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Abstract: This paper employs an asymmetric error-correction model (AECM), and uses monthly
data on wholesale prices of gasoline and diesel products in China and international crude oil prices
from February 2006 to October 2013 to examine whether China’s gasoline and diesel prices adjust
asymmetrically to international crude oil price changes. Our empirical results suggest that increases
and decreases in international oil prices have asymmetric effects on both wholesale prices of gasoline
and diesel fuel in China, and that both increases and decreases in international oil prices have a greater
effect on diesel prices than on gasoline prices in China. If there is no change in the maximum retail
price, the asymmetry results from the transmission of wholesale prices in China with international
oil prices. However, if there is a change in maximum retail prices, both international oil prices and
maximum retail prices cause the asymmetry.
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1. Introduction

As is known to all, the negative impact of asymmetric price transmission in gasoline and diesel
prices that we refer to as the Rockets and Feathers on China’s macro-economy is well-established [1–3].

On the one hand, China’s oil prices increase quickly when international oil prices increase, but
decrease slowly when international oil prices decrease. This induces a negative effect on consumers’
welfare [4,5]. In recent years, China has become the world’s largest vehicle market and has a distinct
institutional and regulatory environment for gasoline and diesel pricing [6,7]. China’s state-owned
gasoline stations raise oil prices when international crude oil prices go up, but they do not lower oil
prices as much as the gasoline stations in the U.S. do when international crude oil prices go down.
Thus, consumers in China have long thought that gasoline stations tend to raise oil prices and resist
lowering them. In this case, China’s consumers have to pay more than consumers in other countries
do when international crude oil prices decrease.

China’s oil price transmission mechanism has been in the process of being reformed from the
planned economy to the market one since 1998. However, the two integrated oil companies of China,
i.e., Petro China and Sinopec, have a powerful force to influence the oil prices adjustments and make
profits via lowering consumers’ welfare. For example, the oligopolists are reluctant to lower gasoline
and diesel prices when international oil prices decrease. It is obvious that the asymmetric price
transmission in gasoline and diesel prices will cause some social conflicts over time. That is because,
in China, the government controls state-owned enterprises. Once the state-owned enterprises make
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mistakes, the government cannot escape the responsibility. Following such logic, if Petro China and
Sinopec impair the public’s welfare (no doubt the public consume most of the oil), the public will
not just blame Petro China and Sinopec, but also complain about the government’s dereliction of
duty. As a result, people’s dissatisfaction with the government is becoming stronger and stronger.
Thus, the adjustment of China’s refined oil prices is not only an economic issue but also a social issue.

On the other hand, the asymmetric price transmission in gasoline and diesel prices is harmful to
the pricing mechanism that reflects both the real demand and product cost of gasoline and diesel fuel.
What’s more, misallocation of resources is a result of asymmetric price transmission. Misallocation
of resources can contribute to slow economic growth and lower energy efficiency, especially in oil
importing countries. Thus, investigating the asymmetric price transmission in gasoline and diesel
prices not only helps to propel the reform of China’s oil pricing mechanism but also tends to ease
social conflicts in China.

In practice, since February 2006, China’s wholesale prices not only increase but also tend to rise
more when international oil prices rise than they fall when international oil prices fall. Throughout
the period, gasoline prices were higher than diesel prices in China, but showing the same pattern
of co-movement with international crude oil prices, i.e., increasing quickly when international oil
prices increase, but decreasing slowly when international oil prices decline. Since Bacon [1] tested the
hypothesis that UK retail gasoline prices respond more quickly to increase in crude oil prices than to
decrease, many economists have attempted to replicate the test of asymmetric adjustment of price
changes in other countries.

In the U.S., many researchers argued that the response of gasoline prices to crude oil price changes
was asymmetric [8–14]. Venditti [15] demonstrated the response of weekly gasoline and gasoil prices
to crude oil price changes through using nonlinear impulse response functions and forecast accuracy
tests. He found that both approaches support the presence of asymmetries in the adjustment of retail
prices. Radchenko and Shapiro [16] pointed out that those gasoline price adjustments were faster and
stronger by a statistically significant margin for anticipated changes in oil prices and inventory levels
than for unanticipated changes. For Europe, Grasso and Manera [17] used three different models
including asymmetric error-correction model (ECM), autoregressive threshold ECM and ECM with
threshold co-integration, and tested the asymmetry with monthly data of gasoline prices from France,
Germany, Italy, Spain and UK over the period 1985–2003. They argued that the response of retail
gasoline prices to changes in crude oil prices was asymmetric. Polemis [18] and Polemis and Fotis [19]
investigated the asymmetries in the transmission of shocks to input prices into the wholesale and retail
gasoline prices in 11 euro zone countries using generalized method of moments (GMM) estimation
and a panel data error-correction model (ECM).

For other countries, Liu et al. [20] examined pre-tax refined product prices in New Zealand, and
found asymmetric responses to changes in crude oil prices for diesel but not for gasoline. Using weekly
data from 2007 to 2012, Valadkhani [21] tested for asymmetry in the adjustments of retail prices
to changes in wholesale prices in 111 locations across Australia. He found significant evidence in
28 locations, mainly in Tasmania, Queensland and New South Wales.

However, in China, most studies on gasoline and diesel prices focused on oil price regulation [22]
rather than asymmetric price transmission. The few papers on asymmetric transmission were mainly
written before the rise in international oil prices and the take-off in car ownership in the middle of
the last decade [23]. As a result, the existing literature failed to elucidate the adjustment of China’s
wholesale prices of gasoline and diesel products in response to international crude oil prices.

In this paper, we focus on testing for whether the adjustment of wholesale prices of gasoline and
diesel to crude oil price changes is asymmetric in China. It is organized as follows. Section 2 derives
the model and Section 3 describes the data. Section 4 presents the empirical results. Section 5 presents
the discussion and conclusion.
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2. Methodology

As in most previous literature about international oil price transmission, this paper tests for
both the long-run relationship and short-run dynamics of gasoline and diesel price changes in China.
The long-run relationship between China’s wholesale prices and international oil prices is based on
the following reduced-form equation:

log yt−1 = α0 + α1 · log bpt−1 + εt−1 (1)

where yt−1 is China’s wholesale prices of gasoline and diesel products at time t − 1; bpt−1 represents
international oil prices in Chinese yuan per ton at time t − 1; we take the logarithm for all the oil
prices; εt−1 denotes the error term at time t − 1; α0 and α1 are the model parameters. α0 is a coefficient
representing the constant markup and α1 is a coefficient representing the degree of pass-through in the
long run. In fact, α1 is the elasticity of China’s refined oil prices to international crude oil prices.

If both time series of prices are integrated of order one I(1) and co-integrated, we employ the
error-correction methodology [24] to examine the short-run dynamics of gasoline or diesel price
changes in response to changes in international oil prices:

∆ log yt = γ · ecmt−1 + β · ∆ log bpt + εt, t = 1, 2, · · · , T (2)

where ∆ represents first differencing, and ecmt−1 = log yt−1 − α0 − α1 · log bpt−1 that shows the
deviation of log yt−1 from its long-run value, α0 + α1 · log bpt−1, in other words, the “error” in the
previous period. γ and β are the model parameters. γ shows the “correction” of ∆ log yt to the “error”
and its value represents the speed of adjustment. β is a coefficient reflecting the impact of changes
in the growth rate of the benchmark international oil price on the growth rate of China’s refined oil
prices. T is the observations number.

Next, we extend Equation (2) to a dynamic ECM based on the idea of a lagged relationship
between China’s wholesale prices and international oil prices:

∆ log yt = γ · ecmt−1 +
j

∑
i=0

βi · ∆ log bpt−i + ut, (3)

where j is the maximum lags number for the changes in international oil prices which still affect
China’s wholesale prices, and ut denotes the error term at time t.

Now, we can extend Equation (3) to the case of asymmetric adjustments and obtain an asymmetric
error-correction model (AECM), following Galeotti et al. [25] and Grasso and Manera [17] and Balaguer
and Ripollés [26], by decomposing the short-run dynamics or both the short-run dynamics and the
error-correction term into positive and negative values. Therefore, we can obtain the following
econometric specifications:

∆ log yt = γ · ecmt−1 +
j

∑
i=0

φi · ∆ log bp+t−i +
j

∑
i=0

ϕi · ∆ log bp−t−i + ψt, (4)

where if ∆ log bpt > 0, then ∆ log bp+t = ∆ log bpt and ∆ log bp−t = 0, if ∆ log bpt < 0, then
∆ log bp−t = ∆ log bpt and ∆ log bp+t = 0, and if ∆ log bpt = 0, then ∆ log bp+t = 0 and ∆ log bp−t = 0.

∆ log yt = σ · ecm+
t−1 + ς · ecm−t−1 +

j

∑
i=0

φi · ∆ log bp+t−i +
j

∑
i=0

ϕi · ∆ log bp−t−i + ζt, (5)

where if ecmt−1 > 0, then ecm+
t−1 = ecmt−1 and ecm−t−1 = 0, if ecmt−1 < 0, then ecm−t−1 = ecmt−1 and

ecm+
t−1 = 0, and if ecmt−1 = 0, then ecm+

t−1 = 0 and ecm−t−1 = 0.
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If
j

∑
i=0

φi >
j

∑
i=0

ϕi, rising international oil prices have a greater effect on wholesale prices of

gasoline and diesel products than do falling international crude prices. Similarly,
j

∑
i=0

φi <
j

∑
i=0

ϕi would

imply that falling crude prices have a greater effect, and
j

∑
i=0

φi =
j

∑
i=0

ϕi would imply no asymmetric

adjustment in changes of wholesale prices. Assume that η =

∣∣∣∣∣ j
∑

i=0
φi −

j
∑

i=0
ϕi

∣∣∣∣∣, thus η 6= 0 indicates an

asymmetry in the responses of China’s wholesale prices to changes in international oil prices, and
η = 0 indicates no asymmetry.

As Honarvar [27] pointed out, a non-competitive gasoline market caused by oil price regulation
or interventions carried out by the local government can have a significant effect on the fluctuations
of gasoline and diesel prices in a country or region, possibly impairing market efficiency, at least on
a microeconomic level. In fact, the Chinese government sets maximum retail prices for retail prices
of gasoline and diesel (Table 1) and relatively low prices for the military, Xinjiang Production and
Construction Corps, and national reserve oil. Under this circumstance, we assume that wholesale
prices of gasoline and diesel are influenced by maximum retail prices because wholesale prices are
always less than retail prices, which are restrained by maximum retail prices.

In order to identify the different impact of increases and decreases of both international oil prices
and maximum retail prices on wholesale prices, we decompose the time series of wholesale prices,
international oil prices and maximum retail prices into positive and negative sequences, and regress
the positive (or negative) series of wholesale prices on maximum retail prices and international oil
prices. The econometric specifications are as follows:

∆ log yt
+ = γ0 · ecmt−1 +

k

∑
i=0

αi · ∆ logmrp+t−i +
k

∑
j=0

β j · ∆ log bp+t−j + εt, (6)

∆ log yt
− = γ1 · ecmt−1 +

k

∑
i=0

φi · ∆ logmrp−t−i +
k

∑
j=0

ϕj · ∆ log bp−t−j + ut, (7)

where mrpt denotes maximum retail prices of gasoline or diesel products and if ∆ log mrpt > 0, then
∆ log mrp+t = ∆ log mrpt and ∆ log mrp−t = 0, if ∆ log mrpt < 0, then ∆ log mrp−t = ∆ log mrpt and
∆ log mrp+t = 0, and if ∆ log mrpt = 0, then ∆ log mrp+t = 0 and ∆ log mrp−t = 0.

When there is no change in maximum retail prices, that is, both ∆ log mrp+t and ∆ log mrp−t are
zero, changes in China’s gasoline and diesel prices are only a function of changes in international
oil prices. In this case, we can estimate the adjustments of gasoline and diesel prices by using the
Equations (4) and (5).
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Table 1. The changes of maximum retail price in China (unit: yuan/ton).

Time of Change

Gasoline Diesel

Price
Increase

Price
Decrease

Maximum
Retail Price

Price
Increase

Price
Decrease

Maximum
Retail Price

31 October 2013 - 75 8475 - 75 7645
29 September 2013 - 245 8550 - 235 7720
14 September 2013 90 - 8795 85 - 7955

30 August 2013 235 - 8705 225 - 7870
19 July 2013 325 - 8470 310 - 7645
5 July 2013 - 80 8145 - 75 7335

21 June 2013 100 - 8225 95 - 7410
6 June 2013 - 95 8125 - 90 7315
9 May 2013 95 - 8220 95 - 7405

24 April 2013 - 395 8125 - 400 7310
27 March 2013 - 310 8520 - 300 7710

25 February 2013 300 - 8830 290 - 8010
16 November 2012 - 310 8530 - 300 7720
11 September 2012 550 - 8840 540 - 8020

10 August 2012 390 - 8290 370 - 370
11 July 2012 - 420 7900 - 400 7110
9 June 2012 - 530 8320 - 510 7510

10 May 2012 - 330 8850 - 310 8020
20 March 2012 600 - 9180 600 - 8330

8 February 2012 300 - 8580 300 - 7730
9 October 2011 - 300 8280 - 300 7430

7 April 2011 500 - 8580 400 - 7730
20 February 2011 350 - 8080 350 - 7330
22 December 2010 310 - 7730 300 - 6980
26 October 2010 230 - 7420 220 - 6680

1 June 2010 - 230 7190 - 220 6460
14 April 2010 320 - 7420 320 - 6680

9 November 2009 480 - 7100 480 - 6360
30 September 2009 - 190 6620 - 190 5880
1 September 2009 300 - 6810 300 - 6070

28 July 2009 - 220 6510 - 220 5770
30 June 2009 600 - 6730 600 - 5990
1 June 2009 400 - 6130 400 - 5390

25 March 2009 290 - 5730 180 - 4990
1 January 2009 - 140 5440 - 160 4810

19 December 2008 - 900 5580 - 1100 4970
20 June 2008 1000 - 6480 1000 - 6070

31 October 2007 500 - 5480 500 - 5070
14 January 2007 - 220 4980 - 220 4570

24 May 2006 500 - 5200 500 - 4790
26 March 2006 300 - 4700 200 - 4290

Notes: All the changes of maximum retail prices of gasoline and diesel are taken from the National Development
and Reform Commission (NDRC) website.

3. Data Description

Prior to 1998, wholesale prices were fixed by the Chinese government. Since June 1998, they have
been determined by market forces, but the Chinese government still sets maximum retail prices on the
basis of an international crude oil price benchmark. From June 1998 to October 2001, the benchmark
price was the Singapore spot price. From November 2001 to November 2005, the benchmark price was
calculated as 0.6 × New York spot price + 0.3 × Singapore spot price + 0.1 × Rotterdam spot price.
Since early 2006, it has been 0.4 × European Brent spot price + 0.3 × Asian Dubai Fateh spot price
+ 0.3 × Indonesian Minas spot price (Unlike the existing literature, a document entitled “A Rule of
Regulation for Oil Prices in China” (in Chinese) issued by China’s Development Research Center of
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the State Council in 2013 argues that China’s gasoline and diesel prices are only decided by Chinese
government until June 1998. Since the market-oriented reform of China’s oil pricing mechanism
began in June 1998, the gasoline and diesel prices in China have been not only decided by Chinese
government. China’s gasoline and diesel prices are determined by both the international crude oil
prices and the maximum retail prices on the basis of an international crude oil price benchmark since
June 1998. The maximum retail price can adjust only if the benchmark price increases (decreases)
by more than 4% in 22 days successively with the consideration that international oil prices are
time-varying every day. Both international crude oil prices and maximum retail prices increase,
China’s gasoline and diesel prices can increase. China’s gasoline and diesel prices decrease when
international crude oil prices and maximum retail prices decrease. This is the key point. In practice,
from June 1998 to October 2001, the benchmark price was the Singapore spot price. From November
2001 to November 2005, the benchmark price was calculated as q1 × New York spot price + q2 ×
Singapore spot price + (1 − q1 − q2) × Rotterdam spot price with q1 = 0.6 and q2 = 0.3. Since early
2006, it has been q3 × European Brent spot price + q4 × Asian Dubai Fateh spot price + (1 − q3 − q4) ×
Indonesian Minas spot price with q3 = 0.4 and q4 = 0.3).

To avoid changes in the data-generating process and ensure data availability, the sample period
of this paper starts from February 2006. There are three gasoline octane ratings in China, including
90#, 93#, and 97# (# means octane) and two diesel octane ratings, 0# and −10#. Therefore, this paper
uses all the prices of 90#, 93#, and 97# gasoline and 0# and −10# diesel and the benchmark price
represented by three international crude oil streams. All monthly data are taken from the website of
China’s Development Research Center of the State Council and Wind Industrial Database, and cover
the period from February 2006 to October 2013. We seasonally adjust the data and convert dollars per
barrel to Chinese yuan per ton using a conversion factor of 7.35 barrels per ton and exchange rates
from Wind Information Databases.

Table 2 indicates the descriptive statistics of China’s gasoline and diesel prices and the benchmark
crude oil price. Figure 1 presents the fluctuation of all the prices from 2006 to 2013. As is shown in
Figure 1, there exists a structural break point during 2008. In fact, both of the sharp declines of China’s
refined oil prices and the benchmark crude oil price are caused by the financial crisis in 2008. As a
result, it is inevitable to experience a sharp decline in oil demand.

Table 2. The descriptive statistics of China’s refined oil prices and the benchmark oil price (yuan per ton).

Mean Median Maximum Minimum Std. Dev. Observations

gp1 7764 7954 10,022 5373 1360 93
gp2 8258 8449 10,690 5696 1465 93
gp3 8723 8956 11,302 5996 1558 93
dp1 7045 7195 9190 4751 1291 93
dp2 7423 7548 9693 5021 1372 93
bp 4385 4365 6931 2126 978 93

Notes: gpi (i = 1, 2, 3) represent the prices of 90#, 93# and 97# gasoline, respectively. dpj (j = 1, 2) are the prices of 0#
and −10# diesel. bp stands for the benchmark price of international crude oil.
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Figure 1. The fluctuation of gasoline, diesel and international oil prices from 2006 to 2013.

4. Empirical Results

Many of the time series in this paper are non-stationary, thus we need to perform stationary tests
in order to avoid spurious correlation. Using the augmented Dickey-Fuller (ADF) unit root test, based
on the Schwarz Criterion (SC), we test for stationarity of all the prices and the unit root test results are
shown in Table 3.

Table 3. The results of unit root tests for each variable.

Variable T Statistic p-value AIC SC (c,t,k) Result

log(gp1) a −1.485 0.537 −4.063 −4.324 (c,0,1) non-stationary
4log(gp1) −7.018 0.000 *** −4.035 −4.348 (c,0,0) stationary
log(gp2) −1.485 0.537 −4.411 −4.328 (c,0,1) non-stationary
4log(gp2) −7.008 0.000 *** −4.408 −4.353 (c,0,0) stationary
log(gp3) −1.502 0.529 −4.327 −4.244 (c,0,1) non-stationary
4log(gp3) −7.464 0.000 *** −4.323 −4.268 (c,0,0) stationary
log(dp1) −1.567 0.495 −4.173 -4.090 (c,0,1) non−stationary
4log(dp1) −7.045 0.000 *** −4.167 −4.112 (c,0,0) stationary
log(dp2) −1.539 0.509 −4.153 −4.071 (c,0,1) non-stationary
4log(dp2) −7.176 0.000 *** −4.149 −4.094 (c,0,0) stationary

log(bp) −2.500 0.119 −2.596 −2.513 (c,0,1) non-stationary
4log(bp) −5.896 0.000 *** −2.549 −2.494 (c,0,0) stationary

Sources: China’s Development Research Center of the State Council. Notes: a log(gpi) (i = 1,2,3) are the prices of 90#,
93# and 97# gasoline, respectively. log(dpj) (j = 1,2) are the prices of 0# and −10# diesel. log(bp) is the benchmark
price of international crude oil. c represents the intercept term, t the time trend, and k the lag order. ∆ represents
first differencing. *** indicates statistical significance at the 1% level. We take the logarithm of all the oil prices and
present them in Chinese yuan per ton.

We conclude that both China’s gasoline and diesel prices and the benchmark price of international
crude oil are first-order stationary which can be expressed as I(1). Then, we use the Johansen
co-integration test to investigate the long-run equilibrium between China’s wholesale prices and
the benchmark price. The empirical results in Table 4 indicate that there is a long-run co-integration
relationship between China’s wholesale prices and international oil prices, significant at the 5% level.
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Table 4. The results of a Johansen co-integration test.

Variables Hypothesis Eigenvalue Trace Statistic
(Prob. *)

Max-Eigen
Statistic (Prob. *)

log(gp1) & log(bp) None ** 0.161 18.05(0.06) 15.79(0.08)
At most 1 0.025 2.26(0.13) 2.26(0.13)

log(gp2) & log(bp) None ** 0.160 17.91(0.06) 15.65(0.08)
At most 1 0.025 2.26(0.13) 2.26(0.13)

log(gp3) & log(bp) None ** 0.149 16.65(0.09) 14.49(0.12)
At most 1 0.024 2.16(0.14) 2.16(0.14)

log(dp1) & log(bp) None ** 0.174 20.18(0.03) 17.26(0.05)
At most 1 0.032 2.93(0.09) 2.93(0.09)

log(dp2) & log(bp) None ** 0.164 18.99(0.04) 16.11(0.07)
At most 1 0.031 2.88(0.09) 2.88(0.09)

Sources: China’s Development Research Center of the State Council. Notes: * denotes MacKinnon–Haug–Michelis
(1999) p-values. ** denotes rejection of the hypothesis at the 5% level.

Various methods exist to obtain the optimal lag order of the independent variables, including the
Likelihood Ratio Test, Final Prediction Error, Akaike Information Criterion (AIC), Schwarz Information
Criterion and Hannan–Quinn Information Criterion. This paper uses the AIC and obtains an optimal
lag order of 2. Thus, the optimal lag intervals for the effects of increases and decreases of international
oil prices are two months since the data are monthly. Using the AECM in Equation (4), the price
adjustment equations for 90#, 93# and 97# gasoline and 0# and −10# diesel can be obtained.

These coefficients shown in Table 5, with the exception of those on ∆log(bpt−2
+) and ecmt−1, are

significant at the 10% level. Though not all differences are statistically significant, this may indicate
that the impacts of the growth rate of international oil price increases on the growth rate of China’s
gasoline and diesel prices are less persistent than those of decreases. The effects of increases in the
growth rate of international oil prices on the growth rate of gasoline and diesel prices are positive and
peak in the next month. The estimated coefficients of ∆log(bpt

+) mean that a one percent increase in
the growth rate of international oil prices increases the growth rate of 90#, 93# and 97# gasoline and 0#
and −10# diesel prices by 0.110 percent, 0.109 percent, 0.117 percent, 0.144 percent and 0.140 percent,
respectively, in the same month, and the estimated coefficients of ∆log(bpt−1

+) indicate that a one
percent increase in international oil prices increases the growth rate of gasoline and diesel fuel prices
by 0.213 percent, 0.214 percent, 0.215 percent, 0.259 percent and 0.260 percent, respectively, in the
next month. The effect is somewhat larger for diesel than for gasoline, though not by a statistically
significant margin. The effects of decreases in the growth rate of international oil prices also peak in
the next month and appear larger for diesel than for gasoline. However, in contrast to the effects of the
growth rate of international oil price increases, the effects of the growth rate of international oil price
decreases remain significant at the 10% level in the second following month.
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Table 5. Regression results for China’s wholesale prices of gasoline and diesel products.

Dependent Variable: ∆log(gp1,t) Dependent Variable: ∆log(gp2,t)

Independent Variable Coefficient T Statistic Prob. Coefficient T Statistic Prob.

ecmt−1 −0.016 −1.060 0.292 −0.014 −0.954 0.343
∆log(bpt

+) a 0.110 * 1.913 0.059 0.109 * 1.878 0.064
∆log(bpt−1

+) 0.213 *** 3.632 0.000 0.214 *** 3.625 0.001
∆log(bpt−2

+) 0.084 1.432 0.156 0.076 1.307 0.195
∆log(bpt

−) −0.084 * −1.819 0.073 −0.079 * −1.704 0.092
∆log(bpt−1

−) 0.221 *** 3.935 0.000 0.215 *** 3.857 0.000
∆log(bpt−2

−) 0.072 1.556 0.124 0.076 1.657 0.101

R2 = 0.535 Adjusted R2 = 0.502 R2 = 0.535 Adjusted R2 = 0.501

Dependent Variable: ∆log(gp3,t) Dependent Variable: ∆log(dp1,t)

Independent Variable Coefficient T Statistic Prob. Coefficient T Statistic Prob.

ecmt−1 −0.015 −1.003 0.319 −0.021 −1.385 0.170
∆log(bpt

+) a 0.117 * 1.953 0.054 0.144 ** 2.301 0.024
∆log(bpt−1

+) 0.215 *** 3.520 0.001 0.259 *** 4.076 0.000
∆log(bpt−2

+) 0.080 1.323 0.190 0.064 1.008 0.317
∆log(bpt

−) −0.089 * −1.853 0.067 −0.104 ** −2.089 0.040
∆log(bpt−1

−) 0.231 *** 3.977 0.000 0.242 *** 3.971 0.000
∆log(bpt−2

−) 0.053 1.105 0.272 0.102 ** 2.034 0.045

R2 = 0.515 Adjusted R2 = 0.480 R2 = 0.575 Adjusted R2 = 0.544

Dependent Variable: ∆log(dp2,t)

Independent Variable Coefficient T Statistic Prob.

ecmt−1 −0.020 −1.269 0.208
∆log(bpt

+) a 0.140 ** 2.204 0.030
∆log(bpt−1

+) 0.260 *** 4.001 0.000
∆log(bpt−2

+) 0.050 0.781 0.437
∆log(bpt

−) −0.106 ** −2.077 0.041
∆log(bpt−1

−) 0.242 *** 3.939 0.000
∆log(bpt−2

−) 0.107 ** 2.114 0.038

R2 = 0.570 Adjusted R2 = 0.539

Sources: China’s Development Research Center of the State Council. Notes: a ∆log(bpt
+), ∆log(bpt−1

+) and
∆log(bpt−2

+) denote increases in international crude oil prices in periods t, t − 1 and t − 2, respectively. ∆log(bpt
−),

∆log(bpt−1
−) and ∆log(bpt−2

−) denote decreases in international oil prices in periods t, t − 1 and t − 2, respectively.
***, **, and * denote significance at the 1%, 5% and 10% levels, respectively.

Turning to cumulative response over three months showed in Figure 2, a one percent increase in
the growth rate of international oil prices increases the growth rate of 90#, 93# and 97# gasoline and
0# and −10# diesel prices in China by 0.323 percent, 0.323 percent, 0.3332 percent, 0.403 percent and
0.34 percent, respectively. And a one percent decrease in the growth rate of international oil prices
decreases the growth rate of 90#, 93# and 97# gasoline and 0# and −10# diesel prices by 0.137 percent,
0.136 percent, 0.142 percent, 0.240 percent and 0.243 percent, respectively. According to the definition

of asymmetry expressed by η =

∣∣∣∣∣ j
∑

i=0
φi −

j
∑

i=0
ϕi

∣∣∣∣∣ and η 6= 0, there is an asymmetry in the adjustments

of China’s gasoline and diesel prices to the changes in the growth rate of international oil prices.
According to the estimated results in Table 6, we find that the asymmetric adjustments of gasoline

prices in China are similar to that in the developed countries. In the previous literature, economists
have offered numerous explanations for the asymmetric transmission. Brown and Yücel [28] provided
a formal econometric exercise to test various explanations for price asymmetry and found that in the
United States the asymmetric response of gasoline prices to changes in international crude oil prices is
the result of market power. Bagnai and Ospina [29] argued that the observed asymmetry in the Italian
gasoline market depends on oligopolistic coordination and non-competitive behavior in the gasoline
retail markets.
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By contrast, Lewis [30] proposed a new explanation for interpreting the asymmetry by employing
a search model. He assumed consumers’ expectations of prices are based on the prices observed
during previous purchases and consumers search less when gasoline prices are falling, which results
in a slower price response to the cost changes. As a result, the asymmetric transmission is caused by
consumer search costs. Furthermore, Al-Gudhea et al. [31] used threshold and momentum models
of co-integration with daily prices at different stages in the distribution chain to support Lewis’ [30]
empirical results. When dividing all the external shocks into small and large ones, Al-Gudhea et al. [31]
obtained that the asymmetry is more pronounced for small shocks, which may be the result of consumer
search costs.
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list as: (a) is 90# gasoline price; (b) is 93# gasoline price; (c) is 97# gasoline price; (d) is 0# diesel price;
(e) is −10# diesel price.
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Table 6. Results for studies using an asymmetric error-correction model (AECM) with monthly data
and a single stage of the production–distribution chain.

Author(s) Country Time Asymmetry
(Upward)

Asymmetry
(Downward)

Galeotti, Lanza and
Manera (2003) [25]

Germany January 1985~February 1997 0.788 0.552
Italy January 1985~June 2000 0.196 0.240

France January 1985~June 2000 0.562 0.164
Spain January 1985~June 2000 0.236 0.160
UK January 1985~June 2000 0.435 0.237

Grasso and Manera
(2007) [17]

France January 1985~March 2003 0.683 0.249
Spain January 1985~March 2003 0.380 0.371
UK January 1985~March 2003 0.490 0.285

Current study China February 2006~October 2013
0.323(90#) 0.137(90#)
0.323(93#) 0.136(93#)
0.332(97#) 0.142(97#)

Kaufmann and Laskowski [11] revisited the issue of asymmetry in the relation between gasoline
prices and international crude oil prices in the United States and proposed that the asymmetric relation
is generated by refinery utilization rates and inventory behavior. The mechanism of asymmetry
seems to be from the fact that inventories give profit-maximizing firms a way to spread the effects of
unanticipated changes in demand over time. An unanticipated decline in demand urges firms to cut
production and sell inventories. Conversely, an unanticipated rise in demand causes prices to increase
sharply because finite inventories and lags in production constrain the short-run supply response.
However, Radchenko and Shapiro [16] disagreed with Kaufmann and Laskowski [11]. They argued
that gasoline price adjustments are faster and stronger for anticipated changes in international crude
oil prices and inventory levels than for unanticipated changes, and this difference is statistically
significant. They presented some interesting discussions from two aspects. One is that production
and holding costs can make it suboptimal for refineries to adjust instantly. However, when the shock
is anticipated, the refineries might start and complete the adjustment earlier, which would make the
response to unanticipated shocks more delayed. The other is that the response to the anticipated shock
is much stronger and is hard to reconcile with the explanation that would be based solely on the cost
considerations. It is well known that gasoline prices would increase or decrease significantly after a
decrease or increase in gasoline inventory. This result is common sense given that the most probable
source of the inventory shock is actually the demand shock. Furthermore, Radchenko and Shapiro [16]
pointed out that the changes in gasoline inventories have a significantly asymmetric effect on gasoline
prices and that gasoline inventories have a feedback effect on oil prices. Especially, an increase in
gasoline inventories leads to a significant decrease in oil prices.

As is shown above, Brown and Yücel [28] pointed out that in the United States the asymmetry
which means that gasoline prices rise more quickly when crude oil prices are rising than they fall
when crude oil prices are falling is unlikely to be the result of monopoly power generated by large,
integrated oil companies. However, in China, we argue that price regulation and market power,
especially the monopoly power in refined products, may be the significant factors of the asymmetries
in the adjustments of oil wholesale prices. In practice, the four integrated oil companies, namely, Petro
China, Sinopec, China National Offshore Oil Corporation and China National Aviation Fuel, have
more than 90% market share in the refined oil market in China. The four dominant companies may
engage in an unspoken collusion to maintain higher profit margins. When international oil prices
rise, each firm is quick to raise its selling prices, while when international crude oil prices fall, the
oligopolists are reluctant to lower gasoline and diesel prices. The feasible methods for the government
to lower wholesale prices are to offer subsidies and carry out maximum retail prices by force.
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5. Discussions

We test for the asymmetry in the response of China’s gasoline and diesel prices to international
crude oil prices in two different ways. The first method is decomposing the error-correction term into
positive and negative values based on Equation (4), from which we can obtain Equation (5).

Incorporating positive and negative error-correction terms into the basic AECM of Equation (4)
does not change the signs of coefficients and has minimal effect on the R2 or adjusted R2 of gasoline and
diesel prices adjustment equations. The results in Figure 3 indicate that there still exists an asymmetric
transmission in the responses of China’s gasoline and diesel prices to international oil prices. Moreover,
the estimated values of asymmetry have increased obviously when decomposing the error-correction
term into positive and negative values over three months.

The second method considers maximum retail prices, which were adjusted upwards or
downwards 41 times between February 2006 and October 2013. In this paper, we use a monthly
average of the maximum retail prices in consideration that, in June and September 2009 and June, July
and September 2013, prices were adjusted twice.

We use the Equations (6) and (7) to estimate the impacts of maximum retail prices and international
oil prices on gasoline and diesel wholesale prices. The empirical results in Figure 4 show the asymmetry
and cumulative response of gasoline and diesel prices to changes in the growth rate of maximum
retail prices and international oil prices. One percent increase in maximum retail prices of gasoline
would cause the growth rate of 90# gasoline price to rise by 0.230 percent in the same month and by
0.634 percent over three months. The impact of increases in the growth rate of maximum retail prices
of gasoline over the three month is greater than that for diesel, where the coefficient is 0.621 percent.
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One percent increase in the growth rate of international oil prices increases the growth rate of
90# gasoline price by 0.05 percent in the same month and by 0.05 percent over three months, and
increases the growth rate of 0# diesel price by 0.067 percent in the same month and by 0.142 percent

over three months. Asymmetry which is represented by η =

∣∣∣∣∣ j
∑

i=0
φi −

j
∑

i=0
ϕi

∣∣∣∣∣ is significant for both the

responses of 90# gasoline and 0# diesel prices to the changes in international oil prices and maximum
retail prices.
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6. Conclusions and Implications

This paper attempts to investigate the asymmetry in the response of China’s gasoline and diesel
prices to international crude oil price changes and find out the reasons for the asymmetry. The main
contribution of this paper is that there exists asymmetry in the gasoline and diesel fuel markets and the
asymmetry results from both the international crude oil prices and maximum retail prices according to
the empirical results. The main conclusions and implications are as follows:

6.1. Conclusions

Using the monthly data on wholesale prices of gasoline and diesel prices in China and
international crude oil prices from February 2006 to October 2013, this paper tests the asymmetry in
the response of China’s refined oil prices to international crude oil prices by applying an asymmetric
error-correction model. We draw a conclusion that, in China, increases and decreases in international
oil prices have asymmetric effects on both wholesale prices of gasoline and diesel fuel. In particular,
China’s gasoline and diesel prices increase quickly when international crude oil prices rise, but decrease
slowly when international crude oil prices decline. The impacts of increases in the growth rate of
international crude oil prices are larger but less persistent than those of decreases. What’s more, both
increases and decreases in the growth rate of international crude oil prices have a greater effect on
China’s diesel prices than on gasoline prices.

If there is a change in the growth rate of maximum retail prices, that is, the benchmark price (a
weighted international crude oil price among the European Brent spot price, Asian Dubai Fateh spot
price and Indonesian Minas spot price) changes by 4% in 22 days successively, the price transmission
between international crude oil and wholesale prices of gasoline and diesel products in China, and
maximum retail prices with reference to an international crude oil price benchmark set by the Chinese
government are the main reasons for the asymmetric response. This result is the main marginal
contribution of this paper.

However, if the benchmark price changes by less than 4% in 22 days successively, that is, there is
no change in maximum retail prices, then the transmission of oil prices from international to domestic
is the only mechanism generating asymmetry in China’s wholesale prices.

6.2. Implications

On the basis of empirical results, we propose some important policy implications for China. In the
current pricing mechanism, China’s gasoline and diesel prices are determined by the international
crude oil prices and maximum retail prices. With the consideration that maximum retail prices change
only when the benchmark price (a weighted international crude oil price) increases (or decreases)
by more than 4% in 22 days successively, in the short run, the first policy implication, therefore, is
for the government to shorten the adjustment period of maximum retail prices and to eliminate the
change limit of 4% in the benchmark price. Under this circumstance, the maximum retail prices can
change frequently as well as the international crude oil prices which are time-varying every day.
That is, the frequency of adjustment in China’s gasoline and diesel fuel prices would increase by the
comprehensive application of the policy.

It is shown that the maximum retail prices create an asymmetry in the response of China’s
gasoline and diesel prices to the changes in international crude oil prices. Therefore, in the long run,
the second policy implication is to abolish the maximum retail prices set by the Chinese government.
As a consequence of eliminating the maximum retail prices, China’s gasoline and diesel prices would
increase (or decrease) instantly when international crude oil prices rise (or decline). This policy is
helpful to increase the consumers’ welfare and ease several social conflicts in China.
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