 

concentration is logical and in line with the prior literature Kang, et al. [63], suggesting that innovative firms tend to 

diversify their supplier base to access a wider range of specialized inputs and technologies, thereby reducing supply 

chain concentration. The results show that high debt levels tend to increase the supply chain concentration, and this 

finding is line with the findings of Liu, et al. [64], who show that firms with higher debt levels often consolidate their 

supplier base to manage costs more effectively. Financing constraints increase supply chain concentration of 

Chinese A-share listed enterprises, as the firms have limited access to capital are not able to diversify their supply 

chain. The negative association between firm profitability and supply chain concentration shows that profitable 

firms tend to diversify their supplier and customer base due to having the required financial health and potential.

4.4. Robustness Test Results

This study uses System Generalized Method of Moments (GMM) to check the robustness of baseline 

regression results. This method addresses the potential endogeneity concerns, which could be common in panel 

data analysis like our study’s analysis. This method is well-suited for dynamic panel data models where 

explained variable could be endogenous, and there can be unobserved individual effects as well. System GMM 

address the endogeneity concerns, counteracts the reverse causality, and accounts for the serial autocorrelation. 

In addition to this, system GMM mitigates the bias arising from omitted variables and measurement errors, 

which makes it a robust choice to ensure the validity and reliability of results. The results of System GMM are 

presented in Table 4.

The columns (1) to (4) of Table 4 report the results of four empirical models of this study. The negative 

coefficient for R&D shown in column (1) −0.114, reinforces the baseline result that higher levels of corporate 

innovation lower the supply chain concentration for Chinese enterprises. The positive and significant 

coefficients for Over-indebtedness (OD) and financing constraints (FC) indicate that firms with higher debt 

levels and those experiencing greater financing constraints would reliance on fewer customers and suppliers. 

These results are also in line with the baseline results, and reflect their robustness. The regression coefficient of 

firm profitability is −2.215, shown in Column (4), supporting the baseline conclusion that more profitable firms 

have less concentrated supply chains. These robust findings, validated through System GMM, underscore the 

reliability and consistency of the relationships identified in the baseline regressions. These findings also accept 

all hypotheses of this study.

Table 4.　System GMM results.

R&D

OD

−0.114*

(−2.18)

0.954***

Variable

Column (1)

SCC

Column (2)

SCC

Column (3)

SCC

Column (4)

SCC
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SA

Profit

Liq

Age

Size

Debt

Grth

FA

Cons.

N

R−squared

AR (1) Pr > z

AR (2) Pr > z

Hansen test − Prob > chi2

0.016

(0.16)

37.901***

(7.33)

−3.359**

(−3.05)

5.524**

(2.67)

0.596

(0.86)

0.452

(0.15)

15.586*

(2.53)

11,330

0.073

0.000

0.298

0.319

(2.52)

0.009

(0.09)

36.917***

(7.33)

−3.517***

(−3.23)

6.376*

(2.41)

0.587

(0.94)

0.139

(0.05)

15.996**

(2.57)

11,330

0.073

0.023

0.341

0.211

35.213***

(5.27)

0.009

(0.10)

86.693***

(8.37)

−2.991*

(−2.35)

4.208*

(2.11)

0.812

(1.06)

−3.872

(−1.24)

85.450***

(5.81)

11,330

0.073

0.001

0.510

0.671

−2.215**

(−2.03)

0.015

(0.15)

37.558***

(7.36)

−3.623***

(−3.30)

6.320**

(2.83)

0.549

(0.92)

0.469

(0.16)

15.969**

(2.59)

11,330

0.072

0.000

0.218

0.185

Cont.

Variable

Column (1)

SCC

Column (2)

SCC

Column (3)

SCC

Column (4)

SCC

      Note: z-statistics reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 1% respectively.

5. Heterogeneity Analysis Results

5.1. Firm Size

The firm size heterogeneity analysis results are presented in Table 5. The results show that increased 

corporate innovation (R&D) has greater inhibitory effects to reduce the supply chain concentration for the large 

size enterprises. Over-indebtedness’s positive impact on supply chain concentration is found significant only for 

the large size enterprises, indicating that large firms having lower debt levels could be more effective to 

diversify their supplier and customer base. The effects of financing constraints are found larger for the small 

sized enterprises to increase the supply chain concentration. It can be argued that small sized enterprises 

experience greater financing constraints which tend them to rely on fewer suppliers and customers. Lastly, firm 

profitability reduces the supply chain concentration only for the small size enterprises, implying that firm profits 

are relatively higher for small sized firms so they can invest their profits to diversify their supply chain.
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5.2. Firm Ownership Structure

The heterogeneity results for SOEs and Non-SOEs are shown in Table 6. It can be seemed that corporate 

innovation (R&D) has the significant influence on supply chain concentration only for the SOEs, which 

indicates that state-owned enterprises leverage greater benefits of innovation to diversify their supply chains. 

The results for over-indebtedness (OD) and financing constraints (FC) show that firms having state-owned 

ownership structure tend to greater the supply chain concentration relative to those having the non-stated owned 

ownership structure. However, non-SOEs have the more significant influence of the firm profitability to reduce 

the supply chain concentration. It can be argued that firm over-indebtedness and financing constraints have 

positive effects for both SOEs and Non-SOEs, however corporate innovation reduces supply chain concentration 

for only SOEs and firm profitability diversify supply chains for only non-SOEs.

Table 6.　Ownership structure heterogeneity results.

R&D

OD

SA

Profit

Cons.

−0.121***

(−4.10)

−1.780

7.843***

(3.01)

−2.138

9.050***

(4.74)

−24.362***

−1.376

(−0.46)

−4.866

−0.021

(−0.63)

10.071***

2.502***

(2.40)

9.652***

2.635***

(3.54)

4.896

−1.643***

(−3.08)

10.220***

Variable

SOEs

Column 
(1)

SCC

Column 
(2)

SCC

Column 
(3)

SCC

Column 
(4)

SCC

Non-SOEs

Column 
(5)

SCC

Column 
(6)

SCC

Column 
(7)

SCC

Column 
(8)

SCC

Table 5.　Firm Size heterogeneity results.

Variable

R&D

OD

SA

Profit

Cons.

N

R−squared

Large Firms

Column 
(1)

SCC

−0.101***

(−3.80)

8.738***

(4.23)

7,152

0.267

Column 
(2)

SCC

10.559***

(4.96)

7.519***

(3.75)

7,152

0.268

Column 
(3)

SCC

4.636***

(2.88)

−3.914

(−0.93)

7,152

0.266

Column 
(4)

SCC

2.157

(0.82)

6.392***

(3.11)

7,152

0.265

Small Firms

Column 
(5)

SCC

−0.070*

(−1.82)

3.127

(1.26)

6,444

0.280

Column 
(6)

SCC

1.002

(0.51)

2.769

(1.12)

6,444

0.284

Column 
(7)

SCC

6.504***

(2.58)

−6.815

(−1.53)

6,444

0.281

Column 
(8)

SCC

−2.949*

(−1.83)

3.122

(1.26)

6,444

0.286

Note: t-statistics reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 1% respectively.
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N

R-squared

(−0.62)

5,580

0.292

(−0.73)

5,580

0.291

(−4.93)

5,580

0.231

(−1.74)

5,580

0.289

(5.33)

8,016

0.265

(5.11)

8,016

0.235

(1.30)

8,016

0.212

(5.39)

8,016

0.257

Cont.

Variable

SOEs

Column 
(1)

SCC

Column 
(2)

SCC

Column 
(3)

SCC

Column 
(4)

SCC

Non-SOEs

Column 
(5)

SCC

Column 
(6)

SCC

Column 
(7)

SCC

Column 
(8)

SCC

      Note: t-statistics reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 1% respectively.

5.3. High Tech Industry

The heterogeneity results for high tech and non-high-tech industries are presented in Table 7. In high tech 

industries, corporate innovation (R&D) significantly reduces supply chain concentration as shown by the 

negative coefficient in column (1) of Table 7, which implies that firms in high tech sectors invest heavily in 

R&D, and thus diversify their supply chain. On the other hand, non-high-tech industries have non-significant 

influence of R&D on SCC. The impact of firm over-indebtedness and financing constraints is found significant 

and relatively higher for the high-tech industries, showing that firms of these industries are greatly influenced by 

these both to increase the supply chain concentration. Firm profitability (Profit) shows that there is not 

significant effects of this factor for high-tech or non-high tech enterprises.

6. Conclusion and Policy Implications

Using data of 1133 Chinese A-share listed enterprises on Shanghai Stock Exchange and Shenzhen Stock 

Exchange for the period of 2011–2022, this study examines the effects of corporate innovation, firm over-

indebtedness, financing constraints, and firm profitability on supply chain concentration. The baseline results 

show that corporate innovation and firm profitability reduce the supply chain concentration, while firm over-

indebtedness and financing constraints increase supply chain concentration. These results imply that higher 

Table 7.　High tech industry heterogeneity results.

Variable

R&D

OD

SA

Profit

Cons.

N

R-squared

High Tech

Column 
(1)

SCC

−0.281***

(−6.17)

14.841***

(6.20)

4,915

0.365

Column 
(2)

SCC

5.607**

(2.55)

13.739***

(5.73)

4,915

0.359

Column 
(3)

SCC

5.143*

(2.24)

3.951

(0.79)

4,915

0.358

Column 
(4)

SCC

−0.843

(−0.41)

13.913***

(5.76)

4,915

0.357

Non-High Tech

Column 
(5)

SCC

0.029

(1.14)

3.993

(1.83)

8,681

0.287

Column 
(6)

SCC

5.233**

(2.78)

3.917

(1.85)

8,681

0.288

Column 
(7)

SCC

3.717*

(2.33)

−4.279

(−1.09)

8,681

0.271

Column 
(8)

SCC

−0.461

(−0.26)

3.481

(1.63)

8,681

0.257

Note: t-statistics reported in parentheses. *, **, and *** denote significance at 10%, 5%, and 1% respectively.
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R&D investments reduce the reliance on fewer suppliers and customers, over-indebtedness and financing 

constraints drive financial pressure for firms and leading them to consolidate supply chain network, and firm 

profitability increases the financial health of firms to diversify their supply chains. These results are remained 

robust after addressing the endogeneity concerns by system GMM approach. Heterogeneity analysis results 

show that large firm, state-owned enterprises, and high-tech industries exhibit stronger responses to the financial 

constraints and innovation pressures to their counterparts.

The findings of this study offer several policy implications. First, policymakers should promote R&D 

activities through tax subsidies and incentives at regional level, to allow the enterprises to counteract their 

supply chain challenges. Second, managers are required to foster the innovative environment within their 

organizations to get the stronger potential to reduce the supply chain concentration. Third, firms should not 

move toward higher volume of debt as it can mitigates their potential to manage the supply chain risks. Fourth, 

policymakers should promote the digital finance across the regions for being able to increase the financial 

inclusion, and thus allowing the enterprises to alleviate their financing constraints so they can manage their 

supply chain practices more efficiently. Fifth, firms should adopt profit-generating strategies to be able to 

diversify the supply chain concentration and achieving overall corporate resilience. Last, there should have been 

support for small sized enterprises, privately owned enterprises, and enterprises of non-high-tech industries to 

allow them to extend their potential to achieve better outcomes via getting control over their supply chain 

network. Methods such as machine learning can be also leveraged to improve the efficiency of the work 

represented in this paper [65–76].

Funding

Not applicable.

Author Contributions

Conceptualization, Y.T.; writing—original draft preparation, Y.T. and C.L.; writing—review and editing, Y.T. 

and C.L.; All of the authors read and agreed to the published the final manuscript.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable.

Conflicts of Interest

The authors declare no conflict of interest.

Reference

1 Zsidisin GA, Wagner SM. Do Perceptions Become Reality? The Moderating Role of Supply Chain 

Resiliency on Disruption Occurrence. Journal of Business Logistics 2010; 31(2): 1–20.

2 Gaudenzi B, Christopher M. Achieving Supply Chain ‘Leagility’ through a Project Management 

Orientation. International Journal of Logistics Research and Applications 2016; 19(1): 3–18.

3 Gereffi G, Fernandez-Stark K. Global Value Chain Analysis: A Primer; Center on Globalization Governance 

& Competitiveness (CGGC), Duke University: Durham, NC, USA, 2011.

4 Wagner SM, Bode C. An Empirical Investigation into Supply Chain Vulnerability. Journal of Purchasing 

and Supply Management 2006; 12(6): 301–312.

--13



Chi L, et al. J. Comput. Methods. Eng. Appl. 2023, 3(1)

5 Tang CS. Perspectives in Supply Chain Risk Management. International Journal of Production Economics 

2006; 103(2): 451–488.

6 Qiu Y. Financial Deepening and Economic Growth in Select Emerging Markets with Currency Board 

Systems: Theory and Evidence. arXiv 2024; arXiv:2406.00472.
7 Qiu Y. Estimation of Tail Risk Measures in Finance: Approaches to Extreme Value Mixture Modeling; Johns 

Hopkins University: Baltimore, MD, USA, 2019.

8 Liu Y, Yang H, Wu C. Unveiling patterns: A Study on Semi-Supervised Classification of Strip Surface 

Defects. IEEE Access 2023; 11: 119933–119946.

9 Chen Z, Fu C, Wu R, Wang Y, Tang X, Liang X. LGFat-RGCN: Faster Attention with Heterogeneous 

RGCN for Medical ICD Coding Generation. In Proceedings of the 31st ACM International Conference on 

Multimedia, Ottawa, ON, Canada, 29 October–3 November 2023.

10 Zhao F, Yu F, Trull T, Shang Y. A New Method Using LLMs for Keypoints Generation in Qualitative Data 

Analysis. In Proceedings of the 2023 IEEE Conference on Artificial Intelligence (CAI), Santa Clara, CA, 

USA, 5–6 June 2023.

11 Zhao Z, Ren P, Tang M. Analyzing the Impact of Anti-Globalization on the Evolution of Higher Education 

Internationalization in China. Journal of Linguistics and Education Research 2022; 5(2): 15–31.

12 Ivanov D, Dolgui A. Viability of Intertwined Supply Nnetworks: Extending the Supply Chain Resilience 

Angles towards Survivability. A Position Paper Motivated by COVID-19 Outbreak. International Journal of 

Production Research 2020; 58(10): 2904–2915.

13 Queiroz MM, Ivanov D, Dolgui A, Fosso Wamba S. Impacts of Epidemic Outbreaks on Supply Chains: 

Mapping a Research Agenda Amid the COVID-19 Pandemic through a Structured Literature Review. 

Annals of Operations Research 2022; 319(1): 1159–1196.

14 Chowdhury P, Paul SK, Kaisar S, Moktadir MA. COVID-19 Pandemic Related Supply Chain Studies: A 

Systematic Review. Transportation Research Part E: Logistics and Transportation Review 2021; 148:

102271.

15 Golan MS, Jernegan LH, Linkov I. Trends and Applications of Resilience Analytics in Supply Chain 

Modeling: Systematic Literature Review in the Context of the COVID-19 Pandemic. Environment Systems 

and Decisions 2020; 40(2): 222–243.

16 Craighead CW, Ketchen DJ, Darby JL. Pandemics and Supply Chain Management Research: Toward a 

Theoretical Toolbox. Decision Sciences 2020; 51(4): 838–866.

17 Hao Y, Chen Z, Jin J, Sun X. Joint Operation Planning of Drivers and Trucks for sSemi-Autonomous Truck 

Platooning. Transportmetrica A: Transport Science 2023; 2023: 1–37.

18 Wenjun D, Fatahizadeh M, Touchaei HG, Moayedi H, Foong LK. Application of Six Neural Network-Based 

Solutions on Bearing Capacity of Shallow Footing on Double-Layer Soils. Steel and Composite Structures 

2023; 49(2): 231–244.

19 Xiong S, Zhang H, Wang M. Ensemble Model of Attention Mechanism-Based DCGAN and Autoencoder 

for Noised OCR Classification. Journal of Electronic & Information Systems 2022; 4(1): 33–41.

20 Wagner SM, Neshat N. Assessing the Vulnerability of Supply Chains Using Graph Theory. International 

Journal of Production Economics 2010; 126(1): 121–129.

21 Blackhurst JV, Scheibe KP, Johnson DJ. Supplier Risk Assessment and Monitoring for the Automotive 

Industry. International Journal of Physical Distribution & Logistics Management 2008; 38(2): 143–165.

22 Ivanov D, Dolgui A, Sokolov B. The Impact of Digital Technology and Industry 4.0 on the Ripple Effect 

and Supply Chain Risk Analytics. International Journal of Production Research 2019; 57(3): 829–846.

23 Du S, Chen Z, Wu H, Tang Y, Li Y. Image Recommendation Algorithm Combined with Deep Neural 

Network Designed for Social Networks. Complexity 2021; 2021(1): 5196190.

24 Zhao Z, Ren P, Tang M. How Social Media as a Digital Marketing Strategy Influences Chinese Students' 

Decision to Study Abroad in the United States: A Model Analysis Approach. Journal of Linguistics and 

Education Research 2023; 6(1): 12–23.

25 Nooteboom B. Learning and Innovation in Organizations and Economies; OUP Oxford: Oxford, UK, 2000.

--14



Chi L, et al. J. Comput. Methods. Eng. Appl. 2023, 3(1)

26 Teece DJ. Profiting from Technological Innovation: Implications for Integration, Collaboration, Licensing 

and Public Policy. Research Policy 1986; 15(6): 285–305.

27 Titman S, Wessels R. The Determinants of Capital Structure Choice. The Journal of Finance 1988; 43(1): 1

–19.

28 Myers SC, Majluf NS. Corporate Financing and Investment Ddecisions When Firms Have Information That 

Investors Do Not Have. Journal of Financial Economics 1984; 13(2): 187–221.

29 Lang L, Ofek E, Stulz R. Leverage, Investment, and Firm Growth. Journal of Financial Economics 1996; 40

(1): 3–29.

30 Fazzari S, Hubbard RG, Petersen BC. Financing Constraints and Corporate Investment; National Bureau of 

Economic Research Cambridge: Cambridge, MA, USA, 1987.

31 Carpenter RE, Petersen BC. Capital Market Imperfections, High-Tech Investment, and New Equity 

Financing. The Economic Journal 2002; 112(477): F54–F72.

32 Hadlock CJ, Pierce JR. New Evidence on Measuring Financial Constraints: Moving beyond the KZ Index. 

The Review of Financial Studies 2010; 23(5): 1909–1940.

33 Kaplan SN, Zingales L. Do Financing Constraints Explain Why Investment Is Correlated with Cash Flow?;

National Bureau of Economic Research Cambridge: Cambridge, MA, USA, 1995.

34 Whited TM, Wu G. Financial Constraints Risk. The Review of Financial Studies 2006; 19(2): 531–559.

35 Williamson OE. The Economic Institutions of Capitalism; The Political Economy Reader: Markets as 

Institutions. Routledge: London, UK, 2008.

36 Bakar LJA, Ahmad H. Assessing the Relationship between Firm Resources and Product Innovation 

Performance: A Resource‐Based View. Business Process Management Journal 2010; 16(3): 420–435.

37 Nguyen HM, Vuong THG, Nguyen TH, Wu Y-C, Wong W-K. Sustainability of Both Pecking Order and 

Trade-Off Theories in Chinese Manufacturing Firms. Sustainability 2020; 12(9): 3883.

38 Leiponen A, Helfat CE. Innovation Objectives, Knowledge Sources, and the Benefits of Breadth. Strategic 

Management Journal 2010; 31(2): 224–236.

39 Un CA, Cuervo‐Cazurra A, Asakawa K. R&D Collaborations and Product Innovation. Journal of Product 

Innovation Management 2010; 27(5): 673–689.

40 Kohtamäki M, Partanen J, Parida V, Wincent J. Non-Linear Relationship between Industrial Service 

Offering and Sales Growth: The Moderating Role of Network Capabilities. Industrial Marketing 

Management 2013; 42(8): 1374–1385.

41 Ardito L, Messeni Petruzzelli A, Pascucci F, Peruffo E. Inter-Firm R&D Collaborations and Green 

Innovation Value: The Role of Family Firms' Involvement and the Moderating Effects of Proximity 

Dimensions. Business Strategy and the Environment 2019; 28(1): 185–197.

42 Ritala P, Hurmelinna-Laukkanen P. Incremental and Radical Innovation in Coopetition—The Role of 

Absorptive Capacity and Appropriability. Journal of Product Innovation Management 2013; 30(1): 154–169.

43 Mazzola E, Bruccoleri M, Perrone G. Supply Chain of Innovation and New Product Development. Journal 

of Purchasing and Supply Management 2015; 21(4): 273–284.

44 Barney J. Firm Resources and Ssustained Competitive Advantage. Journal of Management 1991; 17(1): 99

–120.

45 Wernerfelt B. A Resource‐Based view of the Firm. Strategic Management Journal 1984; 5(2): 171–180.

46 Yang C, Fang W, Zhang B. Financing a Risk‐Averse Manufacturer in a Pull Contract: Early Payment versus 

Retailer Investment. International Transactions in Operational Research 2021; 28(5): 2548–2580.

47 Campello M, Gao J. Customer Concentration and Loan Contract Terms. Journal of Financial Economics 

2017; 123(1): 108–136.

48 Baños-Caballero S, García-Teruel PJ, Martínez-Solano P. Financing of Working Capital Requirement, 

Financial Flexibility and SME Performance. Journal of Business Economics and Management 2016; 17(6): 

1189–1204.

49 Mazzoleni A, Pollonini E. Factors Driving Indebtedness among Small-and Medium-Sized Dairy 

Companies. British Food Journal 2020; 123(1): 159–175.

--15



Chi L, et al. J. Comput. Methods. Eng. Appl. 2023, 3(1)

50 Lai X, Zhang F. Can ESG Certification Help Company Get Out of Over-Indebtedness? Evidence from 

China. Pacific-Basin Finance Journal 2022; 76: 101878.

51 Bottazzi L, Gopalakrishna G, Tebaldi C. Supply Chain Finance and Firm Capital Structure. Available 

online: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4566899 (accessed on 4 September 2024).

52 Kraus A, Litzenberger RH. A State-Preference Model of Optimal Financial Leverage. The Journal of 

Finance 1973; 28(4): 911–922.

53 Huang J, Tong L, Cao Q. Political Motivation of Entrepreneurial Orientation: An Integrated Perspective of 

Knowledge Acquisition and Institutions. Journal of Business Research 2023; 168: 114211.

54 Lin Y, Fan D, Shi X, Fu M. The Effects of Supply Chain Diversification during the COVID-19 Crisis: 

Evidence from Chinese Manufacturers. Transportation Research Part E: Logistics and Transportation 

Review 2021; 155: 102493.

55 Zhang Y, Hu H, Zhu G, You D. The Impact of Environmental Regulation on Enterprises’  Green Innovation 

under the Constraint of External Financing: Evidence from China’s Industrial Firms. Environmental 

Science and Pollution Research 2023; 30(15): 42943–42964.

56 Yan B, Liang MR. Alleviation Effect of Supply Chain Finance on Financing Constraints of High‐Tech Small

‐and Medium‐Sized Enterprises. Managerial and Decision Economics 2023; 44(3): 1634–1641.

57 Donaldson R, Parr L. Donaldson. Corporate Debt Capacity: A Study of Corporate Debt Policy and the 

Determination of Corporate Debt Capacity" Harvard Business School; Division of Research, Harvard 

University: Cambridge, MA, USA, 1961.

58 Lanier D, Wempe WF, Zacharia ZG. Concentrated Supply Chain Membership and Financial Performance: 

Chain-and Firm-Level Perspectives. Journal of Operations Management 2010; 28(1): 1–16.

59 Cool K, Henderson J. Power and Firm Profitability in Supply Chains: French Manufacturing Industry in 

1993. Strategic Management Journal 1998; 19(10): 909–926.

60 Wang M, Liu Z. How Do Green Innovation Strategies Contribute to Firm Performance under Supply Chain 

Risk? Evidence from China’s Manufacturing Sector. Frontiers in Psychology 2022; 13: 894766.

61 Zhao L, Wang Y. Financial Ecological Environment, Financing Constraints, and Green Innovation of 

Manufacturing Enterprises: Empirical Evidence from China. Frontiers in Environmental Science 2022; 10: 

891830.

62 Kim YH. The Effects of Major Customer Networks on Supplier Profitability. Journal of Supply Chain 

Management 2017; 53(1): 26–40.

63 Kang M, Robb C, Stephens A. A Comparative Analysis of South Korean and US Firms: Ambidextrous 

Innovation, Supply Chain Resilience, and Market Performance. Operations and Supply Chain Management: 

An International Journal 2022; 15(4): 565–581.

64 Liu S, Li D, Chen X. Environmental Regulatory Pressures and the Short-Term Debt for Long-Term 

Investment of Heavy-Polluting Enterprises: Quasi-Natural Experiment from China. Environmental Science 

and Pollution Research 2023; 30(22): 62625–62640.

65 Gu Y, Yan D, Yan S, Jiang Z. Price Forecast with High-Frequency Finance Data: An Autoregressive 

Recurrent Neural Network Model with Technical Indicators. In Proceedings of the 29th ACM International 

Conference on Information & Knowledge Management, Virtual Event, 19 – 23 October 2020; pp. 2485 –

2492. doi:10.1145/3340531.3412738.

66 Gu Y., Chen K. GAN-Based Domain Inference Attack. In Proceedings of the AAAI Conference on Artificial 

Intelligence, 12 June 2023. doi:10.1609/aaai.v37i12.26663.

67 Gu Y, Sharma S, Chen K. Image Disguising for Scalable GPU-accelerated Confidential Deep Learning. In 

Proceedings of the 2023 ACM SIGSAC Conference on Computer and Communications Security, 

Copenhagen, Denmark, 26–30 November 2023; pp. 3679–3681. Available from: https://dl.acm.org/doi/abs/

10.1145/3576915.3624364 (accessed on 29 May 2024). 

68 Chen Z, Fu C, Tang X. Multi-Domain Fake News Detection with Fuzzy Labels. In Database Systems for 

Advanced Applications. In Proceedings of the DASFAA 2023 International Workshops, Tianjin, China, 17 

April 2023. El Abbadi A, Dobbie G, Feng Z, Chen L, Tao X, Shao Y, Yin H, Eds. Lecture Notes in 

--16



Chi L, et al. J. Comput. Methods. Eng. Appl. 2023, 3(1)

Computer Science.  Springer Nature: Cham, Switzerland, 2023; Volume 13922, pp. 331–343. doi:10.1007/

978-3-031-35415-1_23.

69 Lu L, Chen Z, Lu X, Rao Y, Li L, Pang S. Uniads: Universal Architecture-Distiller Search for Distillation 

Gap. In Proceedings of the AAAI Conference on Artificial Intelligence, Vancouver, BC, Canada, 25 May 

2024; pp. 14167–14174. Available from: https://ojs.aaai.org/index.php/AAAI/article/view/29327 (accessed 

on 30 August 2024).

70 Su J. GSENet: Global Semantic Enhancement Network for Lane Detection. In Proceedings of the AAAI 

Conference on Artificial Intelligence, 8 July 2024; pp. 15108–15116. Available from: https://ojs. aaai. org/

index.php/AAAI/article/view/29433(accessed on 30 August 2024). 

71 Xu H, Shi C, Fan W, Chen Z. Improving Diversity and Discriminability Based Implicit Contrastive 

Learning for Unsupervised Domain Adaptation. Applied Intelligence 2024; 54(20): 10007–10017. 

72 Luo S, Jiang Z, Chen Z, Liang X. Domain Adaptive Graph Classification. ICASSP 2024–2024 IEEE 

International Conference on Acoustics, Speech and Signal Processing (ICASSP),2024. Available from: https:

//ieeexplore.ieee.org/abstract/document/10448226/ (accessed on 30 August 2024).

73 Jiang Z, Zhang L, Liang X, Chen Z. CbDA: Contrastive-Based Data Augmentation for Domain 

Generalization. IEEE Transactions on Computational Social Systems. 2024. Available from: https://

ieeexplore.ieee.org/abstract/document/10601637/ (accessed on 30 August 2024).

74 Fu C. HAG: Hierarchical Attention with Graph Network for Dialogue Act Classification in Conversation. In 

Proceedings of the ICASSP 2023 –2023 IEEE International Conference on Acoustics, Speech and Signal 

Processing (ICASSP), Rhodes Island, Greece, 4–10 June 2023; pp. 1–5. Available from: https://ieeexplore.

ieee.org/abstract/document/10096805/ (accessed on 30 August 2024).

75 Yin N. DREAM: Dual Structured Exploration with Mixup for Open-Set Graph Domain Adaption. In 

Proceedings of the Twelfth International Conference on Learning Representations, Vienna, Austria, 7 – 11 

May 2024. Available from: https://openreview.net/forum?id=4olqbTBt1Y (accessed on 30 August 2024).

76 Wang Y. A Closer Look at Classifier in Adversarial Domain Generalization. In Proceedings of the 31st ACM 

International Conference on Multimedia, Ottawa, ON, Canada, 12 October 2023; pp. 280–289. doi:10.1145/

3581783.3611743.

© The Author(s) 2023. Published by Global Science Publishing (GSP).

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://cre‐

ativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, pro-

vided the original work is properly cited.

--17


