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Abstract: A system to evaluate the level of digital trade development was developed using the entropy method to measure the level 
of digital trade development in Regional Comprehensive Economic Partnership (RECP) member countries from 2013 to 2022. 
Referring to relevant literature, we also applied the stochastic frontier gravity model and the trade inefficiency model to evaluate 
export efficiency. Export efficiency was an important factor affecting trade between China and RCEP member countries considering 
the significant heterogeneity of the countries. Export efficiency was affected by the level of digital trade development significantly, 
with investment and the level of transportation infrastructure. China needs to seize the opportunities of digital trade by strengthening 
cooperation with RCEP member countries in digital trade to grasp competitive advantages and optimize the commodity structure. 
It is essential to utilize the opportunity to enhance export efficiency with the member countries of RCEP. 
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1. Introduction 

In recent years, China has actively accepted international economic and trade rules and improved the digital trade governance 
system to promote the reform and innovation of digital trade. China also has optimized and upgraded traditional and digital trade 
systems. In 2022, the size of China’s digital trade reached a record high of USD 372.71 billion, an increase of 3.4% compared to 
2021 including the total value of trade of digitally deliverable services. The total trade value of cross-border e-commerce also 
achieved significant growth, reaching USD 0.29 trillion, an increase of 9.8% compared to the previous year. Digital trade has become 
a new growth engine for China’s trade, providing new momentum to promote opening up, enhance the status of the international 
division of labor, and move towards the middle and high end of the global value chain. 

Digital technology is rapidly updated and iterative globally, and artificial intelligence (AI), blockchain, and digital technology 
promote the efficiency and transparency of trade processes, reducing the time and cost of trade. The World Trade Organization 
(WTO) predicts that by 2030, digital trade will show the growth rate of global trade by 1−2% every year, and digital transformation 
will develop the global economy. According to eMarketer, a global market research organization, about 2.56 billion people shopped 
online in 2022, and e-commerce retail sales exceeded USD 5 trillion. In 2022, global exports of information and communication 
technology (ICT) services reached USD 968.6 billion, showing an annual increase of 6.1%. Currently, more than 120 regional and 
bilateral trade agreements contain digital trade rules. Rules on issues are coordinated to promote paperless trade and protect the 
privacy of e-commerce users with the global governance system accelerating the reformation. As global digital trade is developing 
rapidly, digital trade has developed global trade considerably. 

In 2020, 15 countries, including 10 ASEAN countries, China, Japan, South Korea, Australia and New Zealand, signed the 
Regional Comprehensive Economic Partnership (RCEP). The agreement covers the world’s most populous and largest free trade 
area. RCEP aims to promote regional economic development through a comprehensive series of policy measures and remove trade 
tariffs. The promotion of e-commerce and special attention to the development of small and medium-sized enterprises and technical 
cooperation jointly promote the development of digital trade and economic prosperity in the region. Since the implementation of 
RCEP, China has adhered to the principle of mutual benefit and synergy and achieved remarkable results in trade between RCEP 
member countries. According to the 2023 Asia-Pacific Trade and Investment Report released by the United Nations (UN) Economic 
and Social Commission for Asia and the Pacific, digital trade in the Asia-Pacific region has grown rapidly in recent years. The level 
of regional digital trade development is uneven. From 2015 to 2022, the growth rate of the digital deliverable in the Asia-Pacific 
region was 9%, outpacing the global average of 6.8%. However, in 2022, six countries accounted for 85% of the digitally deliverable 
exports in the Asia-Pacific region with least developed countries accounting for less than 1%. If the level of digital trade in RCEP 
countries is increased, it benefits the economic development of these countries and helps China to trade with them. Thus, it is 
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necessary to study the impact of the development of digital trade in RCEP member countries on the efficiency of China’s exports. 
China’s formulation of reasonable and targeted policies under the framework of RCEP digital trade rules is also demanded to create 
a better trade environment and improve the efficiency of China’s exports. Therefore, the impact of the development level of digital 
trade in RCEP member countries on the efficiency of China’s exports was investigated in this study.  

The first section of this article introduces the research background, significance, and the research framework of the present 
research. The second section defines key concepts, briefs literature review results, and suggests the research questions by comparing 
the perspectives and results of different studies. The third section discusses the current situation of exports between China and RCEP 
member countries from the perspective of market scales and structures. The fourth section presents the measurement and analysis 
methods of the development level of digital trade in RCEP member countries through the establishment of an index evaluation 
system using the entropy method. The fifth section describes an empirical analysis of the impact of the development level of digital 
trade on the efficiency of exports and the efficiency of China’s trade with RCEP member countries. The stochastic frontier gravity 
model and the trade efficiency model are also explained. The sixth section concludes the study results and suggests strategies for 
improving the development level of digital trade with RCEP member countries. 

2. Background Knowledge and Literature Review 

2.1. Development Level of Digital Trade 

2.1.1. Definition of Digital Trade 

The connotation of digital trade has been researched widely. Weber (2010) defined digital trade as products or services that 
are transmitted and delivered digitally on the Internet. In 2013, the U.S. International Trade Commission (USITC) included digital 
content, social media, search engines, and other products and services in digital trade (Zhang, 2024). The definition of digital trade 
then was limited to digital products and services. In 2014, the USITC expanded the scope of digital trade to cross-border data flows 
and physical products sold on the Internet (Xu et al., 2024). Li et al. (2021) integrated the definition of the concept of digital trade 
level in international organizations and included trade digitization in digital trade, which includes digital trade in goods, digital 
services, and cross-border data trade in digital ordering and digital payment as the main realization methods. The WTO, International 
Monetary Fund (IMF), and Organisation for Economic Co-operation and Development (OECD) defined digital trade as all trade 
ordered or paid for digitally in the Handbook on the Measurement of Digital Trade in digital ordering trade, digital delivery trade, 
and digital intermediary platform for trade (Xu et al., 2024). 

2.1.2. Indicator of Development Level of Digital Trade 

There are two methods to measure the development level of digital trade: the single index method and the comprehensive 
index system method. The single indicator method starts from the definition of digital trade. A single indicator is selected regarding 
the total amount of actual trade of digital delivery of services to measure the development level of local digital trade. Lin (2024) 
selected the national export volume of digital delivery services as an indicator to measure the development level of digital trade. 
Chen (2020) used the total value of digital trade to measure the level of digital trade according to the definition of digital trade by 
USITC. 

The development level of digital trade is measured by constructing an index evaluation system. Hou and Jie (2023) constructed 
an index system from five aspects: digital infrastructure, digital industry level, digital trade development environment, digital 
innovation ability, and trade potential. They used the entropy method to measure the digital trade development level of RCEP 
countries. Feng and Duan (2022) selected six first-level indicators, including digital innovation, digital skills, digital trade scale, 
digital infrastructure, digital trust risk, and digital trade barriers, and used the entropy method to evaluate the development level of 
digital trade in 49 countries. Wang et al. (2023) measured the development level of digital trade in 30 provinces (autonomous regions 
and municipalities) in China by constructing an index system of digital trade in seven dimensions: digital network infrastructure, 
logistics environment, industrial digital trade, digital industrialization trade, trade potential, digital skill endowment, and digital 
technology innovation. Guan et al. (2023) determined 15 second-level indicators from the four dimensions of digital infrastructure, 
industrial digital trade, digital industrialized trade, and trade potential and used the entropy weight method to refine the second-level 
indicators and calculate the development level in 71 countries. Zhang and Zhang (2024) measured the development level of digital 
trade in five dimensions: digital trade infrastructure, digital technology, industrial digital trade, digital industrialization trade, and 
import and section. They used the entropy method to measure the development level of digital trade in 30 provinces in China. 
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2.2. Trade Efficiency  

2.2.1. Definition of Trade Efficiency 

Trade efficiency has been studied extensively in international trade, and its understanding stems from “technical efficiency” 
in the production function. Farrel (1957) introduced the concept of technological efficiency into the study of the production frontier 
to measure the relationship between the actual output and the theoretically maximum output under certain technical conditions. The 
volume of trade is affected by factors such as geographical distance between trading countries, total economic volume, and total 
population so it is similar to the production function. Owing to the improvement of efficiency analysis methods and production 
frontier analysis methods, Armstrong (2007) introduced the Stochastic Frontier Analysis Method to measure trade efficiency and 
trade potential. Recently, scholars have defined the concept of trade efficiency from the perspective of measurement methods. Chen 
and Meng (2023) used the Stochastic Frontier Gravity Model and found that trade efficiency is similar to the production function. 
The volume of trade can be regarded as a function of economic, geographical, institutional, and other variables in countries, while 
trade efficiency is defined as technological efficiency. He et al. (2021) defined trade efficiency as the ratio of actual trade value to 
trade potential and measured the gap between the actual and ideal status of trade. The trade efficiency is usually between 0 and 1, 
and the higher the trade efficiency value, the closer the actual trade value is to the trade potential. Zhang and Zhang (2017) defined 
trade efficiency in international trade as the ratio of the actual trade volume to the theoretical “trade potential” so the key to 
measuring trade efficiency is trade potential. Fan (2020) stated that trade efficiency is related to the distance between the actual 
trade volume and the optimal trade level. 

2.2.2. Impact of Development Level of Digital Trade on Trade Efficiency  

There are few studies on the development level of digital trade on trade efficiency. The impact of the development level of 
digital trade on the export of specific products has been mainly focused. However, it is generally believed that improving the 
development level of digital trade increases trade efficiency and the export of products. Scholars have discussed the impact of digital 
trade on trade efficiency but the impact of the development level of digital trade on trade efficiency has not been explored extensively. 
Chen (2024) compared the digital trade rules of different regional organizations and concluded that digital trade changes the inherent 
traditional trade, improves trade efficiency, and reduces trade costs. Zhou and Yi (2023) analyzed the role of digital technology in 
the division of labor in the global value chain and concluded that digital trade improves traditional trade efficiency, optimizes the 
trade structure of intermediate goods, and values trade in goods more. Digital trade improves trade efficiency and the sustainability 
of trade and promotes green trade (Zhang, 2024). Ma (2023) compared the digital trade rules of RCEP and the Comprehensive and 
Progressive Agreement for Trans-Pacific Partnership (CPTPP) and concluded that the digital trade rules simplify the trade process, 
reduce trade costs, and improve trade efficiency. 

Different models including the Stochastic Frontier Gravity Model, Benchmark Regression Model, and Mediating Effect Model 
are used while the Stochastic Frontier Gravity Model is the most widely used. Based on the data from 45 countries from 2010 to 
2021 and using the stochastic frontier method, Ming and Zhu (2023) found that improving the development level of digital trade of 
importing countries of agricultural products significantly influenced the export efficiency of China’s agricultural products. Mo and 
Chen (2023) found that the level of digital software and hardware in importing countries in RCEP positively impacted the export 
efficiency of China’s digital service trade. They also used the Stochastic Frontier Gravity Model. Li and Liu (2023) used the data 
of digital service trade from 17 countries in the Asia-Pacific region and the Stochastic Frontier Gravity Model and found that the 
improved digital infrastructure environment of importing and exporting countries improved the efficiency of bilateral digital trade. 
Hou and Jie (2023) measured the development level of digital trade in RCEP member countries using the Stochastic Frontier Gravity 
Model. They found that the development level of digital trade in partner countries reduced trade costs between countries and 
improved the export efficiency of China’s cross-border e-commerce products. Zhang (2024) found that the improvement of the 
development level of digital trade of enterprises improved trade efficiency and reduced the trade cost of export using a Benchmark 
Regression Model and an Intermediary Effect Model. 

Such results revealed the intrinsic relationship between the development level and trade efficiency of digital trade. The 
development of digital trade reduces trade costs and promotes trade efficiency. The level of digital trade development in partner 
countries of RCEP promotes China’s exports of products. The development level of digital trade also improves the trade efficiency 
of digital service trade. However, there are relatively few studies on the level of digital trade and export efficiency, and the research 
areas of digital trade are relatively wide, mainly concentrated in countries of the “Belt and Road” and provinces and cities in China. 
However, there is little result on the measurement of RCEP digital trade level. 

Thus, this study aims to explore the impact of the development level of digital trade in partner countries on the efficiency of 
China’s section regarding the general trend of digital trade development, especially in the post-epidemic era. The RCEP contains 
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many modern digital trade rules, which provide opportunities for the development of digital trade among member countries. Thus, 
RCEP is taken as the research object to provide a reference for the development of digital trade in regional organizations. Based on 
the existing literature, the overall level of digital trade development, a difference in the level of digital trade development, the level 
of digital trade development, and its effect on the trade efficiency of China are explored in this study. 

3. China’s Trade with RCEP Member Countries 

3.1. Scale of Trade 

From 2013 to 2022, China’s total exports and the proportion of its total exports to RCEP member countries showed an overall 
increase (Fig. 1). Since 2013, China’s total exports have increased from USD 2,209 billion in 2013 to USD 3,560.5 billion in 2022. 
At the same time, China’s total exports to RCEP member countries have also shown a steady growth from USD 527 billion in 2013 
to USD 977.3 billion in 2022 by about 1.85 times. From 2013 to 2020, the proportion of China’s total exports to RCEP member 
countries in China’s total exports increased from 23.9 to 27%. During 2020−2021, the proportion declined but rebounded in 2022 
from 26.3 to 27.4%. Thus, the contribution of RCEP members to the growth of China’s trade increased. In addition, with RCEP 
since 2022, the policy for RCEP has been enforced which stimulated the regional economic and trade potential, and China’s trade 
with RCEP member countries continued to increase. 

 

 
(Source: Based on the China Statistical Yearbook (2013-2022)).  

Fig. 1. China’s total exports to RCEP member countries and their share from 2013 to 2022  

3.2. Market Structure 

From 2013 to 2022, China’s exports to the 10 ASEAN countries were close to those to RCEP member countries. The exports 
to Japan declined year by year but the exports of China to Australia, South Korea, and New Zealand were stable. From 2013 to 
2022, China’s exports to RCEP member countries steadily increased as shown in Fig. 2. The proportion of China’s exports to Japan 
decreased from 28.49 in 2013 to 17.63% in 2022. The proportion of those in the 10 ASEAN countries increased steadily from 46.30 
to 56.96%. The exports to ASEAN countries increased and accounted for half of China’s exports to RCEP countries. In 2022, The 
proportion of China’s exports to RCEP members accounted for 17.63, 16.47, and 14.72% of China’s total exports totaling 48.82%. 
The countries with a proportion of exports higher than 5% of the total exports of China included Indonesia, Malaysia, the Philippines, 
Singapore, Thailand, and Australia. China’s exports to these countries accounted for 47.14% of those to RCEP member countries. 
Laos, New Zealand, Brunei, Myanmar, and Cambodia showed less proportions than 4.3%. 
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Fig. 2. Proportion of China’s exports to RCEP member countries in China’s total exports (Source: Based on the China Statistical Yearbook 

(2013-2022)). 

4. Indicators for Development Level of Digital Trade  

4.1. Indicators and Measurement Methods  

Based on the definitions of digital trade by the WTO, IMF, and OECD, four level-one indicators were defined including digital 
delivery trade capability, digital ordering trade capability, digital technology innovation capability, and digital governance system 
in this study. Six second-level indicators included digital delivery services, digital market, digital technology, digital innovation, 
digital government, and digital security, while eleven third-level indicators were defined to evaluate the development level of digital 
trade in RCEP member countries (Table 1). 

Table 1. Defined indicators for the level of development of digital trade in RCEP member countries in this study. 

Level 1 indicators Level 2 indicators Level 3 indicators Indicator symbols Data source 

Digital delivery trade 
capability 

Digital delivery 
services 

Imports of digital delivery services 
(Million US dollars) 

𝑿𝑿𝟏𝟏 
United 
Nations 
Conference on 
Trade and 
Development 
(UNCTAD) 

Digital delivery services export volume 
(Million US dollars) 

𝑿𝑿𝟐𝟐 

Digital order trade 
capability 

Digital market Digital market index 𝑿𝑿𝟑𝟑 
Chinese 
Academy of 
Social 
Sciences 

Digital technology 
innovation capabilities 

Digital technology 

Digital technology index 𝑿𝑿𝟒𝟒 

ICT services as a percentage of total trade in 
services (exports) 

𝑿𝑿𝟓𝟓 
UNCTAD 

ICT services as a percentage of total trade in 
services (imports) 

𝑿𝑿𝟔𝟔 

Digital innovation 

Number of patent applications filed by 
residents 

𝑿𝑿𝟕𝟕 

World 
Development 
Indicators 
(WDI) 

Frontier Technology Readiness index 𝑿𝑿𝟖𝟖 UNCTAD 

Digital governance 
system 

Digital government E-government development index 𝑿𝑿𝟗𝟗 UN 

Digital security ICT regulatory tracker index 𝑿𝑿𝟏𝟏𝟏𝟏 ITU 
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Credit information index 𝑿𝑿𝟏𝟏𝟏𝟏 WDI 

Based on the literature review result, the entropy method was used to weigh the indicators of the development level of digital 
trade and then calculate it. Guan et al. (2023) used the entropy method to weigh each index and avoid the bias caused by subjective 
weighting and key information loss caused by principal component analysis. Therefore, The entropy method was used in this study 
to measure the development level of digital trade in RCEP member countries, too. The entropy method was applied through the 
following process.  

For m samples and n evaluation indicators, the original data matrix is established as 

𝑿𝑿 = �𝒙𝒙𝒊𝒊𝒊𝒊�𝒎𝒎 × 𝒏𝒏(𝟎𝟎 ≤ 𝒊𝒊 ≤ 𝒎𝒎,𝟎𝟎 ≤ 𝒋𝒋 ≤ 𝒏𝒏)        (1) 

In the entropy method, positive and negative indicators exist, and the positive indicators were used in this study. 

𝒁𝒁𝒊𝒊𝒊𝒊 = 𝑿𝑿𝒊𝒊𝒊𝒊−𝒎𝒎𝒎𝒎𝒎𝒎(𝑿𝑿𝒋𝒋)
𝒎𝒎𝒎𝒎𝒎𝒎(𝑿𝑿𝒋𝒋)−𝒎𝒎𝒎𝒎𝒎𝒎(𝑿𝑿𝒋𝒋)

              (2) 

The weight of different indicators is calculated as  

𝑷𝑷𝒊𝒊𝒊𝒊 = 𝒁𝒁𝒊𝒊𝒊𝒊
∑ 𝒁𝒁𝒊𝒊𝒊𝒊𝒎𝒎
𝒊𝒊=𝟏𝟏

          (3) 

The entropy of different indicators is defined as  

𝒆𝒆𝒋𝒋 = −𝒌𝒌∑ 𝑷𝑷𝒊𝒊𝒊𝒊𝒍𝒍𝒍𝒍(𝑷𝑷𝒊𝒊𝒊𝒊)𝒎𝒎
𝒊𝒊=𝒊𝒊          (4) 

The information utility values for different indicators are calculated as 

𝒅𝒅𝒋𝒋 = 𝟏𝟏 − 𝒆𝒆𝒋𝒋          (5) 

The weights of each indicator are calculated using  

𝑾𝑾𝒋𝒋 = 𝒅𝒅𝒋𝒋
∑ 𝒅𝒅𝒋𝒋𝒏𝒏
𝒊𝒊=𝟏𝟏

          (6) 

The composite score of each data is calculated using  

𝒔𝒔𝒊𝒊 = ∑ 𝑾𝑾𝒋𝒋 × 𝑷𝑷𝒊𝒊𝒊𝒊(𝒊𝒊 = 𝟏𝟏,𝟐𝟐,⋯𝒎𝒎)𝒏𝒏
𝒊𝒊=𝟏𝟏         (7) 

Due to the lack of data from Brunei, Cambodia, and Myanmar, the data of the remaining 11 countries were collected from the 
UNCTAD database, the Chinese Academy of Social Sciences, and the World Bank database from 2013 to 2022. The data of the 
digital market index and the Digital Technology Index in 2022 were not included as they were not updated yet. To ensure the 
integrity of the data, Yang’s (2023) method of processing the missing values in the indicator and the linear interpolation method 
were adopted. The weight of each index is presented in Table 2. 

Table 2. Indicator system for the level of development of digital trade in RCEP member countries. 

Level 1 indicators Level 2 indicators Level 3 indicators Indicator symbols Weight 

Digital delivery trade 
capability Digital delivery services 

Imports of digital delivery services 
(Million US dollars) 𝑿𝑿𝟏𝟏 0.139 

Digital delivery services export volume 
(Million US dollars) 𝑿𝑿𝟐𝟐 0.159 

Digital order trade 
capability Digital market Digital market index 𝑿𝑿𝟑𝟑 0.017 

Digital technology 
innovation capabilities 

Digital technology 

Digital technology index 𝑿𝑿𝟒𝟒 0.036 
ICT services as a percentage of total trade in 

services (exports) 𝑿𝑿𝟓𝟓 0.095 

ICT services as a percentage of total trade in 
services (imports) 𝑿𝑿𝟔𝟔 0.086 

Digital innovation Number of patent applications filed by 
residents 𝑿𝑿𝟕𝟕 0.357 
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Frontier technology readiness index 𝑿𝑿𝟖𝟖 0.024 

Digital governance system 
Digital government E-government development index 𝑿𝑿𝟗𝟗 0.027 

Digital security ICT regulatory tracker index 𝑿𝑿𝟏𝟏𝟏𝟏 0.017 
Credit information index 𝑿𝑿𝟏𝟏𝟏𝟏 0.043 

4.2. Development Level of Digital Trade 

The levels of digital trade development of RCEP member countries from 2013 to 2022 were ranked as presented in Table 3. 
On the whole, huge differences were found in the level, and a “digital divide” between countries was observed. Japan, South Korea, 
Singapore, Australia, Malaysia, and New Zealand had higher levels. Japan showed the highest development level of digital trade 
with an average score of 0.68. Japan’s score remained between 0.60−0.72 for ten years with the highest score of 0.72. The Philippines, 
Indonesia, Thailand, Vietnam, and Laos showed low levels of digital trade development. The average level of Vietnam and Laos 
was less than 0.10. 

Using the echelon ranking method (Hou and Jie, 2023), the development level of digital trade in the eleven countries was 
grouped into three echelons. In the first echelon, Japan, South Korea, and Singapore were found with an average score of 0.37−0.68; 
in the second echelon, Australia, Malaysia, and New Zealand were found with an average score of 0.17−0.19; In the third echelon, 
the Philippines, Indonesia, Thailand, Vietnam and Laos were placed with an average score of 0.05−0.14. 

Table 3. Scores of digital trade development level of RCEP member countries from 2013 to 2022. 

Countries 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Average Scores 
Japan 0.62 0.65 0.65 0.67 0.68 0.69 0.72 0.71 0.72 0.70 0.68 

South Korea 0.41 0.42 0.43 0.43 0.43 0.44 0.46 0.47 0.51 0.52 0.45 
Singapore 0.29 0.32 0.31 0.32 0.35 0.37 0.39 0.43 0.47 0.48 0.37 
Australia 0.17 0.17 0.17 0.17 0.18 0.18 0.19 0.22 0.24 0.24 0.19 
Malaysia 0.15 0.15 0.16 0.17 0.17 0.17 0.18 0.20 0.21 0.20 0.18 

New Zealand 0.13 0.15 0.15 0.16 0.16 0.17 0.17 0.20 0.21 0.20 0.17 
Philippines 0.10 0.11 0.11 0.13 0.14 0.14 0.15 0.18 0.19 0.18 0.14 
Indonesia 0.09 0.10 0.11 0.11 0.13 0.14 0.15 0.18 0.20 0.20 0.14 
Thailand 0.09 0.09 0.10 0.11 0.11 0.12 0.13 0.13 0.13 0.14 0.11 
Vietnam 0.05 0.06 0.07 0.07 0.07 0.08 0.09 0.13 0.16 0.14 0.09 

Laos 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.06 0.13 0.20 0.05 

To compare the digital trade development level of RCEP member countries from 2013 to 2022, a trend chart was drawn as 
shown in Fig. 3. Huge differences were observed in the level of digital trade development among RCEP member countries. The 
level increased from 2013 to 2022, indicating the improvement of the level in the past decade. The levels of Japan and South Korea 
were the highest for a decade and increased every year. In contrast, Australia, New Zealand, and ASEAN countries showed less 
increase between 0.1 and 0.25. From 2019 to 2022, the development of digital trade in these three regions increased significantly 
similar to Laos, Vietnam, and Indonesia. This showed that developing countries in RCEP had potential in the development level of 
digital trade. 
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Fig. 3. Trend chart of the development level of digital trade in RCEP member countries from 2013 to 2022. 

5. Impact of Development Level of Digital Trade on Trade Efficiency  

5.1. Model Establishment 

Compared with the traditional gravitational model, the Stochastic Frontier Analysis method separates the trade inefficiency 
term (μ) from the random error term (v) and considers the determinants of trade potential and trade efficiency (He and Wang, 2023). 
In this study, Frontier 4.1 was used to split the random perturbation term in the Stochastic Frontier Gravity Model into a random 
error term and trade inefficiency term to construct the trade inefficiency model with which the impact of the development level of 
digital trade on China’s export efficiency was evaluated. 

The Stochastic Frontier Gravity Model consists of the traditional gravitational model and the trade inefficiency model. The 
traditional gravitational model estimates the expected trade flow without considering efficiency, while the trade inefficiencies model 
determines factors related to trade efficiency and quantifies non-efficiency factors that lower the trade flow than the theoretical 
maximum trade flow. The non-efficiency factors include the reduction of trade flow due to technological backwardness, policy 
obstacles, and other factors. Long-term invariant natural factors are incorporated into the traditional gravitational model while 
dynamic factors are into the trade inefficiency model. 

The basic formulae of the Stochastic Frontier Gravity Model are as follows. 

 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 ,𝛽𝛽)𝑒𝑒𝑒𝑒𝑒𝑒(𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖 − 𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖), 𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖 ≥ 0     (8) 

 𝑙𝑙𝑙𝑙𝑙𝑙𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑙𝑙𝑙𝑙𝑙𝑙(𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 ,𝛽𝛽) + 𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖 − 𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖      (9) 

𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖∗ = 𝑓𝑓(𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖 ,𝛽𝛽) + 𝑒𝑒𝑒𝑒𝑒𝑒(𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖) (10) 

𝑇𝑇𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖/𝑇𝑇𝑖𝑖𝑖𝑖𝑖𝑖∗ = 𝑒𝑒𝑒𝑒𝑒𝑒(−𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖) (11) 
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In Eq. (8), Tijt represents the actual trade volume of country i to country j in year t, while Xijt refers to the various factors that 
affect the actual trade volume, β the relevant parameters, νijt, and μijt are the random error term and the trade inefficiency term, 
respectively. They are independent of each other, where νijt obeys the standard normal distribution and μijt obeys the truncated normal 
distribution. Equation (9) is derived from Eqs. (8) and (10) when μijt = 0. There is no trade inefficiency term in the model, that is, 
the trade between the two countries reaches an optimal level. T*

ijt is the trade potential, that is, the ideal trade volume between 
country i and country j in year t. When there is a gap between the actual trade volume and the trade potential between the two 
countries, the formula for estimating trade efficiency becomes Eq. (11) which is derived from Eq. (10). 

Battese and Coelli proposed a time-varying model in which μ changes with individuals and time (Gu and Ren, 2023). Therefore, 
the Stochastic Frontier Gravity Model includes a time-varying model and a time-invariant model. The time-varying model is defined 
as  

𝜇𝜇𝑖𝑖𝑖𝑖𝑖𝑖 = ｛𝑒𝑒𝑒𝑒𝑒𝑒[−𝜂𝜂(𝑡𝑡 − 𝑇𝑇)]｝𝜇𝜇𝑖𝑖𝑖𝑖  (12) 

where μijt obeys a truncated normal distribution, η is the parameter to be estimated, when η > 0 and η < 0 indicate that the trade non-
efficiency term decreases and increases over time respectively, and when η = 0, the trade non-efficiency term does not change with 
time. 

To explore the impact of the development level of digital trade in RCEP member countries on the efficiency of China’s exports, 
the panel data of China and RCEP member countries from 2013 to 2022 were used. Natural factors such as economic scale, 
population size, and geographical distance which do not change for a long time were integrated into the main model (He et al., 2021; 
Han and Rao, 2023). 

𝒍𝒍𝒍𝒍𝑻𝑻𝒊𝒊𝒊𝒊𝒊𝒊 = 𝜷𝜷𝟎𝟎 + 𝜷𝜷𝟏𝟏𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒊𝒊𝒊𝒊 + 𝜷𝜷𝟐𝟐𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒋𝒋𝒋𝒋 + 𝜷𝜷𝟑𝟑𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒊𝒊𝒊𝒊 + 𝜷𝜷𝟒𝟒𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒋𝒋𝒋𝒋 + 𝜷𝜷𝟓𝟓𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒊𝒊𝒊𝒊 + 𝜷𝜷𝟔𝟔𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒊𝒊𝒊𝒊 + 𝜷𝜷𝟕𝟕𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒊𝒊𝒊𝒊 + 𝒗𝒗𝒊𝒊𝒊𝒊𝒊𝒊 − 𝝁𝝁𝒊𝒊𝒊𝒊𝒊𝒊 (13) 

where i represents China, j represents the trading partner, and t represents the year. In Eq. (13), Tijt is the value of China’s exports 
to RCEP member countries in year t, νijt is the random error term, μijt is the trade inefficiency term, and the other variables are 
detailed in Table 4. 

Table 4. Variables of the traditional gravitational model . 

Variable Meaning Expected Sign Explanation 
𝐆𝐆𝐆𝐆𝐆𝐆𝐢𝐢𝐢𝐢 China’s GDP in t + Reflecting the size of a country’s economy and trade 

potential 𝐆𝐆𝐆𝐆𝐆𝐆𝐣𝐣𝐣𝐣 GDP of country j in year t + 
𝐏𝐏𝐏𝐏𝐏𝐏𝐢𝐢𝐢𝐢 The size of China’s population in year t + Reflecting China’s export capacity and the size and 

level of demand in partner countries 𝐏𝐏𝐏𝐏𝐏𝐏𝐣𝐣𝐣𝐣 The size of country j's population in year t + 

𝐃𝐃𝐃𝐃𝐃𝐃𝐢𝐢𝐢𝐢 
The straight-line distance between China 
and the capital of country j in year t 

- 
Reflecting the cost of transportation between the two 
countries 

𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐢𝐢𝐢𝐢 
Whether the two countries have a common 
border 

+ Reflecting the ease of trade between the two countries, 
the value of 1 indicates that there is trade facilitation, 
and the value of 0 is vice versa 𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐢𝐢𝐢𝐢 

Whether the two countries have a common 
language 

+ 

The development level of digital trade of RCEP member countries was the explanatory variable in the trade inefficiency model 
in this study. To ensure comprehensiveness, the short-term variabilities of governance and economic environment in RCEP member 
countries were selected as control variables. The model,, then, was defined as  

𝝁𝝁𝒊𝒊𝒊𝒊𝒊𝒊 = 𝜹𝜹𝟎𝟎 + 𝜹𝜹𝟏𝟏𝑫𝑫𝑫𝑫𝒋𝒋𝒋𝒋 + 𝜹𝜹𝟐𝟐𝑩𝑩𝑩𝑩𝒋𝒋𝒋𝒋 + 𝜹𝜹𝟑𝟑𝑭𝑭𝑭𝑭𝒋𝒋𝒋𝒋 + 𝜹𝜹𝟒𝟒𝑻𝑻𝑻𝑻𝒋𝒋𝒋𝒋+𝜹𝜹𝟓𝟓𝑰𝑰𝑰𝑰𝒋𝒋𝒋𝒋 + 𝜹𝜹𝟔𝟔𝑻𝑻𝑻𝑻𝑻𝑻𝒋𝒋𝒋𝒋 + 𝜹𝜹𝟓𝟓𝟓𝟓𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝒋𝒋𝒋𝒋 + 𝜺𝜺𝒊𝒊𝒊𝒊𝒊𝒊  (14) 

where μijt is the trade non-efficiency term, the δ is the parameter to be estimated, εijt is the random error term, and the explanations 
of other variables are detailed in Table 5. 
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In the traditional gravitational model, GDP and population data from the WDI database were used. The data contained 
geographical distance, common borders, and common language were collected from the Centre for Prospective Studies and 
International Information (CEPII) database. For the non-efficiency model, the development level of digital trade was calculated and 
collated, and the data on commercial freedom, financial freedom, trade freedom, investment freedom, and tariff level were used 
based on the “Index of Economic Freedom” of the Heritage Foundation and the Wall Street Journal. The data for the Liner 
Connectivity Index were obtained from the WDI database. 

Table 5. Variables in trade inefficiency model. 

Variable Meaning Expected Sign Explanation 

𝐃𝐃𝐃𝐃𝐣𝐣𝐣𝐣 
The level of digital trade development in 
country j in year t 

- 
Reflecting the level of digital trade development of 
various countries 

𝐁𝐁𝐁𝐁𝐣𝐣𝐣𝐣 
Degree of commercial freedom in country j in 
year t 

- 
Reflecting the degree of independent decision-making 
and free competition of enterprises 

𝐅𝐅𝐅𝐅𝐣𝐣𝐣𝐣 
Degree of financial freedom in country j in 
year t 

- 
Reflecting the level of price stability and financial 
regulation 

𝐓𝐓𝐓𝐓𝐣𝐣𝐣𝐣 Degree of trade freedom in country j in year t - Reflecting the ease of trade 

𝐈𝐈𝐈𝐈𝐣𝐣𝐣𝐣 
Degree of investment freedom in country j in 
year t 

- 
Reflecting the degree of development of the financial 
and capital markets 

𝐓𝐓𝐓𝐓𝐓𝐓𝐣𝐣𝐣𝐣 Tariff levels of country j in year t + Rising tariffs will hinder trade between the two sides 

𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐣𝐣𝐣𝐣 
National liner connectivity index of country j 
in year t 

- 
Reflecting the level of transport capacity and 
infrastructure of the trading country 

5.2. Suitability Test of Stochastic Frontier Gravity Model 

The Stochastic Frontier Gravity Model is dependent on the function setting, so it is important to conduct the likelihood ratio 
test to determine the function form before estimating trade efficiency and trade potential (Shi and Li, 2021). The likelihood ratio 
test of the function form was carried out in the model construction stage to verify the suitability of the model construction in this 
study. The existence of trade inefficiency was tested for its change over time considering distance, language, and boundary. 
According to the results in Table 6, the non-existence of trade inefficiency terms and their time invariance was rejected at a 
significance level of 1%, proving the validity of the time-varying Stochastic Frontier Gravity Model. Similarly, the distance, 
language, and boundary variables were validated at the 1% significance level, suggesting that these variables must be included in 
the model. 

Table 6. Likelihood test results of stochastic frontier gravitational model. 

Null Hypothesis 
Constraint 

Model 
Unconstrained 

Model 
Likelihood 

Ratio  

Critical Value at a 
Significance Level 

of 1% 

Conclusions 
in the Model 

There are no non-efficiency terms -46.64  54.43  202.14  14.325 Rejected 

Non-efficiency items do not change over time 54.43  71.90  34.95  12.483 Rejected 

The distance variable is not introduced 61.98  71.90  19.85  10.501  Rejected 

No language is introduced 53.45  71.90  36.90  10.501  Rejected 

No boundaries are introduced 60.84  71.90  22.12  10.501  Rejected 

5.3. Robustness Analysis of Stochastic Frontier Gravity Model 

After testing the Stochastic Frontier Gravity Model, China’s exports to RCEP member countries from 2013 to 2022 were 
regressed to verify the robustness of the analysis results using the Ordinary Least Squares (OLS), Time-invariant Model, and Time-
varying model results are shown in Table 7. According to the results, the Time-Varying Model in the Stochastic Frontier Gravity 
Model was selected. 

The γ value of both the time-invariant model and the time-varying model was 0.98 and statistically significant at the 
significance level of 1%. This indicated that the fluctuation of the composite error term was mainly due to the influence of the trade 
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inefficiency term. This finding is important in understanding the composition of the error term in the model, indicating the 
dominance of the trade inefficiency in the overall error and the gap between the actual export volume between China and RCEP 
member countries. The theoretical export value was estimated from the trade non-efficiency term, rather than other external 
influences. The time-varying model η was -0.57 and was significant at the 1% level. This indicated that the trade inefficiency term 
changed with time, reflecting the applicability of the time-varying model. The η value was less than zero, indicating that from 2013 
to 2022, the degree of inefficiency of China’s section to RCEP member countries increased, China’s obstruction to China’s section 
to RCEP partner countries increased, and China’s export efficiency to RCEP member countries decreased.  

The time-varying model results in Table 7 showed that in terms of the economic scale, GDPit and GDPjt were important (a 
significance level of 1%), and the positive coefficients indicated that the economic scale of China and RCEP member countries 
significantly increased the level of China’s exports to them and China’s economic scale played a great role in promoting exports. 
The impact of China’s population size (POPit) on exports was significantly negative at the significance level of 1%, probably because 
when the Chinese population increased, domestic demand increased accordingly, and exports decreased; On the contrary, the 
population of the trading partner country (POPjt) significantly impacted China’s exports, indicating that when the population of the 
partner country increased, the demand for Chinese export products increased, which in turn promoted China’s exports to the partner 
countries. 

Geographical distance (Disij) negatively affected China’s exports at a significant level of 1%, which was in line with the 
expectation that as geographical distance increased, transportation costs rose, thus hindering China’s esports. The border (bordij) 
and common language (langij) were significantly positive at the significance level of 1%, indicating that they significantly promoted 
China’s exports to RCEP member countries. This showed that the border and common language are important in bilateral trade. 

Table 7. Regression results of stochastic frontier gravitational model. 

Estimation method OLS model Time-invariant model Time-variant model 

Variable Coefficient t-value Coefficient t-value Coefficient t-value 

Con 1149.55*** 2.79 1149.89*** 1130.79 1273.59*** 11.86 

lnGDPit 3.84*** 3.36 3.89*** 48.28 4.79*** 14.12 

lnGDPjt 0.81*** 17.51 0.65*** 10.64 0.81*** 11.72 

lnPOPit -45.24** -2.84 -45.31*** -427.15 -50.53*** -12.02 

lnPOPjt 0.24** 5.85 0.47*** 9.48 0.10* 1.68 

lnDisij -0.29*** -4.31 -0.20* -2.56 -0.52*** -4.55 

bordij 1.31*** 12.14 1.59*** 13.01 1.37*** 8.17 

langij 0.76 5.09 0.72*** 6.61 0.87*** 3.35 

σ2 0.15 1.27* 1.46 0.53 1.03 

γ — 0.98*** 119.43 0.98*** 55.24 

η — — -0.57*** -6.95 

Log-likelihood -46.64 59.18 71.90 

LR test — 196.48 273.09 

Note: *, **, *** representing statistically significant at the 10%, 5%, and 1% levels. 

5.4. Estimation of Trade Inefficiencies Model 

Since the existence of trade inefficiencies and their time-varying variation were verified, the one-step method was adopted for 
regression analysis on the trade inefficiencies model, and the results are shown in Table 8. The result of the regression analysis 
showed a γ value of 0.99 at a significance level of 1% and indicated that the difference between China’s actual export and theoretical 
volumes to RCEP member countries was caused by trade inefficiency factors rather than random errors. This also highlighted the 
important role of trade inefficiencies in explaining trade volume deviations. The regression coefficient of the development level of 
digital trade (DTjt) was -1.13, which showed its negative relationship with trade inefficiency at a significant level of 10%. This also 
implied that the improvement of the development level of digital trade significantly promoted the efficiency of China’s exports to 
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RCEP partner countries. For every 1% increase in the level of development in digital trade to RCEP partner countries, China’s 
inefficiency in exports decreased by 1.13%. 

Contrary to expectations, the degree of commercial freedom (BFjt) and financial freedom (FFjt) were significant at a 
significance level of 1% and positively impacted trade inefficiencies (negative effects on trade efficiency), probably because high 
levels of commercial and financial freedom led to more capital flows. Such freedom and capital flow caused instability in financial 
markets, especially in countries with weaker financial regulations. In addition, unstable capital liquidity and regulatory differences 
in financial markets also affected the efficiency of China’s exports to RCEP member countries. The trade freedom (TFjt) was not 
significant in the trade inefficiency model, indicating that trade freedom did not affect the efficiency of China’s exports to RCEP 
member countries. A significant negative correlation between the degree of investment freedom (IFjt) was observed at a significant 
level of 1%, indicating that the degree of investment freedom promoted the cross-border capital flow, the efficient allocation and 
utilization of resources, and the trade efficiency of China. The impact of tariff level (TAXjt) on trade inefficiency was not significant. 
Amid increasing regional integration, the impact of tariff level on trade was being weakened and was no longer the dominant factor 
restricting China’s exports to RCEP member countries. The liner connectivity index (LSCIjt) was significantly negative at a 
significant level of 1%, indicating that RCEP member countries had enough maritime technical facilities and shipping capabilities, 
which significantly improved the efficiency of China’s exports. 

Table 8. Regression analysis results of trade inefficiency model. 

Stochastic Frontier Gravity Model Trade Inefficiency Model 

Variable Coefficient t-value Variable Coefficient t-value 

𝐂𝐂𝐂𝐂𝐂𝐂 1,149.98*** 1,150.59 Con -3.17*** -2.78 

𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐢𝐢𝐢𝐢 3.85*** 40.15 𝐃𝐃𝐃𝐃𝐣𝐣𝐣𝐣 -1.13* -1.78 

𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐣𝐣𝐣𝐣 0.45*** 18.93 𝐁𝐁𝐁𝐁𝐣𝐣𝐣𝐣 0.03*** 3.15 

𝐥𝐥𝐥𝐥𝐏𝐏𝐏𝐏𝐏𝐏𝐢𝐢𝐢𝐢 -44.78*** -390.07 𝐅𝐅𝐅𝐅𝐣𝐣𝐣𝐣 0.07*** 4.46 

𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐣𝐣𝐣𝐣 0.05* 1.95 𝐓𝐓𝐓𝐓𝐣𝐣𝐣𝐣 -0.01 -1.21 

𝐥𝐥𝐥𝐥𝐃𝐃𝐃𝐃𝐃𝐃𝐢𝐢𝐢𝐢 -0.27*** -7.58 𝐈𝐈𝐈𝐈𝐣𝐣𝐣𝐣 -0.03*** -3.61 

𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐢𝐢𝐢𝐢 0.44*** 7.09 𝐓𝐓𝐓𝐓𝐓𝐓𝐣𝐣𝐣𝐣 -0.01 -0.38 

𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐥𝐢𝐢𝐢𝐢 0.84*** 14.49 𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐣𝐣𝐣𝐣 -0.04*** -11.97 

Log-likelihood 55.29 σ2 0.05*** 6.61 

LR test 188.69 γ 0.99*** 85.48 

Note: *, **, *** representing statistically significant at the 10%, 5%, and 1% levels. 

5.5. Trade Efficiency  

Using the trade inefficiency model, China’s overall export efficiency and its export efficiency to RCEP member countries from 
2013 to 2022 were estimated based on the results of the one-step method (Table 9). The average score of China’s export efficiency 
to RCEP member countries was 0.73. The overall score of the export efficiency was higher. The export efficiency for each RCEP 
member country showed a significant difference. The top four countries in China’s export efficiency to RCEP member countries 
were South Korea, Singapore, Japan, and Thailand, and the average export efficiency of those countries was higher than 0.90; 
Malaysia, Vietnam, Australia, the Philippines, and Indonesia showed an average export efficiency of 0.66−0.89, and New Zealand 
and Laos presented an average export efficiency of less than 0.3. New Zealand and Laos had a certain degree of resistance to China’s 
exports but this also indicates that they have potential for exports, which needs to be paid attention to. To compare the trend of 
China’s export efficiency to RCEP member countries, a trend chart was drawn as shown in Fig. 4. China’s export efficiency to 
South Korea was the highest among RCEP member countries. The export efficiency to Australia and ASEAN increased with 
fluctuations, and that to New Zealand was low with a slight and steady increase. Since 2020, China’s export efficiency to Japan has 
decreased, which needs special attention.  
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According to the results of the time-varying model, the resistance of RCEP member countries against China’s exports has 
increased over time except for several countries, which resulted in increased trade costs. The export efficiency of China was affected 
by COVID-19 in 2020 with the global supply chain significantly disrupted. With the implementation of the RCEP agreement, the 
member countries needed to adjust their policies and regulations to adapt to the new rules, which reduced the export efficiency of 
China. 

Table 9. Estimation of China’s export efficiency to RCEP member countries. 

Countries 
Year 

Average scores 
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 

South Korea 0.94 0.97 0.97 0.94 0.96 0.97 0.96 0.97 0.96 0.95 0.96 

Singapore 0.97 0.98 0.98 0.95 0.96 0.96 0.97 0.98 0.85 0.97 0.96 

Japan 0.96 0.97 0.94 0.92 0.95 0.96 0.93 0.95 0.84 0.76 0.92 

Thailand 0.81 0.85 0.91 0.88 0.9 0.92 0.92 0.97 0.98 0.98 0.91 

Malaysia 0.94 0.94 0.89 0.75 0.81 0.83 0.89 0.95 0.96 0.97 0.89 

Vietnam  0.60 0.76 0.77 0.71 0.8 0.87 0.92 0.98 0.96 0.90 0.83 

Australia  0.72 0.76 0.76 0.70 0.78 0.84 0.80 0.90 0.85 0.87 0.80 

Philippines  0.53 0.6 0.67 0.73 0.76 0.79 0.85 0.92 0.92 0.88 0.77 

Indonesia 0.69 0.72 0.63 0.57 0.62 0.70 0.69 0.63 0.69 0.70 0.66 

New Zealand 0.23 0.26 0.26 0.26 0.27 0.29 0.27 0.29 0.31 0.29 0.27 

Laos 0.09 0.09 0.06 0.05 0.07 0.06 0.07 0.06 0.05 0.06 0.07 

 
 

 

Fig. 4. China’s export efficiency to RCEP member countries from 2013 to 2022. 
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6. Conclusions and Recommendations 

An index evaluation system was established to measure the development level of digital trade of RCEP member countries by 
using the entropy method, the non-trade efficiency model, the time-varying stochastic Frontier gravity model, and the trade non-
efficiency model. The efficiency of China’s exports to RCEP member countries from 2013 to 2022 was estimated using the models. 
The performance of the models was validated through the regression analysis.  

The development level of digital trade in RCEP member countries increased as a whole but with a difference between the 
member countries. Three echelons were found for the countries: countries at a high level (Japan, South Korea, and Singapore), 
countries at a middle level (Australia, Malaysia, and New Zealand), and countries at a low level (the Philippines, Indonesia, Thailand, 
Vietnam, and Laos). The result of the stochastic frontier gravity model showed that export efficiency differentiated depending on 
the economic size, population, common border, and language which positively influenced China’s exports. Geographical distance 
and the size of China’s population negatively affected China’s exports. The development level of digital trade increased the export 
efficiency of China, indicating a promoting effect of the development level of digital trade. Commercial and financial freedom 
decreased China’s trade efficiency, which was not expected, indicating that the high degree of such freedom of RCEP member 
countries caused financial market instability and affected China’s export efficiency negatively. Investment freedom and liner 
connectivity significantly increase export efficiency, that is, a developed capital market and transportation facilities improved the 
efficiency of China’s exports to RCEP member countries. China’s export efficiency to different RCEP member countries was 
significantly different. China’s export efficiency to South Korea, Singapore, Japan, and Thailand was higher than that to Malaysia, 
Vietnam, Australia, the Philippines, and Indonesia, and New Zealand and Laos. New Zealand and Laos seem to have potential for 
China’s exports. The time-varying model presented that the resistance of RCEP member countries to China’s exports increased over 
time, especially from 2020 to 2022, which decreased China’s export efficiency in several RCEP member countries. COVID-2019 
and the implementation of RCEP were the main causes of such a decrease. 

Differences in the level of digital trade in the RCEP member countries were confirmed in this study, and it was found that 
improving the development level of digital trade in trading partner countries can promote China’s export efficiency. Therefore, 
China must help RCEP member countries develop digital trade under the RCEP digital trade rules. It is also necessary for China to 
strengthen cooperation with RCEP member countries by cooperating in R&D and design, e-commerce, big data, and other fields. 
The RCEP member countries, New Zealand and Laos must be provided with assistance in terms of digital technology to promote 
the improvement of their levels of digital trade. 

China must improve its export efficiency. For South Korea, Singapore, Japan, and Thailand, there is little room for export 
expansion but China needs to optimize the structure of exports by considering advantages and improving the quality of products to 
maintain high export efficiency. For Malaysia, Vietnam, Australia, the Philippines, and Indonesia, industries with the advantages 
and possibility of cooperation must be further developed to improve export efficiency. For New Zealand and Laos, export promotion 
measures such as targeted marketing and services must be implemented. Commercial and financial freedom negatively affected 
China’s export efficiency. Most RCEP member countries are still developing, and their financial regulatory systems are not mature. 
Though excessive commercial and financial freedom may lead to financial market fluctuations, China needs to help the countries 
have more prudent management and commercial and financial policies to stabilize their financial markets and trade. As investment 
freedom and transportation facilities can improve the efficiency of China’s exports, China needs to increase investment in RCEP 
member countries by simplifying the investment process and improving investment transparency and efficiency. China and RCEP 
member countries must cooperate for the construction of transport and logistics facilities including ports and roads to improve 
logistics management capabilities by using advanced digital technologies, such as blockchain and the Internet of Things.  

Due to the impact of COVID-2019, China’s export efficiency to several RCEP member countries decreased along with the 
implementation of the RCEP agreement as the member countries needed to adjust their policies and regulations to adapt to the new 
trade. In this regard, China must actively strengthen communication with RCEP member countries to formulate more flexible trade 
policies based on common interests.  
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