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Abstract. Since its proposal in 2013, the Belt and Road Initiative has become an
important strategic framework for promoting global economic cooperation and
development. With the in-depth implementation of the initiative, trade activities
in countries along the route have increased significantly, promoting the coordi-
nated development of the global economy. This study, based on the Belt and
Road trade volume index, uses the Mann-Kendall trend test and STL decompo-
sition methods to explore the impact of the initiative on changes in trade volume
in countries along the route. Using the Mann-Kendall test, this study confirms
that the Belt and Road Initiative has significantly increased trade volume, demon-
strating its role in promoting trade. Further STL decomposition analysis reveals
the seasonal fluctuations, long-term trends and random fluctuations in trade vol-
ume, and the data is further decomposed using the STL method with minimum
weighted sorting entropy optimization. The results show that the Belt and Road
Initiative has had a positive impact on promoting trade and economic growth,
despite the varying economic growth performance of the countries along the
route. In addition, this study also explores the heterogeneous performance of dif-
ferent countries in the context of the global political and economic environment,
providing insights into future policy adjustments and international cooperation.
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1 Introduction

Since President Xi Jinping proposed the Belt and Road Initiative in 2013, it has become
an important strategic platform for promoting global economic cooperation and devel-
opment. The core concept of the initiative is to achieve mutual benefit, win-win results
and common development by strengthening infrastructure construction, promoting
trade cooperation and cultural exchanges among countries. The Belt and Road not only
covers the traditional “Silk Road Economic Belt”, but also extends to the maritime trade
route, the “21st Century Maritime Silk Road”. This strategy not only helps China's eco-
nomic cooperation with countries along the route, but also provides new impetus for
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the coordinated development of the global economy [1]. With the advancement of glob-
alization, international trade has become increasingly complex and volatile. In particu-
lar, cooperation in various fields such as agriculture, energy, and manufacturing has
become an important topic in global economic research.

How to promote the common development of relevant countries through effective
economic policies and cooperation measures has become an important topic in global
economic research. Driven by the Belt and Road Initiative, economic and trade activi-
ties in countries along the route have increased significantly. However, with the devel-
opment of economic globalization, the imbalance and volatility of trade volume has
also become a problem that cannot be ignored. Changes in trade volume not only reflect
the trend of the global economy, but also the depth and breadth of economic coopera-
tion between different countries [2]. Against this background, this study aims to explore
the specific contribution of the Belt and Road Initiative to the trade volume and eco-
nomic growth of countries along the route through data analysis and trend testing.
Through the analysis of the Belt and Road trade volume index and the Mann-Kendall
trend test, this study further reveals the initiative's contribution to the economic devel-
opment of countries along the route and its future development prospects.

In addition, this study also uses advanced time series analysis techniques, such as
the STL decomposition method of minimum weighted rank entropy, to thoroughly ex-
plore the seasonality, trend and residual fluctuations of the Belt and Road trade data
[3]. By processing the data with missing values and analyzing the trend, this study pro-
vides strong quantitative support for a more comprehensive understanding of the eco-
nomic effects of the Belt and Road Initiative on a global scale. Through quantitative
analysis, this paper reveals the role of the Belt and Road Initiative in economic growth
in different regions (such as Asia, Africa, and Europe), and also examines the impact
of changes in the political and economic environment on the initiative [4].

In short, this study aims to reveal the important role of the Belt and Road Initiative
in promoting global trade and economic growth in countries along the route through a
comprehensive analysis of economic data and trade trends under the initiative, provid-
ing a reference for policymakers and promoting deeper international cooperation.

2 Data Pre-Processing

The Belt and Road Initiative covers two major parts: the Silk Road Economic Belt and
the 21st-Century Maritime Silk Road. The trade volume index is presented in the Belt
and Road Trade Data, so this paper uses the Belt and Road Trade Index for analysis [5].
During data preprocessing, we found that there are missing values in the Belt and Road
Trade Index of the dataset, as shown in Figure 1 below:
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Fig. 1. Visualization of missing value imputation for the Belt and Road trade volume index

As can be seen from the figure above, since the Belt and Road Initiative was pro-
posed, the trade volume index of China and countries along the route has generally
shown an upward trend, reflecting the initiative's role in promoting world trade devel-
opment. Among them, the growth in trade volume from 2020 to 2022 was the largest.
The trade volume index for the period 2019-2020 was the only time in recent years that
it fell below 100. Combining this with the current situation, it is inferred that this change
is closely related to events such as the outbreak of the new crown epidemic and the
intensification of Sino-US trade frictions, reflecting the fact that changes in the inter-
national situation have a greater impact on the initiative.

3 Mann-Kendall Trend Test

In order to further study the trend of trade volume between China and countries along
the Belt and Road, the Mann-Kendall test will be used to determine whether the trend
of the time series data is significant. The Mann-Kendall trend test is a non-parametric
statistical test method that determines whether a trend exists by judging the relative
sizes of the data points in the time series [6]. Its advantage is that it does not assume
that the data obeys any specific distribution, so it is suitable for various data sets and is
not disturbed by a few outliers.

3.1  Test Steps
Step 1 Formulate a hypothesis
H,y: No monotonic trend (1)
H;: Monotonic trend 2)

Among them, H, is the null hypothesis, and this paper will conduct this test at a
confidence level of 95%. If the p-value is less than 0.05, the null hypothesis is rejected,
indicating that there is a trend in trade volume under the "Belt and Road" initiative.
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Step 2 Calculate the S statistic
Define the statistic S as:

S= Z?:_f Z?=i+1 sgn(x]- - xi) 3)

Where x;,x; are the corresponding observations in the time series to be tested, and
sgn is the sign function, which is defined as follows:

1 ifx>0
sgn(x) =<0 ifx=0 4)
-1 ifx<0

Step 3 Calculate the expected value and variance of the statistic S
For large sample sizes (n > 10), the expected value and variance of S can be approx-
imately calculated as:

ES)=0 )

Var(s) = n(n—11);2n+5) _ Zzgzl mt(mt—iz;(ZmﬁS) (6)
Among them, g is the number of groups with repeated values in the data, and m, is
the number of repeated values in the tth group.
Step 4 Calculate the standardized statistic Z
The calculation formula of Z value is as follows

S5-1

ARG ifS>0
z={0 ifS=0 (7
S+1 .
W lfS <0

(5) Calculate the P value and perform the test at a given confidence level

3.2 Test Results

Table 1. Mann-Kendall trend test results

Statistics P value
9.5106 0.000
As can be seen from the above table 1, at a confidence level of 95%, the p-value is less
than 0.05, rejecting the null hypothesis, which means that the time series data of the
“Belt and Road Trade Volume Index” does show an increasing trend. This indicates
that the Belt and Road Initiative does have a promoting effect on the increase in trade
volume between China and countries along the route.
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4 STL Decomposition Based on Minimum Weighted Sorting
Entropy

Since Mann-Kendall is insensitive to periodicity in time series, in order to more com-
prehensively analyze the trend of trade volume, the following text uses STL decompo-
sition based on minimum weighted sorting entropy (MWSE-STL) to conduct an in-
depth study of the time series [7].

Sorting entropy is an indicator used to measure the complexity of a time series. The
more regular the series, the smaller the corresponding sorting entropy, and vice versa.
period is the main hyperparameter in STL decomposition and is closely related to the
decomposition effect. Therefore, MWSE-STL can maintain the advantages of the STL
decomposition method while making the decomposition effect even better by introduc-
ing the minimum weighted sorting entropy as the optimization target for period estima-
tion.

In the process of using MWSE-STL decomposition, since the trend component rank-
ing entropy is very small, the decomposition focuses on making the seasonal compo-
nent and residual component more regular and conducive to analysis [8]. Therefore, the
weights of the ranking entropies of the three components are set to 0.0, 0.6 and 0.4,
respectively.

Let the trade volume index be, and decompose it using the STL method:

Yt:Tt +St+Rt (8)

Where T;, S;, R, represent the trend component, seasonal component and resid-
ual component respectively.
The hyperparameter period can be obtained by minimizing the weighted sort en-

tropy:
m(g)qHW(St(s)) = 37 wp® logp® ©
St

Among them, H,, (St(s)) is the weighted sort entropy, Wi(s) is the weight of the i-th

data point in the s-th iteration, and pi(s) is the relative frequency of the i-th data point
after sorting.
The final decomposition result is shown in Figure 2 below:
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Fig. 2. MWSE-STL decomposition diagram

The trend component shows the long-term trend of the index. Since 2018, the index
has shown a gradual upward trend. It shows that under the Belt and Road Initiative, the
trade volume between participating countries along the route has gradually increased.
It can be inferred that the Belt and Road Initiative has played a positive role in promot-
ing trade and economic cooperation between relevant countries.

The seasonal component shows the seasonal fluctuations of the index. From the
above figure, it can be seen that the index has a significant increase in the fourth quarter
of each year and a downward trend in the first quarter [9]. This shows the impact of
specific seasons of the year on trade volume, such as the Spring Festival holiday and
changes in seasonal demand. This seasonal fluctuation suggests that relevant policy-
makers can consider formulating corresponding policies to boost trade in the fourth
quarter and increase the trade volume in that quarter.

The residual component shows the random fluctuations of the index. That is, the
remaining fluctuations outside the trend and seasonal components. From the above fig-
ure, it can be seen that the fluctuation range of this component is relatively small, indi-
cating that the changes in the trade volume index are mainly affected by trend and sea-
sonal factors [10]. However, these random fluctuations may still have a certain impact
on the trade volume, and policymakers need to further analyze and consider.

Overall, this chart shows that the index shows an upward trend under the Belt and
Road Initiative, and there are obvious seasonal fluctuations. The fluctuation range of
the residual component is small, indicating that the change of the index is mainly af-
fected by trend and seasonal factors. This information has important implications for
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the trade policies and economic planning of relevant countries. It is necessary to con-
sider the impact of long-term trends and seasonal factors on trade volume and take
corresponding measures to promote trade and economic cooperation.

5 Economic Contribution of the Joint Construction of the Belt
and Road Initiative to Countries Along the Route

After the above analysis, we can clearly see that the joint construction of the Belt and
Road Initiative has a promoting effect on friendly trade activities among countries. This
section will focus on analyzing the economic contribution of the initiative to countries
along the route in Asia, Africa and Europe. Considering the importance of indicators
and the demand for macroeconomic measurement, this article selects the average an-
nual growth of national GDP as an indicator to reflect economic contribution.

Taking Pakistan in Asia as an example, after calculation, before and after General
Secretary Xi proposed the joint construction of the Belt and Road Initiative in 2013,
Pakistan's average annual growth of GDP has increased significantly. As shown in Fig-
ure 3 below, the average annual growth rate of the country's GDP was 12351.48 be-
tween 2005 and 2013 before the initiative was proposed, and the average annual growth
rate of GDP rose to 15942.09 after the initiative was proposed. It can be seen that the
"Belt and Road" initiative has played a strong role in promoting the economic develop-
ment of countries along the route in Asia. As General Secretary Xi said, it has achieved
mutual benefit and win-win results for the countries involved in the initiative, and has
also provided new opportunities for the development of countries around the world.

Visualizing the contribution of the Belt and Road Initiative to Pakistan's economic growth
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Fig. 3. Visualization of the contribution of the Belt and Road Initiative to Pakistan's economic
growth

In addition to Asian countries, this section also takes the European country Russia
as an example to analyze the economic contribution of the initiative to countries around
the world. Unlike Pakistan, it is calculated that the average annual growth rate of Rus-
sia's GDP was 169828.46 before the initiative was proposed in 2013, but after 2013,
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the value dropped sharply to -5783.42, and even showed a negative growth trend. How-
ever, this does not mean that the initiative has a counter-effect on Russia's economic
development. Taking into account political, cultural, economic and other factors, after
the outbreak of the Ukrainian crisis in 2014, Western countries imposed multiple
rounds of economic sanctions on Russia. The sanctions led to an increase in Russia's
financing costs, outflow of foreign capital, and obstruction of technology introduction,
which directly affected economic growth; Russia's economy is highly dependent on
energy exports, and fluctuations in international oil prices have a huge impact on its
economy. Since 2014, international oil prices have fallen sharply, causing severe dam-
age to the Russian economy. Although the Belt and Road Initiative helps Russia expand
its energy export market, it is difficult to completely offset the negative impact of fall-
ing oil prices. In addition, Russia has a vast territory and relatively backward infrastruc-
ture, which limits the advancement of the "Belt and Road" project. The slow progress
of cooperation is also one of the important reasons why the initiative has little effect on
Russia's economic growth. It can be seen that China and Russia need to trust each other
more under the framework of the initiative in the future. Russia needs to further deepen
cooperation with countries along the "Belt and Road", actively improve the investment
environment, promote economic structural transformation and upgrading, and make
better use of the development opportunities brought by the initiative.

In addition, taking Ethiopia in Africa as an example, we can also see the huge eco-
nomic contribution of the "Belt and Road" initiative to participating countries. Before
the proposal, Ethiopia's average annual GDP growth rate was 3916.34, and after the
proposal, the value reached a peak of 8792.81, which was twice as much as before the
proposal. At the same time, the country achieved an average annual GDP growth of
more than 10,000 for the first time 7 years after the proposal was put forward, showing
that the initiative has injected strong vitality into the economic development of coun-
tries along the route.

Based on the above analysis, we can clearly see that the "Belt and Road" initiative
has a positive role in promoting trade activities and economic growth in most partici-
pating countries. In the future, we should continue to take win-win cooperation as the
goal and continue to carry out the "Belt and Road".

6 Discussion

This study clearly shows that the Belt and Road Initiative (BRI) has played a significant
role in promoting economic growth and trade among the countries along the route. The
Mann-Kendall trend test results reveal a significant growth in global trade volume fol-
lowing the initiative's implementation, with a particularly strong increase from 2019 to
2022, reflecting the deepening cooperation among participating nations. However, the
economic contributions vary across countries. While the BRI has significantly boosted
GDP growth in countries like Pakistan and Ethiopia, Russia's economic benefits have
been limited due to external factors such as international sanctions and energy price
fluctuations, demonstrating the complex interplay of political and economic conditions.
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Additionally, the combination of STL decomposition and minimum weighted sort
entropy optimization provided a deeper understanding of trade volume fluctuations,
especially the seasonal effects on trade. These seasonal patterns, such as demand shifts
during specific holidays, offer valuable insights for policymakers looking to regulate
trade activities more effectively. While this study highlights the positive impact of the
BRI, challenges such as overcoming cross-border cooperation obstacles and balancing
diverse national interests remain. Future research should continue to explore these is-
sues to optimize the BRI's implementation. Overall, despite the challenges, the BRI has
provided new opportunities for global economic cooperation and is expected to further
contribute to balanced global economic development.

7 Conclusion

This study analyzes the impact of the Belt and Road Initiative (BRI) on trade volume
and economic growth among participating countries, revealing its significant role in
promoting global economic cooperation. The findings show a sustained growth trend
in trade volume, particularly between 2020 and 2022, highlighting the BRI's positive
influence on international trade despite a complex global environment. The Mann-Ken-
dall trend test confirmed a statistically significant growth trend, while STL decompo-
sition, optimized by minimum weighted sort entropy, allowed for a detailed analysis of
trend, seasonality, and random fluctuations in trade volume. Despite the overall positive
impact, the study also emphasizes the varying economic outcomes across countries, as
seen in Russia, where external factors like economic sanctions and energy price fluctu-
ations hindered its growth. Overall, the BRI has significantly contributed to trade and
economic development along the route, offering new opportunities for win-win coop-
eration, and with evolving international dynamics, it is expected to further drive bal-
anced global economic growth.
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