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Balancing the oil pass-through to consumer and producer prices is crucial for

policymakers. This study aimed to advance associated thinking by examining how

consumer and producer prices in China related to changes in global oil prices from

2006 to 2018. First, we investigated the pass-through of oil spot prices to consumer

prices as indicated by the consumer price index (CPI) and means of consumption price

index (MCPI), and to producer prices as indicated by the producer price index (PPI) and

means of production price index (MPPI), with a monetary policy in China. This study

also explored the non-linear and mediating effects of financial markets and government

debt on linkages between oil prices and consumer/producer prices based on non-linear

framework and causal steps approach, respectively. Our findings indicated some key

points; for example, the pass-through of oil prices with a monetary policy in China

shed light on a benchmark role in global oil markets. Additionally, the non-linear effect

of oil prices on consumer/producer prices varied across the Brent and West Texas

Intermediate (WTI) crude oil markets. The mediating effect of government debt also

reflected the effectiveness in balancing the relationship between oil prices and producer

prices. Government debt explained the−0.091 transition between the Brent oil price and

the PPI and could explain the−0.095 transition between the Brent oil price and the MPPI,

whereas the transition due to financial markets were −0.064 and −0.080, respectively.

These outcomes have important implications for stabilizing price levels in countries.

Keywords: consumer and producer prices, non-linear, mediating effect, crude oil markets, financial markets,

debts markets

INTRODUCTION

What is the extent of oil price pass-through in relation to consumer and producer prices
within Chinese monetary policy? This question sheds light on the crucial role oil price plays in
macroeconomic instability (Hamilton, 1983; Kim, 2012; Bloch et al., 2015; Ratti and Vespignani,
2016; Sodeyfi and Katircioglu, 2016; Kang et al., 2017; Shi and Sun, 2017; Ji et al., 2019c). Multiple
studies exploring the positive relationships between oil prices and consumer/producer prices have
not yielded consistent results (Alvarez et al., 2011; Gomez-Loscos et al., 2011; Guo et al., 2016; Choi
et al., 2018; Gong and Lin, 2018). Recently, Humbatova et al. (2019) modeled the dependence of
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the CPI on oil price and concluded that the CPI significantly
and positively depends on oil price. Additionally, He and Lin
(2019) studied the transmission from oil price to the PPI and
showed that oil price also has a positive ability to affect the
operation of the PPI. However, consumer/producer prices could
be asymmetrically related to the volatility in oil prices (Ajmi
et al., 2015; Sek and Lim, 2016; Castro et al., 2017; Rangasamy,
2017; Gonzalez-Concepcion et al., 2018); for instance, Ajmi et al.
(2015) documented an asymmetric relationship by disentangling
the effects of positive shocks from negative ones. Additionally,
Lim and Sek (2017) concluded that the impact of oil prices
may vary across oil exporting and importing economies,
because of oil dependency factors; otherwise, oil prices exert
negative effects on the CPI in organization for economic co-
operation and development (OECD) countries (Katircioglu et al.,
2015). This occurs because studies ignore the crucial effect of
monetary policy on consumer and producer prices. Changes
in the workings of monetary policy could have a recessionary
influence, causing devastating oil shocks (Wen et al., 2019a);
therefore, the monetary authorities may react to oil price
shocks by implementing diverse monetary policies to stabilize
macroeconomic performance during certain periods (Gomez-
Loscos et al., 2011; Lim and Sek, 2018; Sek, 2019). Furthermore,
the pass-through of oil price could be strongly related to the
heterogeneous oil-dependence of various crude oil markets. In
this context, the first objective of this research was to test the
pass-through of oil prices, especially the Brent and WTI oil
prices, in relation to consumer/producer prices within Chinese
monetary policy.

Pass-through effects are primarily a problem caused by a non-
linear relationship between oil prices and consumer/producer
prices. Extensive studies have employed data showing the non-
linear responses of consumer and producer prices to oil price
increases and decreases (Ozdemir and Akgul, 2015; Yalcin et al.,
2015; Guo et al., 2016; Ahmed et al., 2017; Sek, 2017, 2019;
Long and Liang, 2018; Tiwari et al., 2019). It is widely accepted
that non-linear relationships provide crucial information about
the stabilizing effect of energy policies and the response of
prices to positive and negative shocks; for instance, Myers
et al. (2018) conducted a permanent-transitory decomposition
to examine long-term and short-term relationships between oil
prices, producer prices, and consumer prices. They found that
oil prices could be regarded as a permanent shock. Similarly,
Sek (2017) employed a non-linear autoregressive distributed
lag (ARDL) model to explore the asymmetric effect of oil
price changes on producer/consumer prices. They indicated that
there is a limited effect of oil prices on the CPI in the long
run, but that oil prices exert an indirect effect through the
transmission from import prices to production costs. Sek (2019)
divided the study’s sample into oil-importing and oil-exporting
countries, providing evidence that changes in oil prices could
cause increases in consumer prices in oil-importing countries.
As mentioned above, large-scale studies have provided feasible
evidence for the asymmetric relationships between oil prices and
consumer/producer prices, but one issue that remains unsolved
is the non-linear nature of these relationships. It is well-known
that oil dependency factors, such as refined oil prices, production

costs, and the demand for refined oil products, may create non-
linear price transmissions (Ozdemir and Akgul, 2015; Long and
Liang, 2018; Ji et al., 2019d; Song et al., 2019; Tiwari et al., 2019).
In this vein, this study explored the question of whether oil prices
exert non-linear effects on consumer and producer prices, with
the aim of providing a richer framework for identifying how
authorities should respond to oil price shocks.

The pass-through effect of the oil price occurs via two indirect
channels: financial markets and government debt. First, the
fluctuation of oil prices could affect future stock prices, thereby
impacting consumer/producer prices, since financial markets can
be an important determinant of domestic economies (Razmi
et al., 2016; Ji et al., 2018; Wen et al., 2019c; Zheng and Du, 2019).
The link between oil price movements and financial markets
has important implications for portfolio management, so the
financial market channel was considered in this study (Arouri,
2011; Cong and Shen, 2013; Ahmed et al., 2017; Ji et al., 2019a).
Theoretically, the oil price’s relationship to production costs and
future cash flow could affect confidence in financial markets (Liu
et al., 2019a). As a result, higher oil prices may decrease share
prices, dampening profits and changing investment strategies,
thus further stabilizing domestic prices (Razmi et al., 2016;
Wen et al., 2019b). The second channel concerns the fiscal
changes used to model expected consumer and producer prices.
It is widely accepted that rising oil prices often reflect fiscal
revenues, causing a subsequent increase of government debt
(Katircioglu et al., 2015; Sek and Low, 2016). However, little
attention has been paid to the analysis of the fiscal channel in
the oil price–consumer/producer price mechanism. Specifically,
when oil prices change and government debt increases, this
increases investors’ willingness to invest in enterprises and results
in a consequent stabilization of consumer/producer prices (Akar,
2019); therefore, the primary aim of this study was to explore
the role of financial market and government debt channels in
transmitting oil price shocks to consumer/producer prices.

The contributions of this study are 3-fold. Considerable
evidence exists regarding oil price–consumer/producer price
connections, but one issue that remains unresolved is monetary
policy’s role in this linkage. Even though previous studies have
focused on the relationships between oil price, the PPI, and
the CPI, no study has analyzed the pass-through of oil price
with Chinese monetary policy, or analyzed the oil price-inflation
pass-through, taking into account not only the CPI/PPI, but
also two other measures of core inflation: the MCPI and MPPI.
Both the Brent and WTI oil prices have displayed a new pattern
of volatility since 2011. To analyze these factors, this paper
includedmonetary policy to explore the Brent andWTI oil prices’
pass-through to both the CPI/MCPI and the PPI/MPPI. This
extension is crucial for capturing the fundamental reasons for
price spreads in different crude oil markets, based on their typical
price movement differences.

A second contribution of the study is its examination of the
non-linear relationship between oil prices, consumer prices, and
producer prices. Some related studies have pointed out that the
pass-through of oil prices to the CPI and PPI is asymmetrical
(Sek, 2017). It is well-known that oil prices and the CPI/PPI may
exhibit non-linear relationships, due to factors, such as policy
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uncertainty, oil dependence, energy crises, etc. Furthermore,
diverse mechanisms in the Brent and WTI oil prices could
provide a heterogeneous pass-through to consumer and producer
prices, suggesting that the extent of the relationship between oil
prices and domestic prices could vary across crude oil markets.
This allowed us to create a non-linear framework for oil price
pass-through and to identify a heterogeneous effect in different
local representative oil markets.

Finally, this study provides a rich framework for identifying
the indirect effect of oil prices on consumer/producer prices
through stockmarket and government debt channels. Most of the
previous literature has investigated the financial market channels’
(e.g., share prices’) effect on oil price–consumer/producer prices
pass-through, or has calculated the transmission coefficients
of government debt from global oil prices to domestic prices.
Very little is known about the extent and manifestations of this
indirect effect, which is increasingly important for policymakers
regarding government debt and equally important for explaining
how government debt plays an indirect role in domestic
price shocks.

The remainder of the study is structured as follows. Section
The Pass-Through of Oil Prices to Consumer and Producer
Prices With a Monetary Policy in China examines the pass-
through of oil prices to consumer and producer prices.
Section The Non-linear Pass-Through of Oil Prices With a
Monetary Policy provides evidence of the non-linear effects,
while section Mediating Mechanism of Oil Price Pass-Through
on Consumer and Producer Prices depicts the mediating
effect of financial markets and government debt on oil price–
consumer/producer price mechanisms. The conclusions are
presented in section Conclusions.

THE PASS-THROUGH OF OIL PRICES TO
CONSUMER AND PRODUCER PRICES
WITH A MONETARY POLICY IN CHINA

Vector Autoregressive Model
This study adopted a vector autoregressive (VAR) model to
explore the oil price pass-through. Since the seminal work by
Kilian (2009), the existing literature has explored the effect of
oil price shocks on macroeconomics or financial markets (Kilian,
2009; Moya-Martinez et al., 2014; Pinho and Madaleno, 2016;
Coronado et al., 2018). The role of oil prices in the overall
economy has been widely documented in energy economics
literature (Song et al., 2019; Xia et al., 2019a). The identification
of oil price pass-through is crucial, not just for exploring oil price
movements, but also for investigating the response of domestic
prices to oil prices (Ratti and Vespignani, 2016; Sodeyfi and
Katircioglu, 2016). In other words, oil price movements could
be regarded as endogenous events, as is commonly believed. In
particular, China’s consumer price level has been seen to begin
to settle down, compared with the previously high levels since
2014 (Wei, 2019). These comparative changes indicate that there
may be a close relationship between oil prices and China’s general
price level for both consumer and producer prices. To solve this,
we estimated a pth-order VAR for each variable with oil price

TABLE 1 | Description of all variables.

Variables Abbreviation Description

op Brent oil price OP1 This represents the Northwest

Europe sweet markets.

WTI oil price OP2 This represents the North

American markets.

cp Consumer price index CPI This determines China’s

consumer prices.

Means of consumption

price index

MCPI Social products used to meet

consumers’ demands in

daily life.

pp Producer price index PPI This determines China’s

producer prices.

Means of production

price index

MPPI This is the main determinant

in the productive process.

mp M2 MS

1 week SHIBOR IR

(op), consumer prices (cp), and producer prices (pp). Thus, the
reduction in this paper of VAR(p) could be written as (1):

Yt = C0 +
∑p

i = 1
CiY t−i + εt . (1)

where Yt is a three-dimensional price vector made up of three
prices over time t; that is, op, cp, and pp. {Ci}

p
i=1 stands for (3 ×

3) matrices relating to the coefficient. Additionally, εt is a vector
of residuals.

Second, this study tested the oil price pass-through with
Chinese monetary policy. Based on (1), the measurements of the
monetary policy were added as control variables, so the reduced
form of VAR(p) is shown as (2):

Yt = β0 +
∑p

i = 1
βiYt−i +MSt + IRt + εt . (2)

where MSt and IRt represent the money supply and the interest
rate at time t, respectively. Additionally, we present a brief
description of all the variables in Table 1.

Oil prices are determined by global markets. Overall, the
changes in oil supply and demand in different countries highlight
the benchmark role of the Brent and WTI oil prices in
global crude oil markets. The WTI oil prices have historically
outweighed those of Brent by $1–3 per barrel every trading day,
due toWest Texas’s better oil quality. Nevertheless, this trend has
been broken in recent years, due to changes in the demand of
emerging economies for Brent oil and the US government legally
restricting crude oil exports. Specifically, Brent largely represents
the Northwest European sweet market, while WTI draws its oil
from the USA, Canada, and Mexico. Because of diverse price
mechanisms, this study selected the Brent and WTI oil prices to
measure op. Data for the Brent and WTI oil prices was collected
from the U.S. Energy Information Administration.

Considering China’s consumer/producer price levels, we
selected the CPI, MCPI, PPI, and MPPI to capture the consumer
and producer price levels. It is widely accepted that the CPI
and PPI help to determine China’s consumer and producer
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FIGURE 1 | The response of consumer/producer prices to oil prices without a monetary policy. OP1 and OP2 stand for Brent oil price and WTI oil price, respectively.

prices, respectively. Moreover, the MCPI could be regarded as
a tool for measuring the social products that meet the demand
of consumers in daily life. The MPPI is a direct measure of
production and is the main determinant of the cost of production
materials and labor. Therefore, this study also used the MCPI
and MPPI to calculate consumer and producer prices. These
price levels were collected from the National Bureau of Statistics
of China.

To assess the Chinese monetary policy, this study employed
two widely used metrics of monetary supply (MS) and 1-week
SHIBOR (IR). We collected this data from the People’s Bank
of China. All the data was monthly data covering January 2006
to December 2018, transformed into log form because of the
existence of heteroscedasticity. According to the results of a
unit root test and lagged selection, we finally estimated VAR (3)
to explore the oil price pass-through to the CPI, VAR (2) to
investigate the oil price–MCPI/PPI mechanism, and VAR (1) for
the mechanism of oil price–MPPI.

Oil Price Pass-Through Without a
Monetary Policy in China
Exploring the impulse response is a standard process in the
VAR model for depicting the lag pass-through of oil prices
to consumer/producer prices. Additionally, the accumulated
response could be an effective tool for capturing the total effect of
oil prices on domestic price levels; therefore, Figure 1 shows the
changes in the pass-through of oil prices (Brent and WTI) to the

TABLE 2 | Statistical description of accumulated response without a monetary

policy.

Total

periods

Max

location

Average Std. Total

OP1->CPI 8 4 0.00014 0.00020 0.002674

OP2->CPI 8 4 0.00017 0.00026 0.003293

OP1->MCPI 9 3 0.00014 0.00016 0.002726

OP2->MCPI 10 3 0.00017 0.00018 0.003274

OP1->PPI 13 2 0.00058 0.00073 0.011014

OP2->PPI 8 4 0.00047 0.00083 0.009022

OP1->MPPI 9 2 0.00049 0.00085 0.009395

OP2->MPPI 9 2 0.00046 0.00079 0.008768

OP1 and OP2 stand for the Brent and WTI oil prices, respectively. Std. represents the

standard deviation.

domestic price levels used in this paper: the CPI, MCPI, PPI, and
MPPI. The accumulated responses to oil prices are summarized
in Table 2.

Consumer/producer prices showed positive relationships with
oil prices, but not consistently. As shown in Figure 1, we
observed that the oil prices were positively transmitted to
consumer and producer prices, and this phenomenon was
completed within the first 2–3 months. However, the results
of the standardized response analysis showed a much greater
change in producer prices than in consumer prices, which were

Frontiers in Energy Research | www.frontiersin.org 4 March 2020 | Volume 8 | Article 35

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


Chen et al. Oil Prices, Consumer/Producer Prices

0.24–0.28 for producer prices and 0.05–0.10 for consumer prices.
These results were not surprising, due to the dependence on oil.
Crude oil is the lifeblood of our modern economic development.
Movements in oil prices can change production costs, so higher
oil prices may lead to an increase in production costs and
a consequent decrease in production markets (He and Lin,
2019), which in turn may increase consumer/producer price
levels. However, the inconsistent responses of the CPI/MCPI
and the PPI/MPPI occurred because of the differences in
dependence on oil between consumers and producers (Sakashita
and Yoshizaki, 2016; Jongwanich et al., 2019). As a rule of thumb,
we could conclude that producer prices were more sensitive than
consumer prices to changes in oil prices.

There were differences in the pass-through of Brent and
WTI oil prices to price levels of different types. Specifically, it
was noteworthy that the pass-through of the WTI oil price to
consumer price was higher than that of the Brent price over
lagged periods, whereas the pass-through of the Brent oil price
to producer prices was higher within the first 2 months. These
differences suggest that both consumers and producers focused
on WTI oil prices. This was due to the economic status of the
United States, coupled with the trade agreement between China
and the United States (Li et al., 2019b; Xu et al., 2019). Since
the advent of the benchmark role played by Brent oil prices,
producers have begun to reconcile global crude oil markets
by using both the Brent and WTI oil prices in the short-
term (Zhang and Zhang, 2015). This paper specifically explored
the accumulated response of consumer and producer prices to
oil prices.

First, the total pass-through of the oil price behaved quite
heterogeneously with regard to consumer and producer prices.
The accumulated response represented the effect of total oil price
shocks on domestic price levels. Reflecting the dependence on oil,
the pass-through of the Brent oil price to the PPI had, relatively,
the highest performance (0.011), followed by the Brent oil price to
theMPPI (0.009), with the Brent pass-through to the CPI ranking
last (0.002).

It was particularly noteworthy that the durations of the
periods of oil price pass-through, for both the Brent and
WTI oil prices, were seemingly consistent. Generally, periods
when oil price shocks converge to zero can reflect the general
equilibrium between oil prices and China’s consumer/producer
prices. It is worth noting that the total period for the oil price–
consumer/producer price mechanism could be 9 months, except
for Brent–PPI and WTI–MCPI.

There were differences between the characteristics of oil price–
domestic price transitions. In terms of average levels, we observed
the difference between the two prices, with the pass-through
of oil prices to producer prices being four times greater than
that to consumer prices. This result was in line with the figures
shown above. According to Table 2, the standard deviation of
oil price–producer prices was generally larger than that of oil
price–consumer prices. Moreover, we found that the Brent oil
price appeared to be more stable than the WTI price, regardless
of consumer prices (Gonzalez-Concepcion et al., 2018; Zivkov
et al., 2019). In brief, the dependence on oil and the impact of
oil price on producer prices, leaves countries macroeconomically

vulnerable (Sakashita and Yoshizaki, 2016; Sek, 2017; Zhou et al.,
2017).

Oil Price Pass-Through With a Monetary
Policy in China
Having explored the relationship between oil prices and
consumer/producer prices, this study further examined
monetary policy factors, such as money supply and interest
rate. As in section Oil Price Pass-Through Without a Monetary
Policy in China, we first analyzed the accumulated response of
consumer and producer prices. Figure 2 depicts the response of
consumer/producer prices to oil prices for both the Brent and
WTI oil prices. In addition, Table 3 summarizes the statistical
descriptions of the accumulated responses.

Figure 2 shows several interesting results for the pass-through
of oil prices with a monetary policy. On the one hand, the
response of consumer/producer prices appeared similar to that
without a monetary policy. It is worth noting that the positive
response of consumer/producer prices to oil prices had the best
performance within the first 2–3 months. This result matched
the historical determining factors of market participants on
relationships between oil prices and domestic price levels. On
the other hand, the evaluation of oil price shocks with a Chinese
monetary policy was similar to the results in section Oil Price
Pass-ThroughWithout a Monetary Policy in China; for example,
the results suggested that the pass-through of the WTI oil price
to the CPI was larger than for the Brent oil price. Taking into
account the crucial role of monetary policy, we noticed the same
picture for the oil price–CPI mechanism.

Nevertheless, there were differences between these two results.
Specifically, the Brent oil price pass-through to the PPI was larger
than that of the WTI oil price over the lagged periods. In view of
the increasing role of Brent oil in global crude oil markets, and its
pivotal role as a determinant of oil demand in emerging markets,
the Brent oil market could be regarded as an important tool for
measuring China’s price levels.

The total pass-through of oil prices and the durational periods
varied across consumer and producer price levels. As shown
in Table 3, oil price movements generally had a larger impact
on producer prices, as represented by the PPI and MPPI. The
standard deviation of the oil price–producer prices mechanism
was also larger than that of the response of consumer prices to
oil prices. Since consumer prices are not oil-intensive, the CPI
and MCPI may not heavily depend on oil price movements. In
brief, this result implied that oil price is not a crucial contributor
to consumer prices, thereby indicating that oil price movements
are likely to have a greater impact on price levels that are
more oil-dependent.

To see how reasonable this pass-through estimate was, we
compared the accumulated responses obtained in sections Oil
Price Pass-Through Without a Monetary Policy in China and
Oil Price Pass-Through With a Monetary Policy in China. It was
interesting to note that the comparison in Figure 3 indicated
that there were two differences, with and without a monetary
policy. On the one hand, the accumulated response to the WTI
oil prices showed an increasingly positive relationship between
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FIGURE 2 | The response of consumer/producer prices to oil prices with a monetary policy.

TABLE 3 | Statistical description of accumulated response according to monetary

policy.

Impulse Total

periods

Max

location

Average Std. Total

OP1->CPI 8 4 0.00014 0.00021 0.002727

OP2->CPI 10 4 0.00018 0.00026 0.003416

OP1->MCPI 9 3 0.00015 0.00016 0.002761

OP2->MCPI 10 3 0.00018 0.00019 0.003364

OP1->PPI 13 2 0.00059 0.00073 0.011114

OP2->PPI 8 4 0.00049 0.00085 0.009342

OP1->MPPI 9 2 0.00049 0.00085 0.009363

OP2->MPPI 9 2 0.00046 0.00079 0.008733

oil prices, consumer prices, and producer prices, except for
the WTI–MPPI mechanism. On the other hand, the effects on
producer prices were broadly similar in both models, except
for the WTI–PPI mechanism. This difference was largely due
to the forward-looking nature of money supply with regard to
WTI oil prices and consumer prices. First, Brent oil prices are
more stable than WTI prices because of the strong predictive
power of economic policy uncertainty (Kang et al., 2017; Dong
et al., 2019; Li and Zhong, in press). With monetary policies in
China, the increasing role of WTI oil prices in affecting price
levels, such as CPI, MCPI, and PPI, could highlight the oil
price-consumer/producer prices mechanism. The primary aim

of monetary policy is to stabilize consumer prices and further
improve GDP growth; thus, the changing role of oil price with
monetary policy in China could provide evidence for monitoring
oil shocks at the macroeconomic level. In this vein, the evidence
confirmed that monetary policy may be an accurate tool for
capturing the pass-through of oil prices to consumer/producer
prices (Razmi et al., 2016; Alvarez and Sanchez, 2019; Wen
et al., 2019a). Overall, these results, combined with Figure 2,
indicated that the pass-through of oil prices, coupled with a
monetary policy, is indeed informative regarding consumer and
producer prices.

THE NON-LINEAR PASS-THROUGH OF OIL
PRICES WITH A MONETARY POLICY

Having found a significant pass-through of oil prices to consumer
and producer prices, this paper further empirically investigated
the non-linear pass-through. In this section, we first document
the non-linear pass-through of oil prices to consumer prices with
Chinese monetary policy, then we provide evidence of the oil
price non-linear pass-through to producer prices.

Non-linear Framework
The results in section The Pass-Through of Oil Prices to
Consumer and Producer Prices With a Monetary Policy in China
indicated a linear relationship between oil price movements and
changes in the corresponding price levels with a monetary policy
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FIGURE 3 | The comparative pass-through of the oil price with and without a monetary policy.

TABLE 4 | The relationships between oil prices and consumer prices.

D.V. CPI MCPI

op OP1 OP2 OP1 OP2

Model 1 2 1 2 1 2 1 2

α1 0.357

(0.082)

1.004

(0.533)

0.437

(0.080)

1.787692

(0.470)

0.344

(0.085)

1.026

(0.555)

0.387

(0.085)

1.624

(0.502)

α2 −0.652

(0.532)

−1.373

(0.471)

−0.688

(0.554)

−1.257

(0.503)

β1 0.289

(0.078)

0.286

(0.079)

0.269

(0.074)

0.270

(0.072)

0.177

(0.082)

0.173

(0.082)

0.175

(0.078)

0.176

(0.077)

β2 −0.216

(0.069)

−0.228

(0.069)

−0.142

(0.071)

−0.169

(0.070)

−0.296

(0.072)

−0.308

(0.073)

−0.240

(0.075)

−0.264

(0.075)

Ad_R2 0.395 0.397 0.430 0.457 0.344 0.346 0.361 0.382

The standard errors are reported in parentheses. D.V. refers to dependent variable. OP1 refers to Brent oil prices, while OP2 refers to WTI oil prices. Ad_R2 means the adjusted R2 of

the models.

in China. Therefore, this paper first assumed a linear framework
to depict this relationship, specifically shown as (3):

plt = c0 + α1opt + β1MSt + β2IRt + εt . (3)

where plt stands for price levels in China, including four price
indexes (the CPI, MCPI, PPI, and MPPI) at time t.

However, the pass-through of the oil price to price levels was
expected to be non-linear. Due to the existence of diverse share
prices, oil prices may exert an effect on consumer and producer
prices that varies across oil price levels. In addition, it is widely
accepted that excise duties play a crucial role in relationships
between oil prices and consumer/producer prices (Alvarez et al.,
2011). To provide an accurate assessment, we added a quadratic
term into (3), which allowed us to capture the non-linear pass-
through of oil prices. The corresponding equation could be
defined as (4):

plt = c0 + α1opt + α2op
2
t + β1MSt + β2IRt + εt . (4)

Our interest lay mainly in α2, which provided information on the
non-linearly varying pass-through of oil prices to consumer and
producer prices.

Data preprocessing was carried out for all the variables under
standardization for oil prices, consumer prices, producer prices,
and monetary policy, to insulate our regression results from
spurious results. To do this, we employed Z-score normalization,
so constant term c0 could be omitted in (4). Lastly, we estimated
the empirical specifications as shown in (5) and (6):

plt = α1opt + β1MSt + β2IRt + εt . (5)

plt = α1opt + α2op
2
t + β1MSt + β2IRt + εt . (6)

The Non-linear Pass-Through of Oil Prices
to Consumer Prices With a Monetary Policy
Table 4 reports the results from regressing the pass-through of
oil prices, for both the Brent and WTI oil prices, to the CPI
and MCPI. Accordingly, Model 1 presented regressions drawn
from Equation (5), and Model 2 reported regressions based on
Equation (6).

The comparison in Table 4 revealed that there was a non-
linear pass-through of oil prices to consumer prices, which
strongly related to the fundamentals of global oil markets. On
the one hand, referring to the comparative results of Models
1 and 2, the positive relationships, with added quadratic terms
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FIGURE 4 | Snapshot of the non-linear pass-through of the WTI oil price. For simplicity, we have omitted the other variables in Equation (6) and only report the

non-linear term; thus, there is no effect of WTI oil price on consumer prices for both CPI and MCPI when they are located at the coordinates (0,0).

for both the CPI and MCPI, were stronger than those without
non-linear terms. This result indicated that oil prices exert their
effect on consumer prices in a non-linear way. On the other
hand, the pass-through of oil prices to consumer prices behaved
quite differently for crude oil markets. Since the Brent oil price
was employed as an explanatory variable in Equation (6), it
provided us with some empirical evidence concerning the fact
that there was no significant non-linear effect on either the CPI
or MCPI. By contrast, since the WTI oil price was employed as
an explanatory variable, it was notable that the WTI oil price
had a significantly inverted “U” pass-through to both the CPI
and MCPI. In this manner, we were able to compare the pass-
through of the Brent and WTI oil prices. These results heavily
related to the spillover and fundamentals of different crude oil
markets (Zhang et al., 2019a). On the spillover side, the evidence
in section The Pass-Through of Oil Prices to Consumer and
Producer Prices With a Monetary Policy in China indicated a
greater response of consumer prices to WTI oil prices. This
suggested that WTI plays a crucial role in changes in consumer
prices. In terms of the different fundamentals between the Brent
and WTI oil markets, higher market power and relative policy
uncertainty increase economic uncertainty as a result of changes
in consumer demand (Kang et al., 2017), which in turn affects
the movement of consumer prices. To shed further light on the
non-linear pass-through ofWTI oil prices, in Figure 4we present
the non-linear relationship between WTI oil prices and the CPI
and MCPI.

The extent of the non-linear pass-through of WTI oil prices
to different consumer prices differed significantly. It was clear
that the inverted “U” relationship between the WTI oil price
and the CPI was greater than that between the WTI oil price
and the MCPI, at −1.373 and −1.257, respectively. On the one
hand, this inverted “U” linkage could relate strongly to WTI’s
important role in the macroeconomic guidance of policy. From
the perspective of the markets’ role, it is widely accepted that
oil price movements can immediately pass through to products

that depend on oil prices, such as fuels and heating oils that
are consumed by households. However, the inflationary effect
of oil price movements is limited (Alvarez et al., 2011; Choi
et al., 2018). With the increase of WTI oil prices, cleaner
energies, such as electricity and natural gas, offer some alternative
products for consumers. Additionally, the attitude of policy
gives guidance to households, encouraging them to turn their
attention to alternative products and, consequently, changing
the relationships between WTI oil prices and both the CPI and
MCPI (Hewitt et al., 2019). On the other hand, the diverse pass-
through to the CPI and MCPI is heavily dependent on their
characteristics; for instance, this result indicated the existence
of diverse share prices. Accordingly, the share prices related to
the CPI to WTI was higher than that of the MCPI. This result
suggested a need to design a full range of CPI and furthermonitor
the pass-through of the WTI oil price to consumer prices.

The Non-linear Pass-Through of Oil Prices
to Consumer Prices With a Monetary
Policy in China
This section discusses the non-linear pass-through of oil prices
to producer prices. Table 5 presents the regression results for the
pass-through of oil prices, for both the Brent and WTI oil prices,
to the PPI andMPPI. Specifically,Model 1 presents the regression
results of Equation (5) and Model 2 reports the regression results
of Equation (6).

The picture changed somewhat with regard to the pass-
through of oil prices to producer prices. As expected, Brent
oil prices exerted a “U” pass-through effect on producer prices,
whereas the effect of the WTI oil prices on producer prices was
linear. This interesting result could be related to the fact that
the global oil benchmark has been transferred from the WTI
to the Brent crude oil market. Section The Pass-Through of
Oil Prices to Consumer and Producer Prices With a Monetary
Policy in China provided evidence that the relationship between
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TABLE 5 | The relationships between oil prices and producer prices.

D.V. PPI PPMI

op OP1 OP2 OP1 OP2

Model 1 2 1 2 1 2 1 2

α1 0.299

(0.102)

−0.795

(0.659)

0.394

(0.101)

0.142

(0.606)

0.286

(0.103)

−1.006

(0.663)

0.386

(0.102)

−0.048

(0.610)

α2 1.104

(0.658)

0.256

(0.607)

1.305

(0.662)

0.442

(0.611)

β1 −0.084

(0.098)

−0.077

(0.097)

−0.115

(0.093)

−0.115

(0.093)

−0.108

(0.098)

−0.100

(0.098)

−0.142

(0.093)

−0.143

(0.094)

β2 −0.044

(0.086)

−0.024

(0.086)

0.031

(0.089)

0.036

(0.090)

−0.012

(0.087)

0.011

(0.087)

0.063

(0.090)

0.072

(0.091)

Ad_R2 0.067 0.078 0.105 0.099 0.050 0.068 0.088 0.085

The standard errors are reported in parentheses. D.V. refers to dependent variable. OP1 refers to Brent oil prices, while OP2 refers to WTI oil prices. Ad_R2means the adjusted R2 of

the models.

FIGURE 5 | Snapshot of the non-linear pass-through of the Brent oil price. For simplicity, we have omitted the other variables in Equation (6) and only report the

non-linear term; thus, there is no effect of Brent oil price on consumer prices for both the PPI and MPPI when they are located at the coordinates (0,0).

the Brent oil price and producer prices, with the added effect
of Chinese monetary policy, was stronger than that of the
WTI oil price. This suggested a more crucial role for Brent oil
prices in determining producer prices. Furthermore, because of
the increasing demand in emerging markets and the restrictive
policy of the US government, Brent oil overthrew WTI as the
global oil benchmark and has, consequently, become directly
linked to a larger market. In this manner, although most Brent
oil has been destined for European markets, it is used as a
price benchmark for other grades of oil. Overall, higher pass-
through may take place for Brent oil price movements. To
obtain more informative findings, in Figure 5 we present the
non-linear relationship between Brent oil prices and the PPI
and MPPI.

Figure 5 gives a sense of the extent of the variation in the
PPI and MPPI. Specifically, it is particularly interesting that the
“U” relationship between the Brent oil price and the MPPI was
greater than that between the Brent oil price and the PPI, at

1.305 and 1.104, respectively. Accordingly, the “U” pass-through
of Brent oil prices to producer prices could heavily depend on
the market power of Brent crude oil and the balance between
oil supply and demand. As expected, higher oil prices could
decrease producer price levels due to their specific impact on
production costs. Nevertheless, non-linear pass-through may be
impacted by financial policy and the balance of supply and
demand in crude oil markets (Liao et al., 2019). Slumps in oil
prices are reflected in an imbalance between supply and demand
in crude oil markets, resulting in an increase in the demand
for clean and renewable energy within countries. Consequently,
the negative pass-through of Brent oil prices to producer prices
gradually led to a decline in price regimes. With the increase
of Brent oil prices, the positive pass-through to producer prices
related to the increased dependence on refined oil products.
Differences in energy policy in different economies may create
heterogeneous mechanisms for international crude oil markets
(Liu et al., 2019b).

Frontiers in Energy Research | www.frontiersin.org 9 March 2020 | Volume 8 | Article 35

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


Chen et al. Oil Prices, Consumer/Producer Prices

TABLE 6 | The test results for the financial market channel.

Step 2 Step 3 Step 4

D.V. SCI SCI CPI MCPI PPI MPPI CPI MCPI PPI

α1
1 −0.201

(0.104)

0.448

(0.068)

0.424

(0.076)

0.318

(0.103)

α2
1 −0.093

(0.106)

γ1 0.400

(0.059)

0.347

(0.063)

0.146

(0.079)

0.118

(0.081)

0.454

(0.052)

0.398

(0.058)

0.155

(0.079)

β1 0.114

(0.099)

0.046

(0.097)

0.497

(0.058)

0.377

(0.063)

0.089

(0.079)

0.058

(0.080)

0.238

(0.064)

0.131

(0.072)

−0.126

(0.098)

β2 0.073

(0.087)

0.102

(0.093)

−0.401

(0.058)

−0.468

(0.064)

−0.171

(0.080)

−0.131

(0.081)

−0.249

(0.056)

−0.325

(0.063)

−0.024

(0.086)

Ad_R2 0.031 0.013 0.479 0.394 0.036 0.015 0.592 0.494 0.068

The standard errors are reported in parentheses. D.V. refers to dependent variable. Ad_R2 means the adjusted R2 of the models. The results of Step 1 can be found in Tables 4, 5.

MEDIATING MECHANISM OF OIL PRICE
PASS-THROUGH ON CONSUMER AND
PRODUCER PRICES

Causal Steps Approach
In the previous section, we presented one mechanism for
evaluating the pass-through of oil prices to consumer and
producer prices: namely, its non-linear impact in relation to a
monetary policy in China. This section now considers another
mechanism for oil price pass-through to domestic prices. First,
we provide evidence for the mediating effect of financial markets,
then we document the effect of the government debt channel on
the oil price–consumer/producer price mechanism.

Given the significant changes that have occurred in the
financial and oil markets in last two decades, it was desirable
to analyze the existence of a channel mechanism in the links
between oil price movements and consumer/produce price levels
(Alvarez et al., 2011; Razmi et al., 2016; Sek, 2019). To do this, this
study used a causal steps approach to explore the mediating effect
(Li et al., 2019c). Specifically, the causal steps were as follows:

Step 1. Estimate a regression for oil prices and
consumer/producer prices as shown in (7)

plt = α
j
1op

j
t + β1MSt + β2IRt + εt . (7)

where op
j
t represents the oil price for market j at time t, j = 1

stands for the Brent oil price, and j = 2 for the WTI oil price.

Step 1 proved to be satisfactory if α
j
1 was significantly different

from zero. If so, we then estimated according to step 2.
Step 2. Estimate a regression for oil price and the financial or

government debt as shown in (8):

chat = α
j
1op

j
t + β1MSt + β2IRt + εt . (8)

where chat represents the channel variables, including the
financial market and government debt. These variables were
selected because they were commonly used background variables.
Specifically, we selected the Shanghai (securities) composite

index (SCI) to measure the financial markets and the government

debt (GD) to depict debt. Step 2 proved to be satisfactory if α
j
1

was significantly different from zero. If so, we next estimated
step 3. If not, other variables were selected to depict the
transition mechanism.

Step 3. Estimate a regression for financial markets or
government debt and consumer/producer prices as shown in (9):

plt = γ1chat + β1MSt + β2IRt + εt . (9)

Step 3 proved to be satisfactory if γ1 was significantly different
from zero. If so, we next estimated step 4. If not, other variables
were selected to depict the transition mechanism.

Step 4. Estimate a regression for oil price, financial markets,
or government debt, and consumer/producer prices as shown
in (10):

plt = α
j
1op

j
t + γ1chat + β1MSt + β2IRt + εt . (10)

The coefficients in models (7)–(10) showed the different effects
of oil prices on consumer/producer prices. Specifically, Equation
(7) could capture the total effect of oil prices, while equation
(10) reported the direct effect, and Equations (8) and (9) could
be regarded as tools to measure the indirect pass-through of oil
prices to consumer/producer prices.

Financial Market Channel’s Role in
Transmitting Oil Price Pass-Through to
Consumer/Producer Prices
Following the causal steps approach, the mediation test was
performed and the results reported in Table 6. Our interest lay
in the significance of the coefficients in Equations (7)–(10).

Assessing the mediating effect of financial markets required
some significance tests. As estimated in Equation (7), referring
to Step 2 in Table 6, we noticed that the impact of the WTI
oil price, measured by α2

1 , was not significantly different from
zero. This result provided us with empirical evidence concerning
the possibility that there may not be a significant mediating
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FIGURE 6 | The mediating effect of the financial market. The upper section of the figure reports the direct and indirect effects; the lower section of the figure shows

the total effect.

effect of financial markets on the relationships between WTI
oil prices and consumer/producer prices. Furthermore, we
estimated Equations (9) and (10). According to Step 3 in Table 6,
it was interesting to note that the financial market had no
significant effect on the MPPI. Moreover, both the Brent oil
prices and SCI played a significant role in the CPI, MCPI, and
PPI. These results indicated the significant mediating effect of
the financial market on the Brent oil price–consumer/producer
prices pass-through. To shed further light on the mediating effect
of the financial market, in Figure 6 we present the results for a
direct effect, indirect effect, and total effect.

The oil price–consumer/producer price mechanisms,
combined with financial market channels, are summarized in
Figure 6. Accordingly, Brent oil prices could indirectly transmit
to the CPI through the financial market. Specifically, it was
noteworthy that the direct effect of the Brent oil price on the
CPI was 0.448, whereas the indirect effect was −0.091. These
results showed that Brent oil price movements have an indirect
negative effect on the CPI. This was no surprise, due to the
market power of crude oil and the capital flow of households
(Alvarez et al., 2011; Li et al., 2019a). On the one hand, because of
the policy uncertainty, Brent oil markets could exert an effect on
the expectations of participants in crude oil markets (Dong et al.,
2019). Policy uncertainty, combined with the trade agreement
between China and the USA, causes spillover between different
financial markets, leading to vulnerability as a result of changes
in investors’ expectations (Li et al., 2018a; Xia et al., 2019b).
Consequently, this result shed light on the increasing effect of
the Brent oil markets on consumer prices. On the other hand,
financial markets offer a channel for shared risk for households
through changes in capital flow (Moya-Martinez et al., 2014).
High oil prices affect investors’ expectations by reducing the

share price, which may, consequently, benefit consumer price
levels. Therefore, these results suggested that the financial market
could be regarded as a tool for stabilizing movements in the CPI.

Moreover, Brent oil prices could also indirectly affect
producer prices, for both the PPI and MPPI, through the
financial market. It is worth noting that the financial market
explained the 0.064 transitions between the Brent oil price
and the PPI and also explained the 0.080 transitions between
the Brent oil price and the MPPI. This result related to the
financialization of markets (Ji et al., 2019b). Considering the
diverse aims of stakeholders, it is widely accepted that investors
aim to maximize profits and reduce risks (Li et al., 2018b;
Huang et al., 2019). Financial markets offer an opportunity
for investors to share their risks and improve the investment
environment in relation to the changes in production costs
caused by oil price movements (Cong and Shen, 2013).
Furthermore, investments in financial markets can provide
extra profit for investors, decreasing the dependence of oil-
related enterprises or economies (Zhang et al., 2019b). A
higher indirect effect on the MPPI could be related to excise
duties. The aggregate producer price level, measured by the
PPI, could reduce the indirect effect, because of the possible
hedge between the MPPI and other price indexes. These
outcomes indicated a significantly negative mediating effect of
financial markets.

The Government Debt Channel’s Role in
the Oil Price–Consumer/Producer Prices
Mechanism
Table 7 reports the results of the causal steps approach
for the government debt channel’s role in the oil
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price–consumer/producer prices mechanism. Similarly,
our interest lay in the significance of the coefficients in
Equations (7)–(10).

Consistently with the results in section Financial Market
Channel’s Role in Transmitting Oil Price Pass-Through to
Consumer/Producer Prices, to provide an accurate assessment
of the mediating effect of government debt also required some
significance tests. As estimated in equation (7), referring to Step 2
in Table 7, we noticed that the impact of both the Brent andWTI

oil prices, measured by α1
1 and α2

1 , were significantly different
from zero. These results provided us with some empirical
evidence concerning the fact that oil prices exert their effect
in combination with government debt. We estimated equations
(9)–(10). According to Step 3 in Table 7, it was interesting
to note that government debt had no significant effect on
consumer prices for either the CPI or MCPI. Moreover, both
the Brent and WTI oil prices played a significant role in the
PPI and MPPI. These results indicated the significant mediating

TABLE 7 | The test results for the government debt channel.

Step 2 Step 3 Step 4

D.V. GD GD CPI MCPI PPI MPPI PPI MPPI PPI MPPI

α1
1 0.122

(0.04)

0.390

(0.10)

0.381

(0.10)

α2
1 0.102

(0.04)

0.470

(0.10)

0.465

(0.10)

γ1 −0.124

(0.17)

−0.123

(0.17)

−0.577

(0.19)

−0.607

(0.19)

−0.749

(0.19)

−0.776

(0.19)

−0.746

(0.18)

−0.775

(0.19)

β1 0.109

(0.04)

0.127

(0.04)

0.518

(0.07)

0.398

(0.08)

0.193

(0.09)

0.167

(0.09)

−0.002

(0.10)

−0.023

(0.10)

−0.020

(0.10)

−0.044

(0.10)

β2 0.924

(0.04)

0.927

(0.04)

−0.234

(0.16)

−0.309

(0.16)

0.358

(0.19)

0.420

(0.19)

0.649

(0.19)

0.704

(0.20)

0.723

(0.19)

0.781

(0.19)

Ad_R2 0.846 0.843 0.322 0.276 0.069 0.062 0.148 0.137 0.186 0.177

The standard errors are reported in parentheses. D.V. refers to dependent variable. Ad_R2 means the adjusted R2 of the models. The results of Step 1 can be found in Tables 4, 5.

FIGURE 7 | The mediating effect of government debt. The center portion of the figure reports the direct and indirect effects. The areas around the figure show the

total effect.
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effect of government debt on the oil price–producer prices
mechanism. To obtain more informative results, in Figure 7 we
examined the results for the direct effect, indirect effect, and
total effect.

The comparison in Figure 7 revealed that there was a negative
mediating effect of government debt on the oil price–producer
prices mechanism. On the one hand, there was a significant
mediating effect of the government debt on the oil price–
producer prices mechanism, which was not surprising, due to
the relationship between government debt and both the PPI
and MPPI. The primary aim of policymakers is to promote
investment in enterprises and stabilize producer price levels
(Sung, 2019); consequently, this is strongly related to the PPI and
MPPI. In this manner, government debt could exert a mediating
effect on the relationship between oil prices and producer
prices for both the PPI and MPPI. These results suggested that
government debt could be regarded as a tool for stabilizing the
movements of producer prices. On the other hand, the negative
effect of oil prices on government debt could capture the total
effect of oil prices. Accordingly, it is worth noting that both
the Brent and WTI oil prices had a greater mediating effect on
government debt for the MPPI than for the PPI. Since the fiscal
market was employed as a channel variable for the Brent oil price
to producer prices mechanism, it provided us with evidence that
there was a greater mediating effect of government debt on the
Brent oil price–PPMI mechanism than on the Brent oil price–
PI mechanism, at−0.095 and−0.091, respectively. Similarly, the
mediating effect of government debt was greater on the WTI oil
price–MPPI mechanism, at 0.079. By contrast, this effect on the
WTI–PPI mechanism was 0.076. These diverse mediating effects
captured the differences between refined oil-related enterprises
and their relative producer prices (Xiao et al., 2013); therefore,
due to the significant mediating effect of government debt on
both the PPI and MPPI, we concluded that government debt
plays a crucial role in changes in the mechanism of oil price
pass-through to producer prices.

CONCLUSIONS

The pass-through of oil prices to consumer and producer
prices could reflect the diverse dependence on oil across global
oil markets. This paper aimed to advance this thinking by
providing information on how price levels in China depend
on movements in oil prices. Specifically, the VAR model was
first employed to examine the response of consumer prices, as
reflected by the CPI and MCPI, or producer prices as reflected
by the PPI and MPPI, for both the Brent and WTI oil prices.
Furthermore, we explored the non-linear pass-through of oil
prices to both consumer and producer prices. Finally, this paper
provided evidence of the mediating effect of financial markets,
as well as government debt, on the oil price–consumer/producer
price mechanisms.

The pass-through of oil prices to consumer and producer
prices could be coupled with a monetary policy. On the one
hand, the increasingly positive pass-through of WTI oil prices

suggests an influential effect of monetary policy on the oil price–
macroeconomic mechanism, due to the primary aim of monetary
policy to stabilize price levels on both consumer and producer
prices. On the other hand, a higher pass-through of the Brent
oil price to producer prices provides evidence of the accuracy of
monetary policy.

The non-linear effect of oil prices on consumer/producer
prices varies across different crude oil markets. Specifically, the
WTI oil price exerted a significantly inverted “U” pass-through
to consumer prices for the CPI and the MCPI, and the inverted
“U” relationship betweenWTI oil price and the CPI was stronger
than that between theWTI oil price and theMCPI, at−1.373 and
−1.257, respectively. Nevertheless, the pass-through of the Brent
oil price to producer prices was significant and “U” shaped, and
this “U” relationship between the Brent oil price and the MPPI
was stronger than that between the Brent oil price and the PPI, at
1.305 and 1.104, respectively.

These mediating effects highlighted the indirect negative
impact of oil price on consumer and producer prices, and these
effects heavily depend on market power. Empirically, Brent oil
prices could indirectly transmit to the CPI, PPI, and MPPI
through the financial market. There were mediating effects of
government debt on the linkages between both the Brent and
WTI oil prices and producer prices, for the PPI and MPPI.
Comparatively, the effect of government debt on the Brent oil
price–producer prices mechanism, reflected by the PPI andMPPI
(−0.091 and −0.095, respectively), was greater than that of
financial markets (at−0.064 and−0.080, respectively).

Our outcomes should be valuable in helping to stabilize price
levels. The effectiveness of policy depends heavily on the non-
linear pass-through of oil prices; thus, policymakers should pay
specific attention to stabilizing consumer or producer price levels.
In other words, consumer prices relate to changes in the WTI
oil market, whereas producer prices are linked to changes in
Brent oil prices. In addition, the negative mediating effect of
both financial markets and government debt offer an opportunity
to prevent the spillover from the global crude oil market to
the macroeconomic level; therefore, authorities should not only
monitor the financialization of crude oil markets and enterprises,
but also promote the effective role of government debt in the
oil price–producer prices mechanism. Financial markets could
thus be regarded as an accurate tool for stabilizing consumer
price levels.

There are some possible limitations to this study; for
example, this paper neglected the moderating mechanism of
the oil price–price levels on both consumer and producer
prices. Accordingly, economic policy uncertainty and
institutional distance regarding different oil markets could
exert a moderating effect. Additionally, the network structure
of oil markets could be regarded as another moderating
variable, providing a more accurate tool for policymakers
and investors for regulations. Furthermore, the threshold
of the mediating and moderating effects on oil price shocks
would also be of great interest. In addition, the time-frequency
dynamic spillovers between the global crude oil price and the
general price levels, such as consumer or producer prices,
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could provide more evidence for investigating shocks in the
external environment.
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