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Abstract. Crude oil is a crucial resource for industries, and its price fluctuations
directly impact the global economy and international trade, drawing significant
international attention. This study, based on the TVP-VAR model, employs im-
pulse response analysis and variance decomposition to dynamically capture
changes and deeply explore the relationships between international crude oil
prices, global economic policies, and China's trade policy uncertainty. The re-
search findings indicate that the impact of international crude oil prices on the
uncertainty of global economic policies exhibits lagged differences. International
crude oil prices negatively influence the uncertainty of China's trade policies.
Changes in global economic policies also affect the uncertainty of China's trade
policies. The impact of China's trade policy uncertainty on the uncertainty of
global economic policies is relatively small and can be essentially ignored. In the
context of fluctuations in international oil prices, maintaining energy security
should involve comprehensive and systematic policy measures to prevent inter-
national oil price fluctuations, safeguard economic stability, promote trade de-
velopment, and address global challenges.
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1 Introduction

Crude oil, as one of the major strategic resources of various countries!!), is referred to
as the "lifeblood of industry" due to its non-renewable nature and extensive use in in-
dustrial processes. Therefore, crude oil is of great significance in maintaining global
economic stability, and its price fluctuations are also directly related to various fields
such as economic development and international trade of various countries, attracting
much attention internationally. With the rapid development of the global trade liberal-
ization process, the volatility of the crude oil market has increased significantly, and
the international crude oil price has become one of the important factors affecting the
world economic landscape?. Meanwhile, as one of the world's largest crude oil import-
ers, China is gradually showing uncertainty in its trade policies. Due to various internal
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and external factors, China's trade policies often face the need for adjustment and re-
form. It is undeniable that the introduction of economic policies has effectively main-
tained the stability of the financial market, but it has also increased its uncertainty and
raised the threshold and difficulty of investment. With the strengthening of the global
multi-polar trend, economic cooperation and competition among countries are becom-
ing increasingly fierce, and trade frictions and geopolitical conflicts emerge in an end-
less stream™! Against this background, world economic policies need to not only cope
with short-term economic fluctuations, but also consider long-term economic growth
and sustainable development, and their uncertainty has also increased accordingly!™.

Firstly, fluctuations in international crude oil prices directly affect the energy costs
and economic operating costs of various countries®!, while changes in world economic
policies and the uncertainty of China's trade policies can also cause turbulence in the
global economy!®. Therefore, the relationship between these three factors plays a piv-
otal role in the process of global economic growth. Secondly, crude oil is one of the
most important energy sources globally, and its price fluctuations not only affect energy
supply and security but also influence the pace of energy transformation and sustainable
development!”!. Studying the relationship between international crude oil prices and
world economic policies can provide references for countries to formulate more rea-
sonable energy strategies and sustainable development policies. Thirdly, as one of the
largest trading countries in the world, changes in China's trade policies have an impact
on the global trade landscape and the global governance system. Studying the relation-
ship between the uncertainty of China's trade policies and world economic policies can
help countries better understand and respond to changes in China's trade policies, pro-
moting the healthy development of global trade. Fourthly, for governments, under-
standing these relationships can help them formulate and adjust relevant policies more
scientifically. This can not only improve the pertinence and effectiveness of policies
but also enhance their predictability and stability.

This study makes further research on the relationship between international crude oil
prices, world economic policies, and China's trade policies, proposing solutions. The
potential marginal contributions of this study are as follows: Firstly, this study uses the
TVP-VAR model to flexibly capture the dynamic changes in the transmission mecha-
nism, highlighting its time-varying characteristics, and making reasonable inferences
about the possible paths leading to changes in various factors. The conclusions of this
study not only provide a more accurate understanding of the relationship between the
three factors, facilitating the construction of national energy security strategies from a
global perspective, but also provide policy references for reducing the impact of global
market uncertainty on China's oil import prices in the new situation of escalating trade
frictions between China and the United States.

2 Literature Review

Excessively high economic policy uncertainty can lead to economic entities being un-
able to accurately judge the uncertainty of its consequences. This uncertainty reflects
the direct impact of the instability inherent in the implementation of policies. Policy
uncertainty can have profound impacts on the operation of the national economy.
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Current research suggests a close connection between the oil market and the macro-
economy. Herrera A M et al. (2019)® argue that crude oil price series can affect total
output, consumption, investment, and stock returns from both the supply and demand
sides. Barsky R B, Kilian L (2001)® suggest that while crude oil prices have a certain
impact on global economic activity, in turn, fluctuations in crude oil prices are also
influenced by global economic activity. Rasche R H, Tatom J A (1977)!'Y indicated
that a one-unit increase in international oil prices leads to a seven-unit decrease in the
gross domestic product of developed countries, demonstrating the significant impact of
fluctuations in international oil prices on national economies. Furthermore, Engle R F
(1993)I'!1 found asymmetry in asset market price fluctuations by depicting the curves
of stock price fluctuations during "bull" and "bear" markets, indicating the presence of
asymmetric effects in the volatility shocks of asset prices.

This study will address the above issues, further explore the relationship between
international crude oil prices, global economic policies, and China's trade policies, and
propose solutions. By using the TVP-VAR model to flexibly capture the dynamic
changes in transmission mechanisms, highlighting their time-varying characteristics,
and reasonably speculating on possible pathways leading to changes in various factors.

3 Theoretical Analysis and Model Introduction

3.1 Data

Due to the potential existence of mutual feedback and circular influence among crude
oil prices, world economic policy uncertainty, and China's foreign trade policy uncer-
tainty, the TVP-VAR model can capture their dynamic interactions, rather than simply
a causal relationship. Through recursive analysis, a more comprehensive understanding
of the complex correlations among them can be gained, revealing the potential influ-
ence mechanisms among them and thus deepening the understanding of the interactions
in the macroeconomic system. This paper selects relevant data from January 2001 to
April 2021 to construct the TVP-VAR model. Among them, international crude oil
price P is the transaction price of WTI crude oil, and the data comes from the US Energy
Information Administration; the uncertainty index of world economic policy is inferred
according to Davis's (2016)!'?) method, and Global is its first-order differential term;
China's trade policy uncertainty index comes from Baker S R, Bloom N, Davis S J
(2016)*31 and China is its first-order differential term. The following is a time series
chart of the three variables.

3.2 Model Specification

The ADF (Augmented Dickey-Fuller) test was used to determine the stationarity of the
data, and the lag order of the test form was determined based on information criteria.
After testing, it was found that all variables supported the null hypothesis at the 1%
statistical level after the first-order difference, indicating that the first-order differences
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of international crude oil prices, world economic policy uncertainty index, and China's
trade policy uncertainty index are all stationary series.
The results of the ADF test are presented in Table 1:

Table 1. Stationarity Test Results of First-Order Differences.

Variable ADF Statistic Test Type P-value
dP) -11.241 Intercept 0.00
Global -10.980 Intercept 0.00
China -9.482 Intercept 0.00

In selecting the lag order for the TVP-VAR model, we follow the approach outlined
by Nakajima et all'*l, which involves constructing the marginal likelihood function for
evaluation. Among lag orders 1 to 6, lag order 2 yields the highest marginal likelihood.
Therefore, we adopt a lag order of 2 for the model to conduct detailed analysis.

Assuming that the diagonal elements of the covariance matrix follow the distribu-
tions specified, (z,;)i"z: Gamma (20,107%)(Z,);%: Gamma (4, 107%)(Z,)72: Gamma (4,10~%)
and with initial values set, u,, = g, = un, = 0, X5, =y, = Z,, = 101 , this study employs
the MCMC method for 10,000 iterations, discarding the initial 1,000 samples. The es-
timation of the TVP-VAR model is conducted in the OxMetrics 6.0 environment.

Table 2 presents the parameter estimation results of the TVP-VAR model. From the
parameter estimation results, it can be observed that the samples obtained from MCMC
sampling 10,000 times have converged, and the samples obtained are sufficient for the
TVP-VAR model.

Table 2. Parameter Estimation Results

Params Mean Std Dev  95%L  95%U CD Convergence Ineffective Factors

(Zp): 00369 0.0089  0.0243  0.0587 0.831 42.50
(Zp)2  0.0360 0.0087 0.0233  0.0581 0.185 49.26
(Zo):  0.0868 0.0487 0.0414 02165 0.711 144.40
(Zo)2 0.0830 0.0303 0.0449 0.1636 0.341 119.40
(Zp): 04457 0.1194 02407  0.7005 0.168 86.34
(),  0.5448  0.1096  0.3525 0.7791 0.825 47.01

The following Fig.1 is the MCMC parameter simulation chart.
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Fig. 1. Parameter Simulation Chart
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Fig. 2. Variable Trends and Volatility

4 Time-Varying Features and Volatility Analysis

4.1  Volatility Analysis

Fig. 2 shows the trend and volatility of the variables. The top-left three plots represent
the trend of the variables, while the bottom-right three plots depict the volatility of the
variables in different years.

4.1.1 Analysis on the Characteristics of d(P) Volatility

As shown in Fig. 2, the changes in international crude oil prices generally exhibited
stable fluctuations, but there was a larger peak around 2010, a smaller peak around
2016, and a clear upward trend in 2020. The possible reasons for the first peak are as
follows: Quantitative easing policies implemented in response to the 2008 financial
crisis led to large-scale currency depreciation, while the global economy was recover-
ing from the impact of the financial crisis in 2009. Economic activities in some coun-
tries and regions began to recover, which led to a surge in demand for energy and in-
vestment demand for physical assets, thus driving up crude oil prices. The possible
reasons for the second peak are as follows: OPEC and some non-OPEC oil-producing
countries reached a production reduction agreement aimed at reducing global crude oil
supply to support oil prices. This measure led to market concerns about crude oil sup-
ply, thus driving up international crude oil prices'. The upward trend in 2020 may be
due to the following reasons: On the one hand, the COVID-19 pandemic had a signifi-
cant impact on global economic activities, greatly affecting the production of interna-
tional crude oil; on the other hand, in 2020, some geopolitical tensions broke out in the

! On the evening of April 2, 2016, Beijing time, eight OPEC+ member countries, including Saudi Arabia,
Russia, the United Arab Emirates, and Iraq, suddenly announced that they would implement a voluntary oil
production cut plan, lasting from May to the end of 2023, with a total voluntary reduction of nearly 1.65
million barrels per day.
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Middle East, including escalating tensions between the United States and Iran, conflicts
in Libya, etc., which exacerbated the shortage of oil supply.

4.1.2 Analysis on the Characteristics of Global Volatility

As shown in Fig. 2, Global volatility experienced significant changes in 2001, 2004,
2008, 2012, 2014, and 2016. The degree of change after 2019 was also much higher
than in previous years. The following mainly speculates on the reasons for the changes
in 2016:

[1] On June 23,2016, the UK held a Brexit referendum, and the result was that 51.9%
of voters supported Brexit, which triggered uncertainty in the European economy and
financial markets, and also had a ripple effect on the global economy, increasing un-
certainty in world economic policies.

4.1.3 Analysis on the Characteristics of China Volatility

As shown in Fig. 2, the uncertainty of China's trade policies has undergone signifi-
cant changes around 2017. After 2017, the uncertainty of China's foreign trade policies
was much higher than before 2017. The Sino-US trade frictions are an important reason
for this phenomenon. The escalation of Sino-US trade frictions: Since 2017, Sino-US
trade relations have undergone significant changes, and trade frictions between the two
countries have gradually escalated. Especially in 2018, the United States imposed tar-
iffs on Chinese goods, triggering a trade war. This change made China's trade policies
need to respond to the unpredictability of US policies. On the other hand, global value
chains underwent adjustments after 2017, with some countries proposing to shorten
supply chains and achieve more localized production, which made China's trade poli-
cies need to adapt to changes in global supply chains, increasing policy uncertainty.

5 Impulse Response Analysis

5.1 Time-varying Impulse Response Analysis

Fig. 3 and Fig. 4 depict two different impulse response functions in the TVP-VAR
model. Fig. 3 reflects the time series of impulse response formed by a unit standard
positive shock at different lead times. Fig. 4 reflects the impulse response formed by
shocks at the same time point, comparing the time points of March 2003, September
2008, and January 2020. The reasons for selecting these time points are as follows.

[1] The Iraq War (March 2003): The United States launched a war against Iraq, trig-
gering geopolitical tensions in the Middle East, leading to concerns about crude oil
market supply and rising crude oil prices.

[2] The global financial crisis (September 2008): The global financial crisis triggered
by the subprime mortgage crisis led to global economic recession, and the crude oil
price and economic policy uncertainty were also affected accordingly.

[3] COVID-19 epidemic (from January 2020): The outbreak of the COVID-19 epi-
demic led to the shutdown of the global economy, a sharp decline in energy demand,
and the crude oil price and economic policy uncertainty were also affected accordingly.
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5.2  Equal-interval Impulse Response
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Fig. 3. Equal-interval impulse response

::d(P)A — Global O (P)A — China

10 2
Eaiopar’ — China

T
1
10F !
]
[

10 2 0
T — Global T — China

250 Ec;'nM 50- EChina
0.5F i y

I
0 10 20 0 10 20

Fig. 4. Time-point impulse response

The impact of global economic policy uncertainty on China's trade policy uncertainty
is always positive for 2 and 5-period lags, fluctuating around 3 for the 2-period lag and
between 0-1 for the 5-period lag. A 3-period lag shows a consistently negative impact,
around -5 from 2000 to 2008, with an upward trend from 2008 to 2010.

China's trade policy uncertainty impacts international crude oil prices significantly
for a 1-period lag, with negative peaks in 2004 and 2014 and positive peaks in 2005,
2010, and 2018. The 2 and 5-period lags show similar trends but smaller fluctuations,
while the 3-period lag shows an opposite trend.

China's trade policy uncertainty minimally affects global economic policy uncer-
tainty for a S-period lag, fluctuating around zero. The 3-period lag shows a positive
impact from 2000 to 2010 and negative from 2010 to 2018. The 1-period lag impact
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rises steadily from 2000 to 2010, peaking in 2010 and 2014 before declining to zero by
2016.

5.3 Time-point Impulse Response

From Fig. 4, it can be seen that although three pulses were applied at three different
time points, the trend of the impulse response function is generally similar except
for EGlobal T- China, €China T- d(P)

The fluctuation of international crude oil prices responds to global economic policy
uncertainty, reaching its maximum value and gradually decreasing thereafter, with the
pulse response approaching 0 by the 7th period. Although the numerical trends are sim-
ilar for the three different time points of impact, the direction of the lagged effects dif-
fers from the 1st to the Sth period. Similarly, the impact of international crude oil prices
on China's trade policy uncertainty reaches its maximum negative impact, then quickly
rises to its maximum positive impact in the first period, with a value close to 5. This
impact fluctuates around the zero axis until the 6th period, where the pulse response
approaches 0.

Global economic policy uncertainty does not affect international crude oil prices in
the current period!'). The pulse response fluctuation in March 2003 is small, with the
1st period being positive, then declining to reach its maximum negative value by the
3rd period, and approaching 0 by the 6th period. The fluctuation trend in September
2008 is almost the opposite of that in March 2003, reaching its maximum negative value
in the 1st period. The pulse response in January 2020 is large and significantly different
from the previous two time points. This may be because the COVID-19 pandemic in
2020 introduced new mechanisms through which global economic policy uncertainty
affects international crude oil prices and China's trade policy uncertainty. This impact
reaches its maximum positive value in the first period, then declines to its minimum
negative value in the second period, and approaches 0 after the 6th period.

Global economic policy uncertainty affects China's trade policy uncertainty in the
current period, with different impacts at different time points. The fluctuations in Jan-
uary 2020 are similar to those in September 2008 but opposite to those in March 2003.
The pulse response in March 2003 fluctuates positively and negatively from the Oth to
the 6th period, reaching its maximum negative value in the Oth period and its maximum
positive value in the 1st period, while the pulse response in January 2020 is the oppo-
site.

China's trade policy uncertainty has no effect on international crude oil prices in the
Oth period, and there are significant differences at different time points. The trends of
the pulse responses in September 2008 and January 2020 are almost the same, with
larger fluctuations in September 2008, both reaching their maximum positive values in
the 1st period and approaching 0 by the 6th period. The pulse response in March 2003
reaches its maximum negative value in the 2nd period and continues to fluctuate posi-
tively and negatively until stabilizing at 0 by the 9th period. The pulse response trends
of China's trade policy uncertainty to global economic policy uncertainty are almost
identical at the three time points, with maximum negative impacts occurring in the 1st
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period. The difference is that the impact peaks positively in the 2nd period for Septem-
ber 2008, while for March 2003 and January 2020, the impact peaks positively in the
3rd period.

6 Conclusion

To cope with this pressure, the government may adjust trade policies, thereby increas-
ing policy uncertainty. Changes in global economic policies, such as monetary policies
and trade agreements of major economies, can affect China's trade policy uncertainty.
When major adjustments occur in global economic policies, China often needs to adjust
its own trade policies to safeguard its interests, naturally increasing policy uncertainty.
There is a mutual influence between international crude oil prices and global economic
policy uncertainty, and the impact of international crude oil prices on global economic
policy uncertainty exhibits lagged differences.

Based on the main conclusions of the study, this paper proposes economic and trade
policy recommendations to cope with fluctuations in the international oil market, help-
ing China prevent macroeconomic risks from oil price fluctuations, maintain economic
stability, promote trade development, and address global challenges jointly with other
countries.

Strengthen Oil Market Monitoring: Enhance monitoring institutions, improve accu-
racy and timeliness, and track key information such as prices, supply, demand, inven-
tories, and geopolitical factors in real time.

Diversify Energy Supplies: Import energy from multiple countries and regions to
reduce dependence on a single supplier. Flexible supply methods, infrastructure im-
provements, and optimized energy transmission networks can ensure stability and reli-
ability of energy supply.

Increase Domestic Oil Storage: Invest in oil reserve facilities, improve legal frame-
works, and enhance supervision to mobilize and transport oil promptly during emer-
gencies.

Seek International Cooperation: Engage in reforming multilateral trade organiza-
tions, strengthen regional trade cooperation, and promote trade integration. Dialogue
can reduce misunderstandings, enhance trust, and foster sustainable and inclusive
global trade growth.
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