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The effect of US economic policy uncertainty on market
risk of international crude oil and the portfolio strategy
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aResearch Center for Geological Resource Economics and Management, East China University of
Technology, Nanchang, China; bSchool of Economics and Management, East China University of
Technology, Nanchang, China

ABSTRACT
The paper investigates the impact of US economic policy uncer-
tainty (EPU) on major crude oil markets. GARCH-tDDC-Copula
model is constructed to study the spillover effect of US EPU on
the international crude oil market risk, and then the median-
CoVaR portfolio model is constructed to discuss the optimal port-
folio strategy of crude oil importers when US EPU is in different
states. Results show that the spillover effect of US EPU on inter-
national crude oil market risk is nonlinear, asymmetric and time-
varying. When US EPU increases from the average level to the
0.95 quantile level, the price reduction risk of crude oil market in
Brent, Dubai and Western Texas increases by 37.26%, 42.66%, and
39.28% respectively, and the price increase risk increases by
7.22%, 6.64%, and 7.53% respectively. Compared with the
median-VaR portfolio strategy and the equal-weight combination
portfolio strategy, the advantage of the median-CoVaR model is
that it can achieve ‘targeted’ management for asset risk under
specific conditions. When US EPU peak occurs, crude oil importers
can formulate a basket price strategies with dynamic weighted
based on the median-CoVaR model, which can better reduce the
depreciation risk of crude oil assets. The findings have important
implications for importers and investors.
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1. Introduction

Oil is not only a commodity, but also an indispensable strategic resource for national
survival and development, which plays an immeasurable role in ensuring the national
economic and social development as well as defence security. Statistical Bulletin of
National Economic and Social Development in 2019 issued by the National Bureau of
statistics shows that, China’s imports of crude oil and refined oil reached 1.78 trillion,
which include 1.66 trillion crude oil imports, accounting for 11.7% of the total
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imports of goods in that year. In addition, according to the blue book of China’s oil
and gas industry development analysis and Outlook report (2019–2020) released by the
China Petroleum Enterprise Association, China’s crude oil imports in 2019 were
505.72 million tons, with an average daily import volume of 10 million barrels, which
increased by 9.5% over 2018. The foreign dependence of oil has reached 70.8%. In
this context, the huge amount of crude oil import may enlarge an unremarkable fluc-
tuation in the international market into a huge economic loss, just like the butter-
fly effect.

Since the decoupling of the US dollar from gold, the international oil settlement
agreements signed among the United States and major oil producing countries has
made the US dollar the designated currency for oil trading. The correlation between
oil and the US dollar makes exchange rate risk of the US dollar affect the inter-
national oil market. After major events such as the Financial Crisis and the global
outbreak of COVID-19, the US economic policy tends to change dramatically,
which are passed on to the international oil market through petrodollars.
Specifically, after the September 11 Attacks in 2001, the US EPU rose from 84 in
August to 173 in October, and the crude oil prices of Brent, Dubai and West Texas
fell by 19.81%, 18.45% and 13.33% respectively; After the outbreak of the financial
crisis, the US EPU rose from 96 in August 2008 to 190 in October, and the market
prices of the three major crude oil fell by 26.47%, 28.50%, and 26.66% respectively;
After the global outbreak of the COVID-19, the US EPU rose from 156 in February
2020 to 284 in March, and the market prices of the three major crude oils fell by
40.05%, 38.09% and 40.96% respectively. The WTI crude oil 2005 contract even set-
tled at -$37.63/BBL.

EPU serves as an important factor in asset pricing and macroeconomic forecasting.
This indicator may be a good predictor of recessions (Balcilar et al., 2016). Although
the fluctuation of international oil prices cannot be completely attributed to the EPU,
existing literature shows that EPU is an important observable factor affecting inter-
national oil prices (Albulescu et al., 2019), and EPU can improve the prediction
accuracy of the model on the volatility of the crude oil market (Ma et al., 2018;
Christou et al., 2018). Increased economic policy certainty will reduce systemic risk
in the oil market. EPU is economically significant in determining systemic risk, and
less disagreement in economic policies may decrease systemic risk (Yang & Hamori,
2021). EPU reveals fluctuating responses to oil price shocks, while the oil price has a
negative response to the uncertainty (Lin & Bai, 2021). Some studies show that, when
the Brent oil market is prosperous, EPU in China and India has a negative impact on
the oil returns, whereas EPU in Russia and Brazil has a positive effect (Yuan et al.,
2022). Policymakers should institute country-level policies to minimize the adverse
impact of external uncertainty shocks (Boateng et al., 2022). Accurate analysis of the
relationship between EPU and international crude oil market risk is of great practical
significance to reduce the loss of crude oil import trade and ensure national energy
security. The questions derived from this are as follows, what is the relationship
between US EPU and international crude oil market risks? How much does the US
EPU contribute to international oil market risk? How can Chinese crude oil import-
ers reduce the market losses induced by US EPU?
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2. Literature review

2.1. The impact of EPU on oil prices

There are several factors affecting crude oil market, mainly including oil supply and
demand (Kilian, 2009), monetary policy (Szturo et al., 2021), geopolitical conflicts
(Monge et al., 2017), strikes (Zhang et al., 2009), new energy policies (Chen et al.,
2020), etc. In the long term, the trend of oil prices is determined by the supply and
demand of oil, and the supply of oil-producing countries largely determines the sta-
bility of the oil market. In the short term, fluctuations in oil prices are affected by
economic factors such as business cycles and speculation, which increases the instabil-
ity of oil markets (Robe & Wallen, 2016). With the improvement of the degree of
crude oil financialization, the correlation between crude oil price and financial market
such as exchange rate, stock market and commodity futures market has been
strengthened (Kanjilal & Ghosh, 2017; Nusair & Olson, 2019; Vrbka et al., 2022).
Financial assets are associated with macroeconomic variables (Masood et al., 2019).
In addition, the price of crude oil has experienced several sharp fluctuations over the
past few decades due to the impact of a number of contingencies, including war and
political instability, economic and financial slowdown, terrorist attacks, and natural
disasters (Taghizadeh-Hesary et al., 2019; Evgenidis & Papadamou, 2021). Containing
various information, EPU reflects significant rises and declines when facing shocks
like financial crisis, oil-price change, and other specific economic or policy events
(Lin & Bai, 2021). In a word, the fluctuation of crude oil market risk is affected by
many factors, showing more complex dynamic characteristics, in which EPU has
received more and more attention in the research in recent years.

Scholars such as Baker first published the economic policy uncertainty index of
major countries and its construction method in 2012. In recent years, the literature on
the impact of EPU has increased substantially, mainly involving research on investment,
trade, exchange rates, stocks, and commodity markets. In terms of empirical research
on the relationship between EPU and oil price, the research of Ma et al. (2018) and
Christou et al. (2018) showed that EPU index can improve the prediction accuracy of
price fluctuation, and taking EPU as a predictor can obtain excess profits in the market.
Albulescu et al. (2019) found that there is a nonlinear causal relationship between EPU,
oil price and exchange rate, which provides a reference for arbitrage trading and invest-
ment portfolio. Yang (2019) studied the relationship between American EPU and West
Texas crude oil and Brent crude oil based on the VAR model combined with wavelet
decomposition, and found that there was a significant correlation among the three, and
the correlation between American EPU and Brent crude oil market was higher. Chen
et al. (2019) verified the spillover effect between oil price and EPU by using the BEKK-
GARCH model based on wavelet decomposition, and found that the spillover effect
between the two is weak in the short term, but with the increase of time scale, the spill-
over effect increases gradually. Using a VAR model based on wavelet decomposition,
Chen et al. (2020) studied the multi-scale relationship between international oil prices
and EPU, and the analysis showed that the relationship was time-varying on different
time scales. There are time-varying effects of global EPU shocks on the volatility of two
international pricing benchmarks for crude oil-Brent and West Texas intermediate
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crude oil prices (Lyu et al., 2021). In addition, Feng and Pan (2016) and Zhu and Wang
(2017) all used the DCC-GARCH model to study the dynamic relationship between
China’s EPU and the Daqing crude oil market.

2.2. Conditional risk measurement

The 2008 financial crisis shows that both VaR and CVaR indicators underestimated the
impact of extreme risks. The main reason is that these indicators cannot well reflect the
losses caused by systemic risks. CoVaR model was proposed by Adrian and
Brunnermeier in 2008 and officially published in 2016. CoVaR refers to the maximum
possible loss of other assets or portfolios when the loss of an asset or portfolio in a cer-
tain future period is equal to VaR at a certain confidence level. The model can show
that the risk value of an institution (market) is affected by other institutions (markets)
or systemic risks. Compared with indicators such as VaR, CoVaR is a more comprehen-
sive and effective risk management indicator. The current methods of calculating
CoVaR are mainly divided into quantile measurement method (Adrian &
Brunnermeier, 2011), multivariate GARCH model (Girardi & Erg€un, 2013) and Monte
Carlo simulation method based on Copula function (Mainik & Schaanning, 2014).

Scholars mainly used the above three methods to conduct empirical research. Yang
(2016) established DCC-TGARCH-CoVaR and DCC-TGARCH-MES models, and con-
ducted empirical research on the identification of systemically important banks based
on the daily return of 16 listed commercial banks in China. It is believed that CoVaR
can capture the spillover effect of a single bank’s risk on the overall banking industry,
while MES pays more attention to the impact of market risk. Yu et al. (2018) used the
ADCC-DCoVaR model to study the contribution of crude oil risk to American industry
returns. Braiek et al. (2018) used CoVaR, DCoVaR, and quantile regression models to
study the contribution of stock indexes to systemic risk in the US stock market.
Bonaccolto et al. (2019) established QL-CoVaR and QL-CoCaViaR models and found
that the quantile positioning relationship can improve the accuracy of conditional risk
prediction. Zheng et al. (2019) embedded the constructed liquidity index into the quan-
tile regression to optimize the CoVaR quantile estimation method. Xu et al. (2018) con-
structed Teng Copula-CaViaR model to estimate the risk spillover effect of the stock
market. Ke et al. (2019) used three Copula functions and CoVaR to simulate the risk
spillover effect between agricultural futures markets in China and the United States. In
order to better depict the risk spillover effect between financial assets, Zhang et al.
(2019) constructed the Copula-GH-CoVaR model to measure the risk spillover effect,
and then conducted an empirical study by using international commodity prices and
China’s crude oil prices as examples, which shows that the model improves the accuracy
and effectiveness of measurement of risk spillover effect.

2.3. Progress of portfolio modeling

For the buyer, the upward price change means the appreciation of the asset, and the
decline in the asset price results in a loss. For the seller, the relationship between the
change of asset price and profit and loss is just the opposite. Markowitz’s mean-variance
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combination model uses the variance of the return on assets to measure investment
risk, whose disadvantage is that the variance cannot distinguish the direction of asset
price fluctuation. Jorion (1996) proposed to replace variance index with VaR. Duarte
and Reis Alcantara, (1999) proposed the mean-VaR model and derived the efficient
frontier of the portfolio. Compared with the mean-variance model, the mean-VaR
model can avoid the problem of overlarge parameter estimation error. But Artzner et al.
(1999)pointed out that VaR cannot describe losses beyond VaR. Rockafellar and
Uryasev (2000) proposed to use CVaR as a risk measurement index, and proved that the
efficient frontier of mean-VaR and mean-CVaR portfolio models are the same under
the assumption that the return of portfolio assets follows normal distribution. However,
since VaR and CVaR indicators can’t well reflect the losses caused by extreme events,
asset allocation based on these two indicators can’t effectively reduce the conditional
risk of asset portfolio when major events such as financial crisis break out. But the port-
folio model based on CoVaR is helpful to avoid market risk in extreme events. Lan
(2013) and Zhang et al. (2019) constructed the mean-CoVaR model and made an
empirical analysis. Zalewska (2018) provided the proof process of mean-CoVaR efficient
frontier under the assumption of normal distribution.

Existing studies mainly discuss the relationship between EPU and crude oil prices,
but few literatures analyse the relationship between EPU and crude oil market risk
and the contribution of EPU to crude oil market risk. When copula function is used
to measure CoVaR, less attention is paid to the influence of skewness of marginal dis-
tribution on the measurement results. The correlation coefficient in copula function
is often set as a constant, which ignores the time-varying characteristics of market
risk. However, the setting is inconsistent with the theory and practice of cross-market
arbitrage. In addition, the mean value in the mean-CoVaR portfolio model is suscep-
tible to extreme values. Assuming that the portfolio return follows the normal distri-
bution, it limits the application of the model. In this paper, the ARMA-GARCH
model is used to fit the marginal distribution of crude oil return rate under the
skewed t distribution of Hansen (1994). Then, the stochastic simulation method based
on tDCC-Copula is used to analyse the impact of the US EPU on the risk of crude
oil market. Finally, the median-CoVaR model is constructed to discuss the portfolio
strategy of crude oil importers when EPU is at its peak.

3. Models and data

3.1. CoVaR model

Conditional risk CoVaRjji
q in this study refers to the maximum possible loss or profit

from trading in foreign crude oil market j when the U.S. EPU reaches a certain level
VaRi

q under a certain probability level q: The value of j is 1, 2 or 3, representing
Brent, Dubai and West Texas crude oil markets respectively. Conditional risk is
expressed as quantile regression model as follows:

CoVaRjji
q ¼ VaR

j VaRi
q¼â i

qþb̂
i
qVaR

i
q

��
q (1)
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According to the definition of Adrian and Brunnermeier (2011), the marginal risk
of energy market caused by the exchange rate risk of US dollar is recorded as equa-
tion (2), where VaRi

0:5 represents the median of the US dollar exchange rate risk.

DCoVaRjji
q ¼ b̂

i
qðVaRi

q�VaRi
0:5Þ (2)

3.2. GARCH-tDCC-Copula model

On the basis of analysing the marginal distribution of variables, Copula function is
used to measure the correlation and nonlinear structure between sequences. Sklar’s
theorem proposes that n-dimensional joint distribution function can be decomposed
into n marginal distribution functions and a Copula function (denoted as C), and
Copula is used to describe the correlation between variables.

Fðx1, . . . , xNÞ ¼ CðF1ðx1Þ, . . . , FNðxNÞÞ (3)

Cðu1, . . . , uNÞ ¼ FðF�1
1 ðu1Þ, . . . , F�1

N ðuNÞÞ (4)

Using the Copula method to calculate CoVaR is essentially to calculate the upper
limit integral of the density function. If the Copula function and the joint distribution
function F have N-order partial derivatives, then the joint distribution density func-
tion is as follows:

f ðx1, . . . , xNÞ ¼ oN

ox1 . . . oxN
Fðx1, . . . , xNÞ ¼

YN

i¼1
fiðxiÞcðF1ðx1Þ, . . . FNðxNÞÞ (5)

The parameters of edge density function and Copula density function are esti-
mated by two-step method. The ARMA-GARCH family model is used to fit the mar-
ginal function, and the residual term of the model is assumed to obey the Hansen’s
generalized t distribution [equation (7)] (Hansen, 1994):

x1t ¼ a10 þ
Pn

i¼1 a1ix1t�i þ e1t þ
Pm

j¼1 /1je1t�j, e1t ¼ h1=21t z1t , z1t : G�tðk1, t1Þ, . . . . . . ,
xNt ¼ aN0 þ

Pn
i¼1 aNixNt�i þ eNt þ

Pm
j¼1 /NjeNt�j, eNt ¼ h1=2Nt zNt , zNt : G�tðkN , tNÞ

h1t ¼ x1 þ
Pq

i¼1 a1ie
2
1t�i þ

Pp
i¼1 b1ih1t�i þ

Pr
i¼1 c1ih1t�ie21t�iIðe1t�i<0Þ, . . . . . . ,

hNt ¼ xN þPq
i¼1 aNie

2
Nt�i þ

Pp
i¼1 bNihNt�i þ

Pr
i¼1 cNihNt�ie2Nt�iIðeNt�i < 0Þ

(6)

Where ðz1t, . . . , zNtÞ : Cðf1ðz1tÞ, . . . , fNðzNtÞÞ:
The dynamic tDCC-Copula function is used to fit the correlation between the

residual sequences. The likelihood function to be optimized is as follows:
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LDCCt¼�T log
C

tþN
2

� �

Cðt=2Þ �NT log
C

tþ1
2

� �

Cðt=2Þ �tþN
2

XT

t¼1
log 1þz0tR

�1
t zt
t

� �

�PT
t¼1 log Rtj jþtþ1

2

XT

t¼1

XN

i¼1
log 1þz2it

t

� � (7)

The dynamic correlation coefficient matrix Rt is estimated according to the follow-
ing Engle’s DCC(1,1) model (Engle, 2002):

Qt ¼ ð1�a�bÞ�Q þ azt�1:z
0
t�1 þ bQt�1,Rt ¼ ~Q

�1
t Qt ~Q

�1
t (8)

Where Q represents the covariance matrix of the residual vector zt, and ~Qt repre-
sents an n-order square matrix whose main diagonal element is equal to the square
root of Qt main diagonal element, where other elements are equal to zero.

Specifically, in this study, the residual items of Brent, Dubai and West Texas crude
oil markets are recorded as z1t, z2t and z3t, and the uncertainty residual items of the
US EPU are recorded as z4t. The p-quantiles of z1t, z2t and z3t can be expressed as the
following conditional distributions:

Fðz1t, z2t , z3tjz4tÞ ¼
ðq1t
�1

ðq2t
�1

ðq3t
�1

cðF1ðz1tÞ, F2ðz2tÞ, F3ðz3tÞ F4ðz4tÞÞf4ðz4tÞdz1tdz2tdz3t ¼ pj
(9)

When F4ðz4tÞ is known to be equal to p1, the corresponding conditional quantiles
of z1t, z2t and z3t can be obtained by solving the above equations. The solution of
multiple integral can be realized by Monte Carlo simulation. After calculating the
conditional quantile, the conditional risk of market j can be calculated according to
the definition of value at risk:

CoVaRjji
q, t ¼ VaR

jjVaRi
q, t

q, t ¼ x̂jt þ qjt

ffiffiffiffiffi
ĥjt

q
(10)

x̂jt and ĥjt respectively represent the forecast values of conditional mean value and
conditional variance of market return, and the dynamic conditional risk can be
obtained from equation (10). When F4ðz4tÞ is equal to 0.5, the corresponding condi-
tional quantile can be obtained by solving equation (9). Similarly, equation (10) can
be used to calculate the corresponding conditional risk. The difference between the
two conditional risks can obtain the net impact (the risk premium of US EPU in
crude oil markets) of the US EPU on the crude oil market risk DCoVaRjji

q, t :

DCoVaRjji
p, t ¼ VaR

jjVaRi
p1, t

p, t �VaR
jjVaRi

0:5, t
p, t (11)

3.3. Portfolio strategy model

In order to better diversify the market risk of imported crude oil, it is necessary to
select an appropriate reference price when negotiating the import contract. The price
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of imported crude oil is mainly affected by the international benchmark price of
crude oil. Benchmark prices include Dubai price, Brent price, West Texas price and
basket price composed of main crude oil market prices. The US EPU has a certain
impact on crude oil prices, which increases the market risk of domestic enterprises in
importing crude oil. If we don’t consider the exchange rate condition and make the
pricing decision according to the traditional portfolio model, additional losses are
likely to occur. According to the theory of incomplete asset markets, if the impact of
the US EPU on the three crude oil markets is different, the law of one price in the
international crude oil market will be broken, and there will be short-term arbitrage
opportunities between different markets, and importers can offset part of the market
risk. Therefore, the median-CoVaR portfolio model is constructed to reduce the mar-
ket loss induced by the US EPU by minimizing the conditional risk. It is assumed
that when the US EPU is at its peak, the decision of domestic enterprises to import
crude oil is expressed as, under the constraint of expected returns, choosing the opti-
mal basket price as the contract benchmark price to minimize the market risk faced
by the enterprise. Since the EPU is the main but not the only factor affecting the
international crude oil market, this study constructs a portfolio strategy model based
on the mean-CoVaR portfolio model proposed by Lan (2013), Zalewska (2018) and
Zhang et al. (2019), which considers both the crude oil market risk and the impact of
the US EPU. The model is as follows:

minCoVaRp, t

s:t:

Pn
i¼1 wi�ri ¼ r exp

Qpð
Pn

i¼1 wiri, tÞ ¼ aþ b1
Pn

i¼1 wiri, t�1 þ b2EPUt þ lt�vtPn
i¼1 wi ¼ 1

wi, lt, vt � 0, i ¼ 1, 2 � � � n; t ¼ 1, 2, . . .T

8>><
>>:

(12)

In order to improve the computational efficiency of the model, the objective func-
tion CoVaR is given in the form of CoCaViaR with exogenous variables:

CoVaRp, t ¼ aþ b1VaRp, t�1 þ b2VaR
EPU
1�p, t (13)

The decision variable is the weight of the three major crude oil market prices in
the contract benchmark price. In the first constraint of equation (12), the expected
return of the enterprise is set as the average return. Considering that the mean value
ri is easily affected by extreme values, we replace the average with the median yield.
In the second constraint, Qp is the p-quantile operator. The solution process of port-
folio strategy model is as follows: firstly, solve the parameter values in quantile regres-
sion in the second constraint condition, then calculate the quantile of asset portfolio
and the logarithmic return rate of US dollar index put them into the objective func-
tion. Finally, optimize the objective function to get the value of decision variables.

The following Cornish-Fisher expansion is used to calculate the quantile q corre-
sponding to the probability p:

q ¼ cðpÞ þ 1
6

cðpÞ2�1
� �

sþ 1
24

cðpÞ3�3cðpÞ
� �

ðk�3Þ� 1
36

2cðpÞ3�5cðpÞ
� �

s2 (14)
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Where c(p) is the p-quantile of the standard normal distribution, s represents the
skewness of the portfolio return, and k represents the kurtosis of the portfolio return.
Using equation (14) to calculate quantile can reduce the influence of distribution set-
ting error on the optimal solution of portfolio strategy model.

3.4. Data description

The US Economic Policy Uncertainty Index (EPU) is published by Baker and other
scholars1. Brent, Dubai and West Texas crude oil prices are sourced from the IMF’s
commodity price database2. The data sampling frequency is monthly, and the time
period is from January 1985 to March 2020, with a total of 423 sets of data. Table 1
reports the descriptive statistical results for each variable.

The skewness of the return sequences is negative, which indicates that the prob-
ability of negative return in crude oil market is greater. That is, the risk of crude oil
asset depreciation is greater than the risk of asset appreciation after purchasing crude
oil. The kurtosis of the crude oil return sequences is greater than 3, which indicates
that there are more extreme values compared with normal distribution. From the per-
spective of skewness and kurtosis, the occurrence of minimum value is more than
that of maximum value. The skew distribution is more suitable for describing the
data generation process than the symmetric distribution, and median is a better stat-
istic than arithmetic mean. The correlation coefficients between the returns of the
three crude oil markets and EPU in the sample period were �0.193, �0.214 and

Table 1. Descriptive statistics of the data.

Statistic

Brent market Dubai market West Texas market

EPUPrice return Price return Price return

Mean value 44.8948 0.0005 42.6836 0.0005 43.7361 0.0003 109.7872
Median 28.5400 0.0085 27.1300 0.0100 30.3220 0.0110 103.0000
Maximum 133.8990 0.4660 131.2250 0.5210 133.9270 0.3910 284.0000
Minimum 9.5600 �0.5110 8.5000 �0.4790 11.3100 �0.5270 57.0000
Standard deviation 32.2684 0.0940 31.6322 0.0925 28.7859 0.0899 32.9112
Skewness 0.9557 �0.4656 0.9513 �0.4940 0.9100 �0.8525 1.1296
Kurtosis 2.7233 6.6946 2.6894 7.8909 2.7158 7.5889 5.0190
0.05 Quantile 13.8150 �0.1642 12.4950 �0.1632 14.9325 �0.1418 68.2428
0.95 Quantile 110.9752 0.1202 107.5313 0.1180 100.6188 0.1160 174.7232

Source: Created by authors based on calculations.

Table 2. Fitting results of marginal distribution.

Equation Variable

Brent market Dubai market West Texas market US EPU

Parameter t- value Parameter t- value Parameter t- value Parameter t- value

Conditional expectation a 0.0015 0.4332 0.0051 1.5511 0.0023 0.6377 9.7994 4.0457
AR(1) 0.1611 3.1512 0.2156 4.6094 0.1711 3.2100 0.8925 36.9834
MA(1) —— —— —— —— —— —— �0.2114 �3.9464

Conditional variance x —— —— —— —— —— —— 10.1587 1.3499
ARCH(1) 0.3656 4.0620 0.5526 4.8730 0.2271 3.2129 0.0758 2.2165
GARCH(1) 0.5712 5.6777 —— —— 0.6246 6.4524 0.9055 21.2256

Residual distribution k �0.2501 �3.6938 �0.1602 �2.4283 �0.1943 �2.4768 —— ——
t 9.9950 2.9917 6.6445 2.4386 7.8062 3.3530 3.8239 5.3864

Log lh �456 �487 �475 �1783

Source: Created by authors based on calculations.
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�0.203, respectively. In other words, when the uncertainty of the US economy
increased, the returns of the crude oil market decreased, while when the uncertainty
of the US economy decreased, the returns of the crude oil market increased. When
calculating the conditional quantile, it is found that when the EPU is greater than or
equal to its 0.95 quantile, the returns of the three crude oil markets will be lower
than the 0.05 quantile, but no returns above the 0.95 quantile. When the EPU was
less than or equal to its 0.05 quantile, there were no returns below the 0.05 quantile
in the three markets, but the return rate is higher than 0.95 quartile for three times
(Table 1).

4. Results

4.1. Parameter estimation results

Table 2 reports the parameter estimation results of the variable marginal distribution
model (6). Except for a few intercept terms in the conditional expectation and condi-
tional variance functions, AR, MA, ARCH, GARCH and threshold terms are all sig-
nificant at the 95% confidence level. In the residual distribution function, the return
sequences obey the skewed t distribution, while the EPU sequence obeys the t
distribution.

The residual of the above equations are transformed into the probability value into
the interval [0, 1] through kernel density estimation, and substitute them into equa-
tions (7) and (8) to estimate the three parameters of the tDCC-Copula function.
Where the degree of freedom is 7.109, a is equal to 0.019, and b is equal to 0.973,
and the corresponding t statistic values are 5.222, 4.490, and 220.487, respectively. All
the three parameters are significant.

Figure 1 reports the change of correlation coefficients among variables during the
empirical period. The correlations between the three major crude oil markets and
between the three major crude oil markets and the EPU are highly nonlinear and
time-varying. The correlation coefficient between the Brent and Dubai markets is
greater than 0.95 most of the time. Correlation coefficients between the Brent and
West Texas markets are mainly in the range of 0.9� 0.95, while correlation coeffi-
cient between Dubai and West Texas is mainly in the range of 0.875–0.925.

The correlation coefficient between the three major oil markets and EPU is mainly
in the range of �0.2 and 0. The negative correlation between the crude oil market

Figure 1. Dynamic correlations among variables.
Source: Created by authors based on calculations.
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and EPU gradually strengthened from 1985 to 1986, among which the correlations
between Dubai crude oil market and EPU reached �0.18, and that between the other
two crude oil markets and EPU reached �0.15. From 1987 to 1990, the negative cor-
relation between oil market and EPU gradually weakened, and oil market and EPU
maintained a short and weak positive correlation during 1991. The correlations
between the three crude oil markets and the EPU gradually returned to negative and
showed an increasing trend since 1992. The correlation coefficient between Dubai
crude oil market and EPU reached �0.18 in December 2008, and the correlation
coefficient between Brent crude oil market and EPU reached �0.15, while the coeffi-
cient between West Texas crude oil market and EPU reached �0.12. The negative
correlation between crude oil market and EPU once weakened during 2009–2011.
However, the negative correlation between the two has strengthened again after 2011,
and the correlation coefficient is in the range of �0.15� �0.2.

4.2. Relationship between EPU and conditional risk

According to the GARCH-tDCC-Copula model, 1 million simulation calculations
were carried out on the international crude oil market return rate and the value of
US EPU from January 1985 to March 2020, so as to obtain the change of US EPU in
different periods and its impact on international crude oil market risk. Figure 2
reports the change of international crude oil market risk when the US EPU changes
from the average level to 0.95 quantile. Through the model test of back-testing, it is
found that among the 421 groups of observations, the number of samples with return

Figure 2. Changes of US EPU and simulation of international crude oil market risk.
Source: Created by authors based on calculations.
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rate lower than CoVaR0.05jP(EPU)¼0.95 in the Brent market is 10, that in Dubai and
West Texas is 12 and 9 respectively. For comparison, under the assumption that the
marginal distribution obeys the skewed t distribution, the VaR0.05 values of the three
crude oil markets are calculated based on the GARCH model. Among the 421 groups
of observations, the number of samples with return rate lower than VaR0.05 in Brent
market is 25, and that in Dubai and West Texas is 32 and 28 respectively. It can be
seen that CoVaR0.05jP(EPU)¼0.95 is a more conservative risk management index
than VaR0.05. Under the assumption that the marginal distribution obeys t distribu-
tion, the CoVaR0.05jP(EPU)¼0.95 values of the three crude oil markets are calculated
based on the GARCH-tDCC-Copula model. Among the 421 groups of observations,
the number of samples with return rate lower than CoVaR0.05jP(EPU)¼0.95 in the
Brent market is 14, that in Dubai and West Texas is 13 and 11 respectively.
Therefore, skew t distribution is better than t distribution in fitting edge distribution.

Judging from the value of VaR0.95, COVaR0.05 and DCOVaR0.05 of the three mar-
kets, the higher the US EPU is, the higher the international crude oil market risk is.
The main peaks of the US EPU from January 1985 to March 2020 corresponded to
the first Iraq War in 1991, the September 11 attacks in 2001, the second Iraq War in
2003, the outbreak of the financial crisis in 2008, and the global outbreak of COVID-
19 in 2020. International crude oil prices dropped sharply in the month or the fol-
lowing month when these events occurred, and corresponding risk extremes appeared
in all three markets. In addition, judging from the frequency and value of extreme
values in the three markets, the Dubai crude oil market is more sensitive to the
extreme value of US EPU than the West Texas market.

The risk statistics ① to ⑦ in Table 3 report the average level of risk values of the
three major crude oil market under different levels of EPU, and ⑧ to ⑮ report the
average response of the crude oil market risk after the EPU changing. For crude oil
buyers, price drops after buying crude oil means loss, so buyers are mainly concerned
about the left tail risk. The risk statistic ① indicates that when the EPU is equal to
the median of 107.1096, the left tail risks of the three major crude oil markets are
�0.1417, �0.1205 and �0.1278 respectively. The risk statistic ③ indicates that when
the EPU is equal to the 0.95 quantile of 148.0757, the left tail risks of the three major
crude oil markets are �0.1946, �0.1719 and �0.1780 respectively. The risk statistic
③-① indicates that when the EPU rises from the average level of 107.1096 to
148.0757, the left tail risk change values caused by the change of EPU are �0.0528,
�0.0514 and �0.0502, respectively. Similarly, ⑥-① means that when the EPU drops
from the average level of 107.1096 to 65.8462, the change value of left tail risk caused
by EPU change is �0.0157, �0.0113 and �0.0142, respectively. The comparison
shows that the left tail risk caused by the rise of EPU is much higher than the left tail
risk caused by the fall of EPU.

For crude oil sellers, price rises after selling crude oil means loss, so sellers are
mainly concerned about the right tail risk. The risk statistic ② indicates that when
the EPU is equal to the median of 107.1096, the right tail risks of the three major
crude oil markets are 0.1232, 0.1175 and 0.1168 respectively. The risk statistic ⑤

indicates that when the EPU is equal to the 0.95 quantile of 65.8462, the right tail
risks of the three major crude oil markets are 0.1557, 0.1550 and 0.1552 respectively.
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The risk statistic ⑤-② indicates that when the EPU drops from the average level of
107.1096 to 65.8462, the right tail risk change values caused by the change of EPU
are 0.0325, 0.0375 and 0.0334, respectively. Similarly, ④-② means that when the
EPU rises from the average level of 107.1096 to 148.0757, the change value of right
tail risk caused by EPU change is 0.0089, 0.0078 and 0.0088, respectively. The com-
parison shows that the right tail risk caused by the fall of EPU is much higher than
the right tail risk caused by the rise of EPU.

The value of risk statistic ⑦ is positive, which indicates that when the US EPU is
at the average level, the international crude oil market mainly faces the right tail risk,
that is, the probability of crude oil price increase is greater than the probability of
price decrease. The risk statistics ⑨,⑪,⑬, and ⑮ show that when the US EPU
increases from the average level to the 0.95 quantile level, the price reduction risk in
the Brent, Dubai and West Texas crude oil markets increases by 37.26%, 42.66%, and
39.28% respectively, and the risk of price increase in the three markets increases by
7.22%, 6.64%, and 7.53% respectively. When the US EPU decreases from the average
level to the 0.05 quantile level, the price reduction risk in the Brent, Dubai and West
Texas crude oil markets increases by 11.08%, 9.38%, and 11.11% respectively, and the
risk of price increase in the three markets increases by 26.38%, 31.91%, and 28.60%
respectively.

4.3. Optimal portfolio strategy

Since domestic importers enter the international crude oil market as buyers, this
study focuses on the pricing strategies to avoid the left tail risk. Taking the data from
March 1985 to March 2020 as an example, set the significance level as 0.05, and cal-
culate the portfolio boundary of the median-CoVaR model in the sample period
according to equations from (12) to (14) (Figure 3a). For comparison, according to
the weights calculated by the median-CoVaR model, the median-CoVaR portfolio
boundary is converted to the median-VaR coordinate system, and the median-VaR
portfolio boundary is calculated at the same time (Figure 3b). It is found that the
weights corresponding to the minimum risk values of the two models are not

Table 3. The effect of changes of US EPU on crude oil market risk.
Serial number Risk statistic EPU Brent Dubai West Texas

① CoVaR0.05jP(EPU)¼0.5 107.1096 �0.1417 �0.1205 �0.1278
② CoVaR0.95jP(EPU)¼0.5 107.1096 0.1232 0.1175 0.1168
③ CoVaR0.05jP(EPU)¼0.95 148.0757 �0.1946 �0.1719 �0.1780
④ CoVaR0.95jP(EPU)¼0.95 148.0757 0.1321 0.1253 0.1256
⑤ CoVaR0.95jP(EPU)¼0.05 65.8462 0.1557 0.1550 0.1502
⑥ CoVaR0.05jP(EPU)¼0.05 65.8462 �0.1574 �0.1318 �0.1420
⑦ CoVaRmeanjP(EPU)¼0.5 107.1096 0.0104 0.0110 0.0092
⑧ ⑥-① �41.2634 �0.0157 �0.0113 �0.0142
⑨ (⑥-①)/①�100% �38.52% 11.08% 9.38% 11.11%
⑩ ③-① 40.9661 �0.0528 �0.0514 �0.0502
⑪ (③-①)/①�100% 38.25% 37.26% 42.66% 39.28%
⑫ ④-② 40.9661 0.0089 0.0078 0.0088
⑬ (④-②)/②�100% 38.25% 7.22% 6.64% 7.53%
⑭ ⑤-② �41.2634 0.0325 0.0375 0.0334
⑮ (⑤-②)/②�100% �38.52% 26.38% 31.91% 28.60%

Source: Created by authors based on calculations.
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the same. In the median-CoVaR model, the minimum value of CoVaR0.05 is �0.2619,
the corresponding expected return rate is 0.0099, and the corresponding VaR0.05 value
is �0.1547 at this time; In the median-VaR model, the VaR0.05 minimum value is
�0.1546, the corresponding expected return rate is 0.0101, and the corresponding
CoVaR0.05 value is �0.2766. In general, when the US EPU is at a high level, enter-
prises can better avoid policy risks by using the median-CoVaR model to configure
their portfolios.

Table 4 reports some typical major events related to the United States and the cor-
responding peak value of EPU, and VaR0.05 and CoVaR0.05 of the three major crude
oil markets, and VaR0.05 and CoVaR0.05 under different portfolio strategies which are
calculated according to equations from (12) to (14) over the same period.

From the four major events in Table 4, the US EPU all reached a peak state after
the event. At this time, there is a big difference between VaR0.05 andCoVaR0.05.
Especially in the recent outbreak of the COVID-19, CoVaR0.05 is close to twice the

Figure 3. Portfolio boundary of the median-CoVaR and median-VaR model.
Source: Created by authors based on calculations.

Table 4. Comparison of imported crude oil investment portfolio strategies and effects under
major events.
Time Peak of EPU Related events Index Brent Dubai West Texas Portfolio 1 Portfolio 2 Portfolio 3

Oct-01 173.143 Sep. 11 Attacks VaR0.05 �0.1371 �0.1364 �0.1343 �0.1302 �0.1321 �0.1305
CoVaR0.05 �0.2173 �0.2456 �0.2059 �0.2007 �0.1838 �0.2145
Weight 1 0.1717 0.3598 0.4685 —— —— ——
Weight 2 0.2413 0.0092 0.7495 —— —— ——

Apr-03 135.627 The Iraq war VaR0.05 �0.1377 �0.1361 �0.1346 �0.1308 �0.1315 �0.1312
CoVaR0.05 �0.2169 �0.2456 �0.2051 �0.2017 �0.1876 �0.2142
Weight 1 0.1457 0.3866 0.4677 —— —— ——
Weight 2 0.1717 0.1357 0.6926 —— —— ——

Oct-08 189.917 The financial crisis VaR0.05 �0.1411 �0.1369 �0.1360 �0.1328 �0.1330 �0.1339
CoVaR0.05 �0.2195 �0.2433 �0.2075 �0.2515 �0.2032 �0.2331
Weight 1 0.0015 0.4804 0.5181 —— —— ——
Weight 2 0.1001 0.0100 0.8899 —— —— ——

Mar-20 283.608 COVID-19 VaR0.05 �0.1592 �0.1552 �0.1597 �0.1546 �0.1547 �0.1551
CoVaR0.05 �0.2827 �0.2822 �0.2999 �0.2766 �0.2619 �0.2694
Weight 1 0.0293 0.7025 0.2682 —— —— ——
Weight 2 0.5679 0.0457 0.3864 —— —— ——

Note: Weight 1 means the weight of minimizing VaR, Portfolio 1 means the portfolio of minimizing VaR, Weight 2
means the weight of minimizing CoVaR, Portfolio 2 means the portfolio of minimizing CoVaR, and Portfolio 3
means the equal weight portfolio.
Source: Created by authors based on calculations.
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VaR0.05. Using the VaR indicator to measure the risks of the international crude oil
market seriously underestimates the risk of oil price falling. At this time, the purchase
and pricing decisions based on VAR index will lead to huge losses.

Affected by the COVID-19, the US EPU reached a historical peak of 283.608 in
March 2020. Portfolio decisions are made according to the median -CoVaR model.
When CoVaR is the minimum, the price weights of Brent, Dubai and West Texas are
0.5679, 0.0457 and 0.3864 respectively. That is to say, the optimal benchmark price of
crude oil import contracts for enterprises is determined by Brent, Dubai and West
Texas, with the weights are 56.79%, 4.57%, and 38.64% respectively.

When the peak of US EPU appear, the comparison of VaR and CoVaR shows that
ignoring the impact of US EPU will seriously underestimate the international crude
oil market risk. The VaR and CoVaR of a single crude oil market are not the small-
est, so importers should not determine the price of imported crude oil refer to the
single market. It is also not effective to adopt the minimizing VaR or equal weight
portfolio strategy. The portfolio strategy of minimizing CoVaR can minimize the total
risk. In addition, with the change of US EPU and CoVaR, the price weight of each
market in the optimal portfolio strategy will change.

5. Discussion and conclusion

This paper constructs a GARCH-tDCC-Copula model to analyse the correlation
between the US EPU and international crude oil market risk, and calculates the con-
tribution of the US EPU to the international crude oil market risk, and establishes a
median-CoVaR model on this basis to discuss the portfolio strategy of crude oil
importers when the peak of US EPU appears. The main conclusions and enlighten-
ment are as follows:

Firstly, the spillover effect of US EPU on international crude oil market risk is
asymmetric. When the US EPU is at the average level, the average CoVaR is bigger
than 0. That is to say, the risk of crude oil price increase is greater than the risk of
price decrease. When the US EPU rises, the risk of crude oil piece decrease is far
greater than the risk of price increase, which is not conducive to longs (buyers). So
importers should avoid depreciation after purchasing crude oil. When the US EPU
falls, the risk of crude oil price increase is far greater than the risk of piece decrease,
which is not conducive to short (sellers). Thus exporters should avoid the loss of
crude oil being sold at a low price. In addition, asymmetry is also manifested in that
the risk of international crude oil price reduction caused by the US EPU rising from
the median to the 0.95 quantile is higher than the risk of crude oil price rising caused
by the US EPU falling from the median to the 0.05 quantile.

Crude oil importers should guard against the risk of price reduction after importing
crude oil. On the one hand, it is recommended to include the US EPU as an observ-
able oil price driving factor into the China Energy Forecast and Early Warning System,
and promptly issue different warnings to relevant companies based on the US EPU.
On the other hand, inventory is a risk regulator for the crude oil market. A diversified
crude oil reserve system should be established. We should encourage local state-owned
enterprises, private enterprises and joint ventures in the domestic oil industry chain to
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expand their reserve capacity through tax relief and other measures, and encourage
relevant enterprises to participate in domestic crude oil reserves through credit incen-
tives. We can cope with the ever-changing market risk by improving the company’s
crude oil reserve capacity and effectively guarantee national energy security by improv-
ing the ability of the enterprise to resist the energy market risk.

Secondly, the correlation coefficients between crude oil markets and between the
US EPU and crude oil markets are dynamic. Price fluctuation caused by the US EPU
is different in different crude oil markets, and the risk contribution to different mar-
kets is also different. This shows that importers can take advantage of cross-market
arbitrage in the international crude oil market or reduce market risk through port-
folio when the EPU changes significantly. The advantage of median-CoVaR model is
that it can realize targeted management of asset risks under specific conditions.
When the US EPU is at its peak, a portfolio strategy based on the median CoVaR
model can better avoid the crude oil market risk caused by the uncertainty of US eco-
nomic policy.

It is suggested that importers should monitor the correlation coefficient between
crude oil markets and between US EPU and crude oil market, so as to enhance the
cross market arbitrage ability of enterprises, and obtain excess profits by using the
short-term market disequilibrium caused by external factors. In addition, it is sug-
gested that domestic crude oil importers should consider using dynamic weight bas-
ket price based on median-CoVaR model to replace fixed weight basket price when
signing purchase contracts, and use contracts for differences (CFDs) to hedge policy
risks when the US EPU is at a high level.

This paper provides a new perspective for policy makers to guard against systemic
risks in the crude oil market, and also provides a scientific method for crude oil
importers to formulate portfolio strategies. The highlights of this paper may be as fol-
lows: (1) we study the impact of US EPU on three international pricing benchmarks
for crude oil. (2) We use the ARMA-TARCH model to fit the marginal distribution
of crude oil returns under Hansen’s skewed t distribution, then use tDCC-Copula
method to analyse the dynamic correlation between US EPU and crude oil market
risk. (3) The median-CoVaR model is constructed to discuss the pricing strategies of
crude oil importers when the EPU is in different states. These conclusions bring sig-
nificant theoretical and practical significance for policy makers and crude oil import-
ers to prevent crude oil market risk. However, research limitations may be as follows:
(1) The relationship between the EPU and oil market risk is not analysed at different
time scales. (2) The mechanism of the EPU affecting crude oil market risk is not ana-
lysed. Many investors include corporate social responsibility as one eligibility criterion
(Garc�ıa et al., 2022), but this constraint is not considered in this paper. There is still
a long way to go for work in this field, and continuous in-depth research is required.
As future line of work, academicians and researchers are encouraged to explore the
factors affecting the integration and contagion among the EPU and energy markets.

Notes

1. http://www.policyuncertainty.com
2. https://www.imf.org/en/Research/commodity-prices
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