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A B S T R A C T

This paper selects data from Chinese listed companies in the industrial sector from 2011 to 2022 
as samples to explore the impact of supply chain digitization and logistics efficiency on the 
competitiveness of industrial enterprises. The study finds that the degree of supply chain digiti
zation can enhance the competitiveness of industrial enterprises; logistics efficiency can help 
industrial enterprises improve their competitiveness; environmental regulation plays a positive 
moderating role in the relationship between logistics efficiency and the competitiveness of in
dustrial enterprises; there is heterogeneity in the impact of supply chain digitization on the 
competitiveness of state-owned industrial enterprises and non-state-owned industrial enterprises, 
with a greater impact on the competitiveness of state-owned industrial enterprises than on non- 
state-owned ones. There is a significant difference in the impact of logistics efficiency on the 
competitiveness of state-owned industrial enterprises and non-state-owned industrial enterprises, 
with a noticeably greater impact on the competitiveness of non-state-owned industrial enterprises 
than on state-owned ones.

1. Introduction

Supply chain digitization refers to the informatization, digitization, and networking of each link in the supply chain to achieve 
intelligent management and collaboration in the whole process (Sun et al., 2022). With the development of information technology, 
more and more enterprises have begun to recognize the importance of digital transformation, of which supply chain digitalization is 
one of the critical aspects of digital transformation. China’s supply chain finance business has achieved practical innovation and 
development, and the digitalization penetration rate has increased significantly (Degl’Innocenti et al., 2018). For example, in 2022, the 
digitalization scale of supply chain finance in China reached 11 trillion yuan, and the digitalization penetration rate was about 30%, 
which achieved a multi-fold increase compared with 2018. By 2027, the scale of supply chain finance digitization is expected to reach 
30 trillion yuan, and the digitization penetration rate will also grow to about 50%. Meanwhile, financial institutions, core enterprises, 
and fintech companies have established supply chain finance digitization platforms. According to statistics, there are more than 200 
operating platforms in the industry as of 2022, and the number is still growing at a high rate. In addition, some enterprises are also 
actively transforming the supply chain, optimizing it through digital technology to make it more efficient, collaborative, and intel
ligent. For example, Heineken Brewing Company has reduced the number of unique bottles and the use of secondary packaging 
through supply chain transformation; Schneider Electric has built a customer-centric supply chain through digitalization; and Walmart 
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has invested heavily in its supply chain, omnichannel, and technology to respond to the trend of shoppers moving online (Remondino 
& Zanin, 2022). As technology advances and applications deepen, supply chain digitization will continue to increase, bringing en
terprises more benefits and competitive advantages (Gupta et al., 2021).

Logistics efficiency is a comprehensive concept that involves the level of service provided by the logistics system in a certain period 
and the effect of various indicators reached while requiring the minimization of resources used in the process (Hallikas et al., 2021). In 
short, logistics efficiency ensures the level of service under the premise of reducing costs as much as possible and optimizing resource 
utilization (Moldabekova et al., 2021). The impact of logistics efficiency on industrial enterprises is reflected in several ways: Logistics 
is a significant cost component of industrial enterprise operations. Improving logistics efficiency means reducing unnecessary trans
portation, warehousing, and overall operating costs (Marmolejo-Saucedo & Hartmann, 2020). For example, companies can directly 
reduce transportation costs by optimizing transportation routes, increasing loading rates, and reducing losses in transit. In addition, 
efficient inventory management can reduce inventory backlogs and obsolescence, reducing inventory costs (Di & Varriale, 2020). 
These cost-control initiatives help improve the enterprise’s economic efficiency and profit level; an efficient logistics system can ensure 
the timely supply of raw materials and components, reduce the waiting time in the production process, and thus improve productivity 
and production capacity (Liu & Chiu, 2021). In addition, improved logistics efficiency also helps to coordinate the interface between 
production and sales to ensure that products are delivered to customers on time. This synergy helps to reduce production delays and 
out-of-stock situations and improves the responsiveness and flexibility of the overall supply chain. In a competitive market envi
ronment, logistics efficiency is one of the critical factors for companies to win a competitive advantage. Efficient logistics services can 
ensure that products are delivered to customers quickly and accurately, enhancing customer satisfaction and loyalty (Wang et al., 
2022). In addition, improving logistics efficiency also helps enterprises shorten the delivery cycle and enhance responsiveness to 
market changes to occupy a favorable position in the market competition.

The current development of industrial enterprises in China presents the following main features: First, industrial production has 
realized faster growth. The value-added of industries above the designated size in the first quarter grew significantly year-on-year, and 
critical industries such as electronics, chemicals, and automobiles were driven (Choudhury et al., 2021). This is mainly due to the 
support of national policies and the improvement of market demand. At the same time, market expectations are reasonable, industrial 
investment is proliferating, the number of industrial enterprises continues to increase, and the purchasing manager index of the 
manufacturing industry has risen back to the boom zone; secondly, new industrialization is accelerating. China’s industrial enterprises 
are gradually realizing high-end and intelligent development (Özdağoğlu & Bahar, 2022). For example, some key core technology 
research projects have made breakthroughs, and innovative achievements continue to emerge. At the same time, the level of intel
ligence is also rising, and more and more enterprises have begun to adopt intelligent manufacturing technologies to improve pro
duction efficiency and product quality; in addition, the information and communication industry is developing steadily, with 
year-on-year growth in telecom business revenue. This reflects the rapid development and broad application of China’s information 
and communication technology, which provides strong support for the digital transformation of industrial enterprises (Cacho et al., 
2020). Meanwhile, the business environment continues to be optimized. The government has introduced a series of policies and 
measures to reduce the tax burden on enterprises, optimize the administrative examination and approval process, and strengthen the 
protection of intellectual property rights, creating a favorable environment for enterprise development. However, it should also be 
noted that the development of industrial enterprises in China still faces challenges, such as the uncertainty of the international trade 
environment and the intensification of resource and environmental constraints. Therefore, industrial enterprises must continue 
strengthening independent innovation and improving core competitiveness while actively addressing external risks and challenges 
(Khan et al., 2021).

The influencing factors of industrial enterprise competitiveness are increasingly diversified. Internal factors such as technological 
innovation, management efficiency, brand building, and corporate culture are considered the core drivers of enterprise competi
tiveness (Shahadat et al., 2023). External factors such as market demand, policy environment, industry structure, and international 
competitive landscape also have a significant impact on enterprise competitiveness. In addition, green competitiveness has gradually 
become a research hotspot, emphasizing enterprises’ capabilities in environmental protection and sustainable development(Saddique 
et al., 2023). With the global increase in environmental protection awareness, technological and management measures such as green 
production and energy conservation and emission reduction have become important ways to enhance enterprise competitiveness. 
According to the literature review results, currently, there is a lack of empirical research by scholars on the factors influencing the 
competitiveness of industrial enterprises(Damtew et al., 2021). No scholars have yet conducted empirical research on the relationship 
between the degree of supply chain digitalization, logistics efficiency, and the competitiveness of industrial enterprises. Therefore, the 
research results of this paper can enrich the research on the factors influencing the competitiveness of industrial enterprises.

2. Theoretical analysis and research hypotheses

Supply chain digitization has a multifaceted impact on the competitiveness of industrial enterprises.
First, supply chain digitization significantly improves industrial enterprises’ operational efficiency. Through the digital platform, 

enterprises can obtain and analyze various data in the supply chain in real-time, including orders, inventory, logistics information, and 
so on. This real-time information sharing helps enterprises better grasp the market demand and supply situation to make quick de
cisions, optimize resource allocation, improve production efficiency, and reduce operating costs (Sharakhin et al., 2021).

Second, supply chain digitization helps enterprises realize customized production and services. With the support of digital tech
nology, enterprises can quickly adjust and optimize the operation of each supply chain link according to market demand and customer 
requirements. This can not only meet the personalized needs of customers and improve customer satisfaction but also enhance the 
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market competitiveness of enterprises (Han et al., 2021).
In addition, supply chain digitization improves enterprises’ risk management and forecasting capabilities. Through technologies 

such as extensive data analysis and model prediction, enterprises can manage and predict risks in the supply chain, identify and solve 
potential problems promptly, and reduce operational risks. This improved risk management capability helps enhance enterprises’ 
stability and reliability and improves their competitiveness in the market (Sorkun, 2020).

Finally, supply chain digitization helps enterprises achieve business model innovation and transformation. Through digital tech
nology, enterprises can explore new business models and growth points and open new market space (Yang et al., 2021). This 
improvement in innovation ability helps enterprises stand out in the fierce market competition and realize sustainable development 
(Zhao et al., 2023).

In summary, the impact of supply chain digitization on the competitiveness of industrial enterprises is mainly reflected in 
improving operational efficiency, realizing customized production and services, enhancing risk management and forecasting capa
bilities, and realizing business model innovation and transformation. With the continuous development and application of digitali
zation technology, this impact will become increasingly significant and essential for industrial enterprises to enhance their 
competitiveness (Bigliardi et al., 2022).

Based on the above analysis, this paper proposes the following hypotheses. 

H1. The degree of supply chain digitization can enhance the competitiveness of industrial enterprises.

The impact of logistics efficiency on the competitiveness of industrial enterprises is significant. Enhancing logistics efficiency can 
reduce enterprise operating costs, meet market demand, optimize supply chain management, and promote enterprise innovation and 
development (Sarkis et al., 2021). Therefore, industrial enterprises should emphasize improving logistics efficiency by introducing 
advanced logistics technology and management concepts and constantly improving their logistics level to enhance competitiveness in 
the market (Song et al., 2022).

Improvements in logistics efficiency can significantly reduce industrial enterprises’ operating costs. Enterprises can reduce 
transportation and storage costs by optimizing the logistics network and processes, improving overall economic efficiency (Alesiuniene 
et al., 2021). This can increase enterprises’ profits, making them more competitive in price and attracting more consumers.

An efficient logistics system helps industrial enterprises better meet market demand. In a competitive market environment, 
responding quickly to customer needs is the key to gaining a competitive advantage (Ju et al., 2021). Improved logistics efficiency 
means that firms can fulfill order deliveries more quickly and shorten the time it takes for products to move from production to 
consumers, thus enhancing customer satisfaction and loyalty (Setiawan et al., 2023).

Logistics efficiency also affects industrial companies’ supply chain management. An efficient logistics system ensures the stability 
and reliability of the supply chain and reduces production disruptions and supply chain risks caused by logistics problems. This helps 
enterprises manage supply chain resources, optimize inventory levels, reduce inventory backlogs and waste, and improve operational 
efficiency (Attaran, 2020).

Improving logistics efficiency also helps industrial enterprises realize innovation and development. With the continuous progress 
and application of logistics technology, enterprises can explore new logistics models and solutions and enhance the personalization 
and intelligence of logistics services. This will help enterprises establish a unique brand image and enhance their competitiveness and 
market share (Zhuckovskaya et al., 2020).

Building upon the preceding analysis, the following assumptions are advanced. 

H2. Logistics efficiency can enhance the competitiveness of industrial enterprises.

Environmental regulation plays an essential moderating role in the relationship between logistics efficiency and industrial en
terprise competitiveness. By guiding and restricting enterprises’ behavior, environmental regulation aims to promote sustainable 
development and ecological civilization (Zhou & Wang, 2021).

Environmental regulation specifies logistics efficiency requirements. In order to reduce environmental pollution and ecological 
damage, environmental regulation usually requires companies to adopt more environmentally friendly logistics methods and tech
nologies. This may include choosing clean energy-powered means of transportation, optimizing transportation routes, reducing un
necessary packaging and the number of shipments, etc. (Chauhan et al., 2022). Although these measures may increase firms’ logistics 
costs to a certain extent, in the long run, they help improve logistics efficiency, reduce resource wastage, and help firms establish an 
excellent environmental image (Agrawal & Narain, 2023).

Environmental regulation has a positive impact on the competitiveness of industrial enterprises. Under environmental regulation, 
those firms that can actively respond to and meet environmental requirements tend to gain more market opportunities and competitive 
advantages (Haddud & Khare, 2020). This is because as consumers become more aware of environmental protection, more and more 
customers tend to choose those products and services with environmental certification and good environmental image. Therefore, by 
improving logistics efficiency to meet environmental regulation requirements, industrial enterprises can reduce operating costs and 
enhance their market competitiveness.

Environmental regulations also help promote technological innovation in the logistics industry and industrial enterprises. To meet 
environmental requirements, enterprises need to continuously develop and apply new environmental technologies and methods (Balcı, 
2021). These technological innovations can improve logistics efficiency and bring enterprises more significant economic and social 
benefits. At the same time, technological innovation is also a necessary means for enterprises to enhance their competitiveness 
(Fatorachian & Kazemi, 2021).

However, it is essential to note that environmental regulation may also negatively impact logistics efficiency and the 
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competitiveness of industrial enterprises. Excessively high environmental standards and stringent regulatory measures may increase 
the operating costs of enterprises, reduce logistics efficiency, and even threaten their survival and development (Loske & Klumpp, 
2022). Therefore, when formulating and implementing environmental regulations, it is necessary to fully consider enterprises’ actual 
situation and affordability to ensure that environmental regulations are harmonized with economic development.Building upon the 
preceding analysis, the following assumptions are advanced. 

H3. Environmental regulation regulates the relationship between logistics efficiency and industrial enterprise competitiveness.

There are differences in the impact of the degree of supply chain digitization on the competitiveness of state-owned and non-state- 
owned industrial enterprises (Shcherbakov & Silkina, 2021). For state-owned industrial enterprises, supply chain digitization further 
enhances their operational efficiency and cost control capacity due to their more stable policy support and richer resource reserves. 
State-owned industrial enterprises usually have a larger scale and more muscular financial strength, which enables them to better 
invest resources in the construction and optimization of supply chain digitization (Li et al., 2021). In addition, state-owned industrial 
enterprises focus more on long-term stable development and social benefits, and thus, supply chain digitization may have a more 
significant effect in enhancing their competitiveness and sustainability. However, for non-state-owned industrial enterprises, the ef
fects of supply chain digitization on their competitiveness may be more complex and diverse (Pan et al., 2021). As non-state-owned 
industrial enterprises face more intense market competition, higher resource acquisition, and operational risks, supply chain digiti
zation may become a critical means to enhance their competitiveness (Mohsen, 2023). Through supply chain digitization, 
non-state-owned industrial enterprises can more accurately grasp market demand and supply chain dynamics, optimize inventory 
management and logistics distribution, reduce operating costs, and improve response speed. At the same time, digitization technology 
also helps non-state-owned industrial enterprises to break the limitations of the traditional supply chain, realize the flexibility and 
synergy of the supply chain, and improve the overall operational efficiency (Ning & Yao, 2023).

Building upon the preceding analysis, the following assumptions are advanced: 

H4. There is a difference in the impact of the degree of supply chain digitization on the competitiveness of state-owned industrial 
enterprises and non-state-owned industrial enterprises.

For state-owned industrial enterprises (SOEs), improving logistics efficiency may not significantly determine their competitiveness, 
as they tend to have more stable policy support and resource reserves (MacCarthy & Ivanov, 2022). State-owned industrial enterprises 
pay more attention to long-term strategic planning and social responsibility and, therefore, may be more inclined to robust and 
sustainable improvements in logistics efficiency.

However, logistics efficiency improvement often directly and significantly impacts non-state-owned industrial enterprises’ 
competitiveness. Since these enterprises face more intense market competition and resource acquisition and cost control difficulties, 
logistics efficiency is directly related to their market competitiveness. Non-state-owned industrial enterprises usually pay more 
attention to flexibility and innovation to cope with rapid changes in the market, so they may be more proactive in logistics efficiency 
improvement and seek various innovative solutions (Wamba & Queiroz, 2022).

Building upon the preceding analysis, the following assumptions are advanced: 

H5. There is a difference in the impact of logistics efficiency on the competitiveness of state-owned and non-state-owned industrial 
enterprises.

3. Study design

3.1. Sample selection

In this paper, the data of listed companies in the industrial sector of Shanghai and Shenzhen A-shares from 2011 to 2022 are 
selected as samples, and the data sources are mainly CSMAR and CNRDS databases. Moreover, the following treatments are done: the 
samples of delisted companies are excluded; the samples of ST*, ST, and PT companies in that year are excluded; and the samples with 
missing data are excluded. In order to avoid the impact of missing values and outliers on the study, the explanatory variables, control 
variables, and control variables were subjected to 1% shrinkage treatment, and some of the control variables with large values were 
subjected to the treatment of taking the natural logarithm. After data processing, the final valid samples were obtained as 9251.In 
terms of indicators such as the scale and nature of the sample enterprises, the selected enterprises in this paper can well represent 
various types of industrial enterprises, demonstrating strong representativeness.

3.2. Definition of variables

3.2.1. Dependent variable
Enterprise Competitiveness (IC): Regarding measuring enterprise competitiveness, most of the existing literature selects a single 

indicator or a multi-dimensional evaluation index system. In this paper, eight indicators are selected to measure the competitiveness of 
industrial enterprises in terms of the research results of scholars, and the weights of sub-indicators are set concerning the research 
results of scholars. Eventually, the standardized indicators are weighted to obtain the enterprise competitiveness score of the obser
vation sample. The specific evaluation index system is shown in Table 1.
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3.2.2. Independent variables
Supply Chain Digitization Degree (SCD): When the enterprise is a pilot enterprise of supply chain innovation and application, the 

value is assigned as 1. Otherwise, the value is assigned as 0.
Logistics efficiency (LE): The logistics efficiency indicator system is constructed from the input-output perspective to measure 

logistics efficiency better. The logistics efficiency evaluation index system includes two dimensions: input variables and output var
iables. Input variables include capital input, financial expenditure, infrastructure investment, number of employees, and policy 
support. The output variables include development scale, contribution level, and transportation capacity, and the BCC-DEA model is 
used to measure the logistics efficiency of the cities where industrial enterprises are located.

3.2.3. Moderator variables
Environmental regulation (ERI) is measured using the ratio of completed investment in industrial pollution control to industrial 

output value for industrial industries in the region where the enterprise is located.

3.2.4. Control variables
The control variables in this paper include firm age (lnage), firm size (size), growth (Growth), gearing (Lev), dual (Dual), and firm 

nature (state). All variable definitions are shown in Table 2.

3.3. Model construction

This paper develops the following model to test the hypotheses of the previous paper. The paper uses a fixed effects model and 
controls for yearly effects. 

ICi,t = α0 + α1SCDii,t +
∑n

k=1
αkcontroli,t + εi,t (1) 

ICi,t = λ0 + λ1LEi,t +
∑n

k=1
λkcontroli,t + εi,t (2) 

ICi,t = η0 + η1IEi,t + η2IEi,t*ERIi,t +
∑n

k=1
ηkcontroli,t + εi,t (3) 

Table 1 
Enterprise competitiveness evaluation index system.

factor Indicator name Indicator weights

Scale subfactor revenues 20
net assets 11
net profit 16

Growth subfactor Growth rate of operating income in the last 3 years 17
Net profit growth rate in the last 3 years 14

Efficiency subfactor Net asset margin 8
Total assets contribution ratio 14

Table 2 
Definition of variables.

Variable type Variable name Variable 
symbol

Variable definition

Dependent 
variable

Enterprise 
Competitiveness

IC Eight indicators were selected to measure the competitiveness of industrial enterprises

Independent 
variables

Supply Chain Digitization 
Degree

SCD When the enterprise is a pilot enterprise of supply chain innovation and application, the value 
is assigned to 1, otherwise the value is assigned to 0

Logistics efficiency LE The selected indicators were measured using the BCC-DEA model
Moderator 

variables
Environmental regulation ERI Completed investment in industrial pollution control/industrial output value

Control variables firm age age Ln (time of establishment of the enterprise)
firm size size Ln (total business assets)
growth Growth Enterprise sales revenue growth rate
gearing Lev Total liabilities/total assets
dual Dual If the chairman of the board of directors and general manager is not the same person, assigned 

a value of 1, otherwise take 0
firm nature state State-owned enterprises take the value of 1, otherwise 0
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4. Empirical analysis

4.1. Descriptive statistical analysis

As displayed in Table 3, the highest measure of corporate competitiveness (IC) reaches 1.281, while the lowest stands at 0.473, 
reflecting significant disparities among the competitive strengths of various industrial firms. The mean score for the Supply Chain 
Development (SCD) indicator is 0.143, suggesting that the entities participating in the supply chain innovation and application pilot 
project constitute 14.3% of the sample. Regarding logistics effectiveness (LE), a peak value of 0.997 is observed, with a nadir of 0.174, 
thus evidencing substantial variations in the logistical efficiency across the cities where these industrial companies are situated. 
Further descriptive statistics for other variables are presented in Table 3.

4.2. Main test regression results

In Table 4, the contrast of the two outcome columns reveals the regression outputs with and without control factors. For column (1), 
when no control variables are incorporated, the coefficient for Supply Chain Digitization (SCD) stands at 0.1452, significantly 

Table 3 
Descriptive statistical analysis.

VarName Obs Mean SD Min Max

IC 9251 0.9871 0.1732 0.473 1.281
SCD 9251 0.143 0.138 0.000 1.000
LE 9251 0.724 0.252 0.174 0.997
ERI 9251 11.071 0.872 7.948 12.451
age 9251 2.779 0.518 0.131 4.258
size 9251 20.372 1.405 19.472 24.715
Growth 9251 0.151 0.324 − 0.271 1.724
Lev 9251 0.475 0.714 0.052 0.916
Dual 9251 0.712 0.458 0.000 1.000
state 9251 0.492 0.372 0.000 1.000

Table 4 
Results of the main regression test(SCD).

(1) (2)

IC IC

SCD 0.1452*** (4.4827) 0.1511*** (5.1422)
Age ​ 0.1326*** (3.3251)
size ​ 0.2156*** (9.7813)
Dual ​ − 0.1103 (− 1.0357)
Lev ​ − 0.1744*** (− 7.3158)
state ​ 0.1542*** (5.2418)
Growth ​ 0.1613*** (6.0458)
_cons 0.4724*** (15.1324) 0.7139*** (17.2026)
Year Yes Yes
N 9251 9251
r2 0.3258 0.3314

Table 5 
Results of the main regression test(LE).

(1) (2)

IC IC

LE 0.2125*** (12.3016) 0.2132*** (12.4215)
Age ​ 0.1451*** (4.4892)
size ​ 0.2172*** (11.0324)
Dual ​ − 0.1106 (− 1.0451)
Lev ​ − 0.1752*** (− 7.4215)
state ​ 0.1553*** (5.4729)
Growth ​ 0.1625*** (6.1531)
_cons 0.3571*** (12.6249) 0.7145*** (18.3052)
Year Yes Yes
N 9251 9251
r2 0.3277 0.3324
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pertinent at the 1% level, suggesting a substantial contribution of SCD to industrial firms’ competitiveness. Upon inclusion of control 
variables in column (2), the coefficient for SCD rises to 0.1511, remaining statistically significant at the 1% level, thereby demon
strating that SCD continues to enhance industrial enterprise competitiveness. This substantiates Hypothesis 1 further.

Table 5’s Column (1) reveals regression outcomes sans control variables, revealing a logistics efficiency (LE) coefficient of 0.2125, 
statistically noteworthy at the 1% level. This suggests that supply chain digitalization substantially influences industrial firm 
competitiveness. In Column (2), upon incorporating control variables, the LE coefficient remains significant at 0.2132, confirming that 
logistics efficiency positively affects industrial enterprise competitiveness (IC) significantly, substantiating Hypothesis 2.

4.3. Analysis of moderating effect

Table 6 presents the outcomes of the moderated effects analysis. In column (2), corresponding to model 3’s regression outputs, the 
logistics efficiency (LE) coefficient stands at 0.1982, which is significant at the 1% significance level. The interaction term coefficient 
between logistics efficiency (LE) and environmental regulation (ERC) is 0.1537, which is also statistically significant at the 1% level. 
This suggests that environmental regulation (ERC) has a positively moderating influence on the relationship between logistics effi
ciency (LE) and the competitive strength (IC) of industrial firms, thereby validating Hypothesis 3.

4.4. Heterogeneity analysis

Separate subsample regressions are performed to examine variations in the influence of supply chain digitalization on competi
tiveness between state-owned and non-state-owned industrial firms. For state-owned enterprises, the coefficient related to supply 
chain digitalization (SCD) measures 0.1973, statistically significant at the 1% level, suggesting a substantial reinforcing impact of SCD 
on these firms’ competitiveness (IC). Conversely, in the non-state-owned enterprise sample, the coefficient for SCD stands at 0.1146. It 
fails to attain statistical significance, implying that the positive effect of SCD on the competitiveness (IC) of non-state-owned industrial 
firms is negligible, thereby substantiating Hypothesis 4 (see Table 7).

Separate sub-sample regressions are conducted to examine the disparity in the influence of logistics efficiency on the competi
tiveness of state-owned and non-state-owned industrial firms. For state-owned firms, the logistics efficiency (LE) coefficient stands at 
0.1724, statistically significant at the 1% level, demonstrating that LE significantly enhances the competitiveness (IC) of these firms. 
Conversely, in the non-state-owned firm sample, the LE coefficient is 0.2451, notably higher than that of state-owned firms, suggesting 
a significantly more pronounced effect of LE on the competitiveness of non-state-owned industrial enterprises compared to state- 

Table 6 
Moderating effect results.

(1) (2)

IC IC

LE 0.2132*** (12.4215) 0.1982*** (9.0472)
ERC*LE ​ 0.1537*** (5.3918)
Age 0.1326*** (3.3251) 0.1322*** (3.2848)
size 0.2156*** (9.7813) 0.2032*** (9.7249)
Dual − 0.1103 (− 1.0357) − 0.1107 (− 1.0362)
Lev − 0.1744*** (− 7.3158) − 0.1736*** (− 7.2518)
state 0.1542*** (5.2418) 0.1536*** (5.1942)
Growth 0.1613*** (6.0458) 0.1584*** (5.9317)
_cons 0.3571*** (13.6249) 0.7128*** (19.1453)
Year Yes Yes
N 9251 9251
r2 0.3281 0.3296

Table 7 
Results of heterogeneity test(SCD).

(1) (2)

state-owned enterprises non-state-owned enterprises

SCD 0.1973*** (4.4827) 0.1146 (1.4257)
Age 0.1421*** (4.0127) 0.1278*** (2.8035)
size 0.2341*** (12.7259) 0.2044*** (10.1457)
Dual − 0.1157 (− 1.5429) − 0.1073 (− 1.0248)
Lev − 0.1781*** (− 7.8035) − 0.1703*** (− 7.0218)
Growth 0.1724*** (7.0613) 0.1592*** (5.9807)
_cons 0.6714*** (16.6832) 0.6258*** (15.5941)
Year Yes Yes
N 4551 4700
r2 0.3271 0.3315
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owned ones, thereby validating Hypothesis 5 (see Table 8) .The greater impact of logistics efficiency (LE) on the competitiveness of 
non-state-owned industrial enterprises compared to state-owned ones may stem from factors such as policy support, resource allo
cation, and market access. Non-state-owned enterprises, often facing more market competition, rely more on efficient logistics to 
enhance competitiveness.

4.5. Robustness tests

In this paper, we add control variables to conduct robustness tests. In industrial enterprises, fixed assets account for a relatively high 
proportion, which may have a particular impact on the competitiveness of enterprises. Meanwhile, independent directors play an 
essential supervisory role in the operation of enterprises. Therefore, this paper supplements the two control variables of fixed assets to 
total assets ratio (Ta) and independent directors to board of directors ratio (Indep) for the robustness test. The robustness test results are 
shown in Table 9; the coefficients of Supply Chain Digitization Degree (SCD) and Logistics Efficiency (LE) are positive and pass the 
significance test, indicating that this paper’s regression results are stable.

Table 8 
Results of heterogeneity test(LE).

(1) (2)

state-owned enterprises non-state-owned enterprises

LE 0.1724*** (7.4037) 0.2451*** (14.0327)
Age 0.1322*** (3.3148) 0.1334*** (3.4521)
size 0.2104*** (10.0724) 0.2259*** (12.5736)
Dual − 0.1024 (− 1.0247) − 0.1145 (− 1.1452)
Lev − 0.1631*** (− 6.3047) − 0.1781*** (− 7.8523)
Growth 0.1525*** (5.0537) 0.1581*** (5.8321)
_cons 0.4548*** (14.5731) 0.5031*** (15.2918)
Year Yes Yes
N 4551 4700
r2 0.3282 0.3304

Table 9 
Robustness test.

(1) (2)

IC IC

SCD 0.1527*** (5.2031) ​
LE ​ 0.2173*** (12.7045)
Age 0.1331*** (3.3472) 0.1327*** (3.3125)
size 0.2147*** (9.7625) 0.2104*** (10.3834)
Dual − 0.1108 (− 1.0362) − 0.1114 (− 1.0925)
Lev − 0.1751*** (− 7.4203) − 0.1747*** (− 7.3629)
state 0.1547*** (5.3128) 0.1539*** (5.2148)
Growth 0.1618*** (6.1427) 0.1593*** (5.9821)
Ta 0.1524*** (5.2128) 0.1573*** (5.7329)
Indep 0.1328*** (3.2922) 0.1341*** (3.4561)
_cons 0.4629*** (4.5138) 0.8215*** (8.0327)
Year Yes Yes
N 9251 9251
r2 0.3281 0.3294

Table 10 
Endogeneity test results.

(1) (2)

IC IC

SCD 0.1487*** ​
(4.9032) ​

LE ​ 0.2054***
​ (11.2931)

Control variable Yes Yes
_cons 0.4702*** 0.4819***

(4.7125) (4.9024)
Year Yes Yes
r2 0.3258 0.3307
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4.6. Endogeneity test

In order to solve the endogeneity problem caused by sample self-selection, this paper adopts the propensity score matching method 
(PSM) to alleviate this problem. First, the samples with high supply chain digitization (supply chain digitization assigned a value of 1) 
are used as the experimental group, and the control variables in this paper are used as the matching variables to obtain the samples 
with low supply chain digitization according to the one-to-one pairing. Table 10 shows the regression results obtained based on the 
PSM method. Supply Chain Digitization Degree (SCD) and Logistics Efficiency (LE) coefficients are positive and pass the significance 
test. The regression results are consistent with those of the previous paper, indicating that the findings of the previous paper are not 
affected by endogeneity.

5. Conclusions

There are few empirical studies by scholars on the factors affecting the competitiveness of industrial enterprises. Scholars have yet 
to conduct empirical research on the relationship between the degree of supply chain digitization, logistics efficiency, and the 
competitiveness of industrial enterprises. Therefore, this paper selects the data of listed companies in the industrial sector from 2011 to 
2022 as a sample to explore the relationship between the degree of supply chain digitization, logistics efficiency, and the competi
tiveness of industrial enterprises. The study found that the degree of supply chain digitization can improve the competitiveness of 
industrial enterprises; logistics efficiency can improve the competitiveness of industrial enterprises; environmental regulations play a 
moderating role in the relationship between logistics efficiency and competitiveness of industrial enterprises; the influence of supply 
chain digitization on the competitiveness of state-owned industrial enterprises and non-state-owned industrial enterprises varies, and 
supply chain digitization has a more pronounced influence on the competitiveness of state-owned industrial enterprises. There are 
differences in the impact of logistics efficiency on the competitiveness of state-owned industrial enterprises and non-state-owned 
industrial enterprises, and the impact of logistics efficiency on the competitiveness of non-state-owned industrial enterprises is 
more prominent. The results can enrich the research on the factors affecting the competitiveness of industrial enterprises and provide 
references for regions to formulate measures to strengthen industrial competitiveness.

Although this study has revealed the impact of supply chain digitalization and logistics efficiency on the competitiveness of in
dustrial enterprises, as well as the moderating role of environmental regulation, there are still limitations. Firstly, the dynamic 
relationship and long-term effects between supply chain digitalization and logistics efficiency have not been thoroughly explored. 
Secondly, the research sample is limited to listed companies in the industrial sector in China, which may lack universality. Future 
research should expand the time span, adopt dynamic models to analyze the interactive mechanisms and long-term impacts of these 
factors, and simultaneously broaden the sample scope to include different countries and industries, thereby enhancing the generality 
and applicability of the research conclusions.
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