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Abstract. This study aims to explore how digital transformation affects the effi-

ciency of international trade and regional economic development through empir-

ical analysis. By evaluating the prevalence of information and communication 

technology, the proportion of digital applications in enterprises, and the level of 

infrastructure construction, the results indicate that digitalization significantly 

enhances the efficiency of international trade and promotes regional economic 

growth, providing important data support and development strategies for policy-

making. 

Keywords: Digital transformation; International trade efficiency; Regional eco-

nomic development. 

1 Introduction 

In the context of accelerated globalization, digital transformation has become a key 

factor driving international trade and regional economic development. By employing 

panel data regression models and dynamic panel data models, this analysis aims to re-

veal how digitalization optimizes transaction efficiency and operational costs, thereby 

fostering economic growth. It is expected to provide new perspectives and strategic 

suggestions for policy-making. 

2 The Relationship Between Digital Transformation and 

International Trade and Regional Economic 

Development 

Digital transformation is a significant driving force behind contemporary international 

trade and regional economic development. By improving transaction efficiency, reduc-

ing operational costs, and enhancing market transparency, it has markedly changed tra-

ditional trade patterns and the trajectory of regional economic growth. The application 

of digital technology facilitates trade by enabling real-time sharing and processing of 

information, which accelerates international trade processes and reduces information 

asymmetry, thereby enhancing trust and cooperation among market participants [1].  
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Digital tools such as big data analytics and artificial intelligence allow companies to 

predict market demand more accurately and optimize resource allocation, thus promot-

ing high-quality regional economic development. Within this theoretical framework, 

the following hypotheses are proposed: 

Hypothesis H1: The improvement of digital transformation levels will positively im-

pact the efficiency of international trade. 

Hypothesis H2: Digital transformation indirectly promotes regional economic 

growth by enhancing enterprise operational efficiency. 

3 Research Methods for Assessing the Economic Impact 

of Digital Transformation 

3.1 Construction of the Research Model 

To quantitatively assess the impact of digital transformation on the efficiency of inter-

national trade (Hypothesis H1), we can construct a panel data regression model. In this 

model, the efficiency of international trade can be measured by inverse indicators of 

trade costs and time delays. The level of digital transformation can be measured by the 

prevalence of information and communication technology (ICT), the proportion of en-

terprises adopting digital technology, and the completeness of digital infrastructure. 

The specific economic model is expressed as: 

 itiitit XY ++++= t10 γ  (1) 

In the model, itY represents the international trade efficiency of country i in year

t , itX
is the digital transformation indicator for that country, i is the country fixed 

effect capturing time-invariant country characteristics, tγ is the time fixed effect cap-

turing the impact of the global economic environment, and it
is the error term. 

For Hypothesis H2, which examines the impact of digital transformation on regional 

economic growth through improved enterprise operational efficiency, a dynamic panel 

data model can be used. This model can account for the dynamic adjustment effects 

over time, making it more suitable for analyzing long-term factors affecting regional 

economic development. The model is as follows: 

 ittiittiit wDTGDPGDP +++++= −  21,10  (2) 

itGDP
represents the economic output of region i in year t , 1, −tiGDP

is the eco-

nomic output from the previous year, reflecting the persistence of economic activity,

itDT
is the comprehensive indicator of digital transformation, i and t are the fixed 

effects for region and time, respectively, and itw
is the error term. To ensure the validity 
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of the model's estimation results, it is necessary to address endogeneity issues using the 

instrumental variable method. Historical levels of digital infrastructure construction can 

be used as instrumental variables [2]. 

3.2 Variable Measurement 

Accurate variable definitions and measurements are crucial for ensuring the validity 

and reliability of the research model assessing the impact of digital transformation on 

international trade and regional economic development. Table 1 provides detailed def-

initions and measurement methods for key variables, along with explanations on how 

they are quantified using specific indicators. 

Table 1. Definition and Measurement of Key Variables 

Variable Category Variable Name Measurement Indicators 

Dependent Varia-

ble 

International Trade Efficiency 

(TE) 

Inverse indicators of trade costs 

and time delays 

Independent Varia-

ble 

Regional Economic Growth 

(GDP) 
Annual GDP growth rate 

Digital Transformation Indicator 

(DT) 

ICT prevalence rate, proportion 

of enterprises using digital tech-

nology, level of infrastructure 

construction 

Moderating Varia-

ble 

Enterprise Operational Effi-

ciency (OE) 

Asset turnover ratio, inventory 

turnover ratio 

Control Variable 

Policy Environment (PE) Policy support index 

Economic Openness (EO) 

Proportion of FDI to GDP, pro-

portion of total exports and im-

ports to GDP 

3.3 Data Sources and Sample Description 

The rigor of data collection and sample selection standards is fundamental to ensuring 

the validity and reliability of results. The data mainly comes from three sources: inter-

national trade databases, national statistical data, and enterprise surveys. These sources 

provide data on international trade efficiency, regional economic growth, digital trans-

formation indicators, enterprise operational efficiency, and policy environment and 

economic openness [3]. The sample selection criteria are based on data availability, 

representativeness, and completeness. Particularly, considering the economic develop-

ment levels and digitalization degrees of countries and regions, the sample aims to 

cover a wide range of economies, as shown in Table 2. 
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Table 2. Data Sources and Sample Description 

Data Category Data Source Sample 

International Trade Ef-

ficiency 

International Trade Data-

base 

Cross-national data, including 

developed and developing 

economies 

Regional Economic 

Growth 

National Bureau of Statis-

tics 

Provincial-level data over mul-

tiple years 

Digital Transformation 

Indicators 

National Information Cen-

ter, Enterprise Surveys 

ICT data and enterprise digital 

application data nationwide 

Enterprise Operational 

Efficiency 

Annual Reports, Financial 

Statements 

Data from representative listed 

companies 

Policy Environment 

and Openness 

Economic Yearbooks, In-

ternational Economic Re-

ports 

Policy index and foreign in-

vestment data, international 

and domestic policy environ-

ments 

To gain a deeper understanding of the impact of digital transformation, panel data 

analysis methods were used, selecting annual data from 2000 to 2020, covering 30 

countries and regions, including various economies from developed countries to emerg-

ing markets and developing countries. This time span and regional coverage help cap-

ture the long-term effects of digital transformation and the diversity of cross-country 

comparisons [4]. 

3.4 Selection of Econometric Methods 

In selecting econometric methods, the study uses panel data analysis to fully exploit the 

advantages of cross-country and time series data [5]. Fixed effects and random effects 

models are used to control for country and year heterogeneity, and a Hausman test is 

conducted to determine the appropriate model type. To verify the impact of digital 

transformation on international trade efficiency and regional economic growth, a dy-

namic panel data model (GMM) is employed to address potential endogeneity issues, 

ensuring the robustness of the estimation results. Additionally, the instrumental varia-

ble method is used to further address endogeneity bias. 

4 Empirical Analysis Results 

4.1 Model Goodness-of-Fit Test 

To verify the impact of digital transformation on international trade efficiency and re-

gional economic growth, a goodness-of-fit test was first conducted to ensure the mod-

el's applicability and the credibility of the results, as shown in Table 3. 
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Table 3. Fixed Effects Model Fit Results 

Variable Coefficient Std. Error t-value p-value 

Digital Transfor-

mation (DT) 
0.075 0.013 5.77 0 

Enterprise Opera-

tional Efficiency (OE) 
0.053 0.017 3.12 0.002 

Policy Environment 

(PE) 
0.024 0.011 2.18 0.03 

Economic Openness 

(EO) 
0.089 0.027 3.3 0.001 

Constant -0.215 0.063 -3.41 0 

Table 3 shows the fit results of the fixed effects model, where digital transformation, 

enterprise operational efficiency, policy environment, and economic openness all have 

a significant positive impact on international trade efficiency. All p-values are less than 

0.05, indicating that these variables have statistically significant effects on international 

trade efficiency [6]. To further verify the model's applicability, a Hausman test was 

conducted to determine whether to use the fixed effects model or the random effects 

model, as shown in Table 4. 

Table 4. Hausman Test Results 

Test Statistic Degrees of Freedom p-value 

23.47 4 0 

The Hausman test results in Table 4 show that the p-value is 0.000, much less than 

0.05, rejecting the hypothesis of the random effects model, indicating that the fixed 

effects model is a more appropriate choice. Next, a dynamic panel data model (GMM) 

was used to address potential endogeneity issues and improve the robustness of the 

estimation results, as shown in Table 5. 

Table 5. Dynamic Panel Data Model (GMM) Results 

Variable Coefficient Std. Error z-value p-value 

Digital Transformation (DT) 0.062 0.014 4.43 0 

Enterprise Operational Effi-

ciency (OE) 
0.046 0.018 2.56 0.011 

Policy Environment (PE) 0.019 0.01 1.9 0.057 

Economic Openness (EO) 0.071 0.029 2.45 0.014 

1−tGDP  0.837 0.034 24.63 0 

Constant -0.194 0.057 -3.4 0.001 

The results of the dynamic panel data model (GMM) in Table 5 indicate that digital 

transformation, enterprise operational efficiency, and economic openness continue to 

have a significant positive impact on international trade efficiency and regional eco-

nomic growth. The previous year's GDP also has a significant positive impact on the 

current GDP, demonstrating the persistence of economic activity. 
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4.2 Impact of Digital Transformation on International Trade 

In the empirical analysis of the impact of digital transformation on international trade, 

the direct impact was first assessed using the fixed effects model and the dynamic panel 

data model (GMM) (see Figure 1), and combined with analyses from different dimen-

sions to ensure the comprehensiveness and accuracy of the results. 

 

Fig. 1. Fixed Effects Model Regression Results for International Trade Efficiency 

From the regression results of the fixed effects model in Figure 1, it can be seen that 

the coefficient of digital transformation (DT) is 0.082 with a p-value of 0.000, indicat-

ing a significant positive impact of digital transformation on international trade effi-

ciency. The coefficients of enterprise operational efficiency, policy environment, and 

economic openness are also significant, suggesting that these factors collectively con-

tribute to the improvement of international trade efficiency to some extent [7]. To fur-

ther verify the robustness of the above results, a dynamic panel data model (GMM) was 

used to address potential endogeneity issues, as shown in Figure 2. 
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Fig. 2. Dynamic Panel Data Model (GMM) Regression Results for International Trade Effi-

ciency 

The results of the dynamic panel data model (GMM) in Figure 2 further confirm the 

significant positive impact of digital transformation (DT) on international trade effi-

ciency (coefficient = 0.068, p-value = 0.000). Additionally, enterprise operational effi-

ciency, policy environment, and economic openness also show significant positive im-

pacts in the GMM model [8]. The negative coefficient and significance of trade delay 

(TD) indicate that reducing trade delays is equally important for enhancing interna-

tional trade efficiency. To gain a more comprehensive understanding of the impact of 

digital transformation on international trade, sub-sample analyses by region and indus-

try were conducted to identify differences in impacts under different contexts (see Ta-

bles 6 and 7). 

Table 6. Impact of Digital Transformation on International Trade by Region 

Region 
Digital Transformation 

Coefficient 
Std. Error t-value p-value 

Developed Countries 0.091 0.014 6.5 0 

Developing Countries 0.075 0.011 6.82 0 

Table 6 shows the analysis results of sub-samples from developed and developing 

countries, indicating that digital transformation has a significant positive impact on in-

ternational trade efficiency in both types of countries, but the impact is greater for de-

veloped countries (coefficient = 0.091, p-value = 0.000). 
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Table 7. Impact of Digital Transformation on International Trade by Industry 

Industry 
Digital Transformation 

Coefficient 
Std. Error t-value p-value 

Manufacturing 0.078 0.013 6 0 

Services 0.065 0.015 4.33 0 

The industry analysis results in Table 7 indicate that digital transformation has a 

significant positive impact on the international trade efficiency of both manufacturing 

and services, but the impact is slightly greater for manufacturing (coefficient = 0.078, 

p-value = 0.000). 

4.3 Impact of Digital Transformation on Regional Economic 

Development 

Empirical analysis using fixed effects models and dynamic panel data models (GMM) 

systematically evaluates the specific impact of digital transformation on economic 

growth in different regions [9], ensuring the accuracy and reliability of the research 

results. The results of the fixed effects model (Table 8) show that digital transformation 

(DT) has a significant positive impact on regional economic growth (coefficient = 

0.063, p-value = 0.000). Other variables such as enterprise operational efficiency, pol-

icy environment, and economic openness also significantly impact regional economic 

growth. 

Table 8. Fixed Effects Model Regression Results for Regional Economic Growth 

Variable Coefficient Std. Error t-value p-value 

Digital Transformation (DT) 0.063 0.01 6.3 0 

Enterprise Operational Efficiency (OE) 0.038 0.014 2.71 0.007 

Policy Environment (PE) 0.016 0.008 2 0.045 

Economic Openness (EO) 0.057 0.021 2.71 0.006 

Constant 0.245 0.052 4.71 0 

The results of the dynamic panel data model (GMM) (Table 9) further confirm the 

significant positive impact of digital transformation on regional economic growth (co-

efficient = 0.051, p-value = 0.000). Additionally, the previous year's GDP ( 1−tGDP
) 

has a significant positive impact on the current GDP, indicating the persistence of eco-

nomic activity. 

Table 9. Dynamic Panel Data Model (GMM) Regression Results for Regional Economic 

Growth 

Variable Coefficient Std. Error z-value p-value 

Digital Transformation (DT) 0.051 0.012 4.25 0 

Enterprise Operational Efficiency (OE) 0.033 0.015 2.2 0.028 

Policy Environment (PE) 0.013 0.007 1.86 0.063 

Economic Openness (EO) 0.049 0.018 2.72 0.007 

1−tGDP  0.791 0.032 24.72 0 

Constant 0.214 0.049 4.37 0 

220             Y. Zhu



Next, to comprehensively understand the impact of digital transformation on differ-

ent regions, sub-sample analyses of regions with different economic development lev-

els were conducted. The results of the sub-sample analyses (Table 10) show that digital 

transformation has a significant positive impact on economic growth in all types of 

regions, but the impact is greatest in high-income regions (coefficient = 0.074, p-value 

= 0.000). 

Table 10. Impact of Digital Transformation on Regional Economic Growth by Economic De-

velopment Level 

Region Type 
Digital Transformation 

Coefficient 
Std. Error t-value p-value 

High-Income Regions 0.074 0.011 6.73 0 

Middle-Income Regions 0.058 0.013 4.46 0 

Low-Income Regions 0.045 0.016 2.81 0.005 

To gain a deeper understanding of the role of digital transformation in different in-

dustrial structures, sub-sample analyses by industrial structure were conducted, as 

shown in Table 11. 

Table 11. Impact of Digital Transformation on Regional Economic Growth by Industrial Struc-

ture 

Industry Type 
Digital Transfor-

mation Coefficient 
Std. Error t-value p-value 

Industry-Dominant 0.069 0.012 5.75 0 

Services-Dominant 0.054 0.014 3.86 0.001 

Agriculture-Dominant 0.042 0.018 2.33 0.021 

The analysis results by different industrial structures (Table 11) show that digital 

transformation has a significant positive impact on the economic growth of industry-

dominant and services-dominant regions, with a relatively smaller but still significant 

impact on agriculture-dominant regions (coefficient = 0.042, p-value = 0.021). 

4.4 The Dual Role of International Trade and Regional Economic 

Development 

The study shows that digital transformation not only enhances international trade effi-

ciency but also promotes regional economic growth by optimizing trade processes and 

reducing transaction costs. The analysis results of the fixed effects model and dynamic 

panel data model (GMM) indicate that improved international trade efficiency signifi-

cantly boosts regional economic growth. Meanwhile, regional economic development 

provides more resources and market demand for international trade, thereby promoting 

trade activities [10]. Data analysis shows that the interaction between trade and eco-

nomic growth is more evident in economically developed regions due to deep digital 

transformation. High-income and industry-dominant regions are particularly prominent 
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in this aspect. Overall, digital transformation promotes both international trade and re-

gional economic development, forming a positive feedback loop that provides im-

portant references for policy-making. 

5 Conclusion 

Digital transformation demonstrates its key role in the global economy by improving 

international trade efficiency and regional economic growth, bringing fundamental 

changes to trade and economic development. Future research can further explore the 

heterogeneous impacts of digital transformation in different economies and its potential 

applications in policy-making to promote more precise and efficient economic man-

agement strategies. 
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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