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Abstract 

Purpose – This paper takes the digital transformation of chain-leading enterprises, i.e. leading 

enterprises in the industrial chain, as the entry point, establishes the screening criteria for these 

enterprises using three data indicators, and explores the impact of their digital transformation on 

supply chain efficiency. This analysis is based on text data from Chinese listed companies between 

2010 to 2022.  

Design/methodology/approach – Based on the theoretical foundation of the research, this paper 

proposes a theoretical hypothesis model and establishes a benchmark regression equation to study 

the impact of digital transformation on supply chain efficiency. The study uses panel data from 465 

Chinese enterprises. 

Findings – The results indicate that the digital transformation of leading enterprises in the industrial 

chain significantly improves supply chain efficiency. In this paper, an instrumental variable method 

is used to mitigate endogeneity and a series of robustness tests to confirm the validity of the findings. 

The impact path analysis reveals that the leading enterprises in the industrial chain can enhance 

efficiency by reducing financing cost, increasing operational efficiency and lowering the 

concentration level of the supply chain. Furthermore, the heterogeneity analysis demonstrates that 

the digital transformation of state-owned leading enterprises in the industrial chain and low-tech 

sector leaders have a more prominent effect on supply chain efficiency.  

Originality/value – First, this paper enriches the research on digital transformation, and the 

method of extracting keywords through big data text analysis can better quantify the degree of 

digital transformation of the sample. Secondly, this paper provides empirical evidence of the impact 

of digital transformation on the supply chain efficiency of chain-leading enterprises. Thirdly, it 

enriches existing research on chain leaders, particularly regarding their digital transformation and 

offers new insights into the quantitative screening of such enterprises. 
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1. Introduction 

At present, the global industrial and supply chains are characterized by being short and fragmented, 

facing a series of structural restructuring challenges. This challenges present significant 

opportunities for countries to adopt and integrate new technologies, allowing them to tap into greater 

economic development potential through digitalization (Yi et al., 2023; Vu and Asongu, 2023). In 

the context of the digital economy, the impact of digitalization on supply chain efficiency is growing, 

further promoting the digital transformation of enterprises. The integration of digital technology 
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with supply chain is deepening, making the digital supply chain an important strategy for the 

industry to address risks and challenges. Studies have shown that digital transformation not only 

improves the internal efficiency within enterprises but also generates significant synergies across 

the entire supply chain (Vu and AsonguError! Bookmark not defined., 2023; Yuan et al., 2023; 

Zhang et al., 2023). The outbreak of COVID-19 has caused unprecedented disruptions to the global 

supply chains. Against this backdrop, digitalization can significantly enhance supply chain 

resilience and social performance (Jamal and Salomée, 2024), A high level of digitalization enables 

supply chain resilience to be positively influenced during the response and recovery stages, thus 

preparing for the next external shock (Hendrik et al., 2023). Hamann-Lohme (2023) claims that 

digitalization not only centralizes the internal network of a company but also enhances collaboration 

efficiency and frequency across the supply chain through information sharing and the shared use of 

digital technologies. Additionally, digital transformation can boost supply chain adaptability and the 

overall efficiency by improving collaborative innovation among supply chain members, reducing 

transaction costs and easing financing constraints (Abdalla and Nakagawa, 2021; He et al., 2024; 

Liao et al., 2024;). He et al (2024) further shows that digital transformation improves supply chain 

efficiency by enhancing corporate governance and increasing market competition. Thus, the digital 

transformation of enterprises is crucial for building an efficient and stable supply chain system. 

Research on digital transformation has been ongoing. For example, studies have been conducted on 

the impact of a single digital technology on supply chain management. Blockchain technology 

influences supply chain resilience through supply chain integration (Wang et al., 2024). Supply 

chain traceability is a crucial aspect of modern enterprise operations, and blockchain technology has 

emerged as a promising solution for enhancing the traceability of supply chain management (Reza 

et al., 2024). The advancements in artificial intelligence technology have significantly improved the 

supply chain efficiency of agricultural products (El et al., 2024). Considering the further 

development of digital technologies, multiple digital technologies are showing a trend of integration, 

with continuous improvements in the measurement methods for enterprise digital transformation 

(Wu et al., 2021; Wang et al., 2023; Li et al., 2023). 

The academic community has paid increasing attention to the impact of enterprise digital 

transformation on supply chains and supply chain efficiency., Many scholars have studied their 

relationship from different perspectives. However, there is limited research on the combined impact 

of digital transformation and leading enterprises in the industrial chain on overall supply chain 

efficiency. “Leading enterprises in the industrial chain” refer to those that occupy a core position 

within the industrial chain, possess strong resource allocation and collaborative innovation abilities, 

and provide cohesion for upstream and downstream enterprises. These enterprises play a key role 

in breaking through core technologies, driving integration of other member enterprise into the 

supply chain and innovation chain, and facilitating collaborative development along the supply 

chain (Ma and Lu, 2024; Sheng, 2022). In China, under the new dual-cycle development pattern, 

issues related to collaborative development and low innovation efficiency within industrial chains 

and supply chains have become prominent. As a distinct solution with Chinese characteristics, the 

"chain length system" was first proposed in Hunan in 2017 and has since been promoted across 

various regions. The State Council also referenced the "chain length system" in national policy 
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documents (Jiang and Hu, 2024).  Both the national 14th Five-Year Plan and the 20th National 

Congress emphasized the need to actively develop and cultivate leading enterprises in the industrial 

chain to modernize and enhance the national supply chains.  

Unlike traditional leading or core enterprises, leading enterprises in the supply chain are typically 

closer to end consumers or provide productive services. When these enterprises achieve commercial 

success, they create increased demand for upstream products, benefiting the entire industrial and 

supply chains. Ma and Lu et al. (2024) demonstrate that "leading enterprises in the industrial chain 

can exert a "head goose effect", strengthening the correlation within the industrial and supply chains 

through three main pathways: enhancing risk management, optimizing resource allocation, and 

improving technological innovation capabilities. This drives the improvement of total factor 

productivity for enterprises within the supply chain. Additionally, supply chain finance can 

effectively enhance the productivity of both suppliers and customers, with the advantages of leading 

enterprises in the industrial chain amplifying this effect (Yu et al., 2023). Moreover, these 

enterprises can improve local firms’ productivity through agglomeration, cost reduction and 

innovation (Chen and Zhang, 2023).  

Regarding identification of leading enterprises in the industrial chain, Yuan et al. (2024) identified 

core enterprises by analyzing supply chain data published by listed companies, concluding that 

when a large enterprise’s upstream and downstream partners are primarily Small and Medium-sized 

enterprises (SMEs), the large enterprise serves as the leading enterprise in the supply chain. 

Additionally, the industry and information technology departments in some Chinese provinces and 

cities have published the list of leading enterprises in the industrial chain. These enterprises are 

quantitatively identified through a four-step process: identifying, ranking, constructing threshold 

indices, and verifying against national standards (Qi and Song, 2023). Field research further shows 

that most leading enterprise in the supply chain occupy key supply chain positions, possess core 

technologies, and hold top positions in production, operation or capital scale (Wang et al., 2022). In 

summary, since the academic community has not yet established standardized quantitative 

identification methods for leading enterprises in the supply chain, developing such methods has 

become a critical process in research on these enterprises.  

To enrich the relevant research, this paper adopts an empirical approach to study the relationship 

between the digital transformation within these leading enterprises and supply chain efficiency. 

Using text analysis data from Chinese listed companies between 2010 to 2022, the paper establishes 

screening criteria for identifying leading enterprise in the industrial chain through three data 

indicators. The study uses panel data to explore the impact of their digital transformation on supply 

chain efficiency. The marginal contributions of this paper are reflected in three main aspects. First, 

from a research perspective, it enriches the literature on leading enterprises in the industrial chain, 

particularly regarding their digital transformation, and provides insights into the quantitative 

screening of these enterprise. Second, in terms of measuring enterprise digital transformation, most 

existing studies focus on the impact of Individual digital technologies on supply chain efficiency 

(e.g. blockchain technology). This paper adopts a text analysis method to measure the digital 

transformation holistically, calculating the degree of digital transformation through a comprehensive 

analysis of core elements. Third, in terms of methodology, due to the difficulty of quantitatively 
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measuring digital transformation, existing studies often relied on qualitative methods such as 

theoretical analysis, case studies, surveys, and game analysis. This paper contributes by using panel 

data to empirically study the impact of digital transformation on supply chain efficiency. 

 

2. Theoretical Foundations and Proposed Hypotheses 

Supply chain management plays an important role in economic development (Mustafint et al., 2019; 

Zhang, 2024). Rastogi and Arvis (2014) further indicate that regional economic prosperity highly 

dependent on the efficiency of both internal and external supply chains within the region. The 

Enhancing supply chain efficiency positively impacts the overall performance of supply chain, 

which requires internal integration and support from information technology (Daneshvar et al., 

2020). Digitalization not only directly improves the efficiency of supply chain collaboration (Sun, 

2023), but also enhances supply chain efficiency by increasing the accuracy of supply and demand 

matching and reducing external transaction costs (Zhang, 2022). Enterprises' digital transformation 

aims to boost supply chain efficiency by expanding market strategic layout channels, financing 

constraint channels, and other intermediary functions (Zhang, 2023). Due to the diffusion and 

transmission effect of leading enterprises in the supply chain on other businesses (Zhang et al., 

2017), the digital transformation of these leading enterprises, as a key factor, is of great significance 

for improving supply chain efficiency. 

To a certain extent, digitalization can change the modes of value creation and acquisition in 

economic activities of enterprises, thus reducing the geographical constraints on supply chain 

operation (Li et al., 2023; Autio et al., 2021; Geng et al., 2024). Digital technology and the 

enhancement of enterprises' digital resilience facilitate further expansion of trade scale, the 

execution of international economic activities (Li et al., 2023), the reduction of market segmentation 

and trade barriers between administrative regions and, consequently, the overall improvement of 

supply chain efficiency (Zhang and Yu, 2022). Companies that implement digital transformation 

(e.g., use blockchain-based technology, e-commerce and digital marketing channels, and digital 

infrastructure) are better positioned to survive and recover from significant environmental 

disruptions (e.g., pandemic shocks) (Autio et al., 2021; Yuan et al., 2023), thereby enhancing the 

sustainability of their business activities (Li, 2022). Additionally, increased investment in digital 

supply chain technologies, such as blockchain, Artificial Intelligence (AI), predictive analytics, 

Robotic Process Automation (RPA) and data control centers significantly improve the alignment of 

supply and demand, the flow speed of production factors and operational transparency, thereby 

influencing supply chain efficiency (Zhang, 2022). Moreover, digital transformation enhances the 

agility of enterprises' supply chain strategies in complex environments, thereby boosting overall 

supply chain efficiency (Fang et al., 2023). 

Notably, these studies also highlight that impact of digitalization on supply chain efficiency varies 

significantly by region, enterprise type and size (Geng et al., 2024; Zhang et al., 2023; Liu and 

Zhang, 2023). Digital transformation accelerates the flow of production factors more effectively 

when both sides of the supply chain are in regions with higher digital interaction mode, allowing 

enterprises to overcome geographical constraints more readily (Geng et al., 2024; Zhang et al., 

2023). Furthermore, the impact of digital transformation on supply chain efficiency is asymmetrical. 

Enterprises in regions with higher marketisation levels experience a more significant improvement 

in supply chain efficiency. However, in large and medium-sized enterprises, and high-tech 

enterprises, digital technologies have an even more prominent effect on supply chain efficiency 
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(Zhang, 2022; Liu and Zhang., 2023). This indicates that when aiming to enhance overall supply 

chain efficiency, the focus should be on the degree of digital transformation of leading enterprises 

in the industrial chain to maximize their influence and driving role on upstream and downstream 

enterprises. Building on the above discussion, the paper proposes the following research hypothesis 

H1: 

H1: Digital transformation of chain- leading enterprises can improve supply chain 

efficiency. 

 

The paper further proposes the following hypotheses, as discussed below:  

 

H2a: Digital transformation of chain-leading enterprises improves supply chain 

efficiency by reducing financing costs. 

 

First, financing constraints refer to the restrictions on external financing faced by enterprises, 

highlighting the cost disparity between internal financing. In the digital age, traditional methods of 

obtaining information and resources are increasingly inefficient, creating financial challenges for 

many companies. Digital transformation can alleviate these financial constraints (Yu et al., 2024). 

Existing research also indicates that digital transformation significantly impacts a company's 

financing profile (Zhong and Zhuo, 2023). By enhancing data and information processing 

capabilities, digital transformation allows enterprises to absorb, integrate and optimize various 

information resources, respond quickly to external, and reduce information gaps. This helps 

enterprises effectively lower financing costs and improve supply chain efficiency (Ferreira et al., 

2018). The advent of digital technology has introduced effective methods of information 

transmission, easing the pressures caused by information asymmetry between enterprises and 

investors (Liao et al., 2023). Moreover, under supportive national policies, enterprises undergoing 

may receive additional government subsidies. Such policy, aimed at promoting digital 

transformation, offer various incentives that can further reduce financing costs.  Inventory turnover 

is a critical indicator of inventory realization and sales performance, which often requires substantial 

financial support that cannot be sustained by internal funds alone. Therefore, reducing the financing 

cost can enhance inventory flow of the company and thereby improve supply chain efficiency 

(Zhang et al., 2023).  

 

H2b: Digital transformation of leading enterprises in the industrial chain can improve 

supply chain efficiency by increasing operational efficiency. 

 

The implementation of digital transformation by enterprises can enhance innovation performance 

and capital utilization, thereby improving overall operation efficiency (Bo and Yong, 2023). In a 

digital environment, companies can leverage digital technologies to alleviate information 

asymmetry and reduce agency costs, which in turn optimizes capital structure. Additionally, 

digitalization allows finance departments to dynamically manage and control expenditures in 

production and operations, thereby enhancing working capital efficiency (Agostini et al., 2019). 

Digital technologies also boost the efficiency of asset deployment and utilization in production and 

operations management (Ye et al., 2022). Through digital transformation, leading enterprises in the 

industrial chain and their upstream and downstream partners can achieve more transparent 
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coordination and information sharing (Zhao et al., 2021). Inventory management based on shared 

information helps enterprises improve supply chain efficiency. In addition, digital transformation 

also facilitates the recruitment of highly skilled professionals and the adoption of cutting-edge 

technologies, enhancing the effective use of human capital. Enterprises that implement digital 

technologies as potential substitutes for low-skilled labor and as supplements for high-skilled labor 

can optimize their human capital structure (Acemoglu and Restrepo, 2016). Furthermore, 

digitalization enables employees to think and work more creatively, generating higher-quality 

intellectual capital and improving output efficiency (Bjrkdahl, 2020). In recent years, intelligent 

manufacturing methods have become a significant maker of core competitive advantages for 

enterprises (Chen et al., 2019). The advancement of science and technology has increased the 

demand for professional talents (Sun and Hou, 2019). Effective talent utilization is critical to 

enterprise operation and management, and matching talent to appropriate roles can further enhance 

supply chain efficiency.  

 

H2c: The digital transformation of chain-leading enterprises can improve supply chain 

efficiency by reducing supply chain concentration. 

 

Supply chain concentration, which includes customer base concentration and supplier group 

concentration, reflects the number and distribution of cooperative enterprises in upstream and 

downstream sectors (Hui et al., 2024) and the degree of dependence on these enterprises (Liu and 

Zhang, 2023). According to Resource-Based View (RBV) theory, competitive advantage is the 

ability to surpass competitors through unique attributes and resources (Freeman et al., 2021; 

Giustiziero et al., 2021). To achieve and maintain competitive advantage, firms need to convert 

resources into customer value, providing better value than their competitors (Porter, 1991). Firms 

with competitive advantages typically have greater bargaining power with customers than their 

competitors. Reducing supply chain concentration decreases a firm’s dependency on its upstream 

and downstream partners, thereby increasing its bargaining power (Hui et al., 2024), maintaining 

competitive advantages, and optimizing supply chain efficiency. In addition, high supply chain 

concentration can reduce a company’s resilience and its ability to manage risks, potentially leading 

to supply chain disruptions. Therefore, reducing concentration enhances a firm’s capacity to cope 

with supply chain risks, thus improving the overall supply chain efficiency (Liu and Zhang, 2023). 

While digital transformation fosters new cooperation models among traditional enterprises, it also 

enables companies to expand beyond traditional regional partnerships, facilitating collaborations 

with enterprises in other regions, increasing geographical diversity in the supply chain (Li et al., 

2023), and reducing overall supply chain concentration.  

 

3. Research Design 

3.1 Data Source and Processing 

This paper examines Chinese listed companies from 2010 to 2022, selecting the leading enterprises 

in the supply chain as the research sample by establishing evaluation indices for these enterprises.  

Samples with missing principal variables were eliminated. High-frequency words related to digital 

transformation were identified through text analysis of the annual reports of listed companies. The 

remaining financial data were obtained from the China Stock Market & Accounting Research 
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Database (CSMAR). To mitigate the influence of extreme values, the sample data were winsorised 

at the 1% and 99% levels. 

 

3.2 Description of Variables 

Regarding the measurement of the explained variable, namely the degree of digital transformation, 

this paper employs text analysis to conduct statistics on the frequencies of relevant words related to 

digital transformation in the annual reports of listed companies. By evaluating the occurrence 

frequencies of keywords associated with digital transformation, the situation of digital 

transformation is measured at the micro level. The data for word frequency statistics are sourced 

from the China Stock Market & Accounting Research Database (CSMAR). The construction of this 

database mainly refers to the studies of previous scholars (Wu et al., 2021). The research on this 

database systematically collected the annual reports of all A-share listed companies using Python 

scripts and extracted all the text content of these reports by leveraging the Java PDF box library 

technology, thus building a huge data pool, which laid the foundation for the subsequent work of 

feature word screening. Meanwhile, the analytical framework of digital transformation is divided 

into two major dimensions: "underlying digital technologies" and "applications of digital 

technologies". The essence of enterprise digital transformation lies in relying on underlying digital 

technologies and integrating them deeply into enterprise process management, aiming to achieve a 

significant improvement in operational efficiency and a fundamental transformation of business 

models and management models. Digital technologies, as the core driving force for promoting 

enterprise digital layout and transformation, cover four mainstream technological directions, namely 

artificial intelligence, blockchain, cloud computing, and big data, which jointly form a relatively 

comprehensive digital technology system. In addition, the core of digital transformation lies in the 

profound transformation of business processes and organizational management, and digital 

technologies need to be effectively applied in specific business processes. Therefore, this study 

conducts a comprehensive measurement of the digital transformation of leading enterprises in the 

industrial chain from the two dimensions of "underlying technologies" and "application scenarios". 

Eventually, this paper successfully obtains 79 basic word frequencies closely related to digital 

transformation. For the specific list of words, please refer to the table below. 

 

Application dimension Basic word frequency 

Artificial intelligence Artificial intelligence, Business intelligence, 

image understanding, investment decision aid 

systems, intelligent data analysis, intelligent 

robotics, machine learning, deep learning, 

semantic search, biometrics, face recognition, 

speech recognition, authentication, 

autonomous driving, natural language 

processing 

blockchain Digital currency, smart contracts, distributed 

computing, decentralization, Bitcoin, alliance 

chain, differential privacy technology, 

consensus mechanism 

cloud computing Memory computing, cloud computing, stream 
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computing, graph computing, Internet of 

Things, multi-party secure computing, brain-

like computing, green computing, cognitive 

computing, Fusion architecture, 100 million 

level concurrency, EB level storage, 

information physical systems 

big data Big data, data mining, text mining, data 

visualization, heterogeneous data, credit 

information, augmented reality, mixed reality, 

virtual reality 

Digital technology application 

 

Mobile Internet, Industrial Internet, mobile 

Internet, Internet medical, e-commerce, mobile 

payment, third-party payment, NFC payment, 

B2B, B2C, C2B, C2C, O2O, Internet 

connection, smart wear, smart agriculture, 

smart transportation, smart medical, smart 

customer service, smart home, smart 

investment, smart travel, smart environmental 

protection, smart grid, smart Energy, smart 

marketing, digital marketing, unmanned retail, 

Internet finance, digital finance, Fintech, 

Fintech, quantitative finance, open banking 

Eliminate negative words No, don't, not yet, nothing, no need, nothing 

Table 1: Basic word frequency statistics table 

 

After extracting the keywords from the annual reports, this paper conducted an in-depth analysis of 

these keywords by using artificial intelligence technology. In order to ensure that the word frequency 

statistics can accurately reflect the degree of the company's digital transformation in the current year 

rather than future expectations, we adopted a series of keyword screening measures. Specifically, 

first of all, expressions containing negative words such as "not", "without", and "no" before the 

keywords were removed (the specific negative words removed are listed in detail in the table above) 

to avoid the interference of these negative expressions on the statistical results. Meanwhile, all the 

"digital transformation" keywords that were not related to the company itself were also excluded. 

This includes, but is not limited to, the content of digital transformation mentioned in the profiles 

of the company's shareholders, customers, suppliers, and senior executives. Through the above 

keyword screening steps, the accuracy and relevance of the statistical results were ensured, enabling 

them to truly reflect the degree of the company's digital transformation in the current year. 

For the explanatory variable of leading enterprise in the industrial chain, following Yu et al (2023), 

the enterprise asset scale is used to represent the economic strength of an enterprise and its ability 

to coordinate upstream and downstream supply chain activities. Market share reflects its product 

influence within the industry and its leadership role in guiding upstream and downstream enterprises. 

The Lerner index measures the market monopoly power of an enterprise, with a higher index 

indicating stronger competitiveness. When establishing the evaluation indicators for chain-leading 

enterprises, some scholars also recognize enterprise scale, market share and enterprise competitive 
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advantage as means to quantitatively identify chain-leading enterprises. The evaluation criteria for 

chain-leading enterprises can be indicators such as enterprise scale and market share (Ji et al., 2024). 

Industrial chain leading enterprises possess strong competitive advantages in their local areas, which 

is also one of their characteristics (Ye and Zhuang, 2022). The strong dominance of enterprises in 

four aspects, namely technological innovation, standard setting, brand effect, and market control, is 

an important criterion for defining chain-leading enterprises (Bai et al., 2022). Meanwhile, some 

scholars will use enterprise scale to quantitatively identify chain-leading enterprises (Xiong and 

Zhang, 2024).  Based on existing studies discussed above, the rationale for selecting the three 

indicators can be summarized as below: Total assets at the end of the year are an important 

manifestation of an enterprise's overall economic strength as well as an important reflection of the 

enterprise's scale. Chain-leading enterprises usually need to possess a solid asset base, which enables 

them to have sufficient resources to promote a series of strategic initiatives such as the digital 

transformation of the supply chain; Product market share is a symbol of market dominance. 

Enterprises with a high product market share often occupy a core position in the industrial chain 

and supply chain. A high market share indicates that the enterprise's products are widely recognized 

in the market and consumers have a relatively high degree of loyalty to its brand; Lerner index is an 

effective tool for measuring market power. It reflects an enterprise's ability to raise prices above 

marginal costs. For chain-leading enterprises, a higher Lerner index means that they have stronger 

pricing power and market power in the market.  

Therefore, this paper points that enterprise with larger asset scale, higher market shares, and greater 

monopoly indices possess stronger chain leadership advantage. Specifically, this paper establishes 

the screening criteria for leading enterprises in the industrial chain based on three indicators: total 

assets at the end of the year, product market share, and Lerner index. Enterprises are identified as 

leading ones if their total assets at the end of the year exceed the average, their market share is above 

the year-end average, or their Lerner index is higher than the average. This paper analyses 12-year 

data on total assets, market share and Lerner index of listed companies from 2010 to 2022, ultimately 

selecting 2,993 annual observations, representing 465 enterprises. 

For the measurement of the explained variable, supply chain efficiency emphasizes enhancing 

communication between upstream and downstream enterprises to streamline the flow of products 

and services. Supply chain efficiency is evaluated based on the effectiveness of product processes, 

capital flow, and information flow in supply chain management. Effective supply chain management 

involves the organization and coordination of product, information and capital flows among all 

participants in the supply chain. Zahran and Jaber (2017) also emphasize that effective inventory 

management is the key for improving supply chain efficiency. Meanwhile, Porter's value chain 

divides enterprise activities into primary activities and support activities. In the internal logistics 

part of the primary activities, it involves tasks such as the receipt, storage, and distribution of 

materials like raw materials. Inventory, as a crucial element in this section, its turnover situation 

directly reflects the efficiency of material allocation within an enterprise. Reasonable inventory 

turnover is of vital importance for the continuity of production and cost control. From the 

perspective of the core theory of competitive advantage, cost leadership is one of the significant 

approaches for enterprises to obtain a competitive advantage. Inventory turnover days are closely 

related to costs. A longer inventory turnover days implies that inventory occupies a substantial 

amount of funds, which will give rise to high warehousing costs, capital interest costs, and possible 

inventory loss costs. Therefore, this paper uses inventory turnover days (Stock day) of listed 
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companies as the explained variable to measure supply chain efficiency.  

To improve the accuracy of the study, a series of control variables were added, including enterprise 

size (Size), asset-liability ratio (lev), return on assets (Roa), operating cash flow (Ocf), sales growth 

rate (Growth), enterprise age (Age), Tobin’s Q value (Tobinq), management expense ratio (Mfee), 

ownership concentration (Top1), proportion of independent directors (Dpe), and size of board of 

directors (Board).The definitions and descriptive results of the main variables are presented in Table 

2 and Table 3. 

 

Variable names Variable symbol Variable definition 

Supply chain efficiency Stock day ln (365/ inventory turnover) 

Digital transformation of 

chain leader 
Digit 

ln (Total number of word frequencies for 

enterprise digital transformation +1) 

Company size Size The logarithm of the total assets of the business 

Asset-liability ratio lev Total liabilities to total assets 

Return on assets Roa Net profit to total assets 

Operating cash flow Ocf Net cash flow to total assets 

Sales growth rate Growth 

Ratio of main business income growth in the 

current year to main business income in the 

previous year 

Age of the enterprise Age ln (age of listing of business +1) 

Tobin Q Tobinq 
Market value of business to replacement capital 

ratio 

Administrative expense 

ratio 
Mfee Management fee to total assets 

Ownership concentration Top1 The proportion of the largest shareholder 

Proportion of 

independent directors 
Dpe 

Number of independent directors relative to 

board size 

Board size Board ln (Number of board members +1) 

Table 2: Variable definitions 

 

Variable 

name 

Number of 

observations 

Mean Standard 

deviation 

Maximum 

value 

Minimum 

Stock day 2993 3.974 1.417 7.436 7.778 

Digit 2993 1.411 1.286 6.139 0 

Size 2993 24.823 1.069 28.636 23.473 

lev 2993 0.583 0.158 0.952 0.079 

Roa 2993 0.043 0.046 0.361 0.182 

Ocf 2993 0.065 0.065 0.438 0.281 

Growth 2993 1.396 36.958 1878.371 0.703 

Age 2993 3.093 0.368 3.555 1.386 

Tobinq 2993 1.386 1.169 22.320 0 

Mfee 2993 0.047 0.033 0.298 0.0006 

Top1 2993 43.194 17.019 89.99 3.97 

Dpe 2993 38.559 6.935 80 23.08 
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Board 2993 2.339 0.208 2.944 1.609 

Table 3: Descriptive statistics of major variables  

 

3.3 Measurement Model 

To test our hypotheses, a regression model is designed to examine the effect of the digital 

transformation of leading enterprises on their supply chain efficiency: 

Stock_dayi,t = α0 + α1 Digiti,t + α2 Controlsi,t + δi + σt + εi,t 

Where i and t denote the enterprise and year, respectively. The dependent variable, Stock day, 

represents the supply chain efficiency of enterprise i in year t. The core independent variable, Digit, 

measures the degree of digital transformation of the chain-leading enterprises. The vector Controlsi,t 

includes a series of control variables: enterprise size, asset-liability ratio, return on assets, operating 

cash flow, sales growth rate, enterprise age, Tobin’s Q value, management expense ratio, ownership 

concentration, proportion of independent directors, sand board size. The variables δi and σt represent 

firm and year fixed effect, respectively, while εi,t is the random error term. In all regression equations, 

firm level cluster robust standard errors are used to adjust the t-statistic by default. 

 

4.Empirical Analysis 

4.1 Analysis of Benchmark Regression Results 

This paper examines the impact of the digital transformation of leading enterprises on the efficiency 

of their supply chain. The estimated results of benchmark regression are shown in Table 4. Column 

(1) reports the regression results that consider only the explanatory and explained variables; Column 

(2) shows the regression results of the independent (explanatory) variable on the dependent 

(explained) variable after adding a series of control variables; Column (3) presents the regression 

results after adding year and firm fixed effects (i.e. corporate effects and vintage effects in the 

following tables). Finally, Column (4) displays the regression results after adding both year and firm 

fixed effects and incorporating a series of control variables.  

The results show that the coefficient of Digit is negative, even after fully accounting for year and 

firm fixed effects and adding the control variables, indicating that the digital transformation of 

leading enterprise can shorten inventory turnover, thereby improving supply chain efficiency. In 

addition, all results are significant at 1% level, verifying Hypothesis 1. 

 

 
(1) (2) (3) (4) 

Stock_day Stock_day Stock_day Stock_day 

Digit 
-0.145*** -0.183*** -0.084*** -0.080*** 

(0.045) (0.043) (0.031) (0.030) 

Size 
 0.0187***  0.130 

 (0.063)  (0.104) 

Lev 
 1.184  0.710** 

 (0.483)  (0.322) 

Roa 
 5.333**  -0.140 

 (1.362)  (0.674) 

Ocf  -5.838***  -0.728*** 
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 (0.851)  (0.258) 

Mfee 
 6.869***  5.177*** 

 (2.017)  (1.640) 

Growth 
 0.001**  0.0002*** 

 (0.001)  (0.0008) 

Age 
 0.136  1.267*** 

 (0.154)  (0.228) 

Tobinq 
 0.216***  0.084* 

 (0.049)  (0.049) 

Top1 
 -0.007**  0.003 

 (0.003)  (0.003) 

Board 
 -0.172  -0.442** 

 (0.306)  (0.198) 

Dpe 
 0.009  -0.002 

 (0.008)  (0.003) 

Constant 
4.179*** -1.623 6.922*** -0.757 

(0.083) (1.633) (0.053) (2.073) 

Corporate effect NO NO YES YES 

Vintage effect NO NO YES YES 

N 2993 2993 2993 2993 

R2 0.017 0.153 0.869 0.876 

     

Table 4: Benchmark Regression Results  

(Note: ***, ** and * are at significance levels of 1%, 5% and 10% respectively; In parentheses are 

standard errors clustered at the enterprise level after the cluster processing. The same is true 

below.) 

 

4.2 Endogeneity Problem 

To address the issue of endogeneity, this paper uses instrumental variable method to mitigate 

potential biases. 

By referring to the studies of Pan and Zhang (2023) and Lei (2023), this paper selects one period 

lag of digital transformation as the instrumental variable. This choice is based on the logic that last 

year’s degree of digital transformation influences the current year’s progress, but last year’s digital 

transformation does not directly impact this year’s supply chain efficiency. This selection is 

consistent with the requirements for an appropriate instrumental variable. Therefore, the one-period 

lag of digital transformation (Digitt1) is selected as the instrumental variable in this paper, and 2SLS 

(two stage least square) method is applied for regression analysis.  

Under the identification test, LM statistic value is 126.61, with p-value of 0.000. The W-F statistic 

and KP W-F statistic exceed all critical values, indicating that there is no weak instrumental variable. 

These results also confirm that the selection of instrumental variables meets the necessary conditions. 

The estimated results are presented in Table 5, showing that the instrumental variables passed the 

validity tests. The regression coefficient in Column (1) is 0.812, and the significance test at the 1% 

level suggests a strong correlation between the selected instrumental variables and explanatory 
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variables. The regression coefficient in Column (2) is -0.085, indicating that the digital 

transformation of leading enterprises in the supply chain significantly reduce the number of 

inventory turnover days and pass the significance test. This finding is consistent with the previous 

conclusion. 

 

 
(1) (2) 

Digit Stock_day 

Digitt1 
0.812***  

(0.026)  

Digit 
 -0.085** 

 (0.04) 

Controls YES YES 

Corporate effect YES YES 

Vintage effect YES YES 

N 2956 2956 

R2 0.017 0.153 

K-P rk LM 126.610*** 

C-D Wald F 1522.032 

Table 5: Regression Results of Endogeneity Test 

 

4.3 Robustness Test 

This paper adds control variables, replaces the dependent and independent variables, and conducts 

additional regressions to verify the robustness of the model. 

First, control variables such as current asset turnover ratio (Cat), fixed asset turnover ratio (Fat), 

and non-current asset turnover ratio (Ncat) are progressively included in the regression to mitigate 

the risk of inaccurate results caused by omitted variables. Column (1) of Table 5 presents the results 

of regression analysis. The results show that the estimated values of Digit coefficients are all 

negative, and the three control variables pass the significance test, further validating the earlier 

findings.  

Second, in previous studies, the measurement perspectives of supply chain efficiency were mainly 

divided into two categories. One was the perspective of physical flow, and the other was the 

perspective of financial flow. The main explained variable in this paper is the Inventory Turnover 

Days (Stock_day), which was set according to the perspective of physical flow. In order to conduct 

a more comprehensive examination of supply chain efficiency, based on previous studies (Du et al., 

2024) and considering the availability of data, this paper adds the Total Asset Turnover Days 

(Asset_day) and the Operating Asset Turnover Ratio (Oatr) as dependent variables from the 

perspective of financial flow. As shown in columns (2) and (3), the result in column (2) indicates 

that the regression coefficient of the degree of digital transformation (Digit) remains negative and 

passes the significance test at the 1% level. The result in column (3) shows that the regression 

coefficient of the degree of digital transformation (Digit) is positive and also passes the significance 

test at the 1% level. Both of these results support the previous conclusions and further verify the 

robustness of the model. 

Lastly, the core independent variable was replaced with enterprise digital technology application 
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(Digit_tech). Digital technology application (refer to Table 1), as the core driving force for 

promoting enterprises' digital layout and transformation, needs to be effectively applied in specific 

business processes. The regression coefficient remains significantly negative, further supporting the 

previous conclusion and reinforcing the robustness of the model. 

 

 
(1) (2) （3） (4) 

Stock_day Asset_day Octr Stock_day 

Digit 
-0.087*** -.0767*** 12.24***  

(0.029) (0.023) (12.244)  

Cat 

-0.145***    

(0.035)    

Fat 
-0.0006**    

(0.001)    

Ncat 

-0.0109    

(0.009)    

Digit_tech 

   -0.141*** 

   (0.035) 

Controls 
YES YES YES YES 

Corporate effect YES YES YES YES 

Vintage effect YES YES YES YES 

N 2993 2993 2993 2993 

R2 0.885 0.837 0.375 0.878 

Table 6: Regression Results of Robustness Test 

 

4.4 Path Mechanism Test 

4.4.1 Financing Constraint 

This paper uses SA index (SA_index) as a measure of financing cost, which is composed of two 

strongly exogenous variables (firm size and age) to maximize the impact of endogenous outcomes. 

The path mechanism was tested, and the result is shown in Column (1) of Table 7. The estimated 

value of the Digit coefficient is significantly negative at the 1% level, indicating that digital 

transformation can effectively alleviate financing constraints. As seen in Column (2), when SA index 

is used as an independent variable in regression with supply chain efficiency, the coefficient is 

negative and passes the significance test at the 1% level. This supports the hypothesis that the digital 

transformation of leading enterprises in the industrial chain can improve supply chain efficiency by 

easing financing constraints. 

 

4.4.2 Operational Efficiency 

According to the study by Li et al. (2023), digital transformation can enhance labor productivity, 

thereby improving total factor productivity. Similarly, the study by Wu et al. (2021), suggests that 
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digital transformation can also enhance financial stability, thereby increasing market value and 

improving operational efficiency. Additionally, Zhang et al. (2023) also selects labor productivity 

and capital utilization rate as key indicators for evaluating enterprise operational efficiency. As a 

result, this paper uses Labor productivity rate (Labor) and Capital utilization rate (Cur) as indicators 

to evaluate the operational efficiency of enterprises. The path mechanism was tested, and the 

estimated results are shown in Columns (3) and (4) of Table 7. The Digit coefficient is positive, and 

the estimated values are both significant at the 1% level, indicating that enterprise digital 

transformation can significantly improve enterprise operational efficiency. The regression results in 

Columns (4) and (6) show that when labor productivity and capital utilization rate are used as 

independent variables in regression with supply chain efficiency, the coefficient is negative and 

passes the significance test at the 1% level. This supports the hypothesis that the digital 

transformation of leading enterprises in the industrial chain can improve supply chain efficiency by 

increasing operational efficiency. 

 

4.4.3 Supply Chain Concentration 

This paper uses the average sum of the procurement ratio of the top five suppliers and the sales ratio 

of the top five customers as the evaluation index for supply chain concentration (Con) of the leading 

enterprises to test this path mechanism. As shown in Column (7), the coefficient for Digit in relation 

to the enterprise’s digital transformation index is significantly negative, indicating that digital 

transformation can reduce supply chain concentration. Column (8) reports that when supply chain 

concentration is used as an independent variable in the regression of supply chain efficiency, the 

coefficient is negative and passes the significance test. The verifies the hypothesis that the digital 

transformation of leading enterprises in the industrial chain can improve supply chain efficiency by 

reducing supply chain concentration. Digital technology can significantly reduce the information 

barriers among enterprises, break geographical constraints, and greatly improve the efficiency of 

information flow, thus expanding the cooperation space between chain leaders and various suppliers 

and customers, and promote business expansion. 

 

 

(1) (2) (3) (4) (5) (6) (7) (8) 

SA_index 
Stock_

day 
Labor 

Stock_

day 
Cur 

Stock_

day 
Con 

Stock_

day 

Digit 

-0. 0385 

*** 

 0.612***  0.080

*** 

 -

1.675

** 

 

(0.139)  (0.047)  (0.02

6) 

 (0.71

2) 

 

SA_index 

 -

0.447*

** 

 -

0.058*

** 

 -

0.198*

** 

 -

0.007*

* 

 (0.155)  (0.018)  (0.051)  (0.003

) 

Controls YES YES YES YES 

Corporate 

effect 

YES YES YES YES 
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Vintage 

effect 

YES YES YES YES 

N 2993  2771  2765  2798  

R2 0.812 0.880 0.663 0.879 0.785 0.881 0.762 0.889 

Table 7: Regression Results of Path Mechanism Test 

 

4.5 Heterogeneity Analysis 

The impact of digital transformation on supply chain efficiency varies across industries and among 

enterprises of different types. An in-depth study of this phenomenon can reveal the specific effect 

of digital transformation on each enterprise, allowing for the formulation of targeted differentiated 

strategic guidelines. Based on the available data, this paper analyses how the digital transformation 

of leading enterprises in the industrial chain affects supply chain efficiency, with particular focus on 

the nature of the enterprises and the industries they operate in. 

 

 

(1) (2) (3) (4) 

State-owned 

enterprises 

Non-state-owned 

enterprises 

High-tech 

enterprises 

Low-tech 

enterprises 

Digit 
-0.084** -0.074 -0.025 -0.088** 

(0.034) (0.077) (0.039) (0.034) 

Controls YES YES YES YES 

Corporate 

effects 

YES YES YES YES 

Vintage effect YES YES YES YES 

N 2230 763 289 2704 

R2 0.889 0.922 0.942 0.893 

Table 8: Regression Results of Heterogeneity Analysis 

 

4.5.1 The Impact of Corporate Characteristics 

As a state-owned leading enterprise in the industrial chain, its digital transformation is intrinsically 

driven by its triple mission of economic, political and social responsibility. Additionally, its 

abundant internal and external resources, along with its comprehensive core capabilities, provide a 

strong foundation and significant momentum for digital transformation. In contrast, the digital 

transformation of non-state-owned leading enterprises tend to lag behind due to uneven resource 

allocation and the pressures of market competition, making them relatively weak in areas like 

intelligent inventory management. Therefore, this paper concludes that the impact of digital 

transformation on supply chain efficiency is more pronounced in state-owned enterprises.  

To test this hypothesis, the sample enterprises were divided into state-owned enterprises and non-

state-owned enterprises based on their equity ownership, and a group regression test was conducted. 

Column (1) in Table 8 reports the regression results for state-owned enterprises, where the 

regression coefficient is significantly negative, indicating that digital transformation in state-owned 

leading enterprise can significantly enhance supply chain efficiency. Column (2) presents the 

regression results for non-state-owned enterprises. Although the estimated value of Digit coefficient 

is negative, it does not pass the significance test, indicating that the impact of digital transformation 
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on supply chain efficiency is significant only in state-owned enterprises. 

 

4.5.2 The Impact of Industry Characteristics 

Industry characteristics also lead to differences in the impact of enterprises' digital transformation 

on supply chain efficiency. High-tech enterprises experience varying effects on supply chain 

efficiency based on their different applications of intelligence and digital technology. For low-tech 

enterprises, their relative disadvantages in scientific and technological innovation make the digital 

technologies resulting from digital transformation more critical. These technologies significantly 

enhance their operational efficiency, especially in inventory management and supply chain 

processes, leading to a substantial increase in overall supply chain efficiency. Therefore, this paper 

concludes that the digital transformation of leading enterprises in the industrial chain have a more 

significant impact on low-tech industries.  

Using the Classification of Strategic Emerging Industries, the target enterprises were divided into 

high-tech industries and low-tech industries for grouped regression analysis. The estimated results 

are shown in Columns (3) and (4) of Table 8. Column (3) indicates that the regression results for 

high-tech enterprises are not significant, while Column (4) shows that for low-tech enterprises, the 

regression coefficient is significantly negative. This finding confirms that the impact of digital 

transformation on supply chain efficiency is more significant in low-tech industries. 

 

5. Conclusions, Recommendations and Future Research 

This study examines Chinese listed companies from 2010 to 2022, with a particular focus on 

enterprise scale, market share, and market power—areas that differentiate it from previous research. 

To facilitate analysis, relevant evaluation indicators were established, and samples of leading 

enterprises within industrial and supply chains were selected annually. The findings reveal that 

digital transformation significantly enhances supply chain efficiency by lowering corporate 

financing costs, improving operational performance, and reducing supply chain concentration. 

Furthermore, due to variations in resource allocation capabilities and competitive advantages, state-

owned leading enterprises demonstrate a more pronounced impact on supply chain efficiency. 

Additionally, because of differences in intelligence and technological innovation capabilities, digital 

transformation has a greater effect on non-high-tech enterprises. The conclusions align with 

previous research while offering new contributions to the existing literature. After conducting 

stability and endogeneity test, the conclusion remains robust. Mechanism analysis reveals that 

digital transformation improves supply chain efficiency by reducing financing costs, enhancing 

operational efficiency and decreasing supply chain concentration. Heterogeneity analysis indicates 

that the chain-leading enterprises in state-owned and low-tech industries have a more pronounced 

impact on supply chain efficiency during the process of digital transformation. By leveraging digital 

transformation, these enterprises optimize key aspects of the supply chain, including response speed, 

collaboration, and logistics distribution. More accurate demand forecasting aligns production with 

market demand, minimizing product shortages. Additionally, digital advancements in inventory 

management facilitate smoother and more timely movement of products from production to 

consumption, improving market availability and consumer access. Enhanced supply chain 

efficiency also leads to lower operating costs. These cost savings can be partially passed on to 

consumers through pricing mechanisms, increasing price competitiveness and reducing purchasing 

costs. At a macro level, a more efficient supply chain strengthens the overall industrial chain, 
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promotes resource optimization, and supports industry clustering and collaborative development. 

This, in turn, generates employment opportunities, fosters economic growth, and bolsters long-term 

sustainable development. Moreover, accelerating digital transformation across enterprises can 

reinforce the global positioning of domestic industries. By improving product quality, service value, 

and overall competitiveness in international markets, enterprises can secure stronger positions 

within the global industrial chain. National digital transformation policies further support this shift 

by prioritizing industrial data security and emergency response systems. These measures enable 

industries to manage external disruptions effectively, ensuring the stability of key sectors and 

enhancing national resilience in the face of global challenges. 

Based on our research findings, we propose the following policy recommendations to enhance 

supply chain efficiency through digital transformation: 

First, prioritize enterprise inventory management. Strengthening digital infrastructure and 

optimizing inventory management systems can improve the resilience and efficiency of industrial 

and supply chains. As China accelerates the modernization of its supply chain, leveraging the 

leadership of chain-leading enterprises is crucial. These enterprises should utilize their digital 

capabilities to align with national policies, drive digital transformation among supply chain 

members, and enhance overall efficiency. Additionally, fostering more chain leaders and integrating 

enterprises into modern supply chain systems will reinforce industrial resilience and security. 

Second, to address financial and operational efficiency in digital transformation. Chain-leading 

enterprises should adopt strategies such as improving capital utilization, expanding financing 

channels, and developing robust credit systems to alleviate financial constraints. Enhancing 

operational efficiency through advanced production technologies, optimized supply chain 

management, and workforce skill development is essential. From a resource-based perspective, 

these enterprises can leverage internal assets, such as digital technologies and talent, to build digital 

supply chain platforms that integrate upstream and downstream resources, promote information 

sharing, and enhance collaboration. From a competitive advantage perspective, diversifying 

suppliers and strengthening partnerships within the supply chain will reduce dependency risks and 

maintain long-term competitiveness. By actively implementing digital transformation, chain-

leading enterprises can drive coordinated development across the supply chain, improving the 

overall industrial ecosystem. 

Third, tailor digital transformation strategies to industry and enterprise characteristics. A localized, 

adaptive approach should guide digital transformation efforts. Establishing supply chain 

collaboration platforms that facilitate secure and efficient information sharing between chain-

leading enterprises and their partners is essential. Developing standardized protocols for data 

exchange while safeguarding enterprise security and privacy will ensure sustainable digital 

integration. Enterprises with strong digital foundations should be incentivized through reward 

mechanisms and industry benchmarks, while those with weaker foundations should receive 

structured guidelines, clear transformation roadmaps, and access to specialized consulting services. 

Promoting the growth of regional supply chain leaders and guiding comprehensive digital 

transformation initiatives will ultimately strengthen the entire supply chain ecosystem. 

This study has limitations due to the restricted sample size. The absence of a universally accepted 

quantitative definition of leading enterprises in the industrial chain may lead to variations in 

selection criteria, potentially resulting in an incomplete sample and limited regional and industry 

coverage. Future studies can focus on refining the quantitative identification of chain-leading 
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enterprises to enhance the accuracy and comprehensiveness of the analysis. Additionally, this paper 

assesses supply chain efficiency using two key perspectives: physical flow, measured by inventory 

turnover days, and financial flow, evaluated through total asset turnover days and the operating asset 

turnover ratio. Considering data availability and varying research methodologies, future studies 

could incorporate approaches such as surveys to assess performance indicators like customer 

satisfaction or enterprise supply cycle, providing a more comprehensive evaluation of supply chain 

efficiency. Finally, this study examines the overall impact of digital transformation on supply chain 

efficiency. Future research could delve deeper into the effects of specific digital technologies, such 

as blockchain and big data, to better understand their individual contributions. 
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