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The impact channel of crude oil market risk on the macroeconomy is highly related to oil
attributes. This paper uses a stepwise test method with dummy variables to identify the
channel effect of commodity market risk as well as financial market risk and explore the
characteristics of the channel effect in different periods dominated by different oil
attributes. Furthermore, this paper investigates the asymmetric characteristics of the
channel effect under the condition of crude oil returns heterogeneity. The empirical
results show that: First, commodity market risk, as well as financial market risk plays a
channel role in the impact of crude oil market risk on the macroeconomic operation.
Second, there is a significant difference in the ability of the commodity market and financial
market to cope with shocks of crude oil market risk in periods dominated by different
attributes. During the period dominated by the commodity attribute of oil, both commodity
market and financial market play the role of “risk buffer”; during the period dominated by
dual attributes of oil, the commodity market risk plays the role of “risk buffer”, while the
financial market risk plays the role of “magnifier” of the crude oil market risk. Third, the
channel effect pattern and degree of commodity market risk and financial market risk are
significantly asymmetric.

Keywords: channel identification, upward and downward return risk, macro economy, Commodity market, financial
market

1 INTRODUCTION

The impact of crude oil market risk on the smooth operation of the macroeconomy is related to the
dual attributes of the oil. As a key input factor, the price fluctuation of crude oil will directly or
indirectly affect macroeconomic factors such as inflation, interest rate and price level (Bloch et al.,
2015; Ratti and Vespignani, 2016; Sodeyfifi and Katircioglu, 2016; Kang et al., 2017; Shi and Sun,
2017; Ji et al., 2019a; Saeed and Ridoy, 2020). The dependence of economic development on crude oil
is the main factor that determines the direct shock of the crude oil market. Since 1993, China has
become a net importer of crude oil, and the import volume shows an upward trend. In 2014, China
became the world’s largest importer of crude oil. China’s consumption of crude oil is also on the rise,
making it the second-largest consumer of crude after the United States. In addition, the commodity
and financial attributes of oil reflect the indirect impact of the crude oil market on the smooth
operation of the macroeconomy. Crude oil, on the one hand as the main commodity, its price

Edited by:
Xun Zhang,

Academy of Mathematics and
Systems Science (CAS), China

Reviewed by:
Muhammad Mohsin,

Jiangsu University, China
Xuerong Li,

Academy of Mathematics and
Systems Science (CAS), China

*Correspondence:
Zhenzhen Wang

wangzhzh@gdufs.edu.cn

Specialty section:
This article was submitted to
Sustainable Energy Systems

and Policies,
a section of the journal

Frontiers in Energy Research

Received: 11 July 2021
Accepted: 12 November 2021
Published: 03 January 2022

Citation:
Jia S, Dong H and Wang Z (2022)

Identifying the Asymmetric Channel of
Crude Oil Risk Pass-Through to Macro

Economy: Based on Crude
Oil Attributes.

Front. Energy Res. 9:739653.
doi: 10.3389/fenrg.2021.739653

Frontiers in Energy Research | www.frontiersin.org January 2022 | Volume 9 | Article 7396531

ORIGINAL RESEARCH
published: 03 January 2022

doi: 10.3389/fenrg.2021.739653

http://crossmark.crossref.org/dialog/?doi=10.3389/fenrg.2021.739653&domain=pdf&date_stamp=2022-01-03
https://www.frontiersin.org/articles/10.3389/fenrg.2021.739653/full
https://www.frontiersin.org/articles/10.3389/fenrg.2021.739653/full
https://www.frontiersin.org/articles/10.3389/fenrg.2021.739653/full
https://www.frontiersin.org/articles/10.3389/fenrg.2021.739653/full
http://creativecommons.org/licenses/by/4.0/
mailto:wangzhzh@gdufs.edu.cn
https://doi.org/10.3389/fenrg.2021.739653
https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles
https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org/journals/energy-research#editorial-board
https://doi.org/10.3389/fenrg.2021.739653


fluctuation will cause the price of other commodities to change in
the same direction; on the other hand, as the necessity of
production and life, the change of its price as well as the
change of other commodities prices will inevitably lead to the
change of many macroeconomic indicators, such as the price
level. In addition, due to the influence of demand, the
international crude oil market price has a great uncertainty,
which in turn changes the macroeconomic operation (Guo
et al., 2016; Choi et al., 2018; Gong and Lin, 2018; Humbatova
et al., 2019). Given this, violent oil price fluctuations must have an
impact on the smooth operation of the economy, and the impact
of the crude oil market on the economy is heterogeneous under
different oil attributes.

The focus of investigating the ability of the commodity market
and financial market to cope with the oil market risk impact is
mainly on the channel effect. In terms of commodity markets, on
the one hand, China, as the largest importer, could be changed by
the fluctuation of crude oil price, thus affecting the supply of
crude oil. Moreover, changes in crude oil market price would lead
to changes in commodity market price, which indirectly affect
economic development (Ji et al., 2018). On the other hand, China
focuses on strengthening the energy reserves and infrastructures
construction to buffer shocks of the external environment. The
decline of crude oil market price reduces the constraints of the
cost factor on China and provides conditions for expanding
energy reserves and increasing energy infrastructure
construction. From the perspective of the financial market, the
negative correlation between crude oil price and the financial
market creates more profit space for investors, especially fund
investors (Wen et al., 2019a; Zheng and Du 2019). Investors take
crude oil as a hedge asset, grasp the downward trend of crude oil
prices, and obtain excess profits in a short time. This kind of
capital flow challenges the effectiveness of the financial market
and then affects economic development (Ji et al., 2019a; Meng
et al., 2020).

The main purpose of this paper is to identify the channels
through which crude oil market risk affects macroeconomic
operation and to analyze the asymmetric characteristics of
channel effect under the condition of oil returns heterogeneity.
The formation of dual attributes of oil has enhanced the channel
effect of the commodity market as well as a financial market in the
impact of the crude oil market on economic development. In
addition, the rise and fall of returns in the crude oil market will
affect the speed of obtaining market information and investors’
expectations, thus the correlation between risks in the crude oil
market and commodity market is different from that between
risks in the crude oil market and financial market (Cheng et al.,
2016; Ji et al., 2019a; Wu et al., 2021). The financial attribute of
crude oil has attracted more and more investors to consider oil as
a financial commodity while providing opportunities for
speculators. Due to the heterogeneity of information access
between investors and speculators, investors and speculators
have different responses to market price fluctuations under
different trends (Ahmed et al., 2017; Ji et al., 2019b). This
paper investigates the asymmetric impact of the international
crude oil market risks on the stable economic operation from the
perspective of the rising and falling returns of the crude oil

market, which is conducive to improving the cross-market
information sharing mechanism and preventing the shock
from the price fluctuation in the international crude oil
market to the stable economic operation.

The existing literature mainly identifies the impact channels of
the crude oil market and price level. Alvarez et al. (2011) analyzed
the indirect effect of the crude oil market on price levels in Spain
and Europe. Razmi et al. (2016) investigated the mediating
mechanism of currency in the impact of crude oil price on the
price level. The results show that before the financial crisis, the
mediating effect of currency is not obvious, but after the financial
crisis, the price of crude oil will not only directly affect the price
level, but also have an indirect effect on the price level through
currency. In addition, the interaction mechanism between crude
oil price and price level can also be realized through other
channels, such as the channel of interest rate level (Smets and
Peersman, 2001; Tillmann, 2008; Kose et al., 2012), the channel of
credit level (Wulandari, 2012), the mediating effect of exchange
rate market (Takhtamanova, 2010), and the mediating effect of
stock price (Gregoriou and Kontonikas, 2010; Nistico, 2012; Chen
et al., 2020). Sek (2017) analyzed the channel role of crude oil
export price and production cost in the relationship between
crude oil price and price level. The results show that crude oil
export price and production cost play a channel role in the
relationship between crude oil price and price level, but in the
long run, the crude oil price has no indirect effect on the price
level. Sek (2019) further analyzed the heterogeneity of the indirect
effect of crude oil price on price level between crude oil exporting
and importing countries. Chen et al. (2020) studied the impact
mechanism of Brent (WTI) crude oil price on CPI/PPI. The
results show that Brent has a significant negative indirect impact
on CPI, PPI and MPPI, while the financial market has no channel
effect in the impact of WTI crude oil price on the price level.

However, despite the channel effect behind the relationships
between crude oil markets and macroeconomics, there are still
several gaps in most of the existing studies. Firstly, most of the
existing literature focuses on the channel effect of the financial
market, and analysis of the channel effect of the commodity
market focuses on a single commodity such as gold or natural
gas. Secondly, the channel effect needs to be updated with the oil
dual attributes. the existing related literature ignores the
perspective of different oil attributes. Finally, according to
the review of the relevant literature concerning the
influence mechanism of the international crude oil market,
existing researches ignore the asymmetry of the channel effect
caused by investors’ expectation when the returns of the
international crude oil market rise and fall.

To overcome the deficiencies, the main contributions are as
follows. The first is to identify the channel effect of commodity
market risk. As a core part of the commodity, the oil risk
evolution not only exhibits the main risk resource for natural
gas or gold, but also snapshots the risk evolution of the
commodity market index. Additionally, the commodity market
plays an important role in macroeconomic. In this sense, this
paper identifies the channel role of the commodity market risk as
well as financial market risk in the impact of crude oil market on
the macroeconomic operation. Secondly, this paper illustrates the
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channel effects of commodity market risk or financial market risk
taking accounting into the dual attributes of the oil. On the one
hand, there are differences in the risk evolution characteristics of
the crude oil market in periods dominated by oil’s financial
attributes and commodity attributes. On the other hand, the
formation mechanism of different oil attributes leads to a
different correlation between the crude oil market and the
commodity market as well as the financial market. Based on
this, this paper analyzes the correlation between the influence
channels of the crude oil market and oil attributes. Finally, we
analyze the asymmetric channel effect commodity market risk or
financial market risk existing in the oil pass-through to
macroeconomic under different oil return trends.

The overall framework of this paper is as follows: Section 2
proposes the research hypotheses of this paper; Section 3
elaborates the research design; Section 4 identifies the channel
effect of commodity market and financial market and analyzes its
asymmetry. The main conclusions of this paper are summarized
in the fifth Section.

2 HYPOTHESES

The identification of the impact channels of crude oil market risks
includes two aspects: the direct impact of international crude oil
market risks on the smooth operation of the macroeconomy and
the indirect impact of commodity market risks as well as financial
market risks. Changes in the international crude oil market risks
will affect investors’ expectations, enterprise operations and
external environment, and then directly affect the smooth
operation of the macroeconomy (Hamilton, 1983; Killian,
2009; Sek, 2017, 2019; Gong and Lin, 2018; He and Lin, 2019;
Huang et al., 2019). From the perspective of investors’
expectation, the change of the crude oil market risk means the
increase of the crude oil price uncertainty and the change of
investors’ expectation, which in turn changes investors’ capital
allocation, leading to the fluctuation of output (Gonzalez-
Concepcion et al., 2018; Wang et al., 2021). From the
perspective of enterprise operation, changes in crude oil
market risks affect the operating cost of enterprises. To
control costs and maximize their profits, manufacturers will
adjust their oil input. If the input of other production factors
remains unchanged, the change of oil input will affect the total
production amount, that is, the actual output level of the
enterprise will change, and then affect the smooth operation
of the macroeconomy (Long and Liang, 2018). The external
environment mainly includes two aspects: industrial structure
adjustment and monetary policy adjustment. The effect of crude
oil price fluctuations on industrial structure adjustment is mainly
due to the difference in oil dependence, and the adjustment of
resource allocation is cyclical to a certain extent, which eventually
increases the burden of economic self-regulation (Chen et al.,
2020). The effect of monetary policy adjustment is also affected by
the risk of the crude oil market (Wen et al., 2019b). On the one
hand, crude oil market risk causes the transfer of wealth between
oil importing and exporting countries (Wei, 2019); on the other
hand, monetary authorities will formulate corresponding policies

to mitigate the impact of changes in crude oil prices. Wealth
transfer and policy change will lead to the change of money
supply in the domestic market. In the case of constant money
demand, the change of money supply will affect the domestic
investment environment, change the investment strategy of
enterprises, and ultimately affect the smooth operation of the
economy. To sum up, the international crude oil market risk will
change the stability of macroeconomic operations.

The commodity market and financial market are the key
channels through which the risks of the crude oil market
affect the smooth operation of the economy (Fan et al., 2021;
Xiao et al., 2021). Commodity market risks are directly related to
macroeconomic operation such as domestic output and price
level (Shi and Sun, 2017). Fundamentally, fluctuation in
commodity prices changes the transportation costs of related
products, thus affecting the price changes of final products.
Therefore, the channel effect of the commodity market is
highly correlated with such factors as manufacturer cost,
wealth transfer, monetary policy, industrial structure
adjustment and consumer expectation (Gong and Lin, 2018;
He and Lin, 2019). So commodity market is one channel. In
addition, the development of crude oil market financialization
provides more new assets for investors or enterprises in pursuit of
profits. The price fluctuation of the crude oil market will increase
the uncertainty of the financial market, and then affect the
behavior of investors, and finally affect the macroeconomy
(Cong and Shen, 2013; Coronado et al., 2018). Specifically, the
price fluctuation in the crude oil market will change the allocation
proportion of investors or enterprises’ funds between the real
economy and the financial market through the expected effect;
the cost effect will change the oil demand of manufacturers; the
monetary policy effect will change the investment strategy.
Changes in these factors ultimately affect the smooth
operation of the macro-economy. Therefore, the financial
market plays a channel role in the influence of the crude oil
market on the macroeconomic operation.

Based on the above analysis, this paper puts forward the basic
hypothesis of the channel role of the commodity market as well as
the financial market.

Hypothesis 1: Commodity market risks, as well as financial
market risks play a channel role in the impact of the crude oil
market on the smooth operation of the macroeconomy.

The channel effect of the commodity market is significantly
related to the dual attributes of the oil. Commodity prices are
directly related to the macro-economic operation, such as
domestic output and price level (Shi and Sun, 2017; Song
et al., 2019). Fundamentally, the price fluctuation of the crude
oil market will lead to the change of commodity price, and then
lead to the change of commodity import price, which will be
transferred to the change of product price. Due to the differences
in the formation mechanism of different oil attributes, there are
differences in the ability of the commodity market to cope with
the risk impact of the crude oil market (Figure 1). From the
perspective of oil’s commodity attribute, fluctuations in crude oil
price will lead to changes in the price of raw materials, and then
change the production costs of enterprises (Hewitt et al., 2019).
The change of enterprise production cost will lead to the change
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of enterprise investment strategy, and ultimately affect the
smooth operation of the macro-economy. Consumers are
recipients of commodity prices. As a consumer necessity, the
price fluctuation of agricultural products such as grain will affect
the operation of the macro-economy. Monetary policy has a
moderating effect on price stability. Price fluctuations in the
crude oil market will affect the prices of other commodities.
Monetary policies such as quantitative easing can increase the
money supply by ensuring low interest rates, and then stimulate
investment to slow down the impact of changes in the prices of
crude oil and other commodities, and finally affect the economic
situation (Yang and Zhou, 2017).

From the perspective of the financial attribute of oil, the
information effect of commodity price on macroeconomic
operation increases with the financialization of oil and other
commodities (Zhang et al., 2017). Changes in commodity prices
triggered by fundamentals (changes in the relationship between
supply and demand of commodities) will transmit different
signals to other markets about the functioning of the global
economy, changing market confidence, and thus affecting the
smooth operation of the macroeconomy. If commodity
financialization improves the information content of
commodity prices, it will help the commodity market to play a
signal function, and lead to a stronger response of the
macroeconomy to commodity price shocks. If commodity
financialization brings more speculative noise, it will increase
the distortion of market price signals, which will interfere with
market players and further amplify the change of output.

Investor expectations have a significant impact on the
mediating effect of commodity markets (Dong et al., 2019;
Chen et al., 2020). When returns of the crude oil market rise,
the market investors’ expectations are high and the market
sentiment is positive. Enterprises adjust their investment
strategies and focus on the demand for a single commodity.
When returns fall, the diversity of the commodity market is the
main way for market participants to cushion the blow of a major
event. Through the purchase of diversified commodities,
investors have reduced oil demand, driving down international
oil prices and pushing up the prices of other commodities. Due to
the difference in the impact of investors’ expectations on the
demand changes of different commodities, the channel effect of
commodity market risk is greater when returns fall (Ji et al.,
2019a).

Based on the above analysis, this paper puts forward the basic
hypothesis on channel asymmetry in the commodity market.

Hypothesis 2a: Under different attributes of oil, the channel
effect of commodity market risk is different.

Hypothesis 2b: Under the condition of returns heterogeneity,
the mediating effect of commodity market risk is asymmetric.

Financial market risk is one of the key influence factors for the
smooth operation of the macroeconomy. The mediating effect of
the financial market is mainly related to the economic effect of
financial market risks, specifically including the following aspects
(Figure 2): first, enterprises solve their financing constraints
through the financial market to improve economic activities;
second, financial market influences the efficiency of capital
allocation and industrial structure; third, price fluctuation in

the financial market has monetary policy effect; fourth,
financial market has wealth effect (Dong et al., 2019; Sek,
2019; Chen et al., 2020). Based on the commodity attribute of
oil, risks of the crude oil market change operating costs of
enterprises. The financial market is one of the main financing
channels for enterprises. Enterprises finance by issuing financial
assets such as stocks and bonds for their development. When the
capital market is prosperous, the economic activities of
enterprises are active, and the cost of financing through the
financial market is reduced. The high liquidity of the capital
market attracts a large number of funds to enter the market. Risks
in the financial market will affect the expectations of investors,
and then change their investment strategies to seek investment
benefits.

The mediating effect of the financial market is also related to
investor behavior (Song et al., 2019; Chen et al., 2020; Li and
Zhong, 2020). The financial market can curb inflation by
attracting idle funds in the financial field. Fast financial
market development has attracted a large number of risk
preference investors to enter the market for trading, which has
a storage function for the idle funds of the real economy. This
function changes the inflation level through price fluctuation of
the financial market. In addition, the price fluctuation of the
financial market will make the capital flow from the real economy
into the virtual economy (Li et al., 2020). Specifically, financial
market risks make asset prices falsely high, and the profits of
investing in the virtual economy far outweigh those in the real
economy, causing capital flow from the real economy to the
financial markets, resulting in money supply shortage in the real
economy, which leads to the decline of output, the reduction of
efficiency, the lack of motivation for technological innovation,
and finally reduced allocation of social resources (Gong and Lin,
2018; He and Lin, 2019). Compared with the decline of returns,
the rise of crude oil returns makes it easier for investors to obtain
expected profits, reducing financing constraints of enterprises as
well as the cost of obtaining capital. In addition, market
uncertainty increases when returns fall, and market investors
are risk-preference ones, reducing the funds’ storage function of
the financial market. Therefore, the crude oil market risk has a
greater impact on the macroeconomic operation through the
financial market when returns rise.

Based on this analysis, this paper puts forward the basic
hypothesis of asymmetric channel effect in the financial market.

Hypothesis 3a: The channel effect of financial market risk is
different with different attributes of crude oil.

Hypothesis 3b: There is an asymmetry in the mediating role of
financial market risk under different trends.

3 STUDY DESIGN

3.1 Selection for Channel Identification
Model
This paper uses a stepwise test approach to identify the impact
channels of crude oil market risk. If crude oil market risk has
an impact on the smooth operation of the macroeconomy by
influencing commodity market risk or financial market risk, it
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is said that commodity market risk or financial market risk has
a mediating effect. There are two methods to test the mediating
effect: structural equation model and stepwise test. Bentler
(1980) first proposed the structural equation model and
analyzed the path of attitude influencing behavior. Since
then, the structural equation model has been widely used in
psychological research. From the perspective of engineering
project operation, Qureshi and Kang (2015) analyzed the
influence of project size on project complexity and analyzed
its influence path. Dong et al. (2020), based on the structural
equation model, analyzed mediating roles of economic
conditions and financial conditions in the business cycle
affecting the health system financing process. By setting the
relationship between latent variables and explicit variables, the
structural equation model can be used to further analyze the
interaction between latent variables and latent variables. But
this model requires high data quantity, so it is frequently used
in questionnaire analysis. The stepwise test model verifies the
mediating effect of variables by sequentially testing coefficients
significance. This model was first proposed by Baron and
Kenny (1986). Chen et al. (2020) analyzed the channel roles
of stock prices and local government debt in the influence of
crude oil prices on price levels. Compared with the structural
equation model, the stepwise test method requires less data
quantity. Therefore, this paper selects the stepwise test
method.

The stepwise test consists of three steps. The first step is to fit the
regression model as 1) to test the significance of the influence
coefficient c of international crude oil market risk on the price level.

plt � β00 + cBRISKt + βXt + εt, (1)

where plt represents stable operation of China’s macro economy
at time t; BRISKt is international crude oil market risk; Xt is the
control variable.

In the second step, regression models such as 2) and 3) are
fitted to test the significance of coefficients a and b in turn.

chat � β01 + aBRISKt + βXt + εt, (2)

plt � β03 + c′BRISKt + bchat + βXt + εt, (3)

where chat represents the channel variable, specifically refers to
commodity market risk.

In the third step, if both coefficients a and b are significant,
their significance is tested; If at least one of them is not significant,
the Sobel test is used to further analyze the mediating effect of
commodity market risk or financial market risk.

Accordingly, the mediating effect test can be divided into three
steps. The first step is to test the significance of c. The significance
of coefficient c, which describes the significance of crude oil
market risk and macroeconomic operation. If the effect is not
significant, it is not necessary to conduct a subsequent mediating
effect test. If the effect is significant, the second step test is carried
out. The second step is to test whether coefficients a and b are
significant. The significance of coefficient a reflects the
significance of the impact of crude oil market risk on the
mediating variables (commodity market risk or financial
market risk), and the significance of coefficient b represents
the significance of the impact of mediating variables on the
smooth operation of the macroeconomy. a × b reflects the
indirect effect of crude oil market risk on the smooth
operation of the macroeconomy. Therefore, checking whether
a × b is 0 is the key of the third step. In Step 3, a × b is tested
according to different situations. 1) If both coefficients a and b are
significant, it indicates that a × b is not 0, then the significance of
the direct effect of crude oil market risk on the smooth operation
of the macroeconomy (c′) is tested. 2) If at least one of the
coefficients a and b is not significant, the Sobel test is used to
analyze whether a × b is 0. If c′ is significant, it indicates that the
risk of the crude oil market has both direct and indirect effects on

FIGURE 1 | Formation mechanism of the channel effect of commodity market risk.
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macroeconomic operation; if c′ is not significant, it indicates that
the risk of the crude oil market only has an indirect effect on
macroeconomic operation. In addition, if the Sobel test is passed,
it means that a × b is not significant, that is, the risk of the crude
oil market has an indirect effect on macroeconomic operation, so
we continue to test the significance of the coefficient c′. On the
contrary, it indicates that the risk of the crude oil market has no
indirect effect on macroeconomic operation, so the test should be
stopped.

The Sobel test statistic (S.TE) is proposed by Sobel (1982), and
the null hypothesis of the test is a × b � 0. The statistical
calculation method is shown in.

S.TE � a × b

b2 × S2a + a2 × S2b( )1/2. (4)

where S2a and S2b represent the standard error of the estimation of
coefficients a and b, respectively.

3.2 Variable Selection and Measurement
According to themodel selection part, variables selected in this paper
include macro-economic operation, international crude oil market
risk, commodity market risk, financial market risk and related
control variables. The description and measurement methods of
the variables selected in this paper are summarized in Table 1.

This paper employs four type variables, that is Explained
variable, Explanatory variable, Mediating variable and Control
variable (shown in Table 1). Specifically, we use consumer price
index (CPI) and producer price index (PPI) to measure the
Explained variable. And this paper employs Conditional
Autoregression quantile Value-at-Risk (CAViaR) to model the
Explanatory variable (crude oil market risk) and Mediating
variable (commodity market risk or financial market risk).
Finally, the Control variables include money supply and lagged
CPI/PPI.Monetary policy is the key variable affecting CPI and PPI,
andmoney supply is the direct embodiment of monetary policy. In
this way, to eliminate the seasonal effect inmonetary supply, we use
the year-on-year ratio of M2 to measure the monetary supply.
Moreover, since the influence of insufficient selection of control
variables on the empirical results, this paper also selects the first-

order lag of the explained variable as control variables (Li et al.,
2021b).

This paper employs the CAViaR model to measure the key
explanatory variable as well as channel variables, crude oil market
risk, commodity market risk and financial market risk. Existing
risk measurement methods are mainly based on different natures
of crude oil market returns. On the one hand, market risks are
measured from the perspective of the heteroscedasticity nature of
asset returns. Relevant literature uses static and dynamic VaR
based on the GARCH model to predict financial market risks
such as stock market, crude oil market and virtual financial asset
market (Bernardi and Catania, 2016; Ferraty and Quintela-Del-
Río, 2016; Gkillas and Katsiampa, 2018; Li et al., 2018; Saculsan
and Kanamura, 2020). On the other hand, market risks are
measured from the perspective of asset returns with an
agglomeration nature. Most of the relevant literature uses the
expected shortfall (ES) method to measure risks. ES mainly
forecasts financial market risks from the perspective of
extreme events to make up for the characteristics that
ordinary VaR cannot capture. The above methods have two
common features. One is based on a specific distribution of
crude oil market returns. The other is based on parameter
estimation. For the former feature, returns of the crude oil
market are usually limited to some specific distributions, such
as normal distribution, t distribution and GED distribution.
According to historical experience, a parametric model is used
to measure the risks of the crude oil market. In addition, for
parametric models, the accuracy of parameter estimation and the
degree of model fitting are two aspects that need to be considered
in model construction. According to the definition of risk, the
measurement of crude oil market risk is forecasting quantiles.
Therefore, a conditional autoregressive value at risk model
(CAViaR) proposed by (Engle and Manganeli, 2004) is
adopted, considering the agglomeration effect of
international crude oil market returns and the application of
quantile regression in risk measurement. The CAViaR model
does not need to presuppose the distribution of the
international crude oil market returns, and it uses the
quantile regression to calculate quantiles; meanwhile,
considering the agglomeration nature of international crude

FIGURE 2 | Formation mechanism of the channel effect of financial market risk.
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oil market risks, the model adds the lag term of risks. By using
the four model forms of CAViaR, existing literature predicts the
dynamic risks of upward and downward asset returns (Meng
and Taylor, 2018; Li et al., 2020, 2021a).

The basic form of the CAViaR model is as (5):

Riskt β( ) � β1 +∑q
i�1

βiRiskt−i β( ) +∑r
j�1

βjl Rt−j( ), (5)

where Riskt represents international crude oil market risk in
month t; l (Rt−j) is a function of exogenous variables, mainly
describing the impact of different forms of international crude
oil market returns on risks; the lag term Riskt−i(β) describes
the agglomeration of international crude oil market risk.
Based on different forms of international crude oil market
returns and different model variants, (Engle and Manganeli,
2004) further put forward four forms of CAViaR model:
absolutely symmetric model, asymmetric model, indirect
GARCH model and adaptive model, with specific forms
as (6)–(9).

Absolute symmetry model:

Riskt β( ) � β1 + β2Riskt−1 β( ) + β3|Rt−1|. (6)

Asymmetry model:

Riskt β( ) � β1 + β2Riskt−1 β( ) + β3 Rt−1( )+ + β4 Rt−1( )−, (7)

where (Rt−1)+ � max(R(t−1), 0), (Rt−1)− � min(R(t−1), 0),
depicting positive or negative monthly returns of international
crude oil market in the previous period.

Indirect GARCH(1,1) model:

Riskt β( ) � β1 + β2Risk
2
t−1 β( ) + β3R

2
t−1( )1/2. (8)

Adaptive model:

Riskt β1( ) � Riskt−1 β1( )
+ β1 1 + exp G Rt−1 − Riskt−1 β1( )[ ]( )[ ]−1 − α{ },

(9)

where G is a finite positive integer. When returns exceed the
measured value of risk, the value of G should be increased
appropriately; on the contrary, the value of G should be

TABLE 1 | Selection of mediating effect test variables.

Variable type Variable Indicator Measure method

Explained variable Macroeconomic Operation CPI CPI
PPI PPI

Explanatory variable Returns upward risk in international oil market BURISK CAViaR
Returns downward risk in international oil market BDRISK

Mediating variable Commodity market risk CRISK CAViaR
Financial market risk FRISK

Control variable Monetary policy M2 M2 chain index
Lag term CPI/PPI First-order lag of the explained variables

FIGURE 3 | Dynamic feature recognition of oil commodity attribute. Note: Shadow parts show negative relationship between the structural shocks of oil demand
and oil price.
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reduced appropriately. Only in this way can the goodness of fit of
the adaptive model be increased. This papermainly constructs the
appropriate CAViaR model from the former three models to
measure the international crude oil market risk1

The test of the model fitting effect is to compare the fitting
situation of different risk measurement methods to the
international crude oil market risk. This paper uses the values
of HIT and DQ statistics proposed by Engle and manganeli
(2004), based on the properties of VaR and dynamic quantile
test. The HIT mainly examines the difference between the risk
measurement results and the returns of the international crude oil
market. The HIT test statistic is expressed as (10),

Hitt β( ) � I Rt <Riskt β( )( ) − α, (10)

where I (·) is the indicative function, when Rt < Riskt(β), the value
ofHitt(β) is 1 − α; otherwise, it is − α. In addition, according to the
quantile function definition, the value of the statistic Hitt(β) is 0
when data of period t − 1 are given. In other words, the value of
Hitt(β) is not related to international crude oil market risk and its
lag term, so the HIT test may not be sufficient to test the goodness
of fit of the model. Further, (Engle andManganeli, 2004) proposed
the DQ test, including fitting sample test and test sample test. The
statistics of DQ test are expressed as (11) and (12),

DQIS �
Hit′ β̂( )X β̂( ) M̂TM̂T′( ) −X′ β̂( )Hit′ β̂( )

α 1 − α( ) ∼ χ2q, (11)

DQOS � N−1
R Hit′ β̂TR

( )X β̂TR
( ) X′ β̂TR

( )X β̂TR
( )[ ]−1

×X′ β̂TR
( )Hit′ β̂TR

( )/α 1 − α( ) ∼ χ2q, as R → ∞,
(12)

where DQIS and DQOS refer to DQ test statistics of fitting samples
and test samples, respectively; X(β̂) is related to β̂, for measuring

the returns information of the international crude oil market of
the fitting sample, i.e., Hit(β̂) � [Hit1(β̂), Hit2(β̂), . . . ,
HitT(β̂)]′. Similarly, assume TR represents the size of fitting
sample data and NR is the size of test sample data, X(β̂TR

) is
related to β̂TR

, n � TR + 1, TR + 2, . . . , TR + NR, for measuring the
returns information of the international crude oil market of the
test sample, i.e., Hit(β̂TR

) � [HitTR+1(β̂TR
), HitTR+2(β̂TR

),
. . . , HitTR+NR(β̂TR

)]′, and

M̂T � X′ β̂( ) − { 2TĈT( )−1 ∑T
t�1

I |Rt <Riskt β̂( )|< ĈT( )
×X′ β̂( )∇Riskt β̂( )}D̂−1

T ∇′Riskt β̂( ).
3.3 Sampling Scheme
In this paper, the structural vector autoregressive model (SVAR) is
used to identify the dominant period of different oil attributes. The
financial and commodity attributes of oil determine that the price
of the crude oil market is positively affected bymonetary policy and
crude oil demand respectively. The financial attribute of oil means
that the formation and fluctuation of crude oil market price have
the basic characteristics of financial products and can play a role in
the financial market (Chen et al., 2016; Zhang et al., 2017; Raheem
et al., 2020). As a demand regulation policy, expansionary
monetary policy will increase oil demand, reduce the
uncertainty of the crude oil market, and release good news for
investors. Investors’ knowledge of the news enhances their
optimistic expectations, which in turn changes the allocation of
their funds in real and financial investments, increasing speculative
demand (Tang and Xiong, 2010; Oleg and Ekaterina, 2020).

Oil supply is inelastic in the short term, and OPEC’s regulation
of oil supply has lagged effect, so the price of the crude oil market
is affected by the demand in the short term. The demand for
crude oil is usually correlated with the total demand of the
national economy (Ghassan and Alhajhoj, 2016). In the long

FIGURE 4 | Dynamic feature recognition of oil financial attribute. Note: Shadow parts show negative relationship between the structural shocks of oil demand and
monetary policy.

1We refer to Section 4 of Engle and Manganeli, (2004) for model parameter
estimation.
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run, the supply of crude oil is more elastic. However, as oil is a
non-renewable resource, its reserves, resource endowment,
production cost, production capacity and OPEC resolutions all
limit the supply of crude oil (Loutia et al., 2016).

Changes in crude oil price will alter the production cost of
enterprises as well as the oil demand, and then affect a
country’s inflation level. As one of the objectives of
monetary policy, to maintain price stability, countries
formulate corresponding monetary policy to adjust the
inflation level, so the crude oil market price will also affect
monetary policies. However, traditional linear models cannot
fully describe the correlation between the crude oil market,
monetary policy and crude oil demand. Considering the
immediate impact of international crude oil price, oil
demand and monetary policy, as well as the characterization
of structural shocks on the correlation, this paper refers to

Kilian (2009) and constructs an SVAR model to identify the
dual attributes of the oil.

The basic form of SVAR(p) model constructed in this paper is
shown in Formula (13),

B0Xt � ∑p
i�1

BiXt−i + εt. (13)

where Xt � (opit, demt, mpot)′ is a 3 × 3 vector; opit represents
the international crude oil price at time t; demt refers to the oil
demand at time t; mpot represents the monetary policy at time
t; p is the lag order which is identified with the SC criterion; B0
describes the immediate effect of international crude oil
market price, oil demand and monetary policy, and
similarly, Bi describes the marginal impact lagged i order.

Since B0 is reversible, Formula (13) can be simplified as (14).

FIGURE 5 | The channel effect of commodity market risk under different returns trends. Note:(A)–(B) show the channel effect of commodity market risk in the
impact of international crude oil market downward returns risk when oil commodity attribute and dual attribute dominate, respectively; (C) represents the channel effect
of the commodity market risk when the dual attribute of oil dominates in the international crude oil market upward returns risk. The number on the arrow represents the
impact coefficient.
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Xt � ∑p
i�1

B−1
0 BiXt−i + B−1

0 εt, (14)

where εt � (εprice−shockt , εdemand−shock
t , εpolicy−shockt )′ is the structural

vector of international oil price shocks, including specific oil price
shocks, international oil price demand shocks and international
oil price monetary policy shocks.

Combined with the research purpose of this paper and existing
literature, this paper imposes short-term zero constraints on the
immediate impact matrix, and constructs the SVAR model. The
specific constraint matrix is shown in,

B0Xt �
1 b12 b13
0 1 b23
0 0 1

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ opit
demt

mpot

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦ (15)

The corresponding position in the matrix represents the
immediate impact between variables. Specifically, the crude oil

price will respond to the shock of oil demand and monetary
policy, so the first element of the first row of the constraint matrix
is 1, and the other elements are not 0. Although global economic
activities take oil as the main raw material and fuel, when oil price
changes, the oil demand will have a lag effect on the crude oil
price due to the development of enterprise investment plans and
oil reserves, that is, the oil price shock will not affect the current
oil demand, b21 � 0. In addition, changes in crude oil prices and
oil demand will not cause changes in monetary policy, i.e. b31 �
b32 � 0. But changes in monetary policy will cause changes in oil
demand in the current period.

3.4 Summary
In different periods dominated by different attributes of oil,
the mediating effect of commodity market risk and financial
market risk is different. To distinguish different oil attribute
dominant periods, based on the identification of oil attributes

FIGURE 6 | The channel effect of financial market risk under different returns trends. Note:(A,B) show the channel effect of financial market risk in the impact of
international crude oil market downward returns risk when oil commodity attribute and dual attribute dominate, respectively; (C) represents the channel effect of the
financial market risk when the dual attribute of oil dominates in the international crude oil market upward returns risk. The number on the arrow represents the impact
coefficient.
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in 3.3, three dummy variables are added in this paper,
representing oil commodity attribute dominance (DC), oil
financial attribute dominance (DF) and oil dual-attribute
dominance (DB), and the difference of mediating effect is
analyzed with the stepwise test method. The analysis process is
shown in (16)–(18),

plt pDt � β00 + cBRISKt pDt + βXt pDT + εt, (16)

chat pDt � β01 + aBRISKt pDt + βXt pDT + εt, (17)

plt pDt � β03 + c′BRISKt pDt + bchat pDt + βXt pDT + εt.

(18)

where Dt refers to the dummy variable, representing different
dominant periods of different oil attributes.

4 ASYMMETRIC EFFECTS OF
INTERNATIONAL CRUDE OIL MARKET
RISK WITH DIFFERENT RETURNS TRENDS

4.1 Inferred Oil Attributes
According to Section 3.3, the variables of oil attribute
identification include international crude oil market price,
oil demand and monetary policy. In this paper, Brent oil
spot price is used as the proxy variable of international
crude oil market price. Oil demand is measured by the

growth rate of the Baltic dry bulk index (BDI). Imitating
the practice of Kilian (2009), considering the close
relationship between shipping index and oil demand, this
paper selects dry bulk freight index as the proxy variable of
oil demand. In addition, this paper selects the global money
supply to measure monetary policy. After obtaining the money
supply of the United States, Japan and the European Union, we
use historical bilateral exchange rate data to convert the money
supply into US dollars and then aggregate them to get the value
of the monetary policy proxy variables. Considering the
seasonal effect of variables, this paper uses X12 to adjust
the international crude oil price, BDI and money supply
(GM2) seasonally. On this basis, to eliminate
heteroscedasticity, this paper further implements
logarithmic processing on the data. The above-mentioned
data are from the Wind database2.

The dominant position of oil commodity attribute and
financial attribute has dynamic characteristics. Figure 3 and
Figure 4 respectively show the dynamic feature recognition of
oil commodity attribute and financial attribute. On the one
hand, from the correlation between demand, monetary policy
and structural shock of crude oil price, it can be seen that

TABLE 2 | Stage characteristics dominated by dual attributes of oil.

Attribute Name Specific dominant period Maximum duration Minimum duration Period proportion

Commodity attribute 2003.7–2006.8; 2007.3–2007.6 38 months 4 months 51%
2013.4–2015.5; 2016.1–2019.2

Financial attribute 2006.9–2007.2; 2007.7–2007.12 15 months 5 months 23%
2012.1–2013.3; 2015.6–2015.12

2019.3–2019.9; 2020.7-

Dual attributes 2008.1–2011.12; 2019.10–2020.7 48 months 10 months 26%

TABLE 3 | Channel effect test of commodity market risk and financial market risk for the full sample.

D.V. Step one: (1) Step two: (2) Step three: (3)

CPI PPI CRISK FRISK CPI CPI PPI PPI

BRISK −2.597* −7.155* 0.495* 0.067* −2.137* −0.728 −6.657* −1.409
(0.732) (1.231) (0.027) (0.030) (0.747) (1.321) (1.264) (2.171)

CRISK — — — — — −3.252* −10.01*
— — — — — (1.919) (3.152)

FRISK — — — — −2.285* — −2.493 —

— — — — (0.958) — (1.546) —

C.V. Y Y Y Y Y Y Y Y

R2 0.914 0.954 0.764 0.840 0.916 0.915 0.954 0.956
P(F) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

P(S.TE) — — — — — — 0.191

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; P(F) refers to the P value of statistic F of model goodness of
fit; and P(S.TE) reports the P value of the Sobel test.

2The results of SVAR model stability test and lag order test can be obtained from
the author

Frontiers in Energy Research | www.frontiersin.org January 2022 | Volume 9 | Article 73965311

Jia et al. Asymmetric Channel, Crude Oil Risk

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


crude oil demand and structural shock of crude oil price
change in the same direction, except for 2006M07-
2007M03, 2011M12-2013M04, 2015M05-2015M12,
2019M02-2019M09, 2020M01-2020M06. Monetary policy
and crude oil price structure shocks also basically change
in the same direction, except for 2004M01-2006M09,
2018M09-2019M02, 2020M01-2020M07. On the other
hand, to further compare and analyze the dynamic
characteristics of the dual attributes of oil in the sample
period except for the above-mentioned periods, this paper
compares the symbols of the structural shocks of crude oil
demand and monetary policy. For example, in the second half
of 2003, there is a positive relationship between crude oil
demand shock and monetary policy shock as well as crude oil
price shock, but the shock of monetary policy on international
crude oil price has a certain lag effect. This indicates that the
fluctuation of international crude oil price is mainly affected
by the oil demand, while the influence of monetary policy lags,
that is, the fluctuation of crude oil price is mainly regulated by

the relationship between oil supply and oil demand (Jia et al.,
2021). Therefore, at this time, the oil commodity attribute is
dominant. For example, from the second half of 2007 to the
beginning of 2008, although the oil demand shock is positively
related to the shock of the crude oil market price, the shock is
still negative; while the monetary policy shock is positively
related to the shock of crude oil market price, and the shock is
positive. This shows that the financialization of the commodity
market has gradually taken shape, and a large amount of oil has
entered the reserve field as an investment or even speculation,
but not into the production field. Therefore, the financial
attribute of oil is dominant at this time. The same has
happened since July 2020. To sum up, this paper obtains
the stage characteristics dominated by dual attributes of oil
as shown in Table 2.

Different attributes of oil alter dynamically (Zhao et al.,
2020a). On the one hand, oil has the attributes of commodity
and finance. On the other hand, the dominance of different
attributes of oil is dynamic, and there is a situation of dual

TABLE 4 | Test on the mediating effect of commodity market risk and financial market risk when oil commodity attribute dominates.

D.V. Step one: (16) Step two: (17) Step three: (18)

CPI PPI CRISK FRISK CPI CPI PPI PPI

BRISK −1.498* -3.876* 0.431* 0.092* −1.68* −3.448* −4.337* −1.561
(0.548) (1.231) (0.023) (0.024) (0.555) (1.018) (1.249) (2.305)

CRISK — — — — — 4.213* — -4.980
— — — — — (1.863) — (4.194)

FRISK — — — — 1.625* 3.814*
— — — — (0.928) (2.089)

C.V. Y Y Y Y Y Y Y Y

R2 0.945 0.946 0.881 0.945 0.946 0.947 0.954 0.946
P(F) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

P(S.TE) — — — — — — — 0.236

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; P(F) refers to the P value of statistic F of model goodness of
fit; and P(S.TE) reports the P value of the Sobel test.

TABLE 5 | Test on the mediating effect of commodity market risk and financial market risk when oil financial attribute dominates.

D.V. Step one: (16) Step two: (17) Step three: (18)

CPI PPI CRISK FRISK CPI CPI PPI PPI

BRISK −2.666* −3.876* 0.333* 0.021 −2.633* −2.630* −4.365* −4.941
(0.855) (1.231) (0.031) (0.031) (0.891) (1.131) (1.053) (1.343)

CRISK — — — — — 0.099 — 2.172
— — — — — (2.070) — (2.688)

FRISK — — — — −0.161 — 1.297* —

— — — — (1.218) — (1.526) —

C.V. Y Y Y Y Y Y Y Y

R2 0.964 0.946 0.806 0.965 0.964 0.964 0.960 0.960
P(F) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

S.TEST 0.896 0.961 0.590 0.420

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; P(F) refers to the P value of statistic F of model goodness of
fit; and P(S.TE) reports the P value of the Sobel test.
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attributes co-domination. Most of the dominant periods of oil
financial attribute are before and after the occurrence of special
events (Hu et al., 2021; Jia et al., 2021), mainly including six
periods: 2006.9–2007.3, 2007.7–2007.12, 2011.12–2013.4,
2015.5–2015.12, 2019.2–2019.9 and 2020.7-. The dominant
period of oil commodity attribute is in the stable period of the
crude oil market, which includes four periods: 2003.7–2006.9,
2007.3–2007.6, 2013.4–2015.5 and 2016.1–2019.2. In addition,
the period in which oil dual attributes jointly dominate the
international crude oil market price is related to special events
(Zhao et al., 2020b, 2020c; Xie et al., 2020), which are
2008.1–2011.12 and 2019.10–2020.7.

4.2 Channel Test of Crude Oil Market Risk
According to the dynamic feature identification results of
different oil attributes dominant periods in Section 4.1, based
on the availability of data, this paper extracts the oil attributes
dominant period 2006.7–2020.10 to test the channel effects of
commodity market risk and financial market risk. According to
the research design, EVIEWS 8.0 software is used for the stepwise
test, and online test tools (quantpsy.org/sobel/sobel.htm) are used

for the Sobel test. Tables 3–6 show the channel effect of
commodity market risk, as well as financial market risk in the
impact of crude oil market downward returns risk on
macroeconomic operation; Tables 7–9 report the channel test
results of the impact of international crude oil market upward
returns risk on the stable operation of the macroeconomy.

In the full sample, the impact of international crude oil market
risk on CPI/PPI is different through commodity market risk or
financial market risk. Table 3 reports the stepwise results of the
channel effect of commodity market risk and financial market
risk in the full sample. According to the results of the first step in
Table 3, the impact of international crude oil market risk on CPI/
PPI is significantly negative. The second step is to test the
significance of the impact of international crude oil market
risk on commodity market risk as well as financial market
risk. Similarly, international crude oil market risk has a
significant positive impact on commodity market risk as well
as financial market risk. Finally, the significance of the coefficients
is analyzed by Formula (3). As shown in Table 3, both
international crude oil market risk and financial market risk
have significant impacts on CPI, while financial market risk has

TABLE 6 | Test on the mediating effect of commodity market risk and financial market risk when dual attribute of oil dominates.

D.V. Step one: (16) Step two: (17) Step three: (18)

CPI PPI CRISK FRISK CPI CPI PPI PPI

BRISK −2.928* −8.360* 0.511* 0.055* −2.197* 2.863* −7.121* 2.324
(0.616) (0.948) (0.022) (0.025) (0.603) (1.458) (0.961) (2.161)

CRISK — — — — — −8.844* −16.93*
— — — — — (2.039) (3.130)

FRISK — — — — -3.857* — -5.613* —

— — — — (0.838) — (1.415) —

C.V. Y Y Y Y Y Y Y Y

R2 0.968 0.960 0.914 0.955 0.971 0.971 0.963 0.965
P(F) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; P(F) refers to the P value of statistic F of model goodness of
fit; and P(S.TE) reports the P value of the Sobel test.

TABLE 7 | Test results of the spillover mechanism of international crude oil market upward returns risk under full sample.

D.V. Step one: (16) Step two: (17) Step three: (18)

CPI PPI CRISK FRISK CPI CPI PPI PPI

BRISK −3.334* −5.285* 0.401* 0.085 −2.407* −0.724 −3.876 3.753
(1.375) (2.482) (0.090) (0.056) (1.396) (1.588) (1.656) (2.624)

CRISK — — — — — −3.823* — −13.27*
— — — — — (1.251) — (2.045)

FRISK — — — — −2.572* — −3.879* —

— — — — (0.971) — (1.656) —

C.V. Y Y Y Y Y Y Y Y

R2 0.911 0.946 0.394 0.837 0.914 0.915 0.947 0.957
P(F) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

P(S.TE) — — — — 0.187 — 0.202

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; P(F) refers to the P value of statistic F of model goodness of
fit; and P(S.TE) reports the P value of the Sobel test.
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an insignificant impact on PPI. Based on this, this paper uses the
Sobel test to further identify the mediating effect of financial
market risk in the impact of international crude oil market risk on
PPI, and the test results fall into the acceptance domain, that is,
there is no mediating effect. In addition, the impact on CPI/PPI is
significant, but after controlling the commodity market risk, the
impact of international crude oil market risk on CPI/PPI is not
significant, that is, the direct effect does not exist. According to
the comprehensive results of the stepwise test, under the full
sample, international crude oil market risk will affect CPI through
financial market risk, but will not affect PPI, that is, the mediating
effect of financial market risk only exists in the relationship
between international crude oil market risk and CPI (Chen
et al., 2020). In addition, international oil market risks
indirectly affect CPI/PPI through commodity market risk,
while direct effects do not exist. So, Hypothesis 1 is true.

Under the dominance of oil commodity attribute, crude oil
market risk affects CPI/PPI through financial market risk, while
through commodity market risk, it only affects CPI. Table 4
reports the stepwise test results of the channel effect of
commodity market risk and financial market risk when oil
commodity attribute dominates. The first step fits Formula

(16) to test the significance of the impact of crude oil market
risk on CPI/PPI. As can be seen from the table, the impact of
crude oil market risk on CPI/PPI is significantly negative. The
second step tests the significance of the impact of crude oil market
risk on commodity market risks or financial market risks through
fitting Formula (17). Similarly, the crude oil market risk has a
significant positive impact on commodity market risk as well as
financial market risk. Finally, Formula (18) is fitted to analyze the
significance of coefficients. As shown in Table 4, both crude oil
market risk and financial market risk have significant impacts on
CPI/PPI. Crude oil market risk and financial market risk have a
significant impact on CPI, but not on PPI. Based on this, this
paper uses the Sobel test to further identify the mediating effect of
financial market risk in the impact of crude oil market risk on
PPI, and the test results fall into the acceptance domain, that is,
there is no mediating effect. For the mediating effect test of
commodity market risk, the test results fall into the acceptance
domain, that is, crude oil market risk will not influence PPI
through commodity market risk. According to the
comprehensive results of the stepwise test, under the
dominance of oil commodity attribute, there is a mediating
effect of financial market risk in the impact of crude oil

TABLE 8 | Test results on the spillover mechanism of international crude oil market upward returns risks when single oil attribute dominates.

D.V. (a)Commodity
attribute dominates

Step one: (16) (b)Financial
attribute dominates

Step one: (16)

CPI PPI CPI CPI

BURISK −0.175 (0.826) 0.124 (1.917) −0.982 (1.034) −0.675 (1.305)
CRISK — — — —

FRISK — — — —

C.V. Y Y Y Y

R2 0.943 0.942 0.963 0.956
P(F) 0.000 0.000 0.000 0.000

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; (a) shows the test results of the spillover mechanismwhen oil
commodity attribute dominates; (b) shows the test results of the spillover mechanism when oil financial attribute dominates.

TABLE 9 | Test results on the spillover mechanism of international crude oil market upward returns risks when dual attribute of oil dominates.

D.V. Step one: (16) Step two: (17) Step three: (18)

CPI PPI CRISK FRISK CPI CPI PPI PPI

BURISK −4.932* −10.08* 0.435* 0.078* 0.078* −0.995 -8.059* 1.890
(1.063) (1.705) (0.079) (0.041) (0.995) (1.412) (1.656) (2.023)

CRISK — — — — — −4.616* — −15.04*
— — — — — (1.148) — (1.794)

FRISK — — — — −4.226* — −7.178* —

— — — — (0.804) — (1.493) —

C.V. Y Y Y Y Y Y Y Y
R2 0.968 0.951 0.705 0.955 0.972 0.971 0.957 0.965
P(F) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Considering the length of the paper, the table only reports the key variables and omit the control variables; * indicates that the coefficient is significant at the confidence level of 0.05;
D.V. represents the explained variable of each step; C.V. reports whether the control variable is included; R2 is the adjusted R2; P(F) refers to the P value of statistic F of model goodness of
fit; and P(S.TE) reports the P value of the Sobel test.
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market risk on CPI and PPI, while the mediating effect of the
commodity market only exists in the impact of crude oil market
risk on CPI (Ji et al., 2018; Jia et al., 2021).

In the dominant period of oil financial attribute, crude oil
market risk will not affect CPI/PPI through financial market risk
and commodity market risk. Table 5 reports the stepwise test
results of the channel effect of commodity market risk as well as
a financial market risk when the financial attribute of oil is
dominant. The first step is fitting 16) to test the impact of
international crude oil market risk on CPI/PPI. It can be seen
from the table that the impact of international crude oil market
risk on CPI/PPI is significantly negative, and the impact on PPI
is greater than that on CPI, which indicates that the increase of
crude oil market risk can reduce the level of CPI/PPI. The
second step is to test the significance of the impact of crude oil
market risk on commodity market risk or financial market risk
by fitting (17). Similarly, the impact of crude oil market risk on
commodity market risk is significantly positive, while the
impact on financial market risk is not significant. Finally, the
significance of the coefficients is analyzed by fitting Formula
(18). It can be seen from the table that the impact of commodity
market risk on both CPI and PPI is not significant; the impact of
financial market risk on CPI is not significant, and the impact is
significant on PPI. Since the impact of international crude oil
market risk and financial market risk is not significant in Step
two, we need to do the Sobel test for all the mediating effects in
the third step. All the test results fall into the acceptance
domain, indicating that there is no mediating effect of
commodity market risk and financial market risk (Gregorious
and Kontonikas 2010; Meng et al., 2020; Jia et al., 2021).
According to the stepwise test results, when the financial
attribute of oil is dominant, the risk of the crude oil market
directly affects CPI/PPI.

During the period dominated by the dual attribute of oil, the
impact of crude oil market risk on CPI and PPI is different
through financial market risk and commodity market risk (Chen
et al., 2020; Meng et al., 2020). Table 6 reports the stepwise test
results of the channel effect of commodity market risk and
financial market risk when the dual attribute of oil dominates.

The first step fits Formula (16) to test the significance of the
impact of crude oil market risk on CPI and PPI. As can be seen
from the table, the impact of crude oil market risk on CPI and PPI
is significantly negative, and the impact on PPI is greater than that
on CPI, which indicates that the increase of crude oil market risk
can reduce the level of both CPI and PPI. The second step is to
test the significance of the impact of crude oil market risks on
commodity market risks as well as financial market risks
through fitting (17). Similarly, the risk of the crude oil
market has a significant positive impact on the commodity
market risk as well as the financial market risk, but the impact
on the commodity market risk is greater than that on the
financial market risk. Finally, Formula (18) is fitted to analyze
the significance of coefficients. As can be seen from the table,
both crude oil market risk and financial market risk have
significant impacts on CPI and PPI. In addition, the impact
of commodity market risk on CPI/PPI is also significant. After
controlling the risk of the commodity market, the impact of
crude oil market risk on CPI is significant, but the impact on
PPI is not significant. The comprehensive stepwise test results
show that when the dual attribute of oil dominates, the
financial market risk has a mediating effect, while the
mediating effect of the commodity market risk only exists
in the impact of the international crude oil market risk on CPI,
and the crude oil market risk indirectly affects PPI through the
commodity market risk.

Under the full sample, the impacts of crude oil market upward
returns risk on CPI/PPI are different through commodity market
risk and financial market risk (Ji et al., 2019b). Table 7 reports the
stepwise test results of the risk of the upward returns in the crude
oil market for the full sample. The first step is to examine the
significance of the impact of the crude oil market risk on CPI/PPI.
It can be seen from the table that the impact of the crude oil
market upward returns risk on CPI/PPI is significantly negative,
and the impact on PPI is greater than that on CPI, which indicates
that the increase of international oil market risk can reduce the
levels of both CPI and PPI. The second step is to examine the
significance of the impact of crude oil market risk on commodity
market risk as well as financial market risk. Similarly, the risk of

TABLE 10 | Comparison of the spillover mechanism of international crude oil market risk under different returns trends.

Commodity market
CPI

PPI Financial market
CPI

PPI

(a) International crude oil market downward returns risk

Full sample *(−) *(−) √(−)
Commodity attribute dominates √(+) √(+) √(+)
Financial attribute dominates
Dual attribute dominates √(−) *(−) √(−) √(−)

(b) International crude oil market upward returns risk

Full sample *(−) *(−)
Dual attribute dominates *(−) *(−) √(−) √(−)

Note:√ represents channel effect exists and * represents indirect effect exists. The pluses and minuses in parentheses indicate the direction of the effect. (a) shows the test results of the
spillover mechanism of downward returns risk in international crude oil market; (b) shows the test results of the spillover mechanism of upward returns risk in international crude oil market.
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the crude oil market has a significant positive impact on the
commodity market risk, but has no significant impact on the
financial market risk. Finally, Formula (3) is fitted to analyze the
significance of coefficients. It can be seen from Table 7 that
financial market risk has a significant impact on both CPI and
PPI, while the impact of crude oil market upward returns risk on
PPI is not significant. Based on the results of the second step, this
paper further uses the Sobel test for the mediating effect of
financial market risk in the impact of the crude oil market on
CPI/PPI, and the test results fall into the acceptance domain, that
is, there is no mediating effect. In addition, the impact of the
commodity market risk on CPI/PPI is significant, but after
controlling the commodity market risk, the impact of the
crude oil market risk on CPI/PPI is not significant, that is, the
direct effect does not exist. According to the stepwise test results,
there is no mediating effect of financial market risk under the full
sample. Crude oil market risks indirectly affect both CPI and PPI
through commodity market risks, while direct effects do not exist.
Further, this section examines the spillover mechanism of the crude
oil market upward returns risk in different oil attribute periods.

When dominated by a single attribute of oil, neither
commodity market risk nor financial market risk has a
mediating effect. Table 8 reports the stepwise test results of
the spillover mechanism of the international crude oil market
upward returns risk during the period dominated by a single
attribute of oil. The first step fit Formula (16) to test the
significance of the impact of the international crude oil market
upward returns risk on CPI/PPI. It can be seen from the table that
regardless of oil commodity attribute or financial attribute, the
impact on CPI/PPI is not significant. Comprehensive stepwise
test results show that the risk of upward returns in the
international crude oil market will not affect CPI/PPI through
commodity market risk and financial market risk, and the
mediating effect is not tenable.

During the period dominated by the dual attribute of oil, the
impacts of crude oil market risk on both CPI and PPI are different
through financial market risk and commodity market risk.
Table 9 reports the stepwise test results of the spillover
mechanism of the return rise risk in the crude oil market
when the dual attribute of oil dominates. The first step fits
Formula (16) to test the significance of the impact of crude
oil market risk on CPI/PPI. As can be seen from the table, the
impact of crude oil market risk on both CPI and PPI is
significantly negative, and the impact on PPI is greater than
that on CPI, which indicates that the increase of crude oil
market risk can reduce the levels of CPI and PPI. The second
step is to test the significance of the impact of crude oil market
risk on commodity market risk as well as the financial market
risk through fitting (17). Similarly, the risk of the crude oil
market has a significant positive impact on commodity market
risk as well as financial market risk. Finally, Formula (18) is
fitted to analyze the significance of coefficients. As can be seen
from the table, both international oil market risk and financial
market risk have significant impacts on CPI and PPI. In
addition, the impact of commodity market risk on CPI/PPI
is also significant. After controlling the commodity market risk,
the impact of crude oil market risk on CPI/PPI is not significant.

The comprehensive stepwise test results show that when the
dual attribute of oil dominates, the financial market risk has a
mediating effect, while the crude oil market risk will indirectly
affect CPI/PPI through the commodity market risk.

Under the condition of heterogeneous comprehensive returns,
the channel effects are asymmetric for the impact of crude oil
market risk on the macro-economic operation. This paper
further summarizes the stepwise test results (Table 10),
compares and analyzes the numerical differences of the
channel effects of commodity market risk and financial
market risk during different periods dominated by different
oil attributes.

The channel effect of commodity market risk is related to the
returns trend of the crude oil market. Table 10 (a) reports the
summary of the channel effect test of commodity market risk
under different returns trends. When the returns rise, the crude
oil market risk indirectly affects CPI/PPI through the commodity
market risk, and the direction is negative. When the oil
commodity attribute is dominant, the commodity market risk
has a positive mediating effect on the crude oil market risk and
CPI. When the financial attribute of oil is dominant, there is no
mediating effect of commodity market risk. When the dual
attribute of oil dominates, crude oil market risk harms CPI
through commodity market risk, but a significant negative
indirect impact on PPI. When the returns fall, the crude oil
market risk indirectly affects CPI/PPI through the commodity
market risk when the dual attribute of oil dominates for the full
sample. This is mainly due to asset diversification under different
returns trends. When the returns rise, investors in the crude oil
market have higher expectations, and the market sentiment is
better. Enterprises adjust their investment strategies and focus on
the demand for a single commodity. When returns fall, the
diversity of commodity markets is the main way for market
participants to mitigate the impact of major events (Li et al.,
2021b). Through purchasing diversified commodities, investors
reduce the demand for crude oil, which makes the international
crude oil price fall, but increases the prices of other commodities.

Different trends of crude oil market returns have a significant
influence on the channel effect of the financial market. As can be
seen from Table 10 (b), in the case of the full sample, the risk of
the downward returns of the crude oil market significantly
reduces the CPI level through financial market risk, but does
not affect the PPI level. Under the domination of oil commodity
attributes, the risk of the downward returns of the crude oil
market has a significantly positive impact on CPI and PPI
through the financial market risk. On the contrary, the
financial market risk has a significant negative mediating effect
when dominated by the dual attribute of oil. When returns rise,
the significant negative mediating effect of financial market risk
only plays a role when the dual attribute of oil dominates. This is
mainly due to the difference in investor behavior in different
returns trends. Compared with the downward returns, the rise in
crude oil returns makes it easier for investors to obtain expected
profits, enterprises have fewer financing constraints, and the cost
of obtaining funds is also lower (Song et al., 2019; Chen et al.,
2020). In addition, market uncertainty increases when returns
fall, and most investors in the market are risk-prone, which
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reduces the storage function of financial markets for funds. To
sum up, Hypotheses 2a and 3a are true.

4.3 Asymmetry Analysis of the Impact
Channel of International Crude Oil Market
Risk
This section further analyzes the numerical characteristics of the
impact channels of upward and downward return risk of the
international crude oil market under different oil attributes. The
numerical characteristics of the channel effect of commodity
market risk and financial market risk are shown in Figure 5
and Figure 6 respectively.

Different attributes of oil have significant impacts on the
channel effect of commodity market risk under different
returns trends. Figure 5A,B ) and (b) show the numerical
characteristics of the levels of CPI and PPI influenced by the
risk of downward return of the crude oil market during the period
dominated by different oil attributes through the commodity
market risk. Figure 5C depicts the numerical characteristics of
the levels of CPI and PPI influenced by the risk of the upward
return of the crude oil market during the period dominated by
dual attribute of oil through the commodity market risk. When
the returns fall, under the domination of the oil commodity
attribute, the direct effect of international crude oil market risk on
CPI is −3.488, and the indirect effect of international crude oil
market risk through the channel of commodity market risk is 1.815
(� 0.431 × 4.213). Under the domination of the dual attribute of oil,
the direct effect of international crude oil market risk on CPI is
2.863, and the indirect effect through the channel of commodity
market risk is −4.519 (� 0.511 × (−8.844)). In addition, the indirect
effect of international oil market risk on PPI through commodity
market risk is −8.651 (� 0.511 × (−16.93)). When returns rise, the
indirect effect of commodity markets risk occurs only when the dual
attribute of oil dominates. The indirect effect of international oil
market risk on CPI through commodity market risk is −2.007 (�
0.435 × (−4.616)). Besides, the indirect effect of international oil
market risk on PPI through commodity market risk is −6.542 (�
0.435 × (−15.04)). The channel effect of commodity market risk is
greater when returns fall because investors’ expectations lead to
different influences on demand changes of different commodities.
So Hypothesis 2b is true.

When returns rise, the impact of crude oil market risk on the
macroeconomic operation is greater through financial market
risk compared with commodity market risk. Figure 6A,B show
the numerical characteristics of the impact of the risk of
downward return of the crude oil market on the levels of
CPI and PPI through the financial market in the period
dominated by different oil attributes. Figure 6C depicts the
numerical characteristics of the impact of the risk of upward
return of the crude oil market on CPI/PPI through the financial
market in the period dominated by the dual attribute of oil.
Under the oil commodity attribute, the direct effect of
international crude oil market risk on CPI is −1.68, and the
indirect effect on CPI through financial market risk is 0.1495 (�
0.092 × 1.625). The direct impact of international oil market
risk on PPI is −4.337, and the indirect impact on PPI through

financial market risk is 0.351 (� 0.092 × 3.814). Under the
domination of dual attribute of oil, the direct impact of
international crude oil market risk on CPI is −2.197, and the
indirect impact on CPI through financial market risk is −0.212
(� 0.055 × (−3.857)). The direct impact of international crude
oil market risk on PPI is −7.121, and the indirect impact on PPI
through financial market risk is −0.308 (� 0.055 × (−5.613)).
When returns rise, the direct impact of international crude oil
market risk on CPI is −4.272, and the indirect effect on CPI
through financial market risk is −0.329 (� 0.078 × (−4.226)).
The direct impact of international crude oil market risk on PPI
is −8.059, and the indirect impact on PPI through financial
market risk is −0.602 (� 0.078 × (−7.718)). In conclusion,
Hypothesis 3b holds.

5 CONCLUSION

The channels through which crude oil market risk impacts
macroeconomic operation are affected by the double effects
of returns trend and oil attributes. This paper first uses SVAR to
identify the dynamic features of oil attributes domination from
July 2003 to October 2020. Secondly, this paper uses a stepwise
regression test to analyze the channel effects of commodity
market risk and financial market risk. Finally, the paper analyzes
the asymmetric characteristics of the channels through which
crude oil market risk impacts the smooth operation of the
macroeconomy under the condition of returns heterogeneity.
The conclusions are as follows:

The commodity market risk and financial market risk
snapshot a “buffer” or “magnifier” role on crude oil risk pass-
through to macroeconomic during oil dual attributes dominance.
When the oil commodity attribute is dominant, the commodity
market risk and the financial market risk show the role of
“buffer”, that is, the direct and indirect effects of the crude oil
market risk on the smooth operation of the macro-economy
through the commodity market and the financial market risk are
opposite. Specifically, the direct effect of crude oil risk on CPI/PPI
is negative, while the channel effect of commodity (financial)
market risk on oil pass-through to CPI/PPI is positive during oil
commodity attribute dominating. When oil financial attribute is
dominant, commoditymarket risk and financialmarket risk have no
channel effect. When dominated by the dual attribute of oil,
commodity market risk is an effective channel for the
macroeconomic operation to cope with the impact of crude oil
market risk, while financialmarket risk acts as a “magnifier” of crude
oil market risk. In other words, when crude oil risk increases, the
degree of CPI/PPI could direct decrease. Considering the channel
role of commodity (financial) market risk, the increase of crude oil
risk would lead to an increase in CPI/PPI.

There are significant asymmetric channel effects of commodity
market risk or financial market risk on the relationship between
crude oil risk and macroeconomic under different oil return trends.
On the one hand, when the returns of crude oil market rise, the
channel effect of commodity market risk as well as financial market
risk is mainly reflected in the dominant period of oil commodity
attribute and dual attribute.When the international crude oil market
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returns fall, the commoditymarket risk and the financial market risk
play the channel effect in the oil dual attribute dominant period. On
the other hand, the risk of falling returns in the international crude
oil market has a greater impact onCPI(PPI) through the commodity
market risk than when the returns rise, which is 4.519 (8.651) and
2.007 (6.542), respectively. In contrast, the risk of rising returns in
the international oil market has a greater impact on CPI/PPI
through financial market risk, which is 0.329 (0.602) and 0.212
(0.308), respectively.

Based on the above conclusions, this paper puts forward the
following policy suggestions. First, we should pay attention to the
mediating role of the commodity market and financial market in
preventing the impact of crude oil market risk in the dominant
period of different oil attributes. Counter-cyclical regulation and
other policies can be adopted to prevent and defuse the impact of
crude oil market risks on the macroeconomy. The second is to
pay attention to both the impact of the risk of the downward
return and the upward returns risk of the crude oil market. The
downward returns risk in the international crude oil market is a
key factor affecting the operation of the commodity market, the
financial market and the macroeconomy. However, the risk of the
upward return provides more possibilities for investors to obtain
expectations and also causes information transmission between
markets.

This paper bears several limitations. Despite we presented the
channel effect of commodity market risk or financial market risk
on crude oil risk pass-through to macroeconomic, this paper
neglects shocks of major events to the crude oil market. Thus, we
could further explore the effect of structural breaks in the crude
oil market on macroeconomic stability. Moreover, further studies

about the moderating effect of commodity market risk or
financial market risk and the mixture of mediating with
moderating effect on crude oil risk pass-through to
macroeconomic could be regarded as a valuable area.
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