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The signing of RCEP (Regional Comprehensive Economic Partnership) elevates East Asian 
regional economic integration and agricultural trade liberalization to new heights. This 
paper comprehensively evaluates the trade facilitation levels of RCEP member states. By 
incorporating trade facilitation as a term of trade inefficiency into a random frontier 
gravity model, it measures the efficiency of China’s aquatic product exports and 
concludes that: The economic scale of importing countries, the complementarity of 
bilateral aquatic products trade, and shared languages significantly promote China’s 
aquatic products exports, while China’s economic scale and distance act as barriers to 
such exports; The average efficiency of China’s aquatic products exports to RCEP member 
countries is approximately 0.55, indicating substantial untapped export potential and 
room for improvement; Enhancing trade facilitation levels is key to boosting future trade 
efficiency. 

1. INTRODUCTION 

With the reduction of tariffs and non-tariff trade barriers, 
trade facilitation has emerged as a new engine for trade 
growth in the post-tariff era, attracting significant atten
tion from academia and policymakers. Trade facilitation 
refers to a comprehensive set of measures that simplify 
trade processes and enhance trade efficiency through policy 
systems and technology, thereby reducing trade costs.1 The 
RCEP agreement incorporates enhanced provisions exceed
ing the standards of the Trade Facilitation Agreement, pro
moting trade facilitation among member states and creat
ing new opportunities for trade within the bloc. 

China has maintained close economic and trade ties with 
RCEP member countries. Bilateral trade in agricultural 
(aquatic) products has progressed steadily and given the 
distinct natural resource endowments between China and 
RCEP partners, there exists strong complementarity in 
aquatic product trade with significant potential for future 
cooperation. Against this backdrop, examining the trade fa
cilitation levels among RCEP member countries and explor
ing how trade facilitation impacts the efficiency of China’s 
aquatic product exports to these nations holds significant 
practical importance. This research will further deepen bi
lateral cooperation in aquatic product trade, promote diver
sification of China’s aquatic product exports, and help es
tablish a new framework for opening up the fisheries sector. 

Current research on trade facilitation has yielded sub
stantial results, which can be broadly categorized into two 
main areas. The first focuses on trade facilitation itself, 
encompassing its conceptual framework, the construction 
of indicator systems, and measurement methodologies.2‑5 

The second centers on the effects of trade facilitation, pri
marily examining its impact on trade volume, trade struc
ture, and trade quality.6‑10 Trade efficiency measurement 
and factor analysis form the two main strands of trade 
efficiency literature. Among these, the traditional gravity 
model11 and the stochastic frontier gravity model are com
monly used methods for measuring trade efficiency.12 Re
garding the factors influencing trade efficiency, scholars 
have primarily focused on gross domestic product (GDP), 
population size, distance, economic freedom, political sta
bility, tariff levels, institutions, cultural distance, and trade 
barriers.13‑17 

A review of the literature reveals relatively few studies 
examining the impact of trade facilitation on trade effi
ciency, particularly in the context of aquatic products trade. 
This paper first constructs a trade facilitation evaluation 
system to measure the level of trade facilitation. It then 
incorporates this level of trade facilitation as a term of 
trade inefficiency into a stochastic frontier gravity model to 
calculate export trade efficiency and explore the effect of 
trade facilitation on trade efficiency. At the time of RCEP’s 
full implementation, this study utilizes pre-effect sample 
data (2010-2018) to thoroughly investigate the impact of 
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trade facilitation, as a core issue, on aquatic product trade. 
This pre-implementation analysis holds significant mean
ing: on one hand, by examining the “historical context” 
and endogenous market dynamics underlying the RCEP in
stitutional arrangement, it can provide empirical support 
for verifying its initial conception aimed at reducing trade 
costs and deepening regional supply chains; on the other 
hand, insights into pre-existing trends will help predict po
tential pathways and challenges following the agreement’s 
full implementation, such as identifying disparities in the 
distribution of trade benefits or competitive pressures that 
specific products may face, thereby offering valuable ref
erences for RCEP’s future development and policy adjust
ments. 

2. CONSTRUCTION AND MEASUREMENT OF 
TRADE FACILITATION INDICATORS 

To date, there remains no universally accepted definition 
of trade facilitation. Drawing upon the research of scholars 
such as Guo et al4 and Hu et al,7 this paper adopts the 
methodology proposed by Wilson et al18 and others for con
structing an indicator system to measure trade facilitation 
levels. Integrating relevant provisions from the Trade Facil
itation Agreement, we have developed an indicator system 
comprising four primary indicators—infrastructure, cus
toms environment, government regulations, and finance 
and e-commerce—along with sixteen secondary indicators. 
To reflect the characteristics of aquatic products (agricul
tural products) trade, the existing indicator system was 
appropriately adjusted by introducing agricultural policy. 
Considering data authority and availability, all data was 
sourced from the Global Competitiveness Report. Due to 
severe data gaps in some countries, this study ultimately 
selected 12 RCEP member countries for analysis, covering 
the time period from 2010 to 2018. The trade facilitation 
indicator system is detailed in Table 1. 

To enhance the comparability of indicator data, it is 
necessary to eliminate the influence of dimensional dif
ferences in secondary indicator data. This paper employs 
the extreme value standardization method to transform the 
numerical value of the internet user penetration rate in
dicator. Let  denote the specific value of the internet in
dicator,  denote the maximum value of the internet 
indicator, and denote the minimum value of the indi
cator. The specific conversion formula is as follows: 

Principal component analysis (PCA) can preserve the orig
inal data when determining the weights of various indica
tors. The application of PCA requires data to meet certain 
standards. This paper employs Stata software to conduct a 
KMO test on the data, yielding a KMO value of 0.853. Based 
on Kaiser’s criteria, it can be inferred that the secondary in
dicators exhibit strong correlations. Therefore, the indica
tor data in this study are suitable for PCA analysis. 

To accurately construct a model for comprehensively 
evaluating trade facilitation levels, this paper employs prin
cipal component analysis to reduce the dimensionality of 

secondary indicators and assigns objective weights. Follow
ing information extraction criteria, three principal compo
nents with eigenvalues exceeding 1 were selected, collec
tively accounting for 87.15% of the cumulative contribution 
rate. This indicates these three principal components ade
quately reflect the majority of the indicator information. To 
determine the weights of each secondary indicator, the ini
tial loading matrix was first converted into a decision ma
trix to obtain the corresponding coefficients of each indi
cator within the principal components. These coefficients 
were then multiplied by the respective principal compo
nent’s contribution rate, summed, and divided by the cu
mulative contribution rate of the principal components. 

Simultaneously, the calculated weights for the primary in
dicators of trade facilitation are as follows: Infrastructure 
(T)=0.2345, Customs Environment (C)=0.2114, Government 
Regulations (R)=0.3316, Finance and E-commerce (F): 
0.2225. 

This paper sequentially substitutes the standardized val
ues for each country into Equation (2), yielding the trade 
facilitation levels for the 12 RCEP member countries from 
2010 to 2018, as shown in Table 2. 

Drawing on existing literature, the criteria for assessing 
trade facilitation levels are as follows: scores above 0.8 in
dicate highly facilitated trade, 0.7–0.8 indicate relatively 
facilitated trade, 0.6–0.7 indicate moderately facilitated 
trade, and scores below 0.6 indicate unfacilitated trade.19 

Based on the calculated trade facilitation levels across the 
12 RCEP member countries, the following conclusions can 
be drawn: 

In terms of the average trade facilitation level, the 12 
RCEP member countries achieved a score of 0.6448, indi
cating moderate facilitation. This suggests significant room 
for improvement in the overall trade facilitation level 
across the RCEP region. From a trend perspective, the av
erage trade facilitation level rose from 0.6361 in 2010 to 
0.6448 in 2018. This indicates a gradual improvement in 
trade facilitation within the RCEP region, sending a pos
itive signal for further enhancing trade facilitation stan
dards. 

From a country-specific perspective, based on average 
scores, Singapore and New Zealand rank as highly conve
nient among the 12 RCEP member states, with averages of 
0.8623 and 0.8087 respectively. Countries classified as rel
atively convenient include Australia, Japan, and Malaysia, 
with respective averages of 0.7325, 0.7302, and 0.7246; 
Countries classified as moderately convenient include 
South Korea and China, with averages of 0.6347 and 0.6127; 
Countries classified as inconvenient include Thailand, In
donesia, Vietnam, the Philippines, and Cambodia. 
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Table 1. Indicator System for Measuring the Level of Trade Facilitation          

Primary 
indicators 

Secondary indicator Score Weight of secondary 
indicators 

Source 

Infrastructure (T) Road facilities (T1) 1~7 0.0574 GCR 

Railway (T2) 1~7 0.0421 GCR 

Port (T3) 1~7 0.0682 GCR 

Airport (T4) 1~7 0.0668 GCR 

Customs environment (C) Irregular payments and bribery (C1) 1~7 0.0694 GCR 

Trade barriers (C2) 1~7 0.0662 GCR 

Customs procedure efficiency (C3) 1~7 0.0758 GCR 

Government regulation (R) Agricultural policy（R1） 1~7 0.0541 GCR 

Government regulatory burden（R2） 1~7 0.0617 GCR 

Transparency of government policies（R3） 1~7 0.0738 GCR 

Efficiency of legal dispute resolution（R4） 1~7 0.0763 GCR 

Judicial independence（R5） 1~7 0.0657 GCR 

Finance and E-commerce (F) Availability of new technologies (F1) 1~7 0.0562 GCR 

Percentage of Internet users (F2) 0~100% 0.0518 GCR 

Difficulty in obtaining loans (F3) 1~7 0.0545 GCR 

Bank stability (F4) 1~7 0.0600 GCR 

Table 2. Trade Facilitation Levels of the 12 RCEP Member Countries from 2010 to 2018              

Stata 2010 2011 2012 2013 2014 2015 2016 2017 2018 Mean 

CHN 0.5932 0.6045 0.6114 0.6005 0.6074 0.6157 0.6110 0.6315 0.6389 0.6127 

AUS 0.7406 0.7500 0.7419 0.7414 0.7085 0.7065 0.7264 0.7377 0.7398 0.7325 

IDN 0.5441 0.5476 0.5328 0.5403 0.5628 0.5713 0.5545 0.5738 0.5965 0.5582 

JPN 0.6981 0.6998 0.7080 0.7061 0.7227 0.7455 0.7535 0.7695 0.7689 0.7302 

KHM 0.4698 0.4850 0.5126 0.5320 0.4976 0.4534 0.4553 0.4760 0.4712 0.4836 

KOR 0.6477 0.6384 0.6263 0.6335 0.6298 0.6139 0.6256 0.6431 0.6538 0.6347 

MSY 0.6937 0.6933 0.7282 0.7263 0.7210 0.7476 0.7485 0.7319 0.7313 0.7246 

NZL 0.8015 0.8056 0.8058 0.8234 0.8158 0.8097 0.7942 0.8068 0.8157 0.8087 

PHL 0.4601 0.4554 0.4753 0.5039 0.5210 0.5346 0.5195 0.5001 0.4955 0.4962 

SGP 0.8695 0.8690 0.8661 0.8643 0.8495 0.8427 0.8540 0.8708 0.8743 0.8623 

THA 0.6006 0.6140 0.5873 0.5788 0.5773 0.5644 0.5686 0.5787 0.5957 0.5851 

VNM 0.5148 0.5170 0.4941 0.4909 0.4941 0.5023 0.5198 0.5264 0.5187 0.5087 

Mean 0.6361 0.6400 0.6408 0.6451 0.6423 0.6423 0.6442 0.6538 0.6584 0.6448 

3. THEORETICAL MODEL 

3.1. STOCHASTIC FRONTIER ANALYSIS AND 
STOCHASTIC FRONTIER GRAVITY MODEL 

Traditional gravity models posit that trade volume is pri
marily determined by the economic size and distance be
tween trading partners. However, when estimating these 
models, it is often found that the R-squared value tends to 
be low. This occurs because trade volume is influenced not 
only by the economic scale and distance between trading 
nations but also by numerous other unobservable factors. 
Consequently, the difficulty in correcting estimation biases 
has become the greatest flaw of traditional gravity models. 

The application of the Stochastic Frontier Method to an
alyze the technical efficiency of production functions was 
first proposed by Meeus and van den Broeck.20 The innova
tion of this method lies in decomposing the traditional ran

dom disturbance term into two independent components: 
the first represents random shocks encountered during the 
production process, while the second signifies unobserv
able inefficiency components. By estimating and observ
ing, one can assess production efficiency. Trade scale can 
be viewed as a function of multiple variables—economic, 
geographic, political, and institutional—across nations, es
sentially analogous to the production function of a firm. 
Therefore, the stochastic frontier method used to analyze 
production efficiency can be applied to assess trade effi
ciency and trade potential.21‑24 

The stochastic frontier model for panel data can be ex
pressed as: 

）
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Here,  represents the actual trade level between country 
i and country j during period t;  denotes the maximum 
achievable trade value between country i and country j, rep
resenting optimal trade under frictionless conditions where 
the trade inefficiency term is zero, i.e., trade potential; 

indicates trade efficiency, calculated as the ratio of ac
tual trade level to trade potential, serving as an index of the 
trade inefficiency term. When =0, TE=1, meaning actual 
trade volume has reached trade potential. When >0, due 
to the existence of trade inefficiency, TE<1, indicating trade 
volume has deviated from the optimal level. 

Early random frontier gravity models assumed that u 
remained constant over time, termed the time-invariant 
model. However, as the sample period lengthened, this as
sumption clearly lacked objectivity. In response, Battese 
and Coelli21 proposed a time-varying model to address the 
issue of time-dependent inefficiency, defined as follows: 

In equation (7),  denotes the bilateral trade inefficiency 
in year t;  represents the parameter to be estimated. When 
=0, the model degenerates into a time-invariant model. 
When <0 or >0, trade inefficiency increases or decreases 
over time. 

3.2. TRADE INEFFICIENCY MODEL 

To further analyze the factors influencing trade ineffi
ciency, it is necessary to construct a trade inefficiency 
model. Early studies primarily employed a “two-step ap
proach”: first, using a stochastic frontier gravity model to 
derive efficiency estimates, then treating efficiency as the 
dependent variable in regression analysis with potential in
fluencing factors. However, this method suffers from in
consistent research assumptions: In the first step of effi
ciency measurement, the inefficiency term is assumed to 
be independent and identically distributed (i.i.d.). Yet in 
the second step, efficiency is treated as a function of a se
ries of influencing factors, implying that the inefficiency 
term is not i.i.d., contradicting the assumption made in the 
first step. Subsequently, Battese and Coelli21 proposed the 
“one-step method,” which integrates the stochastic frontier 
model with the inefficiency model.21 Based on the princi
ples of the one-step method, the basic form of the trade in
efficiency model is as follows: 

Here,  denotes the exogenous variable affecting trade ef
ficiency, and  represents the parameter to be estimated. 
A positive value of  (  > 0) indicates a positive impact on 
the trade inefficiency term, which in turn exerts a negative 
influence on trade efficiency. Conversely, a negative value 
of  (  < 0) signifies a positive impact on trade efficiency. 

follows a right-censored normal distribution with mean 
0 and variance , and >  ，  follows a non-neg
ative right-censored normal distribution with mean 
and variance . Additionally, Battese and Coelli21 proposed 
a method for parameterizing the model, namely: = + , 
γ =  ( + ), γ represents the proportion of the composite 
error attributable to trade inefficiency. A larger estimated 
value indicates that the composite error is more signifi

cantly influenced by trade inefficiency, while a smaller esti
mated value suggests that the random disturbance term ex
erts a greater impact on the composite error. Substituting 
equation (8) into equation (6) yields: 

Direct estimation of the above equation using the stochas
tic frontier one-step method avoids the issues associated 
with the two-step method when analyzing the determi
nants of trade inefficiency. 

3.3. BASIC MODEL SETTINGS 

According to Armstrong,22 when estimating the trade fron
tier, only core variables such as economic scale, relative ge
ographic distance, borders, and other factors that remain 
stable in the medium to short term—such as language and 
complementarity—are utilized. This paper refers to these as 
the natural determinants of trade. Conversely, factors that 
are subject to short-term variability, such as trade agree
ments and trade openness, are incorporated into the ineffi
ciency term for examination. These factors are also termed 
artificial determinants.22 

Building upon this approach, this paper formulates the 
stochastic frontier gravity model as follows: 

Among these,  represents the value of China’s seafood 
exports to RCEP member countries in year t;  and 

 denote the economic size of China and its trading 
partner country in year t, respectively;  indicates the 
distance between the two countries;  and 
signify whether China shares a common border and a com
mon language with its partner country;  reflects the 
complementarity of trade between the two countries. 

To estimate the impact of trade facilitation development 
levels among RCEP member states on export efficiency, the 
following trade inefficiency model23‑25 is constructed: 

Furthermore, to measure the impact of the four primary in
dicators of trade facilitation on trade efficiency, this paper 
incorporates infrastructure (T), customs environment (C), 
government regulations (R), and finance and e-commerce 
(F) into a gravity model with a stochastic frontier. The for
mula is as follows: 
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Table 3. Explanation of Key Variables in the Trade Gravity Model          

Variable Mean Standard Deviation. Min Max Source 

7.40e+08 1.06e+09 9627 4.14e+09 UN COMTRADE 

1.05e+13 1.22e+12 8.53e+12 1.23e+13 World Bank WDI 

9.73e+11 1.42e+12 1.41e+10 6.27e+12 World Bank WDI 

318000 244000 41475.26 1080000 CEPII 

0.182 0.389 0 1 CEPII 

0.182 0.389 0 1 CEPII 

1.076 0.864 0.090 3.881 Previous calculation 

0.65 0.127 0.453 0.874 Previous calculation 

T 0.158 0.035 0.094 0.219 Previous calculation 

C 0.139 0.029 0.101 0.191 Previous calculation 

R 0.139 0.029 0.101 0.191 Previous calculation 

F 0.149 0.029 0.097 0.195 Previous calculation 

4.832 3.084 0.023 13.031 GCR 

3.4. VARIABLE DESCRIPTIONS AND DATA SOURCES 

is the dependent variable, representing the total 
value of China’s seafood trade with country j. 

 is the core explanatory variable in this study, rep
resenting the level of trade facilitation among RCEP mem
ber countries in year t. The essence of trade facilitation lies 
in simplifying trade processes through policy systems and 
technology, thereby reducing trade inefficiencies and en
hancing trade efficiency. 

 represents the economic scale of exporting coun
try i, reflecting a nation or region’s export capacity. Gen
erally, potential export capacity is proportional to the total 
economic scale.  represents the economic scale of 
importing country j. This indicator reflects a country or re
gion’s capacity for international market demand. Similarly, 
potential import demand is directly proportional to eco
nomic scale. In gravity models, larger values for both in
dicators typically correspond to greater trade volume be
tween the two countries. 

 represents the trade distance between two coun
tries. Trade distance serves as the primary physical barrier 
to cross-border trade, calculated by adjusting the geo
graphical distance between China and Country J’s capital 
cities using the annual weighted crude oil price. Generally, 
greater distance between two countries increases trade 
costs, which to some extent reduces the incentive for bi
lateral trade and consequently diminishes trade volume. 
However, as infrastructure improves and logistics technol
ogy advances, the hindrance of distance to trade is progres
sively diminishing. 

 and  represent whether China shares a 
common border and a common language with RCEP mem
ber countries, respectively. If so, this can reduce trans

portation and communication costs, thereby enhancing 
trade efficiency. 

 represents the complementarity of aquatic prod
ucts between China as an exporting country and its RCEP 
trading partners. Trade complementarity measures the de
gree of alignment and fit between a country’s (region’s) ex
port supply of a particular product and another country’s 
(region’s) import demand for the same product. The natu
rally occurring differences between China and RCEP mem
ber countries in terms of fishery resource endowments, in
dustrial structures, and consumption demands have created 
significant trade complementarity. This complementarity 
generates trade incentives and potential benefits. 

4. EMPIRICAL ANALYSIS 

4.1. ANALYSIS OF RESULTS FROM THE STOCHASTIC 
FRONTIER GRAVITY MODEL 

Before setting up the stochastic frontier gravity model, it 
is necessary to determine the validity of model selection 
through a likelihood ratio test. This paper conducts the test 
in two steps: (1) determining whether a trade inefficiency 
term exists; (2) determining whether the trade inefficiency 
term varies over time. For the former, the null hypothesis 
is that no trade inefficiency term exists. If the LR statistic 
exceeds the 1% critical value, it indicates the presence of a 
trade inefficiency term. The latter assumes the inefficiency 
term is time-invariant. Comparing the LR statistic against 
the 1% critical value, a larger LR statistic indicates the trade 
inefficiency term is time-varying. As shown in Table 4, the 
LR statistic for the former test exceeds the 1% critical value, 
while the LR statistic for the latter test falls below it. There
fore, the non-time-varying random frontier gravity model 
is ultimately selected. This outcome may be related to the 
limited time dimension of the sample selection. 

This study employs Stata software to estimate ordinary 
least squares (OLS) models, time-invariant models, and 
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Table 4. Hypothesis Tests for the Random Frontier Gravity Model         

Null hypothesis Constrained Model 
Log-Likelihood Value 

Unconstrained Model 
Log-Likelihood Value 

LR 
statistic 

1% 
threshold 

Test 
Conclusion 

Trade inefficiencies do not 
exist. 

-107.7405 -100.1348 15.2114 6.6349 Refuse 

Trade inefficiencies do not 
change over time. 

-76.5501 -76.5492 0.0018 6.6349 Accept 

Note: LR =-2 x (log-likelihood of constrained model - log-likelihood of unconstrained model) 

Table 5. Estimation Results for the Stochastic Frontier Gravity Model         

OLS Time-varying model Time-Invariant Model 

lnY lnY lnY 

-0.499 -0.948 -1.164 

(1.107) (1.325) (0.973) 

1.030*** 1.176*** 0.515** 

(0.125) (0.253) (0.200) 

-0.427** -0.558* -0.707** 

(0.183) (0.305) (0.298) 

1.601*** 1.547** 0.818** 

(0.314) (0.663) (0.413) 

1.034*** 0.642 0.642*** 

(0.200) (0.443) (0.234) 

_cons 11.765 24.478 49.940 

(34.010) (40.027) (31.905) 

σ2 0.9414 0.9757 1206.895 

γ 0.606 0.999 

μ 1.624* -1303.22 

（0.864） 7012.324 

η -0.0025 

（0.054） 

Log-likelihood value -88.4 -74.3214 -74.0127 

Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 

time-varying models to ensure the robustness and scien
tific validity of the regression results. γ represents the pro
portion of trade inefficiency within the composite error 
term. As shown in Table 5, the γ values for the time-invari
ant and time-varying models are 0.999 and 0.606, respec
tively. This indicates that the discrepancy between China’s 
actual seafood exports to RCEP member countries and its 
export potential is primarily attributable to trade ineffi
ciency. 

Estimation results from the Random Frontier Gravity 
Model indicate that the explanatory variable  ex
hibits a very high level of significance with a substantial 
coefficient, suggesting that changes in partner countries’ 
economic scale significantly impact China’s aquatic prod
uct exports. Conversely, the coefficient for China’s GDP is 
negative, meaning that growth in China’s GDP exerts a re
straining effect on its aquatic product exports—a finding 
inconsistent with the conclusions of the vast majority of 
scholars. Typically, the GDP of an exporting country re

flects its export supply capacity. A larger economy implies 
greater potential export capacity, which in turn leads to 
larger bilateral trade flows. A possible explanation is that 
in recent years, factors such as the decline of China’s fish
ery resources, the deterioration of aquatic ecosystems, and 
shortages of water resources and land have constrained 
the growth of China’s total aquatic product output. Con
currently, as domestic residents’ incomes rise, the propor
tion of aquatic products in the national food consumption 
structure tends to increase, leading to higher demand for 
aquatic products. Expanding aquatic product imports will 
inevitably become a trend. Therefore, the sign of the coeffi
cient aligns with the current state of aquatic product trade. 

Distance exerts a significant negative effect on seafood 
exports, hindering trade to some extent and underscoring 
the importance of transportation in seafood trade. Lan
guage compatibility is a traditional factor influencing bilat
eral trade. In this study’s sample, according to CEPII trade 
indicators standards, only Malaysia and Singapore exhibit 
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Figure 1. Average Trade Efficiency of China’s Aquatic Product Exports to RCEP Member Countries             

positive values. As traditional trading partners of China, 
their shared language facilitates bilateral trade. Higher 
trade complementarity index coefficients (TC) indicate 
greater trade scale. 

4.2. ANALYSIS OF CHINA’S EXPORT TRADE EFFICIENCY 
FOR AQUATIC PRODUCTS TO RCEP MEMBER COUNTRIES 

Export trade efficiency is the ratio of actual export value to 
export potential. Trade efficiency can be used to assess the 
development of China’s seafood exports to RCEP member 
countries (Figure 1). 

According to the formula for calculating trade efficiency 
mentioned earlier, the average trade efficiency of China’s 
aquatic products trade with RCEP member countries during 
the sample year was approximately 0.55. The chart above 
presents the average trade efficiency of China’s aquatic 
products exports to RCEP member countries. It can be ob
served that export trade efficiency varies significantly 
across different countries. The three countries with the 
highest trade efficiency are the Philippines, Thailand, and 
Malaysia, while New Zealand, Vietnam, and Cambodia ex
hibit the lowest trade efficiency. 

When estimating trade efficiency using the Stochastic 
Frontier Gravity Model, high trade efficiency indicates 
fewer artificial restrictions and trade frictions between 
China and its trading partners; conversely, low efficiency 
suggests greater trade frictions. It is widely recognized that 
Japan and South Korea constitute China’s two primary 
seafood export markets, collectively accounting for approx
imately 50% of total exports. However, trade efficiency lev
els reveal that the efficiency of trade with these two coun
tries does not correspond to their respective market shares. 
This indicates that while China exports significant volumes 
of seafood to Japan and South Korea, it simultaneously 

faces substantial artificial restrictions and barriers. To a 
certain extent, this suggests that substantial untapped 
trade potential remains between China and these nations. 

5. ANALYSIS OF FACTORS AFFECTING TRADE 
INEFFICIENCIES 

5.1. ESTIMATION RESULTS OF THE STOCHASTIC 
FRONTIER GRAVITY MODEL UNDER THE “ONE-STEP 
METHOD” 

The likelihood ratio test has demonstrated the existence of 
trade inefficiency. This paper employs a one-step method 
to estimate the trade inefficiency model. To verify the sta
bility of the model and regression results, both the trade 
facilitation value measured by principal component analy
sis and the trade facilitation calculated using simple arith
metic averaging were utilized, with results presented in 
Table 6. The overall model estimation is satisfactory. The 
λ value reported by the model represents the ratio of the 
standard deviation of the trade inefficiency term to the 
standard deviation of the random error term. The signif
icant value of λ greater than 1 confirms that systematic 
and significant trade inefficiency factors indeed exist in the 
trade process, preventing trade from reaching its theoreti
cal maximum. 

The results from Table 8’s trade inefficiency model in
dicate that tariff levels exert a significant positive impact 
on trade inefficiency. This demonstrates that tariffs signif
icantly impede China’s aquatic products trade, with higher 
tariff levels being more detrimental to exports—consistent 
with theoretical expectations. Conversely, trade facilitation 
levels exert a significant negative impact on trade ineffi
ciency. That is, enhancing trade facilitation reduces trade 
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Table 6. Trade Inefficiency Model Results     

lnY lnY（Robustness Test） 

Frontier 

-1.154** -1.158** 

(-0.579) (-0.582) 

0.496*** 0.503*** 

(-0.084) (-0.086) 

-0.830*** -0.819*** 

(-0.106) (-0.107) 

0.812*** 0.821*** 

(-0.172) (-0.175) 

0.674*** 0.670*** 

(-0.104) (-0.105) 

_cons 51.296** 51.065** 

(-18.381) (-18.483) 

Mu 

-23.297*** -24.185*** 

(-6.224) (-6.930) 

7.603*** 7.391*** 

(-1.763) (-1.841) 

_cons 14.533* 15.820* 

(-8.180) (-9.044) 

λ 1.732*** 

(0.208) 

Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 

inefficiency, thereby improving trade efficiency. Comparing 
the relative impacts of the two factors on trade inefficiency, 
trade facilitation exerts a greater influence. In other words, 
compared to reducing tariffs, enhancing trade facilitation is 
more conducive to promoting the development of aquatic 
products trade. 

5.2. RESULTS OF STOCHASTIC FRONTIER GRAVITY 
MODELS ACROSS DIFFERENT DIMENSIONS OF TRADE 
FACILITATION 

As indicated by the core explanatory variables, trade facil
itation is primarily composed of four sub-indicators: infra
structure (T), customs environment (C), government reg
ulations (R), and finance and e-commerce (F). The impact 
of each sub-indicator on export efficiency may vary sig
nificantly. Analyzing using the composite trade facilitation 
index masks the heterogeneous effects of these sub-indi
cators on export efficiency. To derive more practically rel
evant conclusions, this study further examines the impact 
of the four primary indicators of trade facilitation devel
opment on export trade efficiency. Infrastructure (T), Cus
toms Environment (C), Government Regulations (R), and 
Finance and E-commerce (F) are incorporated into a Sto
chastic Frontier Gravity Model, represented as Models 1, 2, 
3, and 4 respectively. The regression results are presented 
in Table 7. 

In Model (1), infrastructure passed the significance test 
at the 5% level, indicating that infrastructure can signifi
cantly enhance the efficiency of aquatic product trade while 
also highlighting its crucial role in this sector. For instance, 
live and premium chilled products demand strict timeliness 
and are typically transported by air, whereas frozen goods, 
canned products, and dried goods prioritize cost efficiency, 
making sea freight the predominant mode of transport. 

In Model (2), the customs environment passed the sig
nificance test at the 1% level. Simplifying customs proce
dures and formalities will significantly reduce import and 
export processing times, enhancing trade efficiency while 
lowering the trade burden on enterprises. 

In Model (3), government regulations passed the signif
icance test at the 1% level. Taking the normalization and 
transparency of policy formulation by the government of 
the trading partner country as an example, timely publica
tion of newly introduced or revised trade-related policies 
would help enterprises identify suitable business opportu
nities and partners based on the latest policy information. 
This would reduce transaction time costs and negotiation 
costs, thereby enhancing trade efficiency. 

In Model (4), finance and e-commerce passed the signifi
cance test at the 10% level. High-quality e-commerce effec
tively promotes trade efficiency. E-commerce development 
centered on internet technology and information commu
nication enables enterprises to complete import and export 
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Table 7. Regression Results for Graded Indicators      

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

lnY lnY lnY lnY 

Frontier 

-1.291** -1.114* -1.273** -1.391** 

(0.636) (0.581) (0.618) (0.611) 

0.552*** 0.507*** 0.549*** 0.504*** 

(0.088) (0.084) (0.087) (0.083) 

-0.888*** -0.826*** -0.886*** -0.872*** 

(0.134) (0.106) (0.136) (0.116) 

0.862*** 0.828*** 0.843*** 0.794*** 

(0.187) (0.172) (0.184) (0.173) 

0.694*** 0.672*** 0.667*** 0.680*** 

(0.113) (0.105) (0.108) (0.110) 

_cons 54.647*** 49.733*** 54.145*** 58.766*** 

(20.264) (18.408) (19.825) (19.403) 

Mu 

-17.868** 

(7.314) 

-32.510*** 

(9.950) 

-19.693*** 

(5.276) 

-13.829* 

(7.056) 

13.538*** 9.680*** 10.246*** 9.209*** 

(2.964) (2.143) (2.479) (2.516) 

_cons -28.324*** -28.894*** -18.478*** -22.130*** 

(6.847) (6.742) (5.604) (6.460) 

λ 2.337*** 1.961*** 2.028*** 2.644*** 

(0.317) (0.230) (0.262) (0.341) 

Standard errors in parentheses * p < 0.10, ** p < 0.05, *** p < 0.01. 

procedures, such as customs declaration, entirely online. 
This not only streamlines customs clearance processes and 
enhances the operational efficiency of transit agencies but 
also ultimately boosts trade efficiency. 

In summary, different dimensions of trade facilitation 
exert varying impacts on inefficiencies in seafood trade. 
Compared to infrastructure, finance, and e-commerce, cus
toms environments and government regulations exert a 
more significant influence on the efficiency of seafood 
trade. 

Aquatic products are the trade category most susceptible 
to tariffs, trade remedies, and technical barriers. For Chi
nese aquatic product exporters, tariffs and trade facilitation 
are the two primary factors contributing to inefficiencies in 
aquatic product trade. 

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1. MAIN FINDINGS 

This paper constructs an indicator system for trade facilita
tion levels and incorporates it into the factors influencing 
trade inefficiency. It examines the impact of the trade facil
itation levels of RCEP member countries on the efficiency 
of China’s aquatic product exports. The specific conclusions 
are as follows: 

First, the average trade facilitation score for RCEP mem
ber states stands at 0.6448, indicating a generally moderate 
level of trade facilitation. This suggests that the overall 
trade facilitation environment and terms of trade within 
the RCEP region still hold significant room for improve
ment. 

Second, the non-time-varying stochastic frontier model 
suggests that among the factors influencing China’s 
seafood exports, China’s GDP has a suppressive effect, al
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though it is not statistically significant; conversely, the 
GDP of trading partner countries demonstrates a significant 
promoting effect. Distance emerges as a significant factor 
suppressing trade; meanwhile, shared language and the 
trade complementarity index exert a significant promoting 
effect on seafood trade. 

Third, the trade inefficiency model demonstrates that 
tariffs and trade facilitation exert significant effects on 
trade inefficiency, with trade facilitation having a greater 
impact than tariffs. Among the four primary indicators of 
trade facilitation, customs environment and government 
regulations exert a more pronounced and substantial influ
ence on trade inefficiency in aquatic products compared to 
infrastructure and finance and e-commerce. 

Fourth, in terms of trade efficiency, China’s average ef
ficiency in exporting aquatic products to RCEP member 
countries is approximately 0.55. However, this also indi
cates significant trade barriers between China and RCEP 
members, particularly for major aquatic product consumers 
like Japan and South Korea. China must further strengthen 
economic and trade cooperation with trading partners, fos
ter a favorable trade environment, eliminate mutual trade 
barriers, enhance trade efficiency, and fully tap the poten
tial of Chinese seafood exports. This will enable China to 
expand its seafood export volume to RCEP member coun
tries beyond current levels. 

6.2. POLICY IMPLICATIONS 

The findings of this paper reveal that elevating the level of 
trade facilitation significantly boosts both the development 
and efficiency of the aquatic products trade between China 
and RCEP member states. Accordingly, this paper formu
lates the following policy recommendations, primarily fo
cusing on initiatives to enhance trade facilitation. 

Firstly, enhancing infrastructure connectivity between 
China and RCEP member countries. To promote trade facil
itation, it is essential to comprehensively develop and up
grade a seamless multimodal transport infrastructure net
work connecting China and RCEP member states. This 
involves fostering cooperation on infrastructure and ex
tending technical and financial support to countries with 
insufficient capacities, thereby enhancing logistics effi
ciency across the free trade area. 

Secondly, improve the customs environment. The op
timization of the customs environment in RCEP member 
states can greatly promote the efficiency of China’s exports. 
To this end, China should pursue enhanced customs coop
eration and dialogue with other members to elevate cus
toms management standards jointly. This is instrumental 
in increasing trade facilitation across the free trade area 
and, concurrently, driving the expansion of China’s exports 
to RCEP markets. 

Thirdly, create a sound regulatory environment. Elevat
ing the regulatory environment across RCEP member states 
is conducive to China’s export efficiency. While political 

structures vary, the assessment of a sound regulatory en
vironment is premised on universal factors. These encom
pass an independent judiciary, efficient dispute resolution 
through government policies, transparency and stability in 
the implementation process, and the capacity of policies to 
keep pace with societal evolution. 

Lastly, promote finance and e-commerce. In the financial 
sector, efforts should leverage institutions like the ADB and 
AIIB to enhance infrastructure financing, encourage finan
cial institutions to innovate in agricultural trade products, 
and increase support for farmers and enterprises through 
credit and insurance. In the e-commerce sector, priorities 
include strengthening information networks, supporting 
and regulating cross-border e-commerce platforms, and 
boosting regional logistics efficiency to facilitate the flow of 
agricultural products. 
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