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Abstract 
 

This study uses weekly data to estimate the retail price adjustments in the Taiwan gasoline market during the 

period of 2002M4-2011M11. In the asymmetric ECM framework, this paper finds that Dubai and Brent 

crude oil prices have asymmetric distributed lag effects on retail gasoline prices in Taiwan; however, the 

adjustment of retail gasoline prices in response to falling oil prices is relatively quick. Changes in the 

Taiwan-U.S. exchange rate have a contemporaneous asymmetric impact on retail gasoline prices, and the 

adjustment of gasoline prices will be more rapidly reflected by the exchange rate appreciation. Finally, 

Taiwan’s retail gasoline prices, oil prices, and exchange rates have a stable long-run equilibrium relationship, 

and retail gasoline prices show symmetric equilibrium adjustment paths.  
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1. Introduction 

Over the past ten years, international crude oil prices have risen sharply, with dramatic fluctuations. The 

high demand led to record highs for oil prices during the period from 2003 to 2008 (Kilian, 2009), and oil 

prices have been rapidly rising since early 2009 (after the global financial tsunami). As crude oil is the major 

raw material of gasoline, crude oil price fluctuations will have an impact on gasoline prices in various 

countries. As the public is highly dependent on vehicles for mobility, the demand for gasoline is considerably 

inelastic. Falling gasoline prices please the public; while rising gasoline prices greatly displeases the public 

(Galeotti et al., 2003). Hence, the adjustment of retail gasoline prices has long been a topic of concern to both 

the public and to economists. Taiwan is an island country that is short of natural resources, and its crude oil 

supply almost entirely depends on imports (See Table 1); therefore, international events will considerably 

affect domestic retail gasoline prices. For this reason, this paper attempts to explore whether the retail 

gasoline market in Taiwan has asymmetric responses to positive and negative crude oil cost impacts. 

 

Figure 1 shows the trends of crude oil prices and the after-tax retail prices for 95 unleaded gasoline (95 

octane). Crude oil can be divided into the Dubai Fateh of the UAE and Brent Crude from the British North 

Sea (the major sources of imports to Taiwan). The following characteristics can be observed from Figure 1. 

First, the trends of Dubai and Brent crude oil prices are nearly identical, rising continuously from 25 USD 

per barrel in April 2002 to nearly 146 USD in July 2008. Although the breakout of the financial tsunami 

resulted in the fall of crude oil prices to about 38 USD per barrel in January 2009, the price began to rise 

again to nearly 107 USD in November 2011. 
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Table 1. Crude Oil Supply in Taiwan 

Year Imported Indigenous Total % of Imports 

2002 45659.3 51.1 45710.4 99.89 % 

2003 51737.8 45.8 51783.5 99.91 % 

2004 58445.7 44.6 58490.2 99.92 % 

2005 60639.9 32.4 60672.3 99.95 % 

2006 57999.1 23.6 58022.7 99.96 % 

2007 57473.3 17.8 57491.1 99.97 % 

2008 52961.0 16.1 52994.9 99.94 % 

2009 54878.9 16.0 54894.9 99.97 % 

2010 50849.7 14.2 50863.9 99.97 % 

Note: The data have been obtained from Bureau of Energy of Taiwan 

(Unit: ). 

 

Second, although the trends of retail 95 unleaded gasoline prices in Taiwan are roughly the same as 

those for international crude oil prices, retail gasoline prices do not adjust along with the fluctuation of 

international crude oil prices, seemly confirming the price adjustment asymmetry and lag mentioned in 

previous literature (see, for example, Bettendorf et al., 2003). Third, Radchenko (2005) proved that 

increasing volatility in international oil prices will accelerate the adjustment frequency of gasoline prices. 

Figure 1 suggests that the volatility in international oil prices has become relatively more significant after 

2007, seemingly accelerating the frequency of gasoline price adjustments in Taiwan. 
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Figure 1. Brent and Dubai Crude Oil Prices And Taiwan’s Retail 95 Unleaded  

Gasoline Price 

Notes: 

1. Brent and Dubai crude oil prices are expressed in terms of price per barrel (unit: 

USD). Taiwan’s retail 95 unleaded gasoline price is expressed in terms of price 

per barrel (unit: NTD). 

2. Data are weekly. Crude oil price and retail gasoline price have been obtained 

from Bureau of Energy of Taiwan for the period from 2002M4 to 2011M11. 

 

Regarding the asymmetric adjustment of gasoline prices, Bacon (1991) used semi-monthly data from 

British during the period of 1982-1989 to confirm that the adjustment of retail gasoline prices had a quicker 
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response to rising spot prices. Manning (1991) used the monthly data from 1973 to 1988, and found the price 

asymmetry of British retail gasoline market; however, the asymmetry disappeared after four months. Reilly 

and Witt (1998) also using British monthly data from 1982M1 to 1995M6, found that retail gasoline prices 

would decrease by 1.9% when crude oil prices fell by 10% in the short term; when the crude oil prices 

increased by 10%, retail gasoline prices would rise by 4.1%. 

Borenstein and Shepard (1996) analyzed the monthly data of 43 cities in the United States for the period 

of 1986-1991, and found evidence of asymmetrical relationships between retail prices and spot prices 

adjustments. Borenstein et al. (1997) used the VAR model to estimate the semi-monthly data in the United 

States for the period 1986-1990, and found that rising crude oil prices would be more rapidly reflected in 

retail gasoline prices, as compared with falling crude oil prices. Borenstein and Shepard (2002) employed the 

partial adjustment model and VAR to estimate 188 batches of weekly data for the period of 1986-1992 in the 

United States. In addition to finding asymmetric adjustments of wholesale gasoline prices and crude oil 

prices, they also confirm that asymmetric price adjustments in the gasoline market can be attributed to the 

suppliers’ production adjustment costs. 

Regarding the gasoline markets in other countries, Kirchgassner and Kubler (1992) found asymmetric 

adjustments of gasoline prices from the monthly data in Germany for the period of 1972-1989. However, the 

response of short-run retail gasoline prices responded to spot price decreases faster than to spot price 

increases. They argued that retailers would hesitate and be unwilling to rapidly raise prices, in order to avoid 

being labeled as abusing their market power or consumer price gouging. However, on the contrary, such 

motivations would not appear in the case of falling costs. Asplund et al. (2000) used monthly data to confirm 

price asymmetry in the gasoline market of Sweden for the period of 1980-1996. Godby et al. (2000) used the 

threshold regression model to test the weekly data of retail gasoline and crude oil prices in Canada for the 

period of 1990-1996. However, no evidence of price asymmetry was found in the study. 

In addition, as crude oil transactions in the international market are measured in USD, a number of 

studies have stated that the exchange rate in the crude oil-gasoline price transmission mechanism may be one 

of the sources leading to asymmetric price adjustments (Bacon, 1991; Balke et al., 1998; Reilly and Witt, 

1998; Asplund et al., 2000; Galeotti et al., 2003). In these studies, the exchange rate is specifically isolated 

from the input costs when calculating gasoline production costs in non-USD countries, in order to explore 

whether the positive or negative impact of the exchange rate would have asymmetric pass-through effects on 

gasoline prices. For example, Reilly and Witt (1998) found that the dollar/sterling exchange rate has an 

asymmetric pass-through mechanism on retail gasoline prices. Asplund et al. (2000) argued that the response 

of retail gasoline prices to exchange rate changes is faster than to spot price changes. Galeotti et al. (2003) 

found that the response of gasoline prices to exchange rate increases is significantly faster than the response 

to exchange rate decreases. 

Hence, for a small open trade-oriented economy such as Taiwan, the exchange rate has an increasingly 

important role. This paper uses the asymmetric error correction model (asymmetric ECM) to estimate the 

positive and negative impact of oil prices and exchange rates on retail gasoline prices in Taiwan. Moreover, it 

respectively tests whether retail gasoline price adjustments have any asymmetric responses to oil prices and 

exchange rates in Taiwan. Using the weekly data from 2002M4 to 2011M11, this paper finds significant 

long-run equilibrium relationships among retail gasoline prices, oil prices, and exchange rates. In the short 

run, the Dubai and Brent crude oil prices have asymmetric distributed lag effects on retail gasoline prices, 

and retail gasoline prices have greater responses to oil price decreases. Changes in Taiwan-U.S. exchange 

rate have an asymmetric contemporaneous impact on retail gasoline prices in Taiwan, and the adjustment of 

gasoline prices will be more rapidly reflected by the exchange rate appreciation. Finally, although changes in 
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oil prices and exchange rates can be fully passed through into retail gasoline prices in the long-run, there is 

no evidence of an asymmetric equilibrium adjustment path in the adjustment of gasoline prices in Taiwan. 

The remainder of this paper is organized as follows. In Section 2, we present the econometric 

methodology. In Section 3 we describe the data sources and characteristics. In Section 4 we compile the 

empirical results of the asymmetric ECM and show the asymmetric tests. Conclusions are presented in 

Section 5.  

 

2. Econometric Methodology 

ECM is the standard approach for the study of dynamic price adjustments. The model links the short-run 

dynamics and long-run equilibrium of price adjustments. The long-run equilibrium relationship between 

retail gasoline price and cost variables can be represented as: 

  

where  is constant term that includes other refinery and retail costs such as labor, building rent and taxation, 

 is the after-tax retail gasoline price (unit: barrel) in NTD,  is the crude oil price (unit: barrel) in USD,  

is the Taiwan-U.S. exchange rate, and  is error term. All of the above variables are represented in natural 

logarithms. If the variables of Eq.(1) are I(1) and there is a cointegrating relationship, the short-run dynamic 

model presented by ECM is (Engle and Granger, 1987):  

  

where  is the first-order differential operator and  is an error term.  and  measure the short-run impact 

of changes in crude oil prices and changes in the exchange rate, respectively. is the error correction term 

( ), and  is the adjustment coefficient of the long-run equilibrium. 

For discussions of the short-run price asymmetry, the basic ECM can be extended to the asymmetric 

ECM (Granger and Lee, 1989), as presented below: 

  

  

In the above equation, changes in crude oil prices, exchange rate changes and the error correction terms 

are distinguished into negative and positive changes. We define  as ,  as , 

and , , and  are defined similarly. Eq.(3) maintains the essence of ECM; however, more 

flexible adjustments of gasoline prices according to crude oil prices and exchange rates are allowable. Using 

the Wald test, this paper tests whether the fluctuations of oil prices and exchange rates have any asymmetric 

pass-through effects on retail gasoline prices. 

 

3. Data Sources and Characteristics 

The data used in this study are weekly, spanning from 2002M4 to 2011M11.  is replaced by the retail 

price of 95 unleaded gasoline (average bulletin price). Regarding , this paper uses the Dubai and Brent 

crude oil prices as the proxy variables, represented by  and , respectively. The above data are 

taken from the website of the Bureau of Energy of Taiwan. The Taiwan-U.S. exchange rate is taken from the 

website of the Central Bank of Taiwan. 

As cointegration test can help estimate the long-term equilibrium relationship of time series, the nature 

of time series data in the model estimation should be considered. This paper first determines the integration 

order of all data. The augmented Dickey-Fuller test (ADF test) is a commonly used method to judge the 
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integration order of time series. However, the disadvantage of ADF test is its extremely low power. 

Therefore, this paper also uses the Phillips-Perron test (PP test) to discuss the stationary properties of the 

above variables. The test results are as shown in Table 2, which indicate that all variables are statistically 

integration of order one or I(1) series. 

 

Table 2. Unit Root Tests 

 Levels  First Difference 

Variable ADF 

Tests 

PP Tests  ADF Tests PP Tests 

 
-2.518 -2.401  -10.290*** -17.952*** 

 
-2.598 -2.379  -10.967*** -17.831*** 

 
-3.271 -3.040  -7.507*** -19.623*** 

 
-2.899 -2.654  -6.949*** -16.074*** 

Notes:  

1. Variable definitions: is the Dubai crude oil price.  is 

the Brent crude oil price.  is Taiwan’s retail 95 unleaded 

gasoline price.  is the Taiwan-U.S. exchange rate. All 

variables are in natural logs. 

2. The autoregression models include both constant term and time 

trend, and the optimal lags are determined using AIC 

(maximum lags = 12). The ADF test and PP test are based on 

the null hypothesis of a unit root. ***, **, and * indicate that 

the null hypothesis is rejected at the 1 %, 5 %, and 10 % 

significance levels. 

3. Data are weekly, spanning from 2002M4 to 2011M11. 

4. Data source: Bureau of Energy and Central Bank of Taiwan. 

 

Next, to test the existence of linear cointegration relationship among , , and , OLS is used to 

estimate Eq.(1), and conduct ADF and PP tests of the residuals. The test results significantly reject the null 

hypothesis with a unit root (see Table 3), suggesting cointegration relationship among , , and . 

Although Eq.(1) implies that changes in crude oil prices and exchange rate changes will lead to changes in 

retail gasoline prices, the opposite is untrue. Hence, using the Granger causality tests, we can significantly 

reject the null hypothesis of , , and  do not Granger cause , respectively. However, if the 

null hypotheses are  do not Granger cause , , and , respectively, they cannot be rejected. 

The test results are as shown in Table 4. 
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Table 3 Linear Cointegration Tests 

Oil Price Selection ADF Tests PP Tests 

 
-4.189*** -6.505*** 

 
-4.249*** -6.859*** 

Notes:  

1. The autoregression models include both constant term and 

time trend, and the optimal lags are determined using AIC 

(maximum lags = 12). The ADF test and PP test are based on 

the null hypothesis of a unit root. ***, **, and * indicate that 

the null hypothesis is rejected at the 1 %, 5 %, and 10 % 

significance levels. 

2. See the notes of Table 1 for variable definitions. 

 

Table 4 Granger Causality Tests 

Null 

Hypothesis       

F-Statistics 24.896*** 21.490*** 1.157 1.775 4.576*** 1.399 

Notes: 

1. The optimal lags of VAR system are determined using AIC (maximum lags = 12). ***, 

**, and * indicate that the null hypothesis is rejected at the 1 %, 5 %, and 10 % 

significance levels. 

2. See the notes of Table 1 for variable definitions. 

 

Table 5 summarizes the estimation results of the long-run equilibrium relationships, explaining that 

crude oil prices and the exchange rate are the significant factors that determine Taiwan retail gasoline prices 

in the long-run. 

 

Table 5 Long-Run Equilibrium Relationship 

Oil Price Selection 
   

 
5.741*** 

(0.222) 

0.380*** 

(0.006) 

0.303*** 

(0.058) 

 
5.965*** 

(0.221) 

0.371*** 

(0.006) 

0.250*** 

(0.058) 

Notes: 

1. The number in the parenthesis under the coefficient is standard derivation. 

***, **, and *, which indicate significance at the 1 %, 5 %, and 10 % 

levels. 

2. See the notes of Table 1 for variable definitions. 

 

4. Results 

As mentioned in Section 2, a stable long-run equilibrium relationship is a prerequisite for the estimation 

of ECM. Table 6 summarizes the empirical estimation results of Eq.(3). Akaike information criterion (AIC) 

is used to determine the optimal lags of m, n and k in Eq.(3). Based on the premise of the maximum lag 

number set at 12 (one quarter), we determine that m=9, n=3 and k=1. Since it is impossible to eliminate the 
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presence of correlated and heterogeneous variable in the residual terms, the standard error is calculated using 

the Newey-West HAC covariance matrix estimation. 

According to Eq.(3), the coefficients  and  measure the contemporaneous impact of  and  

on , respectively, and the coefficients  and  measure the contemporaneous impact of  and  

on .  and  measure the distributed lag effects of oil prices on gasoline price 

adjustments, and  and  measure the distributed lag effects of exchange rate changes on 

gasoline price adjustments (see Frey and Manera, 2007). The coefficient estimation results shown in Table 6 

suggest that the contemporaneous impact of both Dubai and Brent crude oil prices on retail gasoline prices in 

Taiwan are insignificant. The positive impact of crude oil have significant lag distributed effects in lag 1 and 

lag 3 (the Brent crude oil price has significant distributed effects of lag 1 only), and the negative impact of 

crude oil have significant lag distributed effects of lag 1 and lag 3. Regarding the impact of the exchange 

rate, the exchange rate depreciation has the distributed effects of lag 1 only, and the exchange rate 

appreciation has significant contemporaneous impact and distribution effects of lag 1.  and  measure the 

error correction adjustment speeds when  and  and the estimated values are negative, 

implying the process of equilibrium convergence of the system. 

 

The coefficient estimation results shown in Table 6 preliminarily suggest that rising and falling oil prices 

have different effects on retail gasoline prices; however, it seems that falling oil prices have greater impacts. 

Using Dubai crude oil price as an example, the estimated value of  is -0.029, which is insignificantly 

different from 0. However, the estimated value of  is 0.079, which is significantly greater than 0. A falling 

exchange rate (appreciation) has more apparent impact than rising (depreciation). For example, suppose the 

estimated value of  is -0.364, which is insignificantly different from 0; however, the estimated value of  

is 0.458, which is significantly greater than 0. The estimated values of  and  will both be significantly 

smaller than 0, at -0.416 and -0.545, respectively. This suggests that the adjustment of gasoline prices will be 

more rapidly reflected by the exchange rate appreciation. The estimated values of  and  are -0.083 and -

0.168, respectively, indicating that the negative disequilibrium of the system will lead to equilibrium 

convergence with a rapid adjustment speed. This paper finds similar results in the case of estimation using 

Brent crude oil prices. 

For more rigorous tests of gasoline price adjustment asymmetry, this paper uses the Wald coefficient 

tests. The results of seven categories of coefficient test are listed in Table 7. Regardless of using the Dubai or 

Brent crude oil price for estimation, the results are at the 5% significance level and reject both  

and . Hence, the adjustments of retail gasoline prices in Taiwan have distributed lag effect 

asymmetry regarding the impact of crude oil prices, and they have contemporaneous impact asymmetry 

regarding the impact of exchange rate changes. As the testing results cannot reject =  at the 10% 

significance level, gasoline price adjustments have symmetric equilibrium adjustment paths. 
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Table 6 Estimation Results 

 Dubai Crude Oil Price  Brent Crude Oil Price 

Regressor Coefficient Std Error  Coefficient Std Error 

Constant 0.001 0.002  0.002 0.002 

 0.052 0.415  0.054 0.045 

 -0.109*** 0.038  -0.087** 0.042 

 0.053 0.038  0.067 0.041 

 0.144*** 0.040  0.130*** 0.041 

 0.071* 0.040  0.080* 0.043 

 -0.040 0.040  -0.047 0.041 

 0.046 0.034  0.037 0.035 

 -0.002 0.045  -0.021 0.052 

 0.046 0.389  0.036 0.041 

 0.040 0.036  0.038 0.035 

 0.033 0.026  0.011 0.025 

 0.143*** 0.052  0.133*** 0.048 

 0.181*** 0.051  0.142*** 0.040 

 -0.029 0.028  -0.027 0.028 

 0.079** 0.037  0.098*** 0.033 

 0.077** 0.033  0.026 0.038 

 0.031 0.044  0.023 0.051 

 -0.364 0.237  -0.293 0.254 

 0.458** 0.225  0.440* 0.057 

 -0.416** 0.208  -0.333* 0.193 

 -0.545** 0.251  -0.575** 0.259 

 -0.083** 0.039  -0.092*** 0.035 

 -0.168*** 0.050  -0.120** 0.055 

Notes: 

1. The optimal lags of asymmetric ECM are determined using AIC (maximum 

lags = 12). ***, **, and *, which indicate significance at the 1 %, 5 %, and 10 

% levels. Since it is impossible to eliminate the presence of correlated and 

heterogeneous variable in the residuals, the standard derivation is calculated 

using the Newey-West HAC covariance matrix estimation. 

2. See the notes of Table 1 for variable definitions. 
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Table 7 Asymmetric Tests 

Null 

Hypothesis 
       

 
0.024 0.209 4.711** 0.583 4.031** 0.137 1.171 

 
0.294 0.014 6.056** 0.002 2.858* 0.485 0.116 

Notes: The number in this table is F-statistics. ***, **, and * indicate that the null 

hypothesis is rejected at the 1 %, 5 %, and 10 % significance levels. 

 

5. Conclusions 

This study explores the impact of oil prices and exchange rates on retail gasoline prices in Taiwan. Oil 

prices and exchange rates are regarded as production costs that influence retail gasoline prices, and the 

asymmetric ECM is used to estimate the existence of asymmetric pass-through effects of oil prices and 

exchange rates on gasoline prices. Using the weekly data during the period of 2002M4 - 2011M11, this paper 

finds significant long-run equilibrium relationships among retail gasoline prices, oil prices, and exchange 

rates. In the short run, the Dubai and Brent crude oil prices have asymmetric distributed lag effects on retail 

gasoline prices in Taiwan, and retail gasoline prices have greater responses to oil price decreases. Changes in 

Taiwan-U.S. exchange rate have an asymmetric contemporaneous impact on retail gasoline prices in Taiwan. 

Finally, although changes in oil prices and exchange rates can be fully passed through into retail gasoline 

prices in the long-run, there is no evidence of an asymmetric equilibrium adjustment path in the adjustment 

of gasoline prices in Taiwan. 
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