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Abstract
Domestic oil tax influences not only consumer price, but also oil company’s bid-ask spread and international oil price by vertically-related markets. We find that price effects of domestic oil tax differ significantly under different market structures. Price transmission elasticity of domestic oil tax is negative when competition between oil companies is weak, which means that world oil price drops and asking price of oil companies rises when domestic oil tax increases. On the contrary, price transmission elasticity of domestic oil tax is positive when competition between oil companies is strong. The empirical study, based on U.S., EU and Japan data, supports the above theoretical conclusions. This paper also explains the deviation between the actual and optimal oil tax rates in major oil-importing countries. Because of the opposition of energy interest group and consumers’ sensitivity to oil price, the actual oil tax rate is far below its optimal value in U.S., while EU and Japan impose higher oil tax because of the support of oil companies and environmentalists. The conclusions of this paper provide some policy implications for the reform of China’s oil-price deregulation and fuel tax.
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1. Introduction
China has become one of the largest oil importers, and its dependence on oil import has also been rising during the past ten years. China’s economic growth was negatively affected by the rise and fluctuation of international oil price in recent years. At the same time, strong oil price regulation is still maintained by Chinese government, which of course resulted in serious market distortions. In the Energy Act (the draft) put forward by the National Development and Reform Commission in December 2007，China clearly declared its long-term reform direction of oil price deregulation. Fuel tax was also introduced on January 1, 2009 after a decade-long wait since the Highway Act was passed in 1997. Theoretically, oil price deregulation and fuel tax reform will effectively correct market distortions and improve energy efficiency. But if considering the existing imperfect competition in international and domestic oil markets, domestic oil tax
, including fuel tax, may affect international oil price, domestic oil price and the benefits of oil companies in quite different manner.. So, the difference of price effects under different oil market structures, and the optimization of domestic oil market structure require in-depth research and analysis. 
Related Research on price effect of domestic oil tax originated from the two oil crises in 1970-80 eras. Some studies paid attention to the impacts of domestic tax on international oil price. Bergstrom (1982) found that oil excise tax could effectively shift economic rent from oil oil-producing countries to oil-importing countries and do not change domestic price under fixed supply assumption. Singer (1989), Bakhtiari (1999) and OECD (2004) also believed that oil excise tax could reduce consumption and import, which would lower international oil price and benefit oil consumers of importing countries. Other studies focused on tax incidence of domestic oil tax by mainly using competitive model (e.g. Chouinard and Perloff, 2004).
The main shortage for the above researches lies in three points. Firstly, they did not analyze price effect of domestic oil tax with a model integrated international price, domestic price and benefits of oil companies, thus could not entirely reflect the transmission of oil tax in international and domestic markets. Secondly, the above researches did not provide strong empirical evidence to explain why domestic oil tax policies differ greatly in the main oil-importing countries. Lastly, they did not consider the price effect difference of different market structures under imperfect competitive oil market, thus could not provide further suggestions to oil industry and domestic tax policy adjustment for oil-importing countries. 
Although there was a quite long history to study intermediate goods trade (e.g. Corden,1971; Dixit and Grossman, 1982), economists paid less attention to study trade pricing under   vertically-related markets structure which integrate raw material, intermediate goods and finished products. The main idea to inspire this study come from three theories: (1) Global Commodity Chains(GCC) approach, which analyzes a labor and production network to finalize manufactured goods, and could be conceptized as a series of nodes constituted by different transactions(Hopkins and Wallenstein, 1977); (2) Trade Intermediation theory (TI), which shows that actual trading activities are mostly realized through trade intermediation (Winkler, 1989), and that trade intermediaries clear the market by bid-ask spread and stock adjustment; (3) Vertically-related Markets Structure theory, which analyzes the influence of trade policy on trade pricing under different market structures in commodity chains (e.g. McCorriston and Shelton, 1996). In the above theories, only one intermediation was considered in TI theory, while more than one intermediations are included in vertically-related markets structure theory. Although the latter could be viewed as the development of GCC, it provided a method which can be modelized. 
So, we will consider only one intermediation (oil company) to expand our study based on vertically-related markets structure method. The reason lies in the huge change of international oil market structure since the mid-20th century. The former vertical integration from crude oil production, refining, to retail, which was controlled by international oil companies of Europe and the United States, was broken and replaced by the nationalization of oil exporting countries (for example, OPEC countries), and then oil companies of major importing countries degenerated into trade intermediation, which clear the market and profit by bid-ask spread and stock adjustment
.

Domestic oil tax influences not only pre-tax price of oil company(asking price) and consumer price (after-tax price ), but also oil company’s bid-ask spread, its profit and international oil price through vertically-related markets indirectly. So, if considering oil company as the only trade intermediation, we could comprehensively study the price effect of domestic oil tax under different market structure combinations among producer, oil company, and consumer. Further, if we could obtain the marginal impact of domestic oil tax on oil company profit, political support of oil companies on domestic oil tax could be indirectly estimated. And at the same time, we could estimate consumer’s political support on oil tax by oil tax elasticity on after-tax price. Political support of consumers and oil companies, and their combination decide the choosing of domestic oil tax policy, and thus could explain the existing difference of domestic oil tax policy among the main oil-importing countries. 
The remainder of this paper is organized as follows. Section 2 theoretically explores price effect of domestic oil tax based on Lloyd, McCorriston, Morgan and Rayner’s analytical framework addressed in 2004, and then presents price effect simulation based on different market structure combinations. Section 3 descriptively analyzes the oil market and domestic oil tax policy in U.S., EU and Japan. Section 4 describes the data and methodology. S The results are presented in Section 5. The last section concludes the paper and gives the policy implications.

2. Theoretical Model
Under vertically-related markets, trade intermediation is needed to clear the market by adjusting bid-ask spread. Imperfect competitive market structure is quite common in goods production, trade intermediation and goods consumption, but for simplicity, we assume that oil consumption is competitive, while oil production and trade intermediation being imperfect competitive. Thus in oil market, trade intermediaries purchase oil from foreign oil producers, and resell oil product to domestic oil consumers through their sales network. In this process, oil companies, as trade intermediation, clear the market and maximize their profits through their adjustment of bid-ask spread, where biding price of oil companies being international price, their asking price being pre-tax oil price, and consumers accepting after-tax oil price. Still we assume that trade intermediaries use fixed proportion production technology.
2.1 Model
Assuming that all trade intermediaries in oil industry produce a homogeneous oil product and the demand function for oil product is given by
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where Q is the level of quantity demanded of the oil product, T is the domestic oil tax rate imposed by the government for all oil quantity consumed, and R is the asking price of trade intermediation, namely pre-tax oil price.
The production function of oil is given by
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Where A represents the total oil quantity produced, P represents the international price, i.e., the biding price of trade intermediation. 
For a representative trade intermediary i, denote Qi, the quantity of its oil product sold domestically, Ai, the total quantity of oil it purchases from the international market, and Ci, its other cost except oil purchasing, so its profit can be given as
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Where a is the input-output coefficient, and then we have Qi=Ai/ a.
The representative trade intermediary maximize its profit by bid-ask spread adjustment, and the FOC can be given as
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Transforming equation (4) to elasticity form, we have
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where η is the absolute value of asking price elasticity of quantity demanded of consumers, θi is the conjectural elasticity of trade intermediary i, 
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is the marginal cost of trade intermediary i, ε is the inverse of the biding price elasticity of world oil production, and μi is  the conjectural elasticity of international oil producer.
Using market shares as weights and summing over all producers and trade intermediaries respectively, we have
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where μ and θ are the conjectural elasticity of oil production and trade intermediation respectively,  and M is the industry-level marginal cost. If μ and θ tend to 0, the market would be competitive, and if the values are quite near 1, the market would be collusive or monopolistic. So μ and θ are also the industry level market power parameters.
Let λ=η/ (η-θ), equation (6) can be re-written as
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Now the importing country imposes domestic oil tax T. Trade intermediaries would adjust their bid-ask spread, and thus affect equilibrium international price and their asking price. Differentiating (7) with respect to an exogenous domestic tax change in the demand function written in logarithmic form gives
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where
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Noting from demand function (1) and oil production function (2) that
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Let 
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Using (9) and (10), we have the following comparative static conditions：
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We can use equation (11) and (12) to show the price effect of domestic oil tax by price transmission elasticity (ρ)
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2.2. Simulation
In order to straightforwardly observe the impact of domestic oil tax and its change on price transmission elasticity, linear oil production and demand function could be feasible, and thus ω=1+η,γ=(1-ε)/ε. For simplicity, we assume the conjectural elasticity of trade intermediary being a constant, so ξ=0. Further, assuming the marginal cost M being zero (which implies α =1), equation (11) and (12) could be re-written as
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So, the price transmission elasticity of domestic oil tax could be expressed as
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It can be seen from equation (14) that, its numerator ε (μ+1) be greater than zero, while the sign of 
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and the denominator (με+1) [(η+ηθ)/(η-θ)] + ηε (μ+1) still being uncertain, and thus we are still unclear whether the asking price would rise or fall when imposing domestic oil tax. The same conclusion applies for equation (15). So we further need to analyze the impact of domestic oil tax on the international price and asking price of trade intermediaries through simulation of price transmission elasticity.
In the above analysis, η is the absolute value of asking price (pre-tax price) elasticity of quantity demanded of consumers, but in most literatures, demand elasticity was econometrically estimated by consumer price (after-tax price). So, for example, if η=0.1, the demand elasticity of after-tax price would be equal to 0.1 multiplied by the after-tax price and divided by pre-tax price, which will be larger than 0.1. Considering the after-tax price elasticity of oil demand is quite small and ordinarily in the range between -0.1~-0.5(e.g. Gately and Huntington，2002；IEA，2006), if converting after-tax price elasticity to pre-tax price elasticity, it would be appropriate to select η=0.1 and 0.4 as the parameter values.

We could select ε=10 and 2 to match those situations when the price elasticity of oil production being 0.1 and 0.5 because of the low oil supply elasticity. And the conjectural elasticity of oil production is assumed to be 0, 0.25, 0.5 and 1, which correspond to perfectly competitive (μ=0), oligopolistic (μ=0.25, 0.5) and collusive or monopolistic market (μ=1) respectively. And the conjectural elasticity of trade intermediation is assumed to be 0, 0.25, 0.6 and 1. The simulation results are as follows.
Table 1. Price transmission elasticity when imposing domestic oil tax (η=0.1)

	
	ε=10
	ε=2

	μ   θ
	0
	0.25
	0.6
	1
	0
	0.25
	0.6
	1

	0
	1.00
	-0.83
	-0.32
	-0.22
	1.00
	-0.83
	-0.32
	-0.22

	0.25
	2.80
	-2.33
	-0.90
	-0.62
	1.20
	-1.00
	-0.38
	-0.27

	0.5
	4.00
	-3.33
	-1.28
	-0.89
	1.33
	-1.11
	-0.43
	-0.24

	1
	5.50
	-4.58
	-1.76
	-0.92
	1.50
	-1.25
	-0.48
	-0.33


According to Table 1, when the demand and supply elasticity are both quite low (equal to 0.1, for example), if the conjectural elasticity of trade intermediary(θ) be a constant, the absolute value of price transmission elasticity(ρ) tends to increase with the weakening of the production competition, which means that oil producer(s) bear more and more tax burden. So, oil-importing countries could more effectively influence international price when they have stronger oil production market power. Actually, it is more likely to be the case that oil-importing country could not influence international oil production structure, i.e., the conjectural elasticity of oil production keep unchanged, when the absolute value of ρ tends to decrease with the weakening of trade intermediaries’ competition, which means that the relative change of pre-tax price be larger than that of international price, and that trade intermediaries and/or consumers bear more domestic tax burden. 
When oil demand elasticity is quite low, the signs of price transmission elasticity could more likely be negative, which shows the reverse change of producer price and the asking price of trade intermediaries, with the former falling while the latter rising, and the bid-ask spread tends to increase. Such conclusion is true when the market competition is not strong among trade intermediaries. Further, when there is strong competition among trade intermediaries, the price transmission elasticity is positive, namely, both the producer price and the asking price fall at the same time, while the former falling at a larger extent, which shows that domestic oil tax would depress producer price more than the asking price under highly competitive market structure of trade intermediation.
Let's turn to analyze the situation of η=0.4(see Table 2). If the conjectural elasticity of trade intermediation still be a constant, the absolute value of price transmission elasticity would tends to increase with the increasing of conjectural elasticity μ, so producer price would change more than the asking price. Such conclusion is similar to the situation of η=0.1. Further, if oil-importing country still could not influence international oil production structure, the absolute value of price transmission elasticity would firstly increase and then decrease, which is related with the sign of η-θ changing from positive to negative. 
But if there is stronger competition among trade intermediaries, the price transmission elasticity would be positive, both the producer price and the asking price fall, where domestic oil tax mainly influence oil producers and trade intermediaries, while influencing consumers less. In contrast, when there is quite weaker competition among trade intermediaries, the price transmission elasticity could still be negative, which shows the reverse change of producer price and the asking price, namely, the former falling and the latter rising, and thus the bid-ask spread tends to increase, so trade intermediaries would profit more, while producers and consumers losing, or the overshifting of domestic tax.
Table 2. Price transmission elasticity when imposing domestic oil tax (η=0.4)

	
	ε=10
	ε=2

	μ   θ
	0
	0.25
	0.6
	1
	0
	0.25
	0.6
	1

	0
	1.00
	3.33
	-3.2
	-1.33
	1.00
	3.33
	-3.2
	-1.33

	0.25
	2.80
	9.33
	-8.96
	-3.72
	1.20
	4.00
	-3.84
	-1.60

	0.5
	4.00
	13.32
	-12.80
	-5.32
	1.33
	4.43
	-4.26
	-1.77

	1
	5.50
	18.32
	-17.6
	-7.32
	1.50
	5.00
	-4.80
	-2.00


3. Descriptive Analysis
In order to test the simulation results in Section 2, we would empirically study the price effect of domestic oil tax by using time series data of U.S., EU and Japan’s oil tax from 1970 to 2005. But because it is difficult for us to directly estimate the accurate conjectural elasticity of trade intermediaries (namely, oil companies), we have to indirectly measure the competitiveness and the conjectural elasticity by descriptive analysis of market structure of oil industry. Moreover, we could descriptively analyze the domestic oil tax rate and its change in U.S, EU and Japan. The reason to select these three countries is that, they are all the major oil-importing and oil-consuming countries in world market, whose aggregated market share have been more than 80% in 1970s and 60% in 2000. Meanwhile, although these countries all depend on imported oil, their oil industries are quite different in competiveness.
Firstly, oil quantity produced in U.S. has been high, and could meet its 41.8% oil demand in 2004. In U.S., two types of oil companies, international oil companies and domestic oil companies, strongly compete with each other. According to U.S. Energy Information Agency (EIA), in 1992, there were more than 7,400 small-scaled oil & gas companies, and they accounted for 44% oil & gas production of U.S., and the rest (about 56%) was produced by the other 600 larger oil & gas companies 
.  After the mid of 1990s, American oil industry witnessed a large number of merging and structural changes, but according to business database of Manta.com, in 2007, there were still more than 7,043 oil & gas companies, of which at least 3,806 companies are in oil business. All of these demonstrated a highly competitive oil market in U.S. Moreover, if considering refinery and retail sector, there are 55 refining companies running 144 refining factories, in which some were vertically integrated with those incumbent oil producers, while the others belong to individual oil refiners, and no single refiner occupied more than 13% of market share. Meanwhile, American oil retail sector is also highly competitive (Grant, Ownby and Peterson, 2006).
Secondly, in EU, oil production is highly concentrated in a small number of countries, for example U.K., Norway and so on, and most countries have to depend on imported oil, whose oil markets are controlled by a few national or private international oil companies, and thus their domestic oil price is mainly affected by these firms, which means less competitiveness in EU’s oil industry compared with that of U.S. Lastly, Japan’s domestic oil production has been less than 1% of its consumption, and obviously lack of elasticity (PAJ, 2006). More importantly, Japan has kept strong oil regulation from 1962, and maintained administrative guidance against oil import, refinery and sale. Under the coordination of Petroleum Association of Japan, a broad range of regulations as well as administrative guidance on oil imports, refining, manufacturing, and marketing have been in effect, and the regulations on pricing based on setting standard prices was entirely abolished in 2001. So we could concluded that, compared with U.S. and EU, the competitiveness of Japanese oil industry was the weakest. 
Table 3. Domestic oil tax and oil price in U.S., EU and Japan

	
	weight of domestic tax in after-tax oil price（%）
	pre-tax price [4]
	tax(fuel tax plus VAT)
[5]
	after-tax price
[6]

	
	1984[1]
	1994[2]
	2004[3]
	
	
	

	Austria
	49.9
	n.a.
	62.0
	24.65
	40.21
	64.86

	Belgium
	55.2
	73.3
	69.4
	23.02
	52.09
	75.11

	Denmark
	57.3
	67.8
	70.9
	21.71
	52.82
	74.53

	Finland
	34.0
	71.8
	71.4
	22.12
	55.31
	77.43

	France
	57.3
	80.8
	73.1
	19.30
	52.56
	71.86

	Germany
	48.7
	74.3
	74.8
	18.68
	55.55
	74.23

	Italy
	65.6
	75.6
	66.4
	26.09
	51.62
	77.71

	Netherlands
	54.4
	75.4
	71.1
	24.09
	59.33
	83.42

	Norway
	50.3
	67.4
	n.a.
	n.a.
	n.a.
	n.a.

	Sweden
	42.7
	75.8
	71.0
	21.01
	51.48
	72.49

	Britain
	54.9
	73.2
	71.8
	23.31
	59.42
	82.43

	Japan
	37.2
	48.3
	32.1(
	n.a
	n.a.
	n.a

	U.S.
	23.8
	34.6
	26.8((
	26.42((
	9.68((
	36.10((


Sources: [1] and [2] are from Austvik (1997); [3]-[6] are from Leicester (2006); data with (( comes from EIA, and data with ( comes from OPEC.

Note: [4]-[6] is the nominal value in 2004, and data unit of U.S. and Japan is cent per liter, while pence per liter for EU.
Now, we can turn to observe the mutual relation between domestic tax and oil prices for U.S., EU and Japan (see Figure 1(a), (b) and (c), where pin, denotes international price, pd and tax denote the consumer price and domestic oil tax respectively), so as to obtain some preliminary conclusions. At first, we analyze the impact of domestic tax on international oil price. It can be seen that international oil price experienced sharply rise during the past three oil crises, and international price declined sharply after 1980, falling to be lower than 5 dollar per barrel in 1986, and kept very low in subsequent years, but domestic oil tax rate continuously increased in this period (see Table 3), which showed the negative correlation between domestic tax and international price. International oil price went up since 2003, and at the same time, we witnessed the huge change of world economic structure and the rapid rise of emerging economies, so, according to Figure 1, the relation between domestic tax and international oil price is hard to be observed in recent years.
As for the relation between international price and consumer price, in U.S., it appears that they have strong positive correlated characteristics, and there was a very small divergence between them; while in EU, although positive correlation still could be observed, quite large price divergence existed between the two prices; and in Japan, because of strong price regulation, fluctuation of consumer price was quite small until the mid-1990s’ gradual deregulation, after that, Japanese consumer price was obviously affected by international price change, and also higher than international price because of domestic oil tax. 
For the lack of profit data of oil companies, we choose industry margin data provided by OPEC database to analyze the impact of domestic tax on oil companies (see Figure 1(d)). It can be seen that, oil companies’ profit margin was quite stable in U.S., while fluctuating significantly in EU, and that Japanese oil companies had the highest profit margins. High profit margin is directly related with the weak competitive market structure and strong regulation for Japan. So, in EU and Japan, oil companies could shift more tax burden to consumers with the raising of domestic oil tax, and thus they could expand their bid-ask spread and their profit margins, which would further strengthen their political support for high oil tax policy. In U.S., the stable profit margin shows that, strong competitiveness brings oil companies low and competitive profit margin, and if imposing more oil tax, international price certainly would fall, but oil companies also would profit less, which would drive them to boycott or oppose the rise of domestic oil tax. Additionally, because American consumers could not benefit from such tax rate adjustment, they would go with oil companies, to oppose high domestic oil tax policy. 

[image: image28]
（a）


[image: image29]
（b）


[image: image30]
（c）


[image: image31]
（d）

Figure 1. The impact of domestic oil tax on oil prices and oil companies’ profits (1970-2005)

Sources: International price data comes from IFS database; consumer prices and tax data comes from OPEC’s Annual Statistical Bulletin; consumer price index (CPI) comes from IFS database.
Note: [1]. Data in (a), (b) and (c) are price and tax rate data of U.S., EU and Japan respectively, where U.S. price data is deflated using the U.S. CPI, while the other price data being deflated by industrial countries’ CPI, and consumer price is a consumption-weighted average of final consumer prices (including taxes) of main groups of refined products. [2]. The left vertical axis is of price data, and right vertical axis is of tax rate data in (a), (b) and (c), with 1970 (=100) as the base year and unit being U.S. dollars per barrel. [3]. The profit data in (d) is of nominal value.
As the last, let’s observe the choice of actual domestic oil tax in U.S., EU and Japan. In U.S., federal, state and local governments all impose excise tax on oil products by specific duty, where the highest tax is for gasoline, and in 2004 domestic gasoline tax accounted for 26.8% of gasoline price. But European oil tax system is obviously different from the U.S., where both fuel tax and value-added tax are imposed, with the former being specific duty and the latter being ad valorem duty, and in total, domestic oil tax accounted for 70% of consumer price, which is far higher than U.S.(Leicester，2006). As for Japan, its oil tax system is similar to EU. Taking gasoline for example, specific duty, including gasoline tax, and ad valorem duty (including 5% excise tax), all were in effect. Japanese domestic oil tax rate lied in between the U.S. and the EU, which was 32.1% of consumer price in 2004 (PAJ，2006).
4 Empirical Method，Data and Econometric Model
4.1. Empirical Method
The main idea of empirical study in this paper is, by econometrically estimating the effects of domestic oil tax on international oil price and domestic consumer price, to measure indirectly the effects of domestic oil tax on asking price of oil companies, then to calculate the price transmission elasticity of domestic oil tax and its marginal effect on the profits of oil companies, and finally to explore the price effects of domestic oil tax and its tax incidence. 
To estimate the price effect of domestic oil tax, based on the model of Abreu and Fernandes（2006）, we add two independent variables, the share of domestic oil consumption (rc) of “oligopoly” oil-consuming country in world’s total consumption, and the share of domestic oil production(rs) of “oligopoly” oil-consuming country in total world production. In the meantime, to reflect the effects of three oil crises and supply shocks to world and domestic oil prices, dummy variable (shock) is introduced in the model, which is 1 for crises years and 0 for the rest years. In addition, because there is lag in the reflection of domestic oil price to world oil price（De Vries，1975）, the effects of one-year-lag oil price should be included in the model（Pindyck，1979）. Let pri_world denote international oil price，prii ,the domestic consumer oil price of country i，supply, the world oil supply，reserve, the world oil reserves，and tax, the domestic oil tax. We can write the econometric model as: 
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By taking logarithm of the variables in the above models, we can get the domestic oil tax elasticity of international price and consumer price. But we still need to calculate the domestic tax elasticity for asking price of oil companies. Assume the government imposes specific tax t
, and let Pd denote consumer price, and pf , international price, we have:
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Since the “oligopoly” oil-importing country can, by imposing domestic oil tax, affect its domestic oil consumption quantity and consumer price, and then affect international oil price and profits of oil companies, therefore, Pd, R are all the functions of tax rate t. By differentiating Equation (19) with respect to t, and let εRt denote the domestic tax elasticity for asking price of oil companies and εdt, the domestic tax elasticity of consumer price, we can get:
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After estimating the domestic oil tax elasticities for asking price of oil companies and international oil price, we can calculate the price transmission elasticity of domestic oil tax. The political support to domestic oil tax from oil companies will depend on the effects of domestic oil tax on their profits. In vertically-related market structure, assuming there are significant scale of economies in the refining and marketing process for oil companies, and fixed-cost investment is a large part in their total costs, the increase in production capacity will need a long delivery cycle(Crémer and Salehi-Isfahali，2004，p.143), hence, the marginal cost of oil companies is relatively stable. For simplification, assuming all oil products are homogeneous, and there are “n” oil companies in the “oligopoly” oil-importing country, which have same scale, same cost structure and marginal cost, and the sales quantity for a typical company i is Qi，so its profit πi is: 



[image: image36.wmf]

 EMBED Equation.DSMT4  [image: image37.wmf]()

idi

PPtQ

p

=--


（21）

Since all oil products are assumed homogeneous, the products of different oil companies can be completely substituted, hence, by adding profit and sales quantity on both sides of Equation (21), and let
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, where Q and π are all the functions of tax rate t, we have:
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The oil companies will adjust their sales quantities to maximize profit. Let εd denote the price elasticity of demand and εft the domestic tax elasticity of international oil price, by FOC, we can get:
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The marginal effect of domestic oil tax on profits of oil companies can be estimated by Equation (23), based on which we can estimate if the oil companies support domestic oil tax policy. The effect of domestic oil tax on consumers can be judged from the sign of domestic oil tax elasticity of consumer oil price. If the domestic oil production is a small part in total domestic oil consumption, the policy of domestic oil tax will mainly be affected by oil companies (trade intermediaries), consumers and their interaction. If the domestic oil output is large, the sign of domestic oil tax elasticity for international oil price can reflect if domestic oil producers would support the adjustment of domestic oil tax policy.
4.2. Data

In the empirical study of this paper, the data of domestic tax and consumer prices are from OPEC’s Annual Statistical Bulletin, where the consumer prices are the weighed prices of main oil products including costs and profits of oil industry, and domestic oil tax. The domestic tax is the intergraded oil tax, including the specific tax and ad valorem tax, so there do not exist direct linear relationship between tax and price data. The data of international oil price come from IFS database, and the data of world oil reserves, oil production and consumption come from BP Statistical Review of World Energy. In addition, the nominal prices are deflated by CPI provided by IFS for U.S., and CPI of Industrialized Countries is applied for EU and Japan. The data are from 1970 to 2005, with 1970 (=100) as the base year. Logarithm is also taken in order to directly estimate the values of elasticity.

4.3. Econometric Model
As the panel data can reflect the characteristics of the sample variables in both space and time dimensions, expand the sample size, control the individual heterogeneity, effectively reduce the multicollinearity among variables, and increase the degree of freedom, it can improve the effectiveness of parameters estimation. In the meantime, as we are researching how the domestic oil tax of each country influences the international oil price, the consumption and supply of world oil, and how international oil price in turn affects the domestic oil price of each country, we will use panel data model to do the estimation.

As the international oil market is highly integrated, the oil-importing prices of US, EU and Japan have a strong consistency. Hence, it is assumed that, in the panel data model of this paper, the shock, the world oil reserves and world oil production have the same coefficients in the cross-section model of each country, but the impacts of domestic oil tax, one-year-lag oil price, and the shares of domestic consumption (rc) and domestic production (rs) of each country are different. So it is needed to judge which approach of panel data model should be used.

Assume a single equation panel data model is, 
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Depending on whether uit is a random variable, panel data model has two approaches, i.e., random effects and fixed effects, which can be tested by Hausman Test. The basic idea of Hausman Test is, if disturbance variable uit is uncorrelated with other explanatory variables, using OLS to estimate fixed effect model and GLS to random effect model are consistent, but OLS is inefficient. On the contrary, OLS is consistent but GLS is not. Under the null hypothesis of no correlation, the OLS and GLS estimators should not differ systematically, and a Wald statistics test can be used. If null hypothesis is rejected, fixed effects model would be appropriate; otherwise, random effects model should be used. And choosing which approach of panel data model can be judged based on F statistics as below:


[image: image43.wmf]3131

2121

21

1111

()/()

()/()

;

//

SSRSSRdfdf

SSRSSRdfdf

FF

SSRdfSSRdf

--

--

==


[image: image44.wmf]
（25）

If F2 is less than the critical value, fixed effect model should be adopted; otherwise, we need to check F1. If F1 is less than the critical value, we should adopt change-interception model; otherwise, variable-coefficient model should be used. 
Table 4. Judgment on Approach of Panel Data Model
	
	F2
	F1
	Hausman

	Equation（17）
	4.553
	3.216
	0.306

	Equation（18）
	5.390
	5.396
	1.322


Note: Calculations are made by using Eview 5.1. The same hereinafter
In the test results in Table 4, Hausman test statistics is less than 5% critical value of Chi-squared distribution, so random effects model should be used. In the meantime, since both F2 and F1 are larger than 5% critical value, the hypotheses of fixed coefficients and change-interception are rejected. Hence, this paper will adopt random effects variable-coefficient model.

The estimated results of Equations (17) and (18) by using random effects variable-coefficient model are shown in Tables 5 and 6, And no auto-correlation or unit root in the residuals is found.

5. Empirical Results and Analyses
5.1. Results of Empirical Study

The results of empirical study in Table 5 show that the domestic tax elasticity of international oil price is significantly negative. The increase in domestic oil tax in U.S., EU and Japan will cause decrease in international oil price, but 1% increase in domestic oil tax in EU will cause 1.41% decrease in international oil price, 1% increase in domestic oil tax in US will cause 0.9% decrease in international oil price, and 1% increase in domestic oil tax in Japan will cause 0.87% decrease in international oil price. The difference in the degree of tax burden shifting in U.S., EU and Japan corresponds to the difference in their weights of consumption and import in world oil market. European domestic oil tax has the most significant effect on international oil price, that is, tax burden can be completely transferred to oil-exporting countries, which is much higher than U.S. This is because, on one hand, the U.S. weights of oil consumption and imports in world oil production are lower than EU; on the other hand, its domestic oil tax rate is much lower than EU and Japan. For Japan, the effect of domestic oil tax on international price is the weakest, which means more tax burden to be borne domestically, and the reason for it is its smallest weights of oil consumption and import in world oil market. Therefore, since demand for oil is inelastic(Pindyck, 1979), and domestic oil tax may not cause domestic production distortion, even though domestic tax may raise domestic consumer oil price, it still could effectively increase the trade gains of “oligopoly” oil-importing countries. We also find, in Table 5, that the price elasticity of world oil production is pretty low, which is just around 0.54.   

Table 5．
Estimated Results of Equation (17) (Sample Period: 1970-2005)
	
	lnreserve
	lnsupply
	lntax
	lnpri(-1)
	lnrs
	lnrc
	shock
	c

	US

(USA)
	-1.41(((
(0.42)
	1.85(((
(0.45)
	-0.90((
(0.42)
	0.96(((
(0.26)
	-0.38

(0.38)
	-5.04(((
(1.59)
	0.58(((
(0.078)
	-8.72

(6.24)

	EU

(EU)
	-1. 41(((
(0.42)
	1.85(((
(0.45)
	-1.41(((
(0.29)
	2.04(((
(0.34)
	-0.12(
(0.07)
	-3.90(((
(1.11)
	0.58(((
(0.078)
	-8.72

(6.24)

	Japan

(JPN)
	-1.41(((
(0.42)
	1.85(((
(0.45)
	-0.87(((
(0.31)
	1.19(((
(0.19)
	-0.45

(0.35)
	-1.60((
(0.64)
	0.58(((
(0.078)
	-8.72

(6.24)

	Random Effect
	

	USA-C
	0.39
	

	EU-C
	-0.39
	

	JPN-C
	-1.30E-13
	

	Statistical Test

	
	Breitung
	LLC
	ADF
	Hadri

	
	-4.45(((
	-6.55(((
	45.78(((
	-0.80(((


Note: Values in ( ) are standard deviation. ( indicates 10% of significance level. (( indicates 5% of significance level. ((( indicates 1% of significance level.
The estimation results of Equation (18) show that the domestic tax elasticity of consumer price in U.S. is negative, which seems inconsistent with common sense. The reason may be related to the elasticities of oil supply and demand, and the relatively strong competitiveness in US oil industry. Because both price elasticity of oil supply and oil demand are much lower than 1
, the domestic tax will have less impact on oil consumption but large impact on domestic oil price. Since there is strong competition between international oil companies and domestic ones in U.S. oil market, consumer price may be sticky. Therefore, U.S. domestic oil tax will mainly affect the international oil price and profits of oil companies. It is found that supply curve of world oil bends backward(Crémer and Salehi-Isfahali, 1980, 1989), i.e., world oil supply will increase rather than decrease when oil price drops from high level, which will push down international oil price when oil demand is stable. At this time, to ensure their market share and sales, the oil companies would reduce domestic oil prices. Thus in a relatively long period, the rise in U.S. domestic oil tax will decrease both the international oil price and the profit rate of oil companies, which will lead to drop in consumer oil price. So it can be inferred that the increase in U.S. domestic oil tax will be mainly borne by oil companies and oil-exporting countries.

Table 6 shows that the domestic tax elasticities of consumer oil price in EU and Japan are significantly positive. 1% increase of oil tax in EU brings 0.67% increase in domestic consumer price, and in Japan, 1% increase in oil tax causes 1.02% increase in domestic consumer price. Hence, there exists overshifting of tax burden in both EU and Japan, where 1% increase in oil tax in EU will increase the gap between its domestic consumer price and international price by 2.08%, and in Japan, 1% increase in oil tax will increase the gap by 1.89%. It is obvious that the increase in domestic oil tax in EU and Japan will not reduce the profits of their oil companies, but increase their profits through the overshifting of tax burden. In addition, since the EU’s oil import and consumption shares in the world oil market are larger than Japan, EU is able to transfer more tax burden to the international oil market, which means the impact of oil tax on its domestic consumer price is relatively weak. But in Japan, due to its long-term price regulation and weak competitiveness in its oil industry, the impact of oil tax on its domestic consumer price is higher than US and EU, which is consistent to our observation in Section 2.

Table 6．Estimated Results of Equation (18) (Sample Period: 1970-2005)
	
	lnreserve
	lnsupply
	lntax
	lnpri_world(-1)
	lnrs
	lnrc
	shock
	c

	USA

(USA)
	-0.58(((
(0.17)
	-0.19

(0.17)
	-0.33(
(0.19)
	0.28(((
(0.052)
	-0.095

(0.13)
	-1.40((
(0.69)
	0.10(((
(0.032)
	10.16(((
(2.19)

	EU

(EU)
	-0.58(((
(0.17)
	-0.19

(0.17)
	0.67(((
(0.13)
	0.19(((
(0.046)
	-0.0081

(0.027)
	-0.69

(0.43)
	0.10(((
(0.032)
	10.16(((
(2.19)

	Japan

(JPN)
	-0.58(((
(0.17)
	-0.19

(0.17)
	1.02(((
(0.10)
	0.36(((
(0.035)
	/
	-0.48(
(0.26)
	0.10(((
(0.032)
	10.16(((
(2.19)

	Random Effect
	

	USA-C
	0.063
	

	EU-C
	-0.063
	

	JPN-C
	8.70E-15
	

	Statistical Test

	
	Breitung
	LLC
	ADF
	Hadri

	
	-3.38(((
	-4.83(((
	45.31(((
	-0.67(((


Note: Values in ( ) are standard deviation. ( indicates 10% significance level. (( indicates 5% significance level. ((( indicates 1% significance level.
5.2. Estimation of Price Transmission Elasticity

The domestic tax elasticity of asking price for oil companies, calculated by Equation (20), is shown in Figure 2. The domestic tax elasticity of asking price in EU is larger than 0, mostly between 0-0.5
, which means that the rise in domestic oil tax will cause the increase in asking price of oil companies. In Japan, the domestic tax elasticity of asking price is larger than 1, which is the largest compared with U.S. and EU. This indicates that 1% rise in domestic oil tax will cause over 1% increase in asking price of oil companies in Japan. In US, the domestic oil tax elasticity of asking price is negative, mostly between -0.5 and -2.0, which indicates that increase in domestic oil tax will cause decrease in asking price of oil companies. 
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Figure 2. The tax elasticity of asking prices for oil companies (1970-2005)
Note: Left vertical axis is for US and EU, and right vertical axis is for Japan.

For comparison with the simulation results in Section 2, we calculate, based on the above estimated domestic tax elasticity of oil price, the price transmission elasticities of domestic oil tax ρ, which are shown in Table 7. The price transmission elasticity in U.S. is larger than 0, and is around 1 in most years of the sample period, which indicates that the asking price of oil companies and international oil price both decrease if the domestic oil tax is increased, and profits of oil companies fall as their bid-ask spread decrease. In EU, the price transmission elasticity is negative, and its absolute value is well above 1, which means that the asking price of oil companies increase and international oil price decrease when the domestic oil tax is increased, and the change in international oil price is larger than the change in asking price of oil companies, so that both bid-ask spread and profits of oil companies will increase. In Japan, the price transmission elasticity is also negative, but its absolute value is less than 1. These indicate that the asking price of oil companies and international oil price change in opposite direction, both bid-ask spread and profits of oil companies increase, but the decrease in international oil price is less than the increase in asking price of oil companies. Furthermore, the marginal effect of oil tax on profits of oil companies can be accurately estimated by Equation (23). Based on the price elasticities of oil demand in US, EU and Japan, estimated by Cooper (2003), and taking the price elasticity of oil demand in EU as 0.1
, the estimated results is shown in Table 7. The results support the prediction that domestic oil tax will decrease the profits of U.S. oil companies and increase the profits of EU and Japan oil companies.
Table 7. Price Transmission Elasticity and Its Effects on Profits of Oil Companies
	
	U.S.
	EU
	Japan

	
	ρ
	dπ/dt/Q
	ρ
	dπ/dt/Q
	ρ
	dπ/dt/Q

	1972
	1.06
	-1.94
	-3.48
	1.13
	-0.84
	1.07

	1976
	1.46
	0.12
	-2.87
	2.73
	-0.85
	5.41

	1980
	1.76
	1.48
	-2.76
	3.14
	-0.85
	6.77

	1984
	1.24
	1.24
	-2.87
	2.81
	-0.85
	6.20

	1988
	0.89
	-0.77
	-5.53
	0.72
	-0.85
	2.68

	1992
	0.72
	-0.82
	-7.92
	0.54
	-0.85
	2.76

	1996
	0.61
	-0.78
	-13.41
	0.47
	-0.84
	2.04

	2000
	0.80
	-0.62
	-6.49
	0.80
	-0.84
	2.33

	2004
	0.97
	-0.28
	-5.89
	1.07
	-0.85
	3.01


Sources: Calculated with Equations (13) and (23) by the author.
5.3. Analyses to Empirical Results

For the conjectural elasticity of oil companies θ, based on the descriptive analysis in Section 3, the competitiveness in U.S. oil market is the highest, where its conjectural elasticity should be close to 0, the competitiveness in Japanese oil market is the weakest, so its conjectural elasticity should be close to 1, and the conjectural elasticity in EU should be between U.S. and Japan. For the elasticity of world oil supply, the estimated value in this paper is 0.54.,so the simulation by using 0.5(i.e.ε=2) in Section 2 of this paper is appropriate
. For the after-tax price elasticity of oil demand, Cooper（2003）estimates the long-term price elasticity is -0.453 in U.S., -0.09~-0.568 in EU, and -0.357 in Japan. According to the data in Table 3, after converting the after-tax price elasticity of oil demand to pre-tax price elasticity, the η of U.S. is close to 0.4 and η for EU and Japan is close to 0.1.

By comparing the price transmission elasticities of domestic oil tax in Tables 1, 2, and 7, we can find that the values of price transmission elasticity in theoretical analysis and empirical study have the same sign. That is, facing the imperfect competition in oil production, the price transmission elasticity of domestic oil tax is positive in a market with relatively strong competition among domestic oil companies, or the domestic tax will cause both international oil price and the asking price of oil companies to fall, like the case in U.S. By contrary, the price transmission elasticity of domestic oil tax is negative in a relatively monopolistic market, or the domestic tax will cause decrease in international oil price but large increase in the asking price of oil companies and consumer oil price, like the cases in EU and Japan.
The above analyses to the oil tax price transmission elasticity can be used to explain the choice of domestic oil tax policy in U.S., EU and Japan. Bergstrom（1982）and Sun et al（2008）estimate that the actual domestic oil tax rate is significantly lower than its optimal value in US, the actual domestic oil tax rate is close to its optimal value in EU, and in Japan, the actual domestic oil tax rate is significantly higher than its optimal value. The reasons for these are, since the increase of domestic oil tax will decrease the asking price and profits of oil companies in U.S., the oil companies (energy interest group) become the main barrier to raise oil tax, and the opposition of energy interest group and consumers’ sensitivity to gasoline price
 make the increase of low oil tax to its optimal level lack of political support, which causes low actual oil tax in U.S.; in EU and Japan, although the increase in oil tax will make consumers to pay higher oil price, the oil tax will raise the asking price and profits of oil companies, which make oil companies benefit from the increase of oil tax, so the support from oil companies and the pressure from environmentalists push EU and Japan to take high oil tax policy
.

6. Conclusions and Policy Implications 

Domestic oil tax influences not only consumer oil price, but also oil company’s bid-ask spread and international oil price through vertically-related markets. This paper studies the price effects of domestic oil tax under vertical market structure theoretically and empirically, and has the following conclusions.
If there is imperfect competition in oil production and trade intermediation, the price effects of domestic oil tax are different. When the demand and supply elasticity are both low, with the weakening of the production competition, oil-importing countries could more effectively influence international oil price by domestic tax, and oil producer(s) would bear more and more tax burden. When there is no strong competition among domestic oil companies, price transmission elasticity of domestic oil tax is negative, which means that international oil price drops and the asking price of oil companies rises while imposing domestic oil tax.; if there is strong competition among domestic oil companies, price transmission elasticity of domestic oil tax is positive, which indicates that both international oil price and the asking price of oil companies fall when imposing domestic oil tax.

By analyzing the market structures of oil industry and oil demand elasticities in U.S., EU and Japan, the empirical study supports the above theoretical conclusion. For US, where the competition among oil companies is strong, price transmission elasticity of domestic oil tax is positive, i.e., the increase in domestic oil tax causes both international oil price and the asking price of oil companies to decrease. But for EU and Japan, where the competition among oil companies is weak, price transmission elasticity of domestic oil tax is negative, or the increase in domestic oil tax causes the international oil price to decrease and the asking price of oil companies to rise significantly, which means the tax burden is overshifted to consumers.

The empirical study results for price effect of domestic oil tax can explain the deviation between the actual and optimal tax rates in U.S., EU and Japan. Because of the opposition of energy interest group, which is represented by the oil companies, and consumer’s sensitivity to gasoline price, the actual oil tax rate is far below its optimal value in U.S.; while the oil companies and environmentalist in EU and Japan support high oil tax policy since the oil companies can obtain larger bid-ask spread and profits from high oil tax. And in Japan, the actual oil tax rate is even higher than its optimal value.
Furthermore, we could predict the effect on oil price of imposing domestic oil tax in China according to the above conclusions. The oil market in China has been highly monopolistic. The three state-owned oil companies in China have their own monopolistic market power in the up- and down-stream of oil market, where the competition is very weak
. Therefore, since China’s price elasticity of oil demand is very low
, if oil tax is imposed, its price transmission elasticity will be negative, that is, domestic oil tax will decrease the international oil price, but the asking price of oil companies and the consumer price will increase, the profits of oil companies will rise greatly, and the tax burden will be overshifted.
The policy implications of this paper are, under current market structure of China’s oil industry, the reforms of domestic oil taxation and oil price deregulation could cause large rise in oil price and profits of oil companies. So it is still necessary to carry out some regulations on oil price at present. The encouragement of market entry and promotion of competition in China’s oil industry will lead to a reasonable profit rate for oil companies, reduce the shocks on consumer oil price caused by the market-oriented oil price reform and the introduction of domestic oil tax, and improve fair distribution of taxation burden.
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� Domestic tax is the indirect commodity tax imposed by the government on the total quantity consumed or produced. In this paper, we define domestic oil tax as the indirect oil tax imposed by oil-importing country on all of its oil consumption.


� In this paper, oil company and oil trade intermediary are treated as equivalent, and this is because oil companies in large oil-importing countries mainly import oil from international market, where the oil production is strictly controlled by oil-exporting countries.


� Sources: U.S. Energy Information Agency, available at: � HYPERLINK "http://www.eia.doe.gov/emeu/perfpro/independ/ch3.html" ��http://www.eia.doe.gov/emeu/perfpro/independ/ch3.html�.


� Since the domestic tax rates in the database of OPEC have been transferred to quantity tax rate, it is appropriate to calculate the price transmission elasticity of domestic oil tax by using specific duty.





� According to the estimation of Cooper（2003）, the long term price elasticity of oil demand in the U.S. is -0.453, and the short term price elasticity is smaller. The estimated price elasticity of oil supply in Table 5 is just 0.54.


� It was negative in 1998, the rest are all positive.


� Cooper (2003) estimated the oil price elasticities for different countries of EU, and most of them are around 0.1.


� The estimation of Krichene (2005), based on the data of 1974-2004, is 0.23 and 0.25, where 0.23 is estimated by using VECM model and 0.25 uses coordination method. But the value of the price elasticity of world oil production in equation (16) only affects the absolute value of price transmission elasticity rather than its sign.


� For instance, in the mid-term election of U.S. Congress in 2006, a poll made by Ipsos Public Affairs showed that gasoline price ranked fifth in the major concerns of voters (top four are: the war in Iraq, the economy, anti-terrorism operations and health care issues).


� Although consumers have been hurt from the oil tax increase, because of the difficulties of collective action, their political opposition to oil tax increases may be far less than the support from the influential energy interest groups. In addition, since the environmentalist group, who are also from the consumers, support oil tax increases, the voice of the consumers is further weakened.


� Please refer to the analysis to the high monopolistic characteristics in China’s oil industry made by Wang and Fang (2007). 


� Lin and Chen (2007) estimate that China’s long-term price elasticity of oil demand is -0.345. And Cooper (2003) also estimates that China’s price elasticity of oil demand is inelastic.
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