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A B S T R A C T

The turbulent world situation is an urgent crisis in energy trade and may exacerbate regional energy tensions.
This paper measures the links between geopolitical risks (GPR), economic policy uncertainties (EPU) and energy
import (EI) from 2005:M3 to 2023:M3. We use the Wavelet-Based quantile-on-quantile (QQ) approach based on
China’s import statistics for the first time. The results show that both GPR and EPU are important factors
affecting EI. We confirm the negative impact of GPR and EPU on EI in the short term, while EI tends to recover in
the long run. The result is consistent with the theoretical mechanism that reflects the interrelationship between
external uncertainties and EI. As a result, the government should advance diversified energy access options,
timely adjustment of energy policies to respond to crises, increase energy reserves and actively undertake energy
innovation to reduce external energy dependence.

1. Introduction

A reliable and sustainable energy supply is essential for economic
prosperity and national security, but many countries must maintain
their national economy through EI because of the uneven distribution of
natural resources [1,2]. It is worth noting that many major
energy-producing countries, such as the Middle East, face volatile
geopolitical situations [2]. Geopolitical unrest and increased EPU are
considered factors that may have significant adverse effects on the
economy and trade [3,4]. In recent years, regional conflicts have been
taking place involving energy as a powerful political tool and threat-
ening resource-poor countries’ security [5]. The unstable factor in-
creases the danger of supply disruptions for energy and propels this
problem to ascend to influential political agenda [6–8]. Nowadays,
greater emphasis must be placed on energy trade security to counter the
effects of world instability [9–14]. On this basis, the United Nations
Conference on Trade and Development repeatedly focuses on the energy
difficulties that GPR may bring. The Russia-Ukraine conflict outbreak

2022 raised global GPR to unprecedented levels [15]. The surge in GPR
has exacerbated EPU [16]. This uncertainty represents changes in policy
uncertainties related to the economy and is considered one of the in-
fluence factors of the market [17]. For GPR, it includes any tensions
between the countries and political actors, which can impact the peace
process in international relations [18]. Because it may be an essential
element affecting the global energy supply chain and the security of
energy-importing countries, it is necessary to explore how GPR in-
fluences EI [19,20].

GPR usually accompanies EPU, and both are considered external
uncertainties when studying the energy market, they are important
factors that may have an impact on EI [21–23]. On the one hand, EPU
can influence market entities’ trade decisions in the process of energy
trade, which may raise the negative elements of regional EI [23].
Simultaneously, the increase in EPU impacts investment and income, as
well as inflation and exchange rate swings, resulting in a significant
negative impact on primary commodities’ import demand [24–28].
Although most studies believe that GPR and EPU can suppress energy
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trade [29–31], some researchers assume that an increase in EPU can
deepen reliance on imported goods in the short term, resulting in pro-
moting EI [24]. In addition, the relationship between uncertainties and
energy markets is not static but varies over different periods [32,33].
Considering the important impacts of external uncertainties on energy
acquisition and the unclear process of this influence, it is necessary to
further research the effects of GPR and EPU on EI.

According to the National Bureau of Statistics of China, this region is
the world’s second largest economy and the country with the highest
industrial added value. China requires a significant amount of energy
resources [34], which must be imported to meet the demands of the
huge industrial scale in situations where self-sufficiency is not possible
[35–38]. In 2018, 2.64 billion tons of oil equivalent1 energy were pro-
duced in this region, but 3.27 billion tons of oil equivalent were
consumed in the same year; energy imports account for 19 % of overall
consumption, the share of imports is higher for some essential resources,
such as crude oil and natural gas, which account for 71 % and 43 %
respectively [35]. Given the country’s dependence on overseas energy
sources, it is necessary to closely monitor the impact of external un-
certainties on EI to ensure security of supply. Therefore, the Chinese
government attaches great importance to stable geopolitical ecology and
has taken corresponding actions2 [39,40]. Ensuring a secure energy
supply from overseas has long been an important agenda for China’s
development. However, the impact of external uncertainty on EI is still
inconclusive, and therefore, the paper’s primary purpose is to evaluate
this process and draw a comprehensive conclusion.

This article has proposed several contributions. First, we focus on the
perspective of EI rather than international energy prices, which reflects
the energy access situation in a region more specifically and provides
effective policy recommendations [23,30,41,42]. Unlike earlier studies
that concentrate on a particular energy product such as crude oil or
natural gas [43], in this respect, we focus on the total EI, which is rep-
resented by the 27th category of Harmonized System (HS) code, usually
be named by HS27, based on China customs statistics [7,44]. This index
includes mineral fuels, mineral oils and products of their distillation,
bituminous substances, and mineral waxes; it can usually be used to
depict the EI of a region [31,45]. Simultaneously, we control the impact
of manufacturing growth on EI besides the exchange rate; this allows us
to exclude these factors affecting EI and make the result more relevant to
China’s situation. Finally, most of the past literature has not discussed
the relevance of external uncertainty to EI in different time scales. We
test the heterogeneity on the short-, medium- and long-term effects of
external uncertainty on EI by using the wavelet-based quanti-
le-on-quantile approach so that we can remedy the deficiency and study
the subject in greater depth. Our research explains how external un-
certainty affects China’s overseas energy supply situation against the
backdrop of high EI dependency. This has certain reference significance
for the government’s EI policy formulation. Simultaneously, it helps
enterprises avoid risks and reduce the losses caused by external
uncertainties.

The rest of this paper is arranged as follows: In the second part, we
comb the relevant literature and clarify the influence mechanism be-
tween external uncertainty and EI. The third part is about materials and
methods. In this paper, we introduce the selection, sources, and trends of
the data, as well as the research method and process. The fourth part
expounds the empirical results and discusses them. In the last part, we
explain the conclusion of this paper and put forward the relevant policy
recommendations and shortcomings.

2. Literature review

External uncertainty brings significant challenges to the EI. How-
ever, there are relatively few studies on the direct relationship between
uncertainty risk and EI, and more literature focuses on indirect factors
that may affect EI, such as energy price and consumption. Accordingly,
the second section is divided into two parts. They each describe the
relationship among GPR, EPU and the broader energy system.

2.1. GPR and energy system nexus

GPR is a significant economic influencer and an important force
affecting global energy supply chains [18,46]. In this context, Li et al.
[31] discover that GPR negatively impacts energy trade, with the
inhibitory effect on exports being more significant than that on imports.
Some studies emphasise market prices. Bouoiyour et al. [6] demonstrate
that GPR influences the international oil price, an essential factor
affecting EI. Ivanovski et al. [33] verify that the link between GPR and
oil prices is time-varying. Transport is also a necessary part of the energy
supply chain. Michail et al. [47] prove that GPR can raise the cost of
transportation of liquefied natural gas and liquefied petroleum gas.
Khan et al. [30] confirm that when geopolitical conflicts occur, the
freight rate of marine trade can affect the energy supply chain. Mean-
while, the geopolitical tensions may result in trade sanctions. Zheng
et al. [48] argue that these sanctions have a significant impact on Rus-
sia’s energy supplies to other countries, with the crude oil trade having
the most considerable potential impact, the natural gas trade having the
largest direct losses, and the coal trade having the smallest impact. De
Rosa et al. [8] conclude that geopolitical turbulence is a significant
element posing a threat to the EU’s energy supply and security.
Furthermore, Umar et al. [11] propose that GPR can impact clean energy
commerce in addition to traditional energy sources. Notably, some
literature suggests unusual viewpoints. Zhao et al. [49] find that even if
geopolitical turmoil leads to a decrease in energy consumption, the ease
of the geopolitical situation may also bring about the same result in
some developing countries. Yang et al. [50] believe that the impact of
GPR on the commodity market is mainly in the short term. Similarly,
Barbieri et al. [51] argue that GPR doesn’t affect the flow of goods in
international trade in the long term, indicating that the impact of war on
trade may be short-lived. Zhao [52] discusses the influence of the GPR
on the prices of natural resources and finds that this impact is mainly
concentrated in the short term.

Some literature explores GPR and China’s energy issues, which has
caused a significant energy dilemma [35]. Zhang et al. [53] believe that
geopolitical conflict is an essential unstable factor, and reducing
dependence on external energy can avoid this impact. Gong et al. [7]
argue that the GPR can influence EI and create an energy security issue.
Similarly, Wang et al. [2] also raise the negative impact of GPR on
China’s overseas oil guarantee. Wang et al. [36] point out that when
geopolitical events occur in oil-exporting countries, the crude oil supply
chain may be disrupted, affecting the production and operation of
relevant Chinese enterprises. Nevertheless, some literature still presents
different conclusions. Zheng et al. [48] examine the influence of the
conflict between Russia and Ukraine; it is believed that China may
receive more energy under Western sanctions on Russian energy trade.
Wang et al. [54] find that the Russia-Ukraine conflict increases risk
spillovers between different markets of this area, including the energy
market, but this effect is weak in the long run.

2.2. EPU and energy system nexus

Unstable economic policies, an essential external uncertainty factor,
often impact energy markets [22,55,56]. Therefore, Sharma et al. [24]
discover that in the long run, EPU considerably lowers the primary
product imports of Indian, including energy items. Furthermore, in
terms of market price, Yang [57] confirms the impact of EPU on oil

1 The unit of energy amounts, which is calculated according to the calorific
value of standard oil.
2 For example, China has formed an energy-reliance relationship with nations

along the Belt and Road. These countries’ energy reserves have reached 52.27
% of the world, equivalent to 758.73 billion tons of standard coal.
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market price levels. Similarly, Ahmed et al. [58] investigate the reaction
of commodities trade markets to EPU and hold that it can influence the
West Texas Intermediate (WTI) crude oil spot price, which serves as the
pricing benchmark for the crude oil trading market. Some studies focus
on market conditions. Yang et al. [59] argue that stabilising EPU can
reduce systemic risks in the international crude oil market, which may
significantly impact EI. Chronopoulos et al. (2016) argue that the EPU
leads to downsizing projects related to renewable energy. However, the
view that EPU negatively affects the energy market is not always
accepted. Jalal et al. [43] conclude that EPU has a long-term positive
impact on crude oil imports in India. Sharma et al. [24] prove that In-
dia’s imports of primary commodities, including energy items, have
increased in the short term due to the EPU. Mohideen et al. [60] consider
the coronavirus disease 2019 (COVID-19) epidemic, an extreme eco-
nomic event, leads to a 1.5 % increase in demand for renewable energy.
Meanwhile, Li et al. (2023) believe that EPUmay lead to a positive effect
on non-renewable energy consumption for most of the time.

There is also some literature about the relationship between EPU and
EI of China. Cheng et al. [61] suggest extreme economic events, such as
the Sino-U.S. trade war, have impacted the energy market. When
considering the impact of trade policies, Song et al. [23] hold that EPU
can affect this country’s unit crude oil import cost, meanwhile, GPR and
EPU have significant asymmetry in this process. In the study of trade
restrictions, Wang et al. [54] find that it has reduced this area’s energy
consumption demand. High levels of EPU often suppress energy trade,
while stable economic policies can promote EI. Zhao et al. [39] inves-
tigate the situation of China’s resource purchase from countries under
the Belt and Road policy and believe that it has significantly increased EI
under this framework. Nevertheless, some literature suggests unusual
conclusions. Li et al. [62] researched China’s resource use during the
financial crisis and found that its energy demand increased during this
period. Li et al. [63] consider that the increase in EPU can lead to an
expansion of traditional energy consumption by domestic enterprises.
Yang et al. [64] propose that reducing EPU leads to decreased energy
intensity,3 which may be related to technological progress.

It can be seen that current researchers have paid attention to indirect
factors on this topic, such as energy prices, transportation, and trade
sanctions, while direct studies on EI are relatively scarce. Most of the
literature points to the damaging effects of GPR on energy supplies, but a
few studies suggest that there is only weak evidence of this relationship,
and there is a lack of long-term connection between them. Compared
with GPR, it seems that more literature has proposed the potential
positive impact of EPU on the energy market. However, few direct
studies still exist on the relationship between EPU and EI. Therefore,
further examination is needed to reflect EI changes in a region accu-
rately. Simultaneously, existing literature often fails to explain GPR and
EPU’s effects on EI under different market conditions and time scales.
Therefore, we employ a wavelet-based quantile-on-quantile approach to
research correlation among GPR, EPU and EI under different perspec-
tives. This allows us to answer further how external uncertainty affects
EI.

3. The interaction mechanism between external uncertainty and
EI

In order to introduce the impact of GPR and EPU on EI, we consider
GPR and EPU as external uncertainties and further explore their inter-
action mechanisms [23]. The influence mechanism is shown in Fig. 1.
GPR and EPU may affect energy imports in the following ways. At first,
as part of international business, energy trade is essential in redis-
tributing natural resources and maintaining global economic operations;
external uncertainties may affect the supply and requirement in this
market [41,65]. Furthermore, as a widely investment target, energy

prices are shocked by hot money [66]. External unpredictable factors
can influence energy prices via financial markets [67].

First, rising GPR and increasing global EPU can cause changes in the
supply of energy-exporting countries and influence the international
energy supply chain, leading to variations in energy prices and an
impact on energy imports [30,41,68,69]. Second, external uncertainty
can shock the total demand of economies and affect corporate
decision-making. The rise in geopolitical risks and frequent changes in
economic policies may result in sharp variations in energy prices and an
increase in trade risks. Evidence shows that when external uncertainty
rises, overall demand falls, negatively affecting economic activity [41].
Simultaneously, if the external uncertainty increases, firms may need to
alter their operations to ensure output, resulting in changes in the pre-
ventative demand for energy. This may also cause changes in energy
prices and impact imports [23]. Furthermore, because energy is a sig-
nificant investment objective, an increase in external uncertainty can
influence multinational investors’ decisions, affecting energy prices,
which can impact imports [70,71].

Blomberg et al. [72] and Chen et al. [73] propose the Law of one
price theory and the asset price theory, respectively, which shows that
the exchange rate (ER) can also affect EI, it is expected to consider
changes in the exchange rate against the U.S. dollar when analysing
energy imports [43]. Meanwhile, manufacturing is the core component
of China’s economy and is frequently mentioned in energy-related
research [74,75]. When studying the relationship between external
uncertainty and EI, we consider the influence of exchange rate fluctu-
ations and manufacturing industry growth. We add the RMB to the USD
exchange rate and China’s manufacturing Purchasing Managers’ Index
(PMI) as control variables, which reflect the variation of the exchange
rate level of the RMB to USD and the growth of China’s domestic
manufacturing industry, respectively.

4. Methodology

4.1. The quantile-on-quantile approach

Sim and Zhou [76] propose the quantile-on-quantile (QQ) regres-
sion; we use it in this paper to assess the relationship among GPR, EPU
and EI. This approach, which integrates nonparametric estimation and
standard quantile regression techniques, has improved traditional
quantile regression. It allows correlations of the independent and
dependent variables to be assessed at different quantiles, thus providing
a broader and more accurate understanding of the relation of the vari-
ables in various circumstances [77,78]. The following non-parametric
quantile regression equation is used to start the model we construct:

EIt = βθUt− 1 + utθ (1)

where EIt can be used to describe the overall situation regarding im-
ported energy at t period, Ut can be related to GPR and EPU at the time t.
The conditional distribution of the θth quantile is EIt , can be depicted as
θ. Furthermore, utθ is the error term which conditional θth quantile is
equal to zero. Simultaneously, βθ (•) is defined as a non-identified
function because of its prior information of relationship connecting EIt
and Ut is absence. Therefore, we first linearise βθ (•) by a Taylor
expansion of first order on the Ut in order to get the equation below:

βθ(Ut− 1)= βθ(U) + βθʹ
(U)(Ut− 1 − Ut) (2)

Partial derivatives of βθ(U) with respect to U are depicted by βθʹ.
Nevertheless, this approach reflects a related stretch of the slope
parameter in the linear regression model. Furthermore, θ and τ are
treated as double indexed in Equation (2), these parameters are pre-
sented by βθ(U) and βθʹ

(U). With this in mind, βθ(U) and βθʹ
(U) are

confirmed as the β(θ, τ) and β1(θ, τ) which stand for functions of θ and τ.
As a result, βθ(U) is represented as shown below:

3 Energy intensity refers to the ratio of energy use to economic output.
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βθ(Ut− 1)= β0(θ, τ) + β1(θ, τ)(Ut− 1 − Uτ) (3)

Then, we use Equation (3) to replace βθ(U) in Equation (1), in order
to achieve the following formula:

EIt = β0(θ, τ) + β1(θ, τ)(Ut− 1 − Uτ)
⏟̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅⏞⏞̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅⏟

(∗)

+ uθ
t (4)

Because the β0 and β1 are subject to θ and τ, respectively, we can
measure the correlation between the two variables at each quantile. The
pt− 1 and pt need to be substitute for p̂t− 1 and p̂t to establish Equation (4).
Therefore, the estimation of the coefficients d0 and d1 can be solved by
the minimisation problem:

minb0 ,b1
∑n

i=1
ρθ[EIl − d0 − d1(Ût− 1 − Ûτ)] ×K

(
Fn(Ûτ) − τ

h

)

(5)

the function of quantile loss is represented by ρθ(p), there are ρθ(p) =
p(θ− D(p< 0)). The D stand to functions as a regular indicator. More-
over, K( ⋅) is represented to the Gaussian kernel, and h denotes band-
width. According to Sim and Zhou [76], we employ h = 0.05 as the most
suitable in our research.

4.2. The wavelet analysis approach

The QQ method can be combined with wavelet decomposition to
improve and perfect our intrinsic conclusion [79]. It can record the in-
formation in connection with certain periods and positions in the
time-varying data [80]. It enables us to handle the nonstationary time
series. Therefore, we construct the dualistic wavelet and transform two
specific functions as shown below:
∫ ϕ

(t)dt = 1 (6)

∫ ψ
(t)dt=0 (7)

ϕ covers low-frequency sections of the series and ψ related to high fre-
quency sections. According to the above equation, the resulting wavelet
can be indicated as shown below:

ϕm,n(t) = 2m/2ϕ(2mt − n) (8)

ψm,n(t)=2m/2ψ(2mt − n) (9)

where m = 1,…,M is related to scale, n = 1,…,2m is related to subse-
quent translation. The max scales are limited by the size of sample that is
T ≥ 2m. The integration of the two methods allows testing the effect of
one variable on another variable at various periods and their respective
different quantiles. Therefore, we can obtain complete and strict results.

5. Data

We employ the monthly data from 2005:M3 to 2023:M3 to test how
external uncertainty impacts energy imports (EI). 2005:M3 is the first
month of the official implementation of the Kyoto Protocol, which has
profoundly affected the world’s energy markets [81]. The Chinese
government reformed its exchange rate (ER) system in the same year,
completing the transition from fixed to floating. That allows ER to
capture market factors and enable us to analyse its impact on the energy
market [82]. Chinese EI has increased nearly tenfold since 2005:M3, and
its energy security has attracted increasing attention as the economy
rapidly expands [35,37].

Fig. 2 depicts the trends in Geopolitical risks (GPR) and Economic
policy uncertainty (EPU). We can find the world has experienced many
uncertainties; the GPR is stable before the Russia-Ukraine conflict, while
the EPU tends to show an increasing trend. Geopolitical unrest in the
Middle East, such as the Arab Spring in 2011, shocks the region’s energy
exports [83]. The war in Libya leads to the destruction of energy
extraction facilities and almost halts oil production [84]. Uncertainty in
Eastern Europe increased with the Ukrainian crisis in 2014. The
outbreak of the Russian-Ukrainian war in 2022 pushed the GPR index to
its highest level, with the region having long been a significant global
exporter of natural gas [15]. In addition to geopolitical conflicts, eco-
nomic upheaval can also affect energy markets and drive up EPUs. The
global financial crisis exacerbated volatility in energy markets in 2008
[85]. The UK Brexit bill passed in 2016 means a renegotiation of energy
and climate policy between Britain and the European Union; this leads
to increased uncertainty in the energy markets of the associated coun-
tries [86]. US-Iran relations were strained in 2017. The following year,
the United States announced a new round of sanctions, including re-
strictions on the transport and trade of their energy resources [87]. The
Sino-U.S. trade war that began in 2018 has been proven to have a
negative impact on energy trade; this has also resulted in a significant
rise in EPU [31]. On the other hand, the COVID-19 epidemic in 2020 has
suppressed global enterprise energy demand and the EPU peaked during
this period as well [88].

Regarding China’s EI, we use the HS27, which includes mineral fuels,

Fig. 1. The impact mechanism of external uncertainty on energy imports.
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oils and products of their distillation, bituminous substances, and min-
eral waxes; the unit is one thousand dollars. This index can reflect a
country’s overall EI level [31,45]. This part of the data comes from the
CSMAR database; it reprinted the statistical data reported by Chinese
customs and provided monthly EI sequences under the HS27 code.
Furthermore, to assess the geopolitical situation, we use the GPR index
developed by Caldara and Iacoviello [89], which covers terrorist attacks,
wars, and international tensions affecting international relations [1,6].
We use the EPU indicator constructed by Baker et al. [17] to represent
uncertainties of global economy policies, which has a significant dy-
namic relationship with actual macroeconomic events and is closely
linked to international energy trading markets [1,32]. The GPR and EPU
data come from economic policy4 uncertainty websites. Simultaneously,
we employ the ER of the RMB to USD and the purchase management
index (PMI) of China’s manufacturing industry as control variables;
these two indicators are frequently employed in energy market analyses
[43,75]. The data on ER comes from the Yingwei Caiqing financial in-
formation portal,5 and the data on China’s manufacturing PMI comes
from the National Bureau of Statistics6 of China.

According to the descriptive statistics in Table 1, the average values
of EI, GPR, EPU, ER and PMI are concentrated at 21110619, 96.025,
159.21, 6.798 and 51.426, respectively. A positive skewness indicates
EI, GPR, ER and EPU follow a right-skewed distribution. However, a
negative skewness indicates PMI follows a left-skewed distribution. Due
to the kurtosis of EI being smaller than 3, they conform to platykurtic
distribution, while the kurtosis of GPR, EPU, ER and PMI is greater than
3, which means they comply with leptokurtic distributions. In addition,
the results of the Jarque-Bera test indicate that EI, GPR, EPU, ER and
PMI are non-normally distributed at the confidence level of 1 %.

To reduce the impact of heteroscedasticity, we perform logarithmic
processing on the EI, GPR and EPU data. We observe the raw data and
perform wavelet decomposition7 to GPR and EPU. The result of wavelet
decomposition is shown in Figs. 3 and 4. This process can eliminate
signal noise and decompose the GPR and EPU into short- medium- and
long-term, which allows the testing of the results for different lengths of
time and drawing robust conclusions separately [77]. In the empirical
part, we study the original sequences of GPR and EPU and the sequences
after wavelet decomposition, and examine the relationship between
them and EI. At the same time, we use the QQ method. Therefore, the
comprehensive relationship between the variables can be discussed.
Finally, we compare the results of QQ and quantile regression, and this
robustness test method helps us improve the conclusion’s reliability.

6. Empirical results

We can measure the comprehensive relationship among the quantile

Fig. 2. The trends of GPR and GP.

Table 1
Descriptive statistics for EI, GPR, EPU, ER and PMI.

EI GPR EPU ER PMI

Observations 217 217 217 217 217
Mean 21110619 96.025 159.21 6.798 51.426
Median 20506513 90.37 141.623 6.724 51.1
Maximum 48898861 325.42 430.349 8.277 59.2
Minimum 4889837 60.6 48.875 6.054 35.7
Standard
Deviation

10324699 27.248 78.039 0.555 2.736

Skewness 0.508 3.705 0.861 1.079 − 1.005
Kurtosis 2.919 27.062 3.143 3.463 10.2
Jarque-Bera 9.41a 5731.246a 26.976a 44.065a 505.183a

Note.
a Denote significance at the 1 % levels.

4 The information about GPR and EPU can be obtained at the website
(http://policyuncertainty.com/).
5 The data of ER comes from the website (https://cn.investing.com/).
6 The data of PMI comes from the website (https://www.stats.gov.cn/).

7 The GPR and EPU indexes are decomposed into three distinct frequencies
using wavelet decomposition methodology, which is 2–4, 8–16, and 32–64,
representing the short-, medium-, and long-term, respectively.
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of GPR, EPU and EI based on Equation (4), in which the terms of
intercept, β1 (τ, θ) and β0 (τ, θ) can be defined by two primary param-
eters. Variations in all factors are related to different GPR, EPU and EI
values because they are functions that include the θ and the τ. We
evaluate the original time series and the data after the wavelet de-
composes based on the QQ method referred to above. Z-axis values
identify the impact of GPR and EPU on EI at each quantile with different
coefficients. It confirms that the correlation between EI and other
influencing factors changes in different time scales. Simultaneously, the
resulting robustness can be tested by comparing quantile regression and

QQ. We average the parameters of QQ, as 1yβ
∧

1(ϕ, τ) shown, where y is the
value of the quantile, and this operation makes the results of QQ can be
compared to the quantile regression [90]. This part of the results will be
described later. Due to the influence of noise, the results of the two test
methods may slightly differ. Furthermore, in order to obtain a

comprehensive conclusion, we add the ER and PMI as control variables,
respectively.8

Fig. 5(a) depicts the effect of GPR on EI in raw data. Lower quantiles
are frequently associated with lower values, and the reverse is also true
[91]. The results demonstrate that GPR can lower China’s overall energy
imports, particularly at the mid to high quantiles (0.6–1). This result is
in line with the above theoretical mechanism, which means that, on the
whole, the more intense geopolitical crisis has a more obvious inhibitory
effect on EI. The raw data cannot clearly represent the link between the
two variables. We employ Wavelet decomposition to divide the GPR
time series into short, medium, and long terms, Fig. 5(b–d) shows the
relationship between processed GPR and EI. Fig. 5(b) shows the impact
of short-term GPR on EI. The middle and high quantiles of GPR (0.3–0.4,
0.5–0.6, 0.7–0.8) have an almost overall negative effect on EI. This
means that GPR, to a high degree, has an inhibitory effect on EI. A
growth in GPR can explain why this has an increasing impact on energy

Fig. 3. Time series of GPR that proceeds wavelet decomposition. Fig. 4. Time series of EPU that proceeds wavelet decomposition.

8 The results are very close after control variables are added, due to space
constraints, we do not show the results after adding ER and PMI.
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production, international transportation, and the import demand of
energy-importing countries, resulting in a decrease in energy imports
[23]. This result is in line with the interaction mechanism of the impact
of external uncertainty on energy imports. The issue can be explained
from an energy supply perspective. Libya is an important energy partner
for China; however, its crude oil production suffered a setback during
the war in 2011 [92]. According to the Organization of the Petroleum
Exporting Countries (OPEC) figures, before January 2011, Libya’s crude
oil production was 1.6 million barrels per day, but as a result of the war,
production plummeted from 375,000 barrels per day in March to only
7000 barrels per day in July. Almost simultaneously, international crude
oil prices skyrocket, and the price of natural gas also increases signifi-
cantly in the short term; this has seriously affected China’s EI [23,93,
94]. Similarly, the Russia-Ukraine conflict in 2022 has a significant
impact on Russia’s natural gas exports, while it supplies 19 % of the
world’s natural gas as a prominent natural gas exporter, this geopolitical
conflict also brings changes to China’s EI [15]. Furthermore, the
mid-term conclusion shown in Fig. 5(c) cannot detect a significant
negative impact of GPR on EI, and the long-term demonstrated by Fig. 5

(d) also confirms that GPR has only a short-term impact on EI. This
conclusion coincides with the viewpoint of Yang et al. [50] and Zhao
[52], which only supports the short-term effect of external uncertainty
on energy markets. In the long run, with the implementation of the
market stability policy, the market is adjusted, and with the develop-
ment of financial market confidence, market attitude is alleviated, so
import demand should increase [23]. Similarly, Li et al. [31] examine
the effect of GPR on energy trade in samples of emerging economies,
including China, and think that the inhibitory impact of geopolitical
risks on energy imports in emerging economies can disappear within
approximately 12–13 months. The above conclusion also demonstrates
the reliability of our view.

We can verify the robustness of the conclusion by comparing the
results of QQ with quantile regression, as shown in Fig. 6(a–d). This
indicates that the results of the two methods are very similar, which
reflects that our results are robust. Even if we cannot detect the long-
term negative impact of GPR on EI because geopolitical conflicts are a
negative factor in energy production and transportation and affect en-
ergy demand in various ways, GPR has a significant negative impact on

Fig. 5. The coefficients between GPR and EI (The z-axis represents the influence coefficient).
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EI in the short term. After controlling for the effects of ER and PMI
separately, we obtain consistent conclusions supported by the influence
mechanism of external uncertainty on energy imports.

EPU is indispensable in international energy trade and is crucial for
EI. Fig. 7(a) depicts the effect of raw data EPU on EI. However, Fig. 7(a)
shows a constantly changing trend. The analysis of the original data
shows that the relationship between EPU and EI presents different
characteristics in different periods. This conclusion can be accepted, and
some studies have shown that the relationship between EPU and the
energy market is time-varying [32,95]. In order to verify the relation-
ship between them more fully, we further analyse the results after
wavelet decomposition. The influence of short-term EPU on EI is
depicted in Fig. 7(b), and we discover that EPU in higher quantiles
(0.75–0.9) negatively affects EI during the whole period. The short-term
findings document a significant suppression of China’s EI under dra-
matic EPU. Similar results appeared in the medium term depicted in
Fig. 7(c); we can still see the negative impact of EPU in higher quantiles
(0.65–0.7, 0.8–1) on the overall EI (0–1). The above results are
reasonable because the EPU’s influences on the international trade
participant’s decisions and possible impacts on currency and inflation
rates it is commonly viewed as a significant source of uncertainty in
international trade [4,23,24]. Because high quantiles often represent the
trend of worsening EPU, the results also indicate that energy imports
have been significantly suppressed under high EPU. In this regard, Wang
et al. [54] confirm that EPU has overall reduced China’s energy con-
sumption; this allows us to explain this phenomenon from a demand
perspective through the theoretical mechanisms above mentioned. The
extreme EPU affects the socio-economic operation, reduces enterprises’
energy demand, and decreases EI. The Sino-U.S. trade war occurred in
2018, with both sides resorting to tariff penalties and significantly
increasing EPU. That is believed to have caused a shock in China’s en-
ergy imports, which coincides with our result [31]. However, in the
long-term impact shown by Fig. 7(d), we observe fluctuations on the

high quantile (0.7–1). We discover an overall positive effect of EPU on EI
at the high quantile of EPU (0.8–1). There is no evidence of negative
effects of EPU on EI. This result is different from Sharma et al. [24],
which supports the long-term negative impact of EPU on trade. Song
et al. [23] support the conclusion to a certain extent when examining
China’s energy import costs; in contrast to the short to medium-term
situation, economic policymakers and market participants generally
make corresponding adjustments to adapt to the market in the long run.
Similarly, Jalal et al. [43] also embrace the view that expanding eco-
nomic and monetary policies leads to the long-term positive impact of
EPU on EI; for example, the economic stimulus policies after the finan-
cial crisis led to an increase in energy imports. In this regard, favourable
economic policies enhance EI and improve energy security, and imple-
menting China’s Belt and Road policy may help ease its dilemma [96]. In
2015, China imported 4372.1 million tons of standard coal from coun-
tries along "the Belt and Road", and the level of guarantee provided by
these countries for China’s energy security was 58.42 % [39].

Fig. 8(a–d) describes the comparison results of QQ and quantile
regression, proving our results are robust. The results reveal that EPU
can suppress EI in the short and medium term and tends to play a role in
the high quantile while it may have a long-term positive impact on
China’s EI. After adding ER and PMI, respectively, our conclusions
remain unchanged. Compared with GPR, EPU has a longer effect and is
more inclined to shock the EI in extreme events such as the Sino-U.S.
trade war, but the results for both groups of variables deny their long-
term negative impact on the EI of China. In summary, we have drawn
a more comprehensive conclusion since we have separately considered
the relationship among GPR, EPU and EI in different quantiles and over
different periods. Meanwhile, this result has a higher reference value
and practical significance because we focus on the real energy access
situation. The above results verify the harm of external uncertainty to
energy supply and further prove the positive impact of appropriate
policy adjustments on EI, which helps to maintain China’s energy

Fig. 6. Quantile Regression (the black line) and QQ estimates (the red line) between GPR and EI.
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security by preventing and resolving major risks and responding effec-
tively to external environmental changes [54,97].

7. Conclusions and policy implications

7.1. Conclusions

In the past, although there was a lot of literature concerned about the
energy market, they mainly studied indirect factors such as price that
may affect EI, while direct studies on the relationship between uncer-
tainty risk and EI were relatively lacking. Moreover, their exact rela-
tionship is difficult to judge due to the lack of evidence of the connection
between the two in different time periods and time domains. Therefore,
we first use wavelet decomposition to decompose the GPR and EPU into
short-, medium- and long-term series, respectively, and then use
quantile-on-quantile regression to explore their specific connections. We
find that both GPR and EPU can reduce EI to a certain extent, which is
consistent with the interaction mechanism of external uncertainties and
energy imports. However, from the perspective of different periods, EPU
not only inhibits EI in the short term but also has a significant inhibitory
effect in the medium term, so the negative effects of EPU on EI may be
longer than GPR. As the time scale lengthens, in the long run, EPU

positively impacts EI, which is consistent with Jalal et al. [43] and Song
et al. [23], that support EI can rise with market and policy adjustments.
In addition, the impact of EPU on EI is mainly concentrated in the high
quantile, which confirms the effects of extreme events on EI.

7.2. Policy implications

In light of the above results, the following implications are presented.
Firstly, China should take the Belt and Road policy as an opportunity to
deepen energy cooperation with countries under this framework and
build a diversified overseas energy procurement system. Secondly, as
extreme events can have a significant adverse impact on EI in the short
term, the Chinese government should increase its energy emergency
reserves and improve its ability to respond to emergencies. Thirdly,
national energy sectors should establish long-term energy cooperation
with relevant countries to reduce uncertainty, and the government must
adjust its strategy promptly when problems arise in the energy market.
Fourthly, the country should develop its energy to alleviate the energy
dilemma, especially in the oil and gas field, as external uncertainty can
be transmitted from changes in overseas energy production to EI [98].

Fig. 7. The coefficients between EPU and EI (The z-axis represents the influence coefficient).
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7.3. Limitations and future directions

This paper has some shortcomings that need to be remedied in future
studies. Firstly, we have neglected to distinguish between fossil and
renewable energy sources, which may lead to heterogeneous results due
to the differences in their endowment qualities. In addition, this study
can be extended to a larger number of countries to reveal differences in
the response to external uncertainty across different types of countries.
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