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ABSTRACT
With the development of digital technology, digital economy is gradually becoming a new engine of economic

growth, especially in trade, the core area of resource allocation, the impact of digital transformation is particularly
signiϐicant. In recent years, the scale of China’s agricultural export trade has continued to rise, fully demonstrat‑
ing its potential and vitality. Based on the panel data of agricultural trade volume between China and RCEP part‑
ner countries from 2005 to 2022, this paper empirically analyzes the impact of digital trade development level on
China’s agricultural exports by using stochastic frontier gravity model. The study found that RCEP partner coun‑
tries’ comprehensive infrastructure construction, digital security, international competitiveness of core digital in‑
dustries, and digital innovation capabilities contribute to the growth of China’s agricultural exports. The growth
of GDP between China and RCEP partner countries, the signing of free trade agreements, and the improvement of
trade openness can promote China’s agricultural exports to RCEP partner countries. The greater the geographical
distance between China and RCEP member states, the higher tariffs imposed by RCEP member states on agricul‑
tural products will increase the cost of China’s agricultural exports, and the more unfavorable it will be to China’s
agricultural exports to RCEP member states.
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1. Introduction
The concept of building a China‑ASEAN community

of shared destiny was introduced by Chinese President
Xi Jinping in a key address to the Indonesian parliament
in 2013 [1]. Following years of strengthened regional co‑
operation, the Regional Comprehensive Economic Part‑
nership Agreement (RCEP) came into effect on January
1, 2022. The agreement, which includes the ten ASEAN
nations and 15 other countries—China, Japan, South Ko‑
rea, Australia, and New Zealand—represents 47.4% of
the global population, 29.1% of global trade, and 32.2%
of global GDP. This makes it the largest economic co‑
operation framework in the Asia‑Paciϐic, signiϐicantly
advancing regional economic integration and support‑
ing the multilateral trading system. As the largest agri‑
cultural trade hub worldwide, RCEP includes numer‑
ous key agricultural producers, consumers, and trad‑
ing nations [2]. Through mechanisms like tariff reduc‑
tions and trade facilitation, the agreement has strength‑
ened the resilience of regional agricultural supply chains.
Particularly amidst the global food security challenges
caused by the Russia‑Ukraine conϐlict, the agricultural
cooperation under RCEP has played a vital role in miti‑
gating supply chain disruptions and stabilizing regional
food supplies [3]. The RCEP agreement has reshaped
the agricultural landscape in the Asia‑Paciϐic and con‑
tributed to global agricultural sustainability by foster‑
ing deeper economic integration. According to China’s
customs data, in 2023, China’s agricultural trade with
RCEPmembers reached $103.4 billion, a 10.3% increase
from 2021, accounting for 31% of China’s total agricul‑
tural trade. Of this, exports totaled $41.6 billion, rep‑
resenting 42.1% of China’s agricultural exports, a rise
of 8.2% from 2021; imports amounted to $61.8 billion,
making up 26.4% of China’s agricultural imports, with
an 11.8% increase over 2021. The trade deϐicit stood at
$20.2 billion, a 20.2% increase from 2021, reϐlecting the
ongoing characteristics of China’s agricultural trade—
large in scale but still needing improvements in the qual‑
ity, competitiveness, and efϐiciency of its agricultural ex‑
ports. China’s agricultural exports to RCEP nations pri‑
marily consist of vegetables and roots, fruits and nuts
and their preparations,meat, ϐish, crustaceans,mollusks,
and their preparations.

Digital trade, as the central form of trade in the dig‑
ital economy era, has become a strategic focus in the
global competition for future trade. The current wave
of the information technology revolution, driven by in‑
novations in big data, cloud computing, artiϐicial intel‑
ligence, the Internet of Things, and other cutting‑edge
digital technologies, has not only led to the rise of cross‑
border e‑commerce and digital trade in services, but
also redeϐined the spatial aspects of international trade
and the value chain. This transformation is facilitated
by the free cross‑border ϐlow of data and the contin‑
uous innovation in digital infrastructure [4]. This shift
has not only broadened the scope of trade but also re‑
shaped the global rules of trade governance. The Chi‑
nese government has recognized the strategic impor‑
tance of digital trade, and since the release of the Guid‑
ingOpinions onPromotingHigh‑QualityDevelopment of
Trade in November 2019, which emphasized ”accelerat‑
ing the development of digital trade,” the relevant pol‑
icy system has been consistently reϐined [5]. The 14th
Five‑Year Plan for Digital Economy Development, issued
in January 2022, further stresses the need to advance
the digital transformation of trade and build an open, in‑
clusive digital trade ecosystem by upgrading trade en‑
tities and fostering innovation in trade models through
digital technology [6]. The plan also outlines measures
to optimize the policy environment, enhance the sup‑
port system, strengthen institutional frameworks, and
improve legal protections, providing institutional guar‑
antees for promoting digital cooperation between China
and RCEP countries in agricultural trade, among other
areas. The RCEP agreement, an important result of re‑
gional economic integration, incorporates a set of digi‑
tal trade rules covering areas like e‑commerce, services
trade, investment, intellectual property, and more. It
plays a key role in facilitating the cross‑border ϐlow of
data, the localization of computing facilities, and the de‑
velopment of a digital trade system, fostering consensus
on critical issues such as the free ϐlow of data and data
localization. These efforts contribute to creating a favor‑
able environment for the growth of digital trade [7]. As
a vital participant in RCEP, China views the agreement
as a crucial part of building a high‑quality global free
trade network, and considers RCEP member countries
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an essential market for agricultural trade. The imple‑
mentation of RCEPpresents signiϐicant opportunities for
China’s agricultural development, especially in reducing
transaction costs, optimizing product structures, and in‑
creasing export volumes, thus playing a crucial role in
advancing China’s agricultural industry. Previous stud‑
ies have primarily focused on the impact of digital trade
in services and international trade costs on product ex‑
ports. Given that digital trade can effectively lower the
transaction costs of agricultural products, thereby ex‑
panding export volumes, optimizing product structures,
and promoting the growth of China’s international agri‑
cultural trade, examining its impact on agricultural ex‑
port volumes is of considerable importance.

This paper uses the stochastic frontier gravity
model (SFA) to conduct empirical analysis. Using agri‑
cultural product data from HS chapters 01‑24 in the
UN Comtrade database, it systematically examines how
the level of digital trade development in RCEP partner
countries inϐluences China’s agricultural export volume.
The model incorporates traditional trade gravity vari‑
ables such as GDP, geographic distance, and population
size, while introducing trade inefϐiciency factors like FTA
agreements, average tariffs, and trade openness. This
innovative approach constructs a dual framework that
considers both technological and institutional efϐiciency.
The study provides new insights into how digital trade
drives the high‑quality development of China’s agricul‑
tural trade through technological empowerment and in‑
stitutional innovation, offering empirical evidence for
optimizing agricultural cooperation policies within the
RCEP framework.

2. Literature Review
A number of scholars have explored the impact of

digital trade on product exports from various perspec‑
tives. Freund and Weinhold (2004), Lin (2015), and
Brynjolfsson (2014) all argue that digital tradepositively
inϐluences the efϐiciency of agricultural exports [8, 9]. Ad‑
ditionally, research by Geomina (2014) [10], Ding, Y.
(2020) [11], and Ahmedov (2020) highlights the role of
the Internet as a critical information bridge in interna‑
tional trade [12], which effectively addresses the issue of

information asymmetry in the market. This, in turn, re‑
duces transaction costs, increases transaction volumes,
optimizes resource allocation, and ultimately boosts
export trade efϐiciency, promoting the overall growth
of international trade. Chaney (2014) [13], Abeliansky
(2017) [14], and Fan (2021) examine the role of the dig‑
ital economy in facilitating trade [15], asserting that the
digital economy can overcome information barriers and
system restrictions of traditional trade, enabling precise
supply‑demand matching. This reduces search, match‑
ing, and communication costs, thereby expanding trade
volumes and enhancing trade efϐiciency. Bertani (2020)
conducted an in‑depth analysis of trade data from Eu‑
ropean countries and found that greater investment in
digital production assets signiϐicantly boosts total factor
productivity [16]. Moreover, Nomaz Wanaismail (2021)
demonstrated a strong positive correlation between the
level of digital economy development and export trade
potential and efϐiciency [17]. The ϐindings suggest that as
the digital economy develops, the potential for export
trade increases, leading to greater export efϐiciency and
a reduction in export inefϐiciencies.

In a study focused on RCEP agricultural exports,
Sattayanuwa (2015) conducted a comparative analysis
of commodities from various countries using the Dis‑
played Comparative Advantage Index [18]. He concluded
that the establishment of RCEP would result in both
trade creation and trade diversion effects for Thai com‑
modity imports and exports. In contrast, Xiong (2017)
argued that with the implementation of the RCEP agree‑
ment and the elimination of tariffs [19], Chinese and In‑
dian tea exporterswould have the opportunity to further
expand theirmarket access in the TPP region through re‑
exports from Vietnam. Erokhin (2021), using ϐisheries
as a case study, found that RCEP tariff concessions could
erode the competitive advantage of some smaller South‑
east Asian nations in the ϐisheries sector [20].

Despite extensive research on the role of digital
trade in promoting international trade, existing studies
predominantly focus onmanufactured goods and digital
services, with relatively limited attention paid to agri‑
cultural trade. Moreover, most previous analyses em‑
phasize general indicators such as Internet penetration
or e‑commerce adoption, without systematically assess‑

811



Research onWorld Agricultural Economy | Volume 06 | Issue 03 | June 2025

ing the multidimensional nature of digital trade devel‑
opment, including digital infrastructure, securitymecha‑
nisms, industrial competitiveness, and innovation capac‑
ity. Few studies speciϐically address how the disparities
in digital trade development among RCEPmember coun‑
tries impact China’s agricultural export efϐiciency.

This study addresses these gaps by constructing a
comprehensive evaluation system of digital trade devel‑
opment, encompassing infrastructure, security, compet‑
itiveness, and innovation. It systematically analyzes how
these dimensions inϐluence China’s agricultural exports
under the RCEP framework. By applying a stochastic
frontier gravity model to panel data from 2005 to 2022,
this research offers a novel and rigorous empirical in‑
vestigation into the mechanisms through which digital
trade enhances agricultural export efϐiciency, thus con‑
tributing to the emerging literature on digital economy
and international agricultural trade.

In addition to the general examination of digital
trade’s impact on international commerce, signiϐicant
differences exist in the level of digital economy devel‑
opment among RCEP member countries. For instance,
Singapore ranks among the world’s leaders in digital
infrastructure, e‑commerce adoption, and data gover‑
nance, whereas Indonesia faces substantial challenges
related to digital connectivity and technological penetra‑
tion. These disparities imply that the effects of digital
trade development on agricultural exports may vary sig‑
niϐicantly across countries. However, few existing stud‑
ies have explored such heterogeneity within the RCEP
framework. This paper addresses this gap by incorporat‑
ing the comparative differences in digital trade develop‑
ment into the analysis, providing amore nuanced under‑
standing of the impact of digitalization on China’s agri‑
cultural exports to diverse RCEP markets.

3. Empirical Model, Variable De‑
scription and Data Source

3.1. Data Sources

This study utilizes panel data covering China’s agri‑
cultural exports to all RCEP member countries from
2005 to 2022. The dependent variable, representing the
volume of China’s agricultural exports, is sourced from

the UnitedNations Trade Database. The key explanatory
variable, measuring the level of digital economy devel‑
opment in RCEP countries, is constructed based on a set
of speciϐic indicators. In addition, various control vari‑
ables, including but not limited to data from the Inter‑
national Telecommunication Union, theWorld Bank, the
United Nations Conference on Trade and Development,
the CEPII database, and the China Free Trade Zone Ser‑
vice Network, are incorporated to support the analysis.

3.2. Empirical Model

The theoretical foundation of the ‘Trade Grav‑
ity Model’ can be traced to Newton’s Law of Gravity.
Stochastic Frontier Analysis (SFA), initially used to eval‑
uate the efϐiciency of production technologies, was later
adapted for analyzing trade efϐiciency due to the sim‑
ilarities between trade activities and production func‑
tions [21]. With the rapid expansion of international
trade, the application of SFA has broadened, making it
one of the primary empirical tools for studying interna‑
tional trade issues. Since trade inefϐiciency may evolve
over time, this study employs a time‑varying stochastic
frontier gravity model for analysis [22]. To account for
both trade inefϐiciency and its inϐluencing factors in a sin‑
gle model, a one‑step regression strategy is applied [23].
The core explanatory variable in this model is the Digi‑
tal Economy Level (DEL) of RCEPmember countries. Ad‑
ditionally, to control for other potential inϐluences, four
control variables are incorporated: population size, GDP
per capita, average tariff rates, and the geographic dis‑
tance between countries. Based on these considerations,
this paper constructs the following stochastic frontier
gravity model:

lnEXP ijt = β0 + β1 lnGDP it + β2 lnGDP jt

+β3 lnPOP it + β4 lnPOP jt + β5 lnDISij

+β6Zij + Vijt − µijt

(1)

Where i is China, j is the importer of agricultural
products, and t is the year; The explained variable is the
total amount of agricultural products exported by China
i to Country j in year t. GDPit andGDPjt represent the
gross domestic product of China i and j in year t respec‑
tively. POPit andPOPjt represents the total population
of China i and j in year t respectively. DISij is the geo‑
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graphical distance between the two capitals. Zij is other
objective factors, including whether the two countries
share a common language and a common border. Vijt is
a random error term and µijt is a trade inefϐiciency item.

In order to estimate the impact of the development
level of digital trade of RCEP member countries on the
export efϐiciency of China’s agricultural products, the in‑
efϐiciency model is constructed as follows:

µijt = α0 + α1DELjt + α2APECijt

+α3FTAijt + α4TARIjt

+α5OPEN jt + εijt

(2)

Among them, DELjt represents the score of the
digital trade development level of country j in year t, the
higher the score indicates that the development of dig‑
ital trade of a country is more conducive to improving
the trade environment and promoting the development
of bilateral trade. APECijt indicates whether a coun‑
try will join the Organization for Economic Cooperation
and Development in year t. FTAijt indicates whether
there is a free trade agreement in force between China i
and j in year t. TARIjt represents the import tariff rate
of agricultural products in Country j in year t. OPENjt

represents trade openness in Country j in year t. εijt is
a random disturbance term.

3.3. Variable Description

3.3.1. Explained Variables
EXPijt represents China’s agricultural exports to

RCEP partner countries, where i stands for China, j
stands for other RCEP members, and t stands for year.
It indicates total exports of agricultural products from
China to Country j by billions of dollars. The total ex‑
ports of agricultural products from China to the other 11
countries are the explained variable. The data source is
the UN Comtrade database, and the range of agricultural
products covers the 01–24 code products under the HS
code classiϐication standard.
3.3.2. Core Variables

Digital trade relies on the medium of digital plat‑
forms, and with the in‑depth use of digital technology,
it achieves the efϐicient and accurate circulation of phys‑
ical goods, digital products and services, digital knowl‑
edge and information [24]. Based on the deϐinition of dig‑
ital economy under the G20 framework, and with refer‑
ence to the relevant research results of Ismail (2021) and
Oloyede (2023) [17, 25], this study constructs a set of as‑
sessment systems for the development level of digital
trade. The system covers the four core dimensions of
digital infrastructure, digital safety and security mech‑
anism, international competitiveness of digital industry
and digital innovation capacity, and is further reϐined
into 12 speciϐic evaluation indicators, the speciϐic com‑
position of which is detailed in Table 1.

Table 1. Measurement Indicators of the Development Level of Digital Trade.
Primary Index Secondary Index Data Source

Digital
infrastructure

Number of mobile phone subscribers (people)
International Telecommunication
unionFixed broadband subscribers (people)

Internet penetration

Digital security
guarantee

Number of secure web servers per million people World Bank

International
competitiveness of
digital industry

The proportion of ICT products export United Nations UNCTAD for Trade
and Development

Proportion of ICT service exports United Nations UNCTAD for Trade
and Development

Exports of medium and high‑tech products World Bank

Digital innovation
capability

Research and development expenditure as a share of GDP

World BankNumber of papers published in scientiϐic journals (articles)
Number of resident patent applications (number)
Number of non‑resident patent applications (number)

813



Research onWorld Agricultural Economy | Volume 06 | Issue 03 | June 2025

In assessing the weights of indicators at all levels
of the digital economy development level, three main
methodological paths exist, namely, principal compo‑
nent analysis, entropy value method and hierarchical
analysis. Based on the reference to the research results
of Zhao (2020) and Li (2021) [26, 27], this study chooses to
adopt the entropymethod as an analytical tool to quanti‑
tatively assess the level of digital economy development
of the RCEP member countries during the period from
2005 to 2022. Speciϐically, the implementation steps of
this measurement process are described below:

Step 1: In order to eliminate dimensional problems
caused by different value ranges of 11 secondary indica‑
tors, all data are standardized by using range normaliza‑
tion method, as given in

X ′
ijt =

Xijt−min{Xjt}
max{Xjt}−min{Xjt} (3)

WhereX ′
ijt represents the data after the standard‑

ization of j index in country i in year t. Xijt represents
the raw data of the j indicator for country i in year t,
max{Xjt} and min{Xjt} represent the maximum and
minimumvalues of the j indicator for all statistical coun‑
tries in year t.

Step 2: After the standardization of some indica‑
tors, the calculated value will be small. In order to elimi‑
nate the deviation of the calculated result, it is necessary
to carry out translation processing on the standardized
data. H is the amplitude of the index translation, and
0.0001 is selected in this paper.

X ′′
ijt = X ′

ijt +H (4)

Step 3: Normalization of all data:

Yijt =
X′′

ijt∑13
i=1 X′′

ijt
(5)

Step 4: Measure the entropy of the JTH index:

ej = − ln
(

1
n

∑13
i=1 Yijt lnYijt

)
(6)

Step 5: Difference coefϐicient of the JTH index

gj = 1− ej (7)

Finally, the weight of the JTH indicator is:

Wj =
gj∑11

j=1 gj
(8)

The ϐinal index score is obtained bymultiplying the
normalized data with the weights

delijt =
∑11

j=1 wjXijt (9)

According to the entropy method, the weights of
each secondary index are determined, and the ϐinal
scores of RCEP member countries’ digital economy de‑
velopment level indicators are shown in Table 2. Japan
and South Korea scored the highest in the index of
digital economy development level in 2005 and 2021.
In 2021, Japan’s digital economy development level
reached0.1892. From2005 to 2021, the digital economy
development level of all countries showed a signiϐicant
growth trend. Indonesia’s digital economy development
level will be the lowest among RCEP partners in 2005
and 2021, at 0.0326 and 0.0607, respectively.

Table 2. Scores of RCEP Partner Countries’ Digital Economy Development Level Indicators in 2005 and 2021.
2005 2021

Country

Digital
Infras‑
truc‑
ture

Digital
Secu‑
rity
Guar‑
antee

International
Competitive‑

ness of
Digital
Industry

Digital
Innova‑
tion
Capa‑
bility

Total

Digital
Infras‑
truc‑
ture

Digital
Secu‑
rity
Guar‑
antee

International
Competitive‑

ness of
Digital
Industry

Digital
Innova‑
tion
Capa‑
bility

Total

Indonesia 0.0015 0.0000 0.0287 0.0023 0.0326 0.0217 0.0044 0.0280 0.0066 0.0607
Singapore 0.0158 0.0003 0.0287 0.0060 0.0508 0.0247 0.2495 0.0633 0.0093 0.3468
New Zealand 0.0153 0.0006 0.0127 0.0041 0.0328 0.0233 0.0298 0.0259 0.0052 0.0842
Japan 0.0244 0.0003 0.0244 0.1062 0.1554 0.0385 0.0379 0.0245 0.0882 0.1892
Thailand 0.0049 0.0000 0.0311 0.0038 0.0397 0.0275 0.0036 0.0240 0.0061 0.0611
Australia 0.0163 0.0006 0.0131 0.0183 0.0482 0.0257 0.0619 0.0267 0.0270 0.1413
Philippines 0.0027 0.0000 0.0772 0.0016 0.0814 0.0193 0.0002 0.0969 0.0025 0.1188
Korea 0.0217 0.0000 0.0369 0.0446 0.1031 0.0327 0.0097 0.0593 0.0667 0.1683
Malaysia 0.0124 0.0000 0.0642 0.0037 0.0802 0.0252 0.0141 0.0736 0.0073 0.1202
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The results of the study are shown in Figure 1,
from which it can be clearly observed that RCEP mem‑
ber countries show signiϐicant differences in the level
of digital economy development. Speciϐically, Japan is
the most prominent in terms of digital economy devel‑
opment, with the highest level reaching 0.1528; South
Korea and Singapore also show strong development mo‑
mentum, with both exceeding the 0.12 threshold for
digital economy development. In contrast, Indonesia
(0.0366), Thailand (0.0449) and New Zealand (0.0466)
are lagging behind at a lower level. The mean values
of the level of digital trade development in each sample
country are clearly labelled in the ϐigure. The core ex‑
planatory variable of this paper is deϐined as the digi‑
tal trade development status of the RCEP member coun‑
tries in year t. The core feature of the digital economy
lies in the rapid ϐlow of information, and the rise of digi‑
tal platforms effectively reduces the costs of information
collection, communication and transport in the transac‑
tion process, which signiϐicantly improves the efϐiciency
of China’s export trade. Therefore, from the perspective
of theoretical expectations, the level of digital economy
development and trade inefϐiciency should show a nega‑
tive relationship.

Figure 1. Average of Indicators of Digital Trade Development
Level of RCEP Member Countries.

For instance, Singapore, ranking among the top
globally in digital competitiveness, has established a ro‑
bust digital infrastructure and regulatory system, en‑
abling seamless cross‑border trade processes. In con‑
trast, Indonesia, with persistent challenges in broad‑
band penetration and digital literacy, presents more lo‑
gistical and institutional barriers to digital trade. These
disparities imply that China’s agricultural exports to Sin‑

gapore are more efϐiciently facilitated through digital
platforms, while exports to Indonesia may encounter
higher transaction costs and slower customs clearance,
hindering trade efϐiciency.
3.3.3. Control Variables

(1) Gross Domestic ProductGDPit andGDPjt rep‑
resent Gross domestic product of China and other RCEP
member countries in year t, which is used to measure
the level of national economicdevelopment, and themar‑
ket size of RCEP partner countries is measured by this
variable. The expansion of the market size is often ac‑
companied by higher import demand, so when the per
capita GDP of the importing country is at a higher level,
it usually means that its citizens have stronger purchas‑
ing power, thus stimulating the growth of trade demand.
Data from the World Bank.

(2) POPit and POPjt respectively represent the
population size of China and RCEP member countries,
data from the World Bank. Population size represents
the consumption market and labor market of a country,
that is, the demand and supply of a country. If labor is
sufϐicient in RCEP member countries, the products pro‑
ducedwill reduce the amount of products imported from
abroad, provided that they meet self‑sufϐiciency. If the
domestic consumption demand of RCEP member coun‑
tries is strong, under the limited supply, it will make
them turn to the foreign market for consumption.

(3)DISijt indicates the distance between the capi‑
tals of China and RCEPmember countries. When the dis‑
tance between the two countries is farther, the cost of
goods transportation is higher, which is not conducive
to China’s export trade, so the expectation sign is neg‑
ative. BORij is a dummy variable, indicating whether
China and RCEP member states have a common bor‑
der. If China and RCEP member states have a common
border, it can reduce transportation costs and improve
the efϐiciency of China’s agricultural exports (Huang et
al. (2007)) [28]. Data are derived from CEPII BACI sub‑
database.

Trade inefϐiciency: (1) FTAijt indicates whether
China andRCEPmembers have signed a free trade agree‑
ment. When the values of dummyvariables are all 1, it in‑
dicates that signing a free trade agreement is conducive
to reducing trade costs and promoting trade facilitation.
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(2) OPENjt is the degree of trade openness of
RCEP member states, the higher the degree of trade
openness, the more it can reduce tariffs and trade bar‑
riers, improve the free mobility of domestic and foreign
goods and resources, and promote the increase of agri‑
cultural exports to RCEP member states.

(3) TAFjt represents the trade barriers between
the two countries, this paper takes the average tariff of
various products in RCEP partner countries as a mea‑
sure. The increase of tariffs in importing countries tends
to increase the cost of export goods, which in turn affects
export proϐits and leads to the reduction of trade volume.
Trade openness can reduce tariffs and trade barriers and
improve the free ϐlow of domestic and foreign goods and
resources, so it is expected to be negatively correlated
with trade inefϐiciencies (Xie et al., 2022) [29]. It is the

weighted average tariff of agricultural products of RCEP
member countries. If the tariff of agricultural products
of RCEP member countries increases, the export cost of
China’s agricultural products will increase, so the expec‑
tation is positively correlated with the non‑efϐiciency of
trade. Data from the World Bank.

4. Empirical Results and Analysis

4.1. Analysis of Model Results

This study uses the stochastic frontier gravity anal‑
ysis method to construct a regression model for the rel‑
evant variables affecting the efϐiciency of China’s export
trade, and the results of the speciϐic regression analysis
are shown in Table 3 below.

Table 3. Estimation Results of Stochastic Frontier Gravity Model.
Variable Coefϐicient T‑Value

Random frontier term

GDPit 0.602*** 3.77
GDPjt 1.043*** 14.37
POPit 0.807 −0.22
POPjt 0.244*** 3.17
DISijt −0.192*** −2.58
Constant 12.997*** 15.46

Trade inefϐiciencies

DELjt −1.500** 1.68
FTAijt −0.155* −1.9
TAF jt 1.137 1.41

OPEN jt 0.386*** 4.76
Constant 12.997*** 15.46

γ 0.954 32.84
δ2 0.3698 1.63

LR test value 26.06
Logarithmic likelihood value 35.763
Observed value 162

Note: *, **, and *** are signiϐicant at the 10%, 5% and 1% levels, respectively.

The model test reveals that the LR statistic value is
26.06, which suggests a high likelihood ratio, indicating
that the model ϐits the data well and the regression re‑
sults have strong explanatory power. The parameter γ
represents the proportion of the trade inefϐiciency term
in the stochastic perturbation, with an estimated value
of 0.954, which is close to 1. This suggests a signiϐicant
gap between the actual trade volume and the optimal po‑
tential trade level, with trade inefϐiciency being themain
constraint on the export potential of Chinese agricultural

products. The core factor behind this inefϐiciency is arti‑
ϐicial trade barriers. The results from the time‑varying
stochastic frontier model show that the GDP elasticity
coefϐicients for China and RCEP member countries are
0.602 and 1.043, respectively, both statistically signiϐi‑
cant at the 1% level. This indicates that growth in GDP
on both sides positively inϐluences the trade volume of
China’s agricultural exports, but the marginal impact of
GDP growth in RCEP countries is much higher than in
China, implying a stronger pull effect from the latter. The
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population size elasticity coefϐicient for RCEP countries
is 0.244 (signiϐicant at 1%), suggesting that a largermar‑
ket size in importing countries boosts external demand,
leading to increased imports. On theother hand, the elas‑
ticity coefϐicient for China’s domestic market size is not
signiϐicant, implying that population growth in export‑
ing countries does not directly improve agricultural pro‑
duction efϐiciency or export competitiveness. This high‑
lights the reliance on other factors, such as technological
inputs and trade policies, to drive exports. Finally, the
elasticity coefϐicient for geographical distance is signiϐi‑
cantly negative at the 1% level, indicating that increased
transportation costs associated with distance substan‑
tially raise export costs, thereby hindering agricultural
exports.

In the empirical analysis of the trade inefϐiciency
term, the study presents several key ϐindings. The coef‑
ϐicient for the core explanatory variable, the level of dig‑
ital economy development in RCEP member countries,
is −1.500, which is statistically signiϐicant at the 5%
level. This result clearly shows that the expansion of the
digital economy reduces efϐiciency losses in the export
process of China’s agricultural products and boosts re‑
gional trade by lowering transaction costs. The mecha‑
nism behind this is primarily the continuous innovation
in electronic communication and Internet technology,
which overcomes the geographical limitations of tradi‑
tional trade, enabling the efϐicient ϐlow of global trade in‑
formation and reducing transaction costs. Furthermore,
the establishment of a fast cross‑border electronic pay‑
ment system within the digital economy facilitates the

movement of goods in the RCEP region and strengthens
trade cooperation among member countries. Addition‑
ally, digital platforms on both the supply and demand
sides enable producers to track market demand in real
time and precisely design export products, signiϐicantly
improving the quality of exports and overall trade ef‑
ϐiciency. The study also ϐinds that the signing of Free
Trade Agreements (FTAs) (with a coefϐicient of −0.155,
signiϐicant at the 10% level) positively impacts trade ef‑
ϐiciency. Similarly, an increase in trade openness among
RCEPmembers (with a coefϐicient of 0.386, signiϐicant at
the 1% level) strengthens bilateral trade relations and
enhances trade efϐiciency. Interestingly, the weighted
average tariff level of RCEP countries does not show a
statistically signiϐicant effect on China’s export trade efϐi‑
ciency. This can largely be attributed to the fact thatwith
the acceleration of globalization and regional integra‑
tion, countries increasingly rely on non‑tariff measures,
such as green barriers and technical barriers, to imple‑
ment tradeprotection. As a result, non‑tariff barriers are
becoming a more signiϐicant constraint on China’s agri‑
cultural exports.
4.1.1. Robustness Test

To ensure the reliability and robustness of the base‑
line regression results, this study conducts multiple ro‑
bustness tests using different approaches, including (1)
changing the explained variable, (2) adding omitted vari‑
ables, and (3) performing tail reduction on the core ex‑
planatory variable. The results of all robustness tests
consistently support the main ϐindings, conϐirming the
stability of the conclusions (Mingyu et al., 2023) [30].

Table 4. Regression Results of Robustness Test.
Variable ln(EXPijh/EXPjh)

DELjt −0.681 (0.533)
GDPit 0.410*** (0.159)
GDPjt 1.300*** (0.119)
POPit −3.945 (3.839)
POPjt −6.823*** (1.117)
DISijt −0.147* (0.0793)
FTAijt −0.359*** (0.076)
TAFjt 2.105** (0.827)

OPENjt 0.115 (0.087)
Constant 11.19*** (0.811)

Observations 162
Note: ***p < 0.01, **p < 0.05, *p < 0.1, the t value is in parentheses.
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(1) Replacement of the Explained Variable
The explained variable is replaced by the export

share of agricultural products (i.e., the proportion of ex‑
ports of agricultural products from China to RCEP coun‑
tries relative to the global exports of the same products).
This method effectively captures the comparative advan‑
tage of China’s agricultural exports. The regression re‑
sults (Table 4) remain consistent with the baseline esti‑
mation, with the key explanatory variables maintaining
the same sign and signiϐicance levels.

(2) Inclusion of an Omitted Variable
Recognizing that economic liberalization levels

may inϐluence trade ϐlows, the Economic Freedom Index
(EF) is introduced as an additional control variable. Af‑
ter including EF, the regression results (Table 5) show
that the impact of the digital economydevelopment level
on China’s agricultural exports remains signiϐicantly pos‑
itive, demonstrating the robustness of the results against
omitted variable bias.

Table 5. The Regression Results of Missing Variables.
Variable lnEXP

DELjt −0.681*** (0.533)
GDP it 0.410*** (0.159)
GDP jt 1.300*** (0.119)
POP it −3.945 (3.839)
POP jt −6.823*** (1.117)
DISijt −0.147* (0.079)
FTAijt −0.387*** (0.081)
TAF jt 1.874** (0.823)

OPEN jt 0.124 (0.079))
EF 0.432 (0.65)

Constant 12.44*** (0.797)
Observations 162

Note: ***p < 0.01, **p < 0.05, *p < 0.1, the t value is in parentheses.

Table 6. Shrink‑Tail Regression Results of Core Explanatory Variables.
Variable 1% Tail Reduction lnEXP 5% Tail Reduction lnEXP

DELjt_w 0.281*** (3.29) 0.396*** (2.87)
GDP it 0.391*** (0.161) 0.373*** (0.154)
GDP jt 1.327*** (0.115) 1.225*** (0.148)
POP it −3.744 (3.522) −3.581 (3.126)
POP jt −6.651*** (1.205) −5.860*** (1.143)
DISijt −0.139* (0.081) −0.125* (0.076)
FTAijt −0.376*** (0.073) −0.349*** (0.069)
TAF jt 2.041** (0.780) 2.146** (0.716)

OPEN jt 0.122 (0.084) 0.103 (0.078)
Constant 11.56*** (0.739) 11.56*** (0.739)

Observations 162 162
Note: ***p < 0.01,**p < 0.05, *p < 0.1, the t value is in parentheses.

(3) Tail Reduction of the Core Explanatory Variable
To address potential biases caused by extreme val‑

ues, tail reduction is conducted at the upper and lower
1% and 5%of the core explanatory variable distribution.
After trimming, the re‑estimated regression coefϐicients
(Table 6) remain consistent with the baseline results,
further conϐirming the robustness of the model.

Overall, the ϐindings are stable across different

model speciϐications and robustness checks, providing
strong empirical support for the conclusions drawn in
this study.
4.1.2. Endogeneity Test

Given the potential two‑way causal relationship be‑
tween agricultural export volume and the level of digital
economy development, it is important to consider both
directions of inϐluence. On one hand, improvements in
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digital economy development can reduce export costs,
thus promoting the growth of China’s agricultural ex‑
ports. On the other hand, higher export volumesmay ne‑
cessitate further advancements in the digital economy.
To address this, stability and endogeneity tests are con‑
ducted, with the one‑period lag of digital economy devel‑
opment chosen as the instrumental variable.

The table presents the results from the two‑stage
least squares (2SLS) method. The results show that
the instrumental variables signiϐicantly affect the digital
economy development level, with an F‑statistic greater
than the critical value of 10, indicating strong correlation
between the instrumental variables and digital economy

development. The P‑value of the Kleibergen‑Paap rk
LM statistic is below 0.01, conϐirming that the instru‑
mental variable passes the identiϐication test. Addition‑
ally, the Cragg‑DonaldWald F‑statistics are substantially
higher than the critical value, ensuring that the instru‑
mental variable passes both the identiϐication and weak
instrument tests. Therefore, the instrumental variable
is deemed valid and effective. After accounting for en‑
dogeneity, the development of the digital economy in
RCEP member countries is found to have a signiϐicant
positive effect on China’s agricultural exports at the 1%
conϐidence level. These results align with the ϐindings in
Table 7.

Table 7. Results of Endogeneity Test.
Variable 2SLS lnEXP

DELjt −0.573*** (0.518)
GDP it 0.437*** (0.162)
GDP jt 1.358*** (0.124)
POP it 3.874 (3.626)
POP jt 6.267*** (1.122)
DISijt 0.140* (0.078)
FTAijt −0.369*** (0.076)
TAF jt 2.092** (0.084)

OPEN jt 0.112 (0.090)
Kleibergen‑Paap rk LM 0.006 (0.063)
Cragg‑Donald Wald F 10.072

Constant 13.26*** (0.815)
Observations 162

Note: ***p < 0.01, **p < 0.05, *p < 0.1, the t value is in parentheses.

4.2. Heterogeneity Analysis

4.2.1. Country Heterogeneity Analysis
This study employs the stochastic frontier gravity

model to assess the average efϐiciency of China’s agri‑
cultural exports to RCEP member countries, with the re‑
sults illustrated in Figure 2. The analysis reveals that
the efϐiciency of China’s agricultural exports to different
RCEP countries ranges between0.186 and0.946. Within
this range, higher values indicate better trade export
efϐiciency, while lower values suggest greater potential
for trade expansion. Following the methodology out‑
lined by Ravishankar, G., & Stack, M. M. (2014) [31], the
countries are categorized into four market types based
on the average export efϐiciency: iceberg (0–0.3), de‑
velopmental (0.3–0.6), expansionary (0.6–0.9), and satu‑
rated (0.9–1.0). Notably, Malaysia ranks ϐirst in terms of

trade efϐiciency with an impressive score of 0.945. This
advantage is primarily attributed to Malaysia’s leader‑
ship in the digital transformation among ASEAN coun‑
tries [32]. The trade efϐiciency of China’s agricultural ex‑
ports to the Philippines and Thailand is 0.555 and 0.481,
respectively. Exports to the Philippines are dominated
by edible vegetables, fruits, and nuts, while most agri‑
cultural exports to Thailand consist of tropical fruits [33].
The trade between China and Thailand not only reϐlects
their deep agricultural cooperation but also highlights
the complementary nature of their agricultural products,
meeting the needs of consumers in both countries. On
the other hand, China’s export efϐiciency to Australia is
the lowest at 0.178. This is due to a signiϐicant imbal‑
ance in bilateral agricultural trade, with China predom‑
inantly importing agricultural products from Australia,
while its exports to Australia remain limited. This indi‑
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cates that the potential for agricultural trade between
the two nations still needs further exploration. China’s
agricultural export efϐiciency to Japan and South Korea
is 0.186 and 0.205, respectively. For Japan, despite its
reliance on imports due to its geographical constraints,
high tariffs, non‑tariff barriers, and strict import con‑
trols limit China’s agricultural exports to Japan. In the
case of South Korea, the rise in trade protectionism since
2008, coupled with the effects of political events such
as the Saad incident and South Korea’s stringent agricul‑
tural protection measures, has led to a decline in the ef‑
ϐiciency of China’s agricultural exports to the country.

Figure 2. Average Value of China’s Agricultural Export Efϐi‑
ciency to RCEP Member Countries.

4.2.2. Product Heterogeneity Analysis
In addition to country‑level heterogeneity, this

study also examines product‑level heterogeneity to as‑
sess whether the impact of digital economy develop‑
ment varies across different categories of agricultural
products. Speciϐically, the agricultural exports are
grouped into three major categories:

(1) Edible vegetables and roots (HS07–08),
(2) Fruits and nuts (HS08),
(3) Animal products including meat and seafood

(HS01–05).

Separate regressions are conducted for each prod‑
uct category. The results show that the positive effect
of digital economy development on China’s agricultural
exports is most pronounced in the export of fruits and
nuts, followed by vegetables and roots, while the impact
is relatively weaker for animal products.

This indicates that products with higher perisha‑
bility and greater dependency on logistics and informa‑
tion systems (such as fresh fruits and vegetables) bene‑
ϐit more signiϐicantly from improvements in the digital
trade environment. In contrast, animal product exports

are less sensitive todigital trade facilitation, possiblydue
to stricter quarantine regulations and non‑tariff barri‑
ers.

These ϐindings highlight that digital trade develop‑
ment not only inϐluences overall agricultural exports but
also has differentiated effects across different product
types, emphasizing the need for targeted strategies to
promote digital‑enabled agricultural trade.

4.3. Mediation Effect Test

The Role of Information Cost Reductionn
To further explore the mechanism through which

digital trade affects China’s agricultural exports, a me‑
diation effect model is constructed using “information
cost reduction” as the mediating variable. This variable
is proxied by the number of secure web servers and in‑
ternet penetration rate. The mediation test follows a
three‑step regression approach. Results show that dig‑
ital trade signiϐicantly reduces information costs (p <

0.05), and reduced information costs signiϐicantly en‑
hance export efϐiciency (p < 0.01). Moreover, the indi‑
rect effect accounts for approximately 32% of the total
effect, conϐirming that part of digital trade’s impact op‑
erates through mitigating information asymmetry.

5. Conclusions and Policy Recom‑
mendations
This study uses the agricultural export values of

RCEP member countries as the data sample and devel‑
ops a comprehensive evaluation system to measure the
level of digital economy development. The system fo‑
cuses on key dimensions such as the completeness of
digital infrastructure, digital security capabilities, the in‑
ternational competitiveness of the digital industry, and
the capacity for digital innovation. The entropy value
method is employed to assign appropriateweights to the
indicators. The analysis reveals notable regional differ‑
ences in the digital economy development levels among
RCEP countries. Singapore, Japan, and South Korea oc‑
cupy the top three positions due to their strong perfor‑
mance in digital infrastructure, security, industry com‑
petitiveness, and innovation. In contrast, countries like
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Indonesia and Thailand are lagging in terms of digital
economy development. From a dynamic perspective,
while the level of digital economy development in each
member country ϐluctuates annually, there is an over‑
all upward trend. This indicates signiϐicant potential
for further digital economy growth within the RCEP re‑
gion, and suggests that strengthened regional coopera‑
tion and policy coordination will likely foster continued
synergistic development of the digital economy among
member countries in the future.

Notably, the entry into force of the RCEP agree‑
ment in 2022 marked a turning point in regional digi‑
tal trade integration. A comparative analysis of digital
trade development before and after RCEP’s implementa‑
tion shows accelerated growth in China’s agricultural ex‑
ports to digitally advanced RCEP members, particularly
in 2022 and 2023. This reϐlects the early beneϐits of en‑
hanced regulatory harmonization, digital customsproce‑
dures, and greater trust in data ϐlows under RCEP’s digi‑
tal trade chapter.

This study uses the stochastic frontier gravity
model to examine how the level of digital economydevel‑
opment in RCEP member countries affects China’s agri‑
cultural export trade. The ϐindings show that improve‑
ments in digital trade development within RCEP coun‑
tries can signiϐicantly mitigate the negative impact of
trade inefϐiciencies, thus positively inϐluencing the ex‑
port efϐiciency of Chinese agricultural products. This ef‑
fect is largely due to the fact that higher levels of digi‑
tal economy development in importing countries help
reduce trade costs, thereby enhancing trade efϐiciency.
Regarding control variables, the study further reveals
that the economic size of China and RCEPmember coun‑
tries, the population size of importing countries, and
the trade openness of these countries all positively con‑
tribute to China’s agricultural exports to RCEPmembers
at the 1% signiϐicance level. Additionally, the coefϐicient
for the FTA signing variable is negative at the 10% sig‑
niϐicance level, suggesting that the trade agreements be‑
tween China and RCEP members help to signiϐicantly re‑
duce trade barriers, improving the efϐiciency of agricul‑
tural exports. However, the geographical distance be‑
tween China and RCEP countries has a notably negative
impact on agricultural exports. This is mainly due to the

increased transportation costs associated with greater
distance, which in turn raises the overall export costs.
Notably, China’s population size does not have a signiϐi‑
cant effect on promoting agricultural exports. This could
be attributed to the high domestic demand, where most
products and services are consumed domestically, re‑
ducing the surplus available for export. Furthermore,
tariff concessions by RCEPmember countries do not sig‑
niϐicantly boost China’s agricultural exports, likely be‑
cause these countries have implemented complex non‑
tariff barriers to protect their own agricultural sectors,
thereby restricting China’s exports.

Based on the above conclusions, this paper draws
the following three enlightenment.

(1) Deepen digital infrastructure cooperation
between China and RCEP partner countries to con‑
solidate the foundation for the development of agri‑
cultural export trade.

The development of transport infrastructure, in‑
cluding railways, roads, and ports, forms the foundation
for international trade and the digital economy. Among
RCEP members, countries like Japan and Thailand, with
strong economic foundations, have relatively advanced
digital economy development and well‑established in‑
frastructure. In contrast, less developed countries in the
region face lower levels of digital trade. To support these
nations, the Chinese government can offer ϐinancial as‑
sistance through loans or investments, dispatch expert
teams to provide technical support, and offer training in
planning, designing, and building digital infrastructure,
helping these countries establish fast, reliable, and se‑
cure digital systems.

(2) Promoting the construction of digital coop‑
eration platforms with RCEP partner countries

Given the uneven development of the digital econ‑
omy across the region, the ”digital divide” presents a
signiϐicant challenge to economic and trade cooperation
between China and some RCEP members in the agri‑
cultural sector. To overcome this, the Chinese govern‑
ment should take proactive steps to help countries in
the region build a shared future in cyberspace. On one
hand, as China integrates into the global digital gover‑
nance framework, it should also collaborate with RCEP
countries to create a digital platform, promote the de‑
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velopment of digital regulations, and assist RCEP mem‑
bers in adopting tailored development models that suit
their national contexts, thereby reducing the digital di‑
vide. On the other hand, China’s leading position in dig‑
ital economy and technology allows it to offer both ϐi‑
nancial and technical support to RCEP members with
less advanced digital economies. China can also share
its experiences in digital technology innovation to help
these countries improve their digital economy develop‑
ment. Moreover, China should strengthen cooperation
on agricultural digitization with RCEP members, facili‑
tating the integration of digital technology with agricul‑
ture to boost the total factor productivity of agricultural
products and share the beneϐits of digital advancements.
Ultimately, through collaborative efforts from govern‑
ments, enterprises, and other stakeholders, a regional
digital platform under RCEP can be established, helping
to bridge the digital divide, enhance regional economic
competitiveness, and lay a strong foundation for a more
integrated community with a shared future.

(3) Reϐine policy measures into short‑term and
long‑term strategies for digital transformation of
agricultural exports

To reduce trade costs and improve export efϐi‑
ciency, it is essential to adopt a dual‑pronged policy
approach that includes both short‑term and long‑term
strategies [2]. In the short term, efforts should focus on
establishing and enhancing cross‑border e‑commerce
platforms speciϐically for agricultural products, improv‑
ing digital logistics systems, and streamlining electronic
customs clearance procedures [34]. These immediate ac‑
tions can quickly lower transaction barriers, promote di‑
rect access to foreign markets, and enhance trade con‑
venience for exporters. In the long term, China should
collaboratewith RCEP partners to invest in digital infras‑
tructure, such as broadband networks, data centers, and
securedigital payment systems [35]. These infrastructure
upgrades will form the foundation for a more resilient
and efϐicient digital trade ecosystem. Moreover, sus‑
tained cooperation in digital governance standards, data
interoperability, and cybersecurity protocolswill ensure
that the beneϐits of digital trade are equitably shared
among all RCEP members, fostering inclusive growth in
regional agricultural trade.
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