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Introduction

The topic of tax competition among governments has received growing interest in the public economics literature during the last two decades. The larger part of the theoretical and empirical work has focused on capital tax competition. Three recent papers (Altshuler and Goodspeed 2002, Bretschger and Hettich 2002, and Devereux et al. 2004), for example, examine whether OECD countries compete with one another over corporate tax rate in order to attract investment. All of the three papers find evidence that OECD countries have been setting tax rates strategically to attract mobile capital. 

Commodity tax competition has, so far, gained somewhat less attention in the tax competition literature. Nevertheless, a number of papers have recently attempted to examine how cross-border shopping affects commodity taxation in neighboring countries. Devereux et al. (2004), Egger et al. (2005a) as well as Rork (2003) assess competition in excise taxation among US states, while Egger et al. (2005b) examine commodity tax competition among European countries. The results coming out from these papers seem to confirm the main hypothesis of the tax competition literature, i.e. countries set their tax rates with an eye to the tax rates in their neighbors. 

Of course, not only the existence, but also the consequences of tax competition have been vigorously investigated in the tax competition literature. The main issues involve whether tax competition leads to a suboptimal provision of public services because of erosion of the tax base, whether it results in a higher taxation of the less mobile resources (such as labor), or how various countries differing in size and economic development are affected by it. 

This paper is organized into two chapters. Chapter 1 reviews the theoretical literature on commodity tax competition with a special emphasis on spatial models. Chapter 2 consists of two main sections. In the first section, I discuss the main econometric issues that empirical tax competition models must confront. In the second section, I provide a critical assessment of eight empirical applications. From this overview it emerges that all studies but one using panel regression method estimate their model in level. However reasonable this method seems to be from the viewpoint of underlying theory, it can be highly problematic from an econometric point of view. The reviewed models incorporate macroeconomic time series that are usually highly persistent, which thus would call for modeling in first differences rather than in level. This recognition also leads to the question as to how, if at all, first-difference empirical models relate to the theoretical models originally formulated in level terms. A careful examination of the available theoretical models reveals that the “first-difference” forms of these models do not have a spatial character. This means that applied work in the field of spatial commodity tax competition lacks a theoretical framework whenever modeling in level is not permitted by the data. Fortunately, we find a potential way of how to re-establish the link between theory and first difference empirical models. We achieve this by generalizing one of the original models in the literature, namely that of Nielsen (2001). (Detailed description of the suggested extension is presented in the appendix.) We show that the results obtained in the original model carry over to the extended model. Furthermore, we demonstrate that even the first-difference form of the extended model retains its spatial character. More precisely, we derive an indirect but consistent relationship between the size of a country and its responsiveness to a tax-change in its neighbor. We show that a small country reacts less aggressively to a tax-change in its neighbor than a large country. Thus our findings show that the undercutting behavior on the part of a small country in the level model translates into less responsiveness on its part in the first-difference model. Finally we indicate some of the difficulties in specifying and estimating first-difference models that are consistent with the predictions of the extended model proposed by us.

1 Commodity tax competition

The literature on commodity tax competition has taken two rather different approaches. The seminal paper on commodity tax competition by Mintz and Tulkens (1986) analyzed tax competition in a general-equilibrium model of two countries trading in two goods with transport costs preventing complete equalization of tax-inclusive price. In this framework, each government chooses a tax that maximizes its representative resident’s utility, given the preferences for the public good and the national budget constraints. The main aim of this strand of research has been to explore the inefficiencies liable to arise from uncoordinated tax setting. 

The more recent contributions to the commodity tax competition literature have taken a different approach. The most prominent figures of this approach (Kanbur and Keen 1993, Nielsen 2001, Ohsawa 1999) set up simpler models in order to give a more precise characterization of the equilibrium resulting from commodity tax competition among spatially different economies. These authors typically set up a partial equilibrium model with a single taxed good and assume revenue-maximizing governments. Their models are often referred to as “asymmetric tax competition” models.

Cross-border shopping

The motivation for these analytical studies is the numerous examples of cross-border shopping around the world. Cross-border shopping occurs when citizens of a country make a trip to the neighbor country to take advantage of the lower price outside the home country. Price differences among countries are often driven by international tax differentials. (The difference between smuggling and cross-border shopping is that the latter is for personal consumption and is small-scale.)

A number of studies have attempted to estimate the magnitude of cross-border shopping between neighboring countries with different prices. For the late 1980s, Fitzgerald et al. (1988) reports survey evidence that the residents of Ireland living in counties bordering Northern Ireland bought about two-thirds of their petrol and almost all of their alcoholic drink in the Northern Ireland. Gordon and Nielsen (1997) estimated the loss of VAT revenue to Denmark from cross-border shopping into Germany to be around 0,8 percent. Rietveld et al. (2001) cited a survey conducted by NEI (1997) that reported that with a price difference of 11 €-cent per liter, about 28 percent Dutch car owners in the 30 km wide-region toward the German border gas up their cars abroad, and additional 14 percent fuel up their tanks in Germany at least on some occasions. Using a panel data set for three regions of Switzerland bordering Italy, Germany and France, Banfi et al. (2005) showed that fuel tourism accounted for about 9 percent of total petrol sale in the three regions during the period 1985-1997.

1.1 Spatial models of commodity tax competition

The analytical studies on commodity tax competition typically consider two main issues:

1. They set up a Nash game among governments facing cross-border shopping and analyze the resulting Nash equilibrium in commodity tax rates.

2. They investigate how the non-cooperative equilibrium outcome changes with various forms of tax coordination such as the imposition of a minimum tax rate or complete tax harmonization, and how the countries involved are affected by them as compared to the benchmark case with no cooperation.

Spatial models are designed to examine how the various geographical aspects (such as differences in size, position and shape) may shape the Nash equilibrium outcome of tax competition. Spatial models are typically one-dimensional: they assume a linear market with countries lying on a line segment. (An exception is the study by Ohsawa and Koshizuka (2002), which examines how the curvature and the length of the border may effect the governments’ taxing behavior in a two-country setting.)

Table 1. Classification and examples of the spatial tax competition models

	
	One-dimensional models
	Two-dimensional models

	Two-region models
	Kanbur and Keen (1993)

Nielsen (2001)

Hvidt and Nielsen (2001)

Wang (1999)
	Ohsawa and Koshizuka (2003)

	Multi-region models 
	Ohsawa (1999, 2003)
	


Two-country models

First we provide a short introduction into the two-country commodity tax competition models and then, based on the paper by Oshawa (1999), we shall examine whether the basic results can be extended to the multi-country setting. 

Figure 1 provides a brief overview of two basic models: the one by Kanbur and Keen (1993) and the one by Nielsen (2001). Both authors represent tax competition as a Nash game between two governments who choose their tax rates so as to maximize their tax revenue taking into account the effect of the cross border-shopping induced by the tax difference. Their frameworks differ only in the way they represent the relative size of the two countries involved. In the former, the two countries differ by the density of population, while in the latter they differ in their geographical extension. (Customers are distributed uniformly along the line segments in both models.) 

The two models are built on very simple assumptions concerning supply and demand. Each consumer purchases just one unit of the good. (For simplicity, the valuation of the good is assumed to be high enough so as that all consumers choose to buy.) The production cost of the good is assumed to be zero, hence the market price of the good in each country is equal to the tax charged (denoted by t and T in the small and the large country, respectively). Assuming closed border, a revenue-maximizing government is able to extract the whole consumer surplus by setting the tax rate at the level of the reservation price of their residents. However, with an open border, governments face the following trade-off. By raising their tax above the tax set by the other government they induce some of their residents to travel to the border and purchase the good abroad. Although a higher tax rate results higher per capita revenue over those residents still shopping at home, the resultant increase in the number of cross-border shoppers lowers the percentage of residents continuing to purchase at home. 

    (a) Kanbur and Keen’s model:
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     (b )Nielsen’s model:
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Best reply functions:
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Nash equilibrium taxes:


[image: image9.wmf]÷

ø

ö

ç

è

æ

Q

+

=

*

3

2

3

1

d

t




[image: image10.wmf]÷

ø

ö

ç

è

æ

Q

+

=

*

3

1

3

2

d

T


Nash equilibrium taxes:
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Figure 1. The commodity tax competition game 

We illustrate the decision problem faced by the representative consumer using the model of Nielsen (as depicted in Figure 2). We assume that customers are evenly spread over the interval [-1;1] with unit density. The population of each country thus corresponds to its spatial extension. Population sizes are (1 + b) and (1 – b), respectively, where b stands for some border parameter b > 0. The relative size of the small country is thus measured by the ratio (1 - b)/(1 + b). In Figure 2, distances are measured along the horizontal scale and buying cost incurred by the customers along the vertical scale. Suppose that T > t, i.e. the large country charges a higher tax than the small country. In this case, all residents of the small country will purchase the good at home incurring a cost of t. Some of the residents of the large country, ones who live close enough to the border, will make her purchase in the small country. Traveling to the border (and back) entails a cost of d > 0 per unit distance from the frontier. Cross-border shoppers hence incur a total cost of (t + d). As shown in Figure 2, for consumers living in the line segment between m and b it is worth shopping abroad since the total cost of purchase fall below the prevailing home price T. At a price difference of T - t, the amount of cross-border shopping makes up of (T-t)/d. (In equilibrium: (T*-t*)/d =2b/3.)  
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Figure 2. Taxing with cross-border shopping (Nielsen’s two-country model) 

Turning to the decision problem faced by the governments, we see that the difference in size introduces an important asymmetry into the revenue functions of the two governments. For any pair of unequal taxes (T and t), potential cross-border shopping consumers make up a greater percentage of residents in the small country than in the large country. As a result, the small country attaches a greater weight to attracting foreign consumers than the large country and therefore ends up charging the lower tax rate. 

This is in fact the basic result of both Kanbur and Keen’s as well as Nielsen’s analysis: the small country strictly undercuts the large country in equilibrium. The two-competitor models explain, for example, the taxation behavior of Luxembourg, the smallest country in the former EU15. Luxembourg applies the minimum VAT rate (15 %) on consumption and also sets the lowest excises on motor fuels among the former EU15 countries.

After proving the existence and the uniqueness of the Nash equilibrium in the two-country competition game, the two papers’ authors derive some other interesting properties of the Nash equilibrium. Amongst others, they show that:

i) while the absolute tax revenue is higher in the large country, the per capita revenue is greater in the small country;

ii) while an increase in transport cost leaves the amount of cross-border shopping unchanged, it leads to an increase in equilibrium tax rates;

iii) the equilibrium tax difference (T*-t*) decreases as the disparity in size lessens.

A multi-country model

Ohsawa (1999) examines commodity tax competition in a multi-country framework. His tax competition model belongs to the family of Hotelling spatial competition models. As in Kanbur and Keen (1993) and Nielsen (2001), countries are located in a linear line segment, and, analogously to Nielsen, their sizes are captured in terms of geographical extension. Adopting a multi-country framework, Ohsawa can investigate how the relative position of a country in a linear world affects its behavior in the commodity tax setting game.

Ohsawa (1999) provides a closed analytical solution for the candidate of Nash equilibrium for the general case with N (≥ 2) countries. He proves that if a Nash equilibrium exists it is unique. He also proves that if the sizes of all countries are the same, the Nash equilibrium necessarily and uniquely exists, whatever the number of countries. For the three-country case, he derives the Nash equilibrium prices (as well as the necessary conditions for the existence of equilibrium) as a function of country sizes (L1, L2, L3) and transport cost.

Like in the two-country models, consumers’ decision is led by the tax difference between the home country and the neighboring countries, as well as the transport cost of shopping abroad. For whom the former outweighs the latter it is worth shopping abroad, while for the rest shopping at their doorstep is more advantageous. At given taxes in the neighbors, a country can extend its market area by lowering its own tax rate, but at the expense of lowering its revenue from its original market area. When maximizing their tax revenue, governments face a similar trade-off as their counterparts in the two-country models of Kanbur and Keen (1993) and Nielsen (2001), except that the interior countries – having two neighbors – face cross-border shopping on both of their borders.    

Figure 3 illustrates the three-country tax commodity competition outcome for two permutations of country sizes. Geographical and market boundaries of the core country are denoted by BL and BR, and ML and MR, respectively. When sizes of the three countries are the same, the core country undercuts its neighbors at the Nash equilibrium. This can be intuitively explained as follows. As opposed to peripheral countries (having the opportunity of gaining cross-border shoppers from just one foreign country), the core country can encroach on two foreign countries simultaneously by undercutting its neighbors. Hence, a similar tax reduction can enlarge twice as much the market area of the core country than that of the peripheral ones. This is why it is more profitable for the interior country to adopt an aggressive policy, as compared to peripheral countries. 
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Figure 3. Taxing with cross-border shopping (Ohsawa’s three-country model)

Note that the motives underlying the behavior of an interior country and that of a small country show some similarities. In both cases, the “large size” of the  international market relative to the domestic market that affects the behavior of the tax setting authority.     

Figure 4 illustrates the equilibrium tax rates for 10 countries of equal size. There are two main properties of the Nash equilibrium to be mentioned. First, the farther the country is located from either market boundary, the lower its equilibrium tax rate becomes. Second, the equilibrium tax rates fall more slowly as we go from the peripheral area to the middle. Combining these two properties establish a U-shape tax rate structure (Ohsawa, 1999). 

The U-shape tax structure is largely consistent with the VAT rates of the former EU15. Some of the peripheral countries like Denmark, Sweden and Finland set the highest VAT rates (25%, 25%, 22%, respectively) in the EU, while Germany lying at the central part of Europe charges a relatively low VAT rate (16%), although both its country size and population is large (Ohsawa, 1999).       

The main results of Ohsawa’s analysis can be summarized as follows. The spatial configuration and the relative size of the countries simultaneously determine the Nash equilibrium outcome. Although a small country tends to set a lower tax than a big country, there is no clear-cut relationship between the ranking of the relative size of the countries and the ranking of their equilibrium taxes. Similarly, although a country that is closer to the market center tends to charge a lower tax than a country that is farther from it, there is no clear-cut relationship between the ranking of the relative position of the countries and the ranking of their equilibrium taxes (Ohsawa, 1999).
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Figure 4. Nash equilibrium tax rates for 10 countries with equal size (Ohsawa’s model) 

The major contribution of Ohsawa’s model to the commodity tax competition literature is in that it derives the spatial pattern of tax rates in a multi-country setting. However, one has to recognize that the underlying mechanism for his model is the same as the one for the two-country model in Nielsen (2001). More specifically, the best reply function of a country in Ohsawa (1999) is similar to the one of a country in Nielsen (2001). The lack of recognition of this fact may result in wrongly specified empirical models, as will be shown on the examples of studies by Egger et al. (2005a, 2005b) below.   

To see the similarities between the best reply functions in Ohsawa (1999) and Nielsen (2001) I represent Ohsawa’s model in a slightly different way by using the notation of Nielsen (2001). We look at tax competition among N (≥3) countries, normalizing their aggregate size 
[image: image14.wmf]å

i

i

L

 to N. Following Nielsen we express the size of a country i as 1 + bi, where the value of bi fall into the interval (-1, N-1), and 
[image: image15.wmf]å

=

i

i

b

0

. The revenue functions of a peripheral country and of an interior country are defined as follows:


[image: image16.wmf]1

1

2

1

1

1

t

d

t

t

b

R

ú

û

ù

ê

ë

é

-

+

+

=



[image: image17.wmf]i

i

i

i

i

i

t

d

t

t

t

b

R

ú

û

ù

ê

ë

é

-

+

+

+

=

+

-

2

1

1

1




2 ≤ i ≤ N-1;

Setting the derivatives of tax revenues with respect to own taxes equal to zero, we derive:
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These are the best reply functions of a peripheral country and of an interior country, respectively. There are three important points to be considered. First, irrespective of the position of a country, its best response is dependent on the simple average of its neighbors’ tax rates. Moreover, the measure of responsiveness is the same across all countries (1/2) and it is also equal to the parameter obtained in Nielsen (2001) (see also Figure1). However, it also emerges that for peripheral countries the country size plays a more important role in determining the tax rate than for interior countries.    

Tax coordination

The issue of tax competition has been on the agenda in the European Union for a very long time. In an open-border EU, differing VAT (or excise tax) rates may generate considerable cross-border shopping activity at the borders of member states. Governments faced by cross-border shopping are motivated to engage in tax competition. Unrestricted tax competition leads to lower tax rates and revenues, as compared to the closed-border case. One way out of this non-cooperative equilibrium is tax coordination.

A number of tax coordination initiatives have been proposed for lessening tax competition originating from cross-border shopping. Amongst others they include complete equalization of taxes, compulsory tax bands, or the imposition of a minimum tax rate.

The above introduced theoretical studies also explore the issues related to tax coordination. They assess the impacts of various tax coordination measures on equilibrium taxes and revenues using unconstrained tax competition as a benchmark. Our focus here will be on the minimum tax rate.

Note that the introduction of the minimum tax rate assumption does not change the basics of the tax competition models. They still analyze tax rate setting as a non-cooperative game, with the modification that each country’s strategy set is constrained to taxes that are equal to or above the minimum level imposed.

The two-country models show that, at the new Nash equilibrium, the small country adjusts its tax to the minimum level, while the large country also increases its tax but to a smaller extent. Nevertheless, the basic result remains: the small country strictly undercuts the large country in equilibrium (see Figure 5).  It is also shown that the introduction of the minimum tax rate benefits both countries, as it results higher tax revenues for both countries, as compared to the benchmark case (Kanbur and Keen 1993, Hvidt and Nielsen 2001).    
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Figure 5. The Nash equilibrium with minimum tax rate (τ)(Nielsen’s two-country model)

Ohsawa (2003) demonstrates, within his general model of N equal sized country, that under a minimum tax rate system all countries will charge a higher tax rate, as compared to the base case, with some interior countries adjusting to the minimum level (see also the Figures in the Appendix). This explains why most countries raised their VAT rates after the minimum standard rate system had been introduced. It also justifies why some countries like France and Denmark raised their VAT rates by several percent, although their former VAT rates had already met the minimum standard (Ohsawa 2003). Ohsawa also shows that all countries are better off by the minimum tax rate system; a result that is consistent with the findings of Kanbur and Keen (1993) as well as those of Hvidt and Nielsen (2001).

2. Critical review of empirical models of commodity tax competition

The previous section briefly reviewed the theoretical literature on commodity tax competition. This section aims to provide an overview of the empirical literature, highlighting its linkages to the theoretical models and discussing the basic econometric issues it must confront. A number of applied studies will be subjected to careful assessment in order to explore the most critical issues in specification and estimation of spatial tax competition models.

2.1 Spatial econometric models for tax competition: a general framework

Theoretical models predict that governments faced by cross-border shopping engage in tax competition. To test this statement, empirical models typically estimate so-called fiscal reaction functions. These measure the responsiveness of a country’s tax rate to the rates of neighboring countries, while controlling for other determinants of the tax rate (not considered by theoretical models). For a single cross-sectional of data, the equation to be estimated takes the following form:
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where δ and β are unknown parameters (the latter a vector), ui is an error term, Xi is a vector of exogenous control variables, and wij are a priori determined weights. These weights reflect our assumptions both about which foreign countries’ tax rates exert an impact on a particular country’s tax rate, and about the relative weight of their effects. The simplest weighting scheme is based on contiguity. This scheme – often referred to as neighbor weights – assigns zero to non-neighbors, and equal positive weights to neighbors (in such way that weights are summing up to one). The neighbor weights scheme assumes that (i) a country responds only to the tax rates of its neighbors, and (ii) it treats their impacts equally.  When neighbor weights are used, the term
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is just equal to the simple average of neighbors’ tax rates of country i. 

This term is often described in the spatial econometric literature as a spatial lag of the dependent variable, and the model specified in (1) is then referred to as a spatially autoregressive model. The expected sign of the coefficient on the spatial lag δ is positive, which is a reflection of the assumption of positively sloped fiscal reaction functions. Recall from the discussion of tax competition theory in the previous section, that, in the general case, the equilibrium tax rate of a country is always increasing in the tax rates of its neighbors. The assumption of uniform coefficient across all countries is also consistent with the predictions based on Kanbur and Keen (1993), Nielsen (2001) and Ohsawa (1999). 

One set of exogenous variables capture the spatial characteristics of countries such as country size or size of neighbors. Their inclusion is motivated by the spatial theoretical models, which predict that geographical aspects of a country affect its tax setting behavior. The remaining exogenous variables typically involve socio-economic and political factors such as GDP per capita, government spending as a share of GDP, the ratio between direct and indirect taxes, and the government’s political orientation. They are assumed to control for the effects of wealth, budget rigidities, tax structure and the partisan effect, respectively.        

The assumed interdependence among spatial units raises two main econometric issues that must be dealt with in estimating equation (1). These are (i) endogenity of the spatial lag, and (ii) possible spatial error dependence. Endogenity of the spatially lagged dependent variable results from the fact that in a Nash setting taxes are determined simultaneously in equilibrium. It implies that the spatial lag is correlated with the error term, and hence the ordinary least squares (OLS) estimator is not consistent. 

Spatial dependence in the error term arises when ui includes omitted variables that are themselves spatially dependent. For example, geographical neighbors can experience similar shocks (such as business-cycles shocks) that are not captured by the right-hand-side variables in equation (1). When spatial error dependence is present, the error term ui correctly takes the form: 


[image: image22.wmf]i

i

i

j

ij

i

u

m

u

e

+

r

=

å

¹











(2)

where ρ is an unknown parameter, εi is a well-behaved error term, and mij are spatial weights, often assumed to be the same as wij in (1).

For the so-called spatial error models, where only spatial autocorrelation is present, the OLS estimator remains consistent, though it loses the efficiency property. However, when the model both includes a spatially lagged dependent variable and suffers from spatial error dependence, then the OLS estimator has a serious pitfall. The OLS estimation of equation (1) may erroneously indicate spatial dependence through the variable of interest (i.e. spatial lag) even though it is simply generated by spatially correlated errors. In other words, the observed spatial pattern in taxes might simply due to the fact that neighboring countries are subject to spatially correlated shocks.  

The combined model that both contains spatially lagged dependent variable and allows for the disturbances to be generated by a spatial autoregressive process is called a spatial autoregressive model with autoregressive disturbances, for short SARAR (1,1). A cross-sectional SARAR (1,1) model can be represented in stacked form by: 
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where W and M are row normalized matrices, with their representative weights of wij and mij, respectively. (In applied work, W and M are often assumed to be the same.)

There are two main approaches to estimate spatial autoregressive models with autoregressive disturbances. One is based on Maximum-Likelihood (ML) estimator, while the other is using Instrumental Variable (IV) approach
. There are two alternative ways to use the maximum likelihood estimator for the above defined model. The first way is to estimate (3) by ML under the hypothesis of error independence and rely on hypothesis test to verify the absent of spatial error dependence. Such tests are, for example, the Moran I test, or the LM tests suggested for this purpose by Anselin et al. (1996).
 The second way is to use maximum likelihood to estimate (3) taking also into account of the error structure in (4). The main problem with this latter methodology is that it entails significant computational complexities even for moderate sample sizes.        

The instrumental variable approach to estimate spatial autoregressive models with autoregressive disturbances was developed in Kelejian and Prucha (1995,1998, 1999). Their suggested generalized spatial two-stage least square estimator (GS2SLS) is based on a three-step procedure. In the first step equation (3) is estimated by two-stage least square (2SLS) using the linearly independent columns of [X, WX, W2X] as instruments. In the second step the autoregressive parameter ρ is estimated by a generalized moments (GMM) procedure using the residuals obtained via the first step. Finally, in the third step, equation (3) is reestimated by 2SLS after transforming the model via a Cochrane-Orcutt type transformation to account for the spatial error correlation in (4) (Kelejian and Prucha 1998).

An important result of Kelejian and Prucha (1998) is that even the first step of the above-described procedure, i.e. the 2SLS estimation of equation (3), yields consistent estimate of β. Of course, the suggested GS2SLS estimator ranks higher than the 2SLS estimator in terms of efficiency, because it also utilizes information relating to the spatial correlation of the error term (Kelejian and Prucha, 1998).

Recently, Kelejian et al. (2004) proposed a series-type IV estimator of the regression parameters of a SARAR (1,1) model that is a further impovment on their previously introduced GS2SLS estimator. They refer to it as Best Series FGS2SLS estimator. In this paper, they also study the small sample properties of several IV estimators suggested in the literature and those of the ML estimator using Monte Carlo techniques. Their results show that the ML estimator as well as the IV estimators introduced in Kelejian and Prucha (1998) and Kelejian et al. (2004) have quite similar small sample properties.

Most of the empirical works adopting the IV approach are confined to the simple 2SLS estimator. The typical procedure is to regress Wt on X and WX and to use the fitted values Ŵt as instruments for Wt.  In effect, each ti is thus viewed as depending on its own Xi vector and on Xj in neighboring countries according to the spatial weights matrix W.  This methodology is sometimes extended to use the Sargan overidentification test to choose the most appropriate instruments of [X, WX].

Table 2. Previous research on commodity tax competition

	Reference
	Countries and years studied
	Taxes/prices studied
	Method*
	Variables measured in

	
	
	
	
	

	Devereux, Lockwood and Redoano (2004)
	States, USA; 1977-1997
	Excise taxes on cigarettes and gasoline
	IV
	level

	Egger, Pfaffermayr, and Winner (2005a)
	States, USA; 1975-1999
	Excise taxes on cigarettes, gasoline, beer and wine
	IV
	level

	Egger, Pfaffermayr, and Winner (2005b)
	EU15 countries plus Switzerland and Norway; 1965-1997
	Implicit consumption tax rate (ratio of consumption tax revenue and private + government consumption)
	IV
	level

	Evers, de Mooij, and Vollenbergh (2004)
	EU15 countries plus Switzerland and Norway; 1978-2001
	Diesel excise ratio (ratio of the excise tax and the price inclusive excises)
	IV
	first-differences

	Nelson (2002)
	States, USA; 1960, 1970, 1980, 1990
	
	OLS
	level

	Nelson (2002)
	States, USA; 1960-?
	Excise taxes on cigarettes, gasoline, beer and distilled liquor
	Probit
	

	Nesbit (2005)
	States, USA;
	
	ML
	level

	Rietveld and Woudenberg (2005)
	32 European countries; 1998
	Gasoline and diesel prices in US $
	IV
	level

	Rork (2003)
	States, USA, 1967-1996
	Excise taxes on cigarette and gasoline, personal income tax, sales tax and corporate income tax
	IV
	level


 *ML: maximum likelihood; IV: instrumental variables.

2.2 Lessons from previous empirical research on commodity tax competition

In this section I provide a critical review of some empirical applications of spatial econometric models. This should serve to draw out some of the key questions and lessons in empirical modeling. In table 2, I summarize the eight studies considered.

Non-stationary variables 

All papers but one use panel data, and almost all of them adopt the instrumental variable approach. In all but one of the papers using panel data, the authors choose to estimate their models in levels. This is somewhat surprising, given the fact that panel models using macroeconomic variables typically face the problem of the presence of unit-root processes. It is well known that if the dependent variable is persistent (i.e. a unit process) and at least some of the explanatory variables are also persistent, then the regression result may be spurious. The general solution to the unit-root problem is to estimate the model in first-differences.

With the exception of Evers et al. (2004), the studies considered do not seem to address the problem of using potentially persistence variables in their regressions. (It has to be noted that this issue is rarely addressed in the capital tax competition literature, too.) To check my suspicion I recalculated the dependent variable and one of the explanatory variables in the model in Egger et al. (2005b)
. In this model, the dependent variable is the implicit consumption tax rate (AETR), calculated as:
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where PC denotes “Private final consumption expenditure” and GC “Government final consumption expenditure”, and the data come from the OECD National Accounts. The numbers in the denominator correspond to the OECD classification in the OECD Revenue Statistics. (Note that Egger et al. use the logistic transformation of AETR.)   

I first applied the Augmented Dickey-Fuller (ADF) test to each individual time series to examine whether the AETR series are stationary. Only in the cases of two countries (out of 17) the univariate ADF test rejected the unit root hypothesis at 10 percent level of significance. Secondly, I computed the five types of panel unit root test that are supported in Eviews 5.1. The results are presented in table 3. As seen, all tests indicate the presence of a unit root. This is a quite strong evidence in favor the highly persistent nature of the dependent variable used in Egger et al. (2005b).

I replicated the same computations for one of the explanatory variables in the regression, namely country size. It is measured by the size of labor force (taken from the World Bank’s World Development Indicators). Once again I obtained similar results: the panel unit root tests indicate that the labor force series are highly persistent. 

The further regressors of the econometric model in Egger et al. (2005b) include: the weighted tax rate of neighbors (the spatial lag), weighted country size of neighbors, public expenditure, incumbents’ political orientation and EU membership. It seems quite likely that at least some of these series, similarly to the ones just considered, would also fail to pass the test of the null of no unit-root.         

Table 3. Panel unit root tests for AETR, the dependent variable in Egger et al. (2005b)

	Pool unit root test: Summary 

	Series: LOG(AETR)

	Sample: 1970 2003

	Automatic selection of maximum lags

	Automatic selection of lags based on SIC: 0 to 3

	Newey-West bandwidth selection using Bartlett kernel

	
	
	
	Cross-
	

	Method
	Statistic
	Prob.**
	sections
	Obs

	Null: Unit root (assumes common unit root process) 

	Levin, Lin & Chu t*
	-1.39147
	 0.0820
	 17
	 554

	Breitung t-stat
	-1.06637
	 0.1431
	 17
	 537

	
	
	
	
	

	Null: Unit root (assumes individual unit root process) 

	Im, Pesaran and Shin W-stat 
	-0.56391
	 0.2864
	 17
	 554

	ADF - Fisher Chi-square
	 37.1671
	 0.3252
	 17
	 554

	PP - Fisher Chi-square
	 36.6322
	 0.3476
	 17
	 561

	
	
	
	
	

	Null: No unit root (assumes common unit root process) 

	Hadri Z-stat
	 10.8091
	 0.0000
	 17
	 578

	** Probabilities for Fisher tests are computed using an asympotic Chi-square

	        distribution. All other tests assume asymptotic normality.


These findings suggest that the problem of data persistency can be a serious problem in other studies as well. (Of course, this statement does not concern Evers et al. (2004) whose model is estimated in first differences, and has no relevance for Rietveld and Woudenberg (2005) whose model is cross-sectional. Also, we will have to deal with Nelson’s paper separately as he uses somewhat different econometric models, as compared to the traditional panel regression.) 

Linkage between empirical models in first-differences and theory  

When using macroeconomic data in a regression it is quite likely that we encounter the problem of time-series persistency in the data. This is not a big problem from a purely econometric point of view. After we have performed the necessary differencing operations to make the persistence variables stationary, the standard interference procedures apply. However, we should recognize that the model specified in first differences is different to the one specified in levels. Estimating the model in first differences limits the scope of questions we can answer. That holds true in the context of testing spatial tax competition models as well. Recall that the derived Nash equilibrium outcomes in the theoretical literature are always in the form of prices or taxes. In particular, all hypotheses linking one country’s equilibrium tax rate to its spatial characteristics are formulated in level terms. 

This naturally leads to the question: how, if at all, regression models specified in first differences relate to the theoretical models originally formulated in level terms. More specifically, we wonder whether the models proposed by Kanbur and Keen (1993), Nielsen (2001) and Ohsawa (1999) can provide a background for estimating fiscal reaction functions in first differences. Table 4 indicates that the answer to this question is both yes and no.

Table 4. Best Reply Functions (BRF) in level and first-difference terms (in the neighborhood of the Nash equilibrium) 

	
	Kanbur and Keen
	Nielsen
	Ohsawa

	BRF in level
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	First derivative of BRF with respect to the tax in the foreign country*
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	BRF in first differences
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*with respect to the average of neighbors’ tax rates in case of an interior country in Ohsawa 

Table 4 presents the original best reply functions and their “first-difference” versions. The latter are obtained by taking the first derivatives with respect to the tax in the other country. (Note that, due to the linearity of the original BRFs, 
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.) Table 4 indicates two important points. On the one hand, even within the original models, one can derive the existence of interactions in tax-changes among countries. On the other hand, the first-difference versions of these models no longer have a spatial character. Although countries still interact with one another, their spatial characteristics have no impact on their interaction. No matter their size or position they will all give the same response to a tax-change occurred in another country. One important implications of this is that if one seeks to assess empirically the existence of asymmetric competition in a first difference model, she has to either come up with new theory or provide an appropriate extension of the existing theories so as to be able to justify and inform her regression exercise.

Let us see whether the study by Evers et al. (2004), the single paper we are aware of using a first difference model for assessing commodity tax competition, has accomplished this task. The authors analyze commodity tax competition for diesel excises using data for EU15 countries plus Switzerland and Norway between 1978 and 2001. They make an attempt to generalize the model of Kanbur and Keen (1993), though it remains unclear whether this attempt is motivated by the problem discussed above, or by other reasons, or both. They make two modifications to the original model. First, to account for the fact that commercial companies (the road haulage industry) rather than private consumers are the main actors of cross-border shopping, they replace population density with “transport sector density”. Second, they extend the original model by using a general form of transportation cost function instead of the standard linear transportation cost function. They assume that the cost of fueling diesel abroad, c, follows a continuous function G(c). Thus, the fraction of firms that choose to fuel in the foreign country is equal to G(T-t); of which (T-t)/d, derived in Kanbur and Keen (1993), represents a special case. After introducing these modifications, the authors go on to derive the tax revenue functions and the best reply functions. However, at this point the authors stop developing their own theory and – probably because their model becomes intractable – they return back to the original model of Kanbur and Keen (1993) to form their hypotheses. In sum, Evers et al. (2004) fails to provide a theoretical background for their empirical analysis. (This paper is problematic in several ways from both theoretical and empirical points of view, but I delay the detailed discussion of it until later.)                 

A suggested theoretical framework for first difference models

In the appendix we present a theoretical model, which provides similar analytical results to those of Nielsen (2001), but which retains a spatial character even after taking the first derivatives of the best reply functions. The suggested model is an extension of Nielsen to allow for elastic demand for the taxed good. Our analysis shows that the introduction of the 
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 demand function does not affect the main results obtained in Nielsen (2001). (Note that although the suggested demand function is not perfectly inelastic, it belongs to the family of “inelastic demand functions” with price elasticity of greater than –1 for all p > 0.) We derive in the extended model that: (i) the reaction functions are positively sloped, (ii) the Nash equilibrium necessarily and uniquely exists, (iii) the small country strictly undercuts the large country and (iv) the equilibrium tax differences, 
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The first differentiation of the extended model’s BRFs with respect to own taxes results:
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where 
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 measures, respectively, the responsiveness of the large country and the small country to a marginal tax-change in its neighbor. We show that: (i) for any 
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Figure 6. Best responses and Nash equilibrium in the extended model

These results suggest that the extended version of Nielsen, supported by us, is a suitable framework for empirical models estimating fiscal reaction functions in first differences. The model establishes that there is a systematic relationship between 
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. It shows that the (relative) size of a country has an unambiguous effect on its responsiveness to a tax-change in its neighbor. Namely, a small country is less responsive to a tax-change in its neighbor than a large country. Thus, the small country’s undercutting behavior observed in the level model translates into less responsiveness on its side in the first difference model. 

Issues in specification and estimation of first difference models based on the elastic demand version of Nielsen   

Our theoretical results have important implications for specifying and estimating empirical tax competition models, as well. First, note that, while in the level model spatial variables influence the fiscal reaction functions directly, in the first difference model they affect them only indirectly via the assumed tax competition process to produce different taxes across countries.  Second, note that, while in the level model size variables enter the fiscal reaction functions in an additive way, in the first difference model they enter (through tax differentials) in a multiplicative way affecting the measure of responsiveness itself. 

All papers in our sample use a fixed effect panel model to estimate fiscal reaction functions in level. The fixed effect panel model relies on the assumption that all parameters but the constant are homogenous over cross-sectional units and time. This is consistent with the theoretical predictions based on Kanbur and Keen (1993) and Nielsen (2001) (as well as the extended version of Nielsen). Table 4 shows that the corresponding parameters of country size and foreign tax rate are the same in the two countries’ best reply functions. As regards the model of Ohsawa (1999), only the parameter of average foreign tax rate is the same across all countries, the parameter of country size for a peripheral country is double that of an interior country in the respective best reply functions. Thus, the fixed effect panel model is also consistent with the theoretical predictions based on Ohsawa (1999) as long as we can assume that the country-specific effects capture geographical location (i.e. being in the periphery versus in the core).

However, the assumptions underlying the fixed effect panel model are not consistent with the predictions based on the first-difference form of the extended version of Nielsen. More precisely, the first difference forms of BRFs to estimate suggest that the coefficient (δ) on the spatially lagged dependent variable (i.e. one period change in the weighted average of neighboring countries’ tax rates) vary according to the tax difference between the home country and the neighboring countries, which is assumed be correlated with the size difference between the home country and the neighboring countries. This suggests parameter heterogeneity across spatial units and, thus, the necessity of using a varying parameter model, at least, as far as the coefficient on the spatial lag concerned. Given that we find an appropriate econometric method for estimating varying δi coefficient model (e.g. fixed coefficient panel model ?), we would expect that our estimation results smaller δi for smaller countries and larger δi for larger countries.          

Obviously, first difference models have a number of drawbacks compared to level models. Firstly, in a first-difference model, we cannot directly test the original hypothesis of asymmetric competition, namely that a small country sets a lower tax than a large country. What we can directly test is the hypothesis that a low tax country reacts less aggressively to a tax-change in its neighbors than a large country. Although this prediction is consistent with the prediction of our commodity tax competition model, it might be well consistent with the predictions of other models. Thus, any empirical evidence that supports the hypothesis about asymmetric responsiveness provides only indirect evidence in favor of the original hypothesis about asymmetric responses. Secondly, while in the level model we can rely on a fixed effect panel model, in a first difference model we probably have to use some varying parameter model, which implies that a larger number of parameters have to be estimated. Adding to that the spatial issues that both models have to confront, the estimation of the first-difference model seems to be a much more challenging task than that of the level model.

Elhorst (2003) provides some discussion of panel models incorporating both spatial dependence and spatial heterogeneity. 
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Appendix A.

An extension of Nielsen’s commodity tax competition model

In this section I construct a simple theoretical framework that may serve as a background for first difference models on commodity tax competition. In the main text I argue that first difference models aimed at assessing asymmetric tax competition lack a theoretical framework. Existing theories show no connection between size and response once response is measured in tax-change. 

The proposed model is an extension of Nielsen (2001) to allow for elastic demand for the taxed good. In Nielsen (2001), each resident purchases one unit of the good irrespective of its price, i.e. the demand for the good is perfectly inelastic (
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Thereby we introduce a demand function into the model, which is though not perfectly inelastic, it still belongs to the family of “inelastic demand functions” with price elasticity of greater than –1 for all p > 0. Apart from this modification, the whole theoretical construct is equivalent to the one in Nielsen (2001). The model has two countries, together represented by the interval [-1,1]. We assume that customers are evenly spread over the interval [-1;1] with unit density. The population of each country thus corresponds to its linear extension. Population sizes are (1 + b) and (1 – b), respectively, where b stands for some border parameter (b > 0). 

For simplicity the production cost of the good is assumed to be zero. Thus, the market price of the good in each country is equal to the tax charged (denoted by t and T in the small and the large country, respectively). We assume that traveling to the border (and back) entails a cost of d per unit of distance traveled.

For simplicity, we assume that the representative consumer has a quasi-linear utility function
:
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where x is the taxed good under consideration and x0 involves all the other goods consumed by the consumer; i.e. the numeraire good. The utility maximization problem for this form of utility is 
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This has the first order condition
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which is also an expression of the inverse demand function for x. Combining (1) and (4) we obtain the explicit form of the utility function for the consumer
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By substituting the demand function into (5) we receive the indirect utility function
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The indirect utility function expresses the amount of surplus that the consumer is obtaining when buying x at price t.    

The cross-border decision can be characterized as follows. An individual in the large country will purchase the good in the small country if and only if her surplus by doing so 
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, where s stands for the distance between her location and the border. This is satisfied when
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Thus, the number of residents of the large country shopping abroad is
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Hence, the tax revenue in the large country and the small country, respectively amount to
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We get the following two equations from revenue maximization
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Unfortunately, we cannot solve (11) and (12) explicitly for T and t, respectively. In other words, we cannot provide an analytical solution for the best reply functions. Fortunately, however, we can derive the inverses of the best reply functions, which allow us to provide a graphical solution to the problem. The best reply functions of the two countries and the resulting Nash equilibrium are presented in Figure 1. 

Figure 1. Best responses and Nash equilibrium in the extended model

The two equations (11) and (12) allow to solve for two unknowns, T* and t*. However we cannot provide an analytical solution. Fortunately, we are still able to establish some important properties of the Nash equilibrium. 

Adding (11) to (12), we get
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Subtracting (12) from (11) we get
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Since both 
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Our findings show that the most important results of the original model carry over to the extended model: (i) the reaction functions are positively sloped, (ii) the Nash equilibrium necessarily and uniquely exists, (iii) the small country strictly undercuts the large country and (iv) the equilibrium tax differences, 
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We can now turn to the examination of the empirically important issue, namely the question as to whether we can establish a systematic relationship between 
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where 
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Elementary calculations show that
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Using the Implicit Function Theorem we can show that there is a function 
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This shows that the difference in responsiveness to a tax-change increases as the equilibrium tax difference increases (as a response to an increase in the difference in size).

(Note that the relationship between 
[image: image118.wmf]dT

 and 
[image: image119.wmf]dt

 (
[image: image120.wmf]dt

and
[image: image121.wmf]dT

) can thought of as an estimate for the true relationship between 
[image: image122.wmf]T

D

 and 
[image: image123.wmf]t

D

 (
[image: image124.wmf]t

D

 and 
[image: image125.wmf]T

D

). However, as shown above, there is a function 
[image: image126.wmf])

(

t

f

T

=

(
[image: image127.wmf])

(

T

g

t

=

) corresponding to the relationship defined by (11) ((12)). Note that both 
[image: image128.wmf])

(

t

f

 and
[image: image129.wmf])

(

T

g

are increasing at a decreasing rate for all 
[image: image130.wmf]0

,

³

T

t

. Note also, that their first and second derivatives are the same at 
[image: image131.wmf]T

t

=

. Hence, if 
[image: image132.wmf]1

1

t

T

>

, than for any 
[image: image133.wmf](

)

¥

Î

e

,

0

, 
[image: image134.wmf]t

T

D

>

D

, where 
[image: image135.wmf])

(

1

e

+

=

D

t

f

T

 and 
[image: image136.wmf])

(

1

e

+

=

D

T

g

t

. Similarly, if 
[image: image137.wmf]1

1

2

2

t

T

t

T

-

>

-

 such that 
[image: image138.wmf]1

2

T

T

>

 and 
[image: image139.wmf]1

2

t

t

<

 (a restriction implied by the equilibrium condition: 
[image: image140.wmf]c

t

T

2

*

*

=

+

), than 
[image: image141.wmf]1

1

2

2

t

T

t

T

D

-

D

>

D

-

D

. Thereby we proved that all what we showed for the relationships between 
[image: image142.wmf]dT

 and 
[image: image143.wmf]dt

 (
[image: image144.wmf]dt

 and 
[image: image145.wmf]dT

) in (17) and (18) also holds for the relationships between 
[image: image146.wmf]T

D

 and 
[image: image147.wmf]t

D

 (
[image: image148.wmf]t

D

 and 
[image: image149.wmf]T

D

).) 

The above obtained results demonstrate that the extended version of Nielsen (2001), suggested by us, is a suitable theoretical framework for panel regression models estimating fiscal reaction functions in first differences. First, the model establishes that there is a systematic relationship between 
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. Second, it shows that the (relative) size of a country has an unambiguous effect on its responsiveness to the tax-change in its neighbor. A small country is less responsive to the tax-change in its neighbor than a large country. Thus, the small country’s undercutting behavior in the level model translates into less responsiveness on its side in the first difference model. 

In a later phase of the dissertation project, I will attempt to generalize the above obtained results for a wider range of demand functions and also within the framework of Kanbur and Keen (1993) and Ohsawa (1999).

Appendix B.
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 Source: Ohsawa (2003)







� For a summary of available approaches see Brueckner (2003) and Elhorst (2003).


� There are freely available MATLAB routines to estimate both spatial lag and spatial error models. (The former is defined as t = βWt+Xδ+u with u is i.i.d., while the latter is defined as t=Xδ+u; u= ρW+ε with ε is i.i.d.) These routines are downloadable from LeSage’s Web site at � HYPERLINK "http://www.spatial-econometrics.com" ��www.spatial-econometrics.com�.


� Note that, because of data availability, I use data for 1970 to 2003, whereas Egger et al. (2005b) use data for 1965 to 1997. However, in my view, this difference in coverage should not have a significant impact on the time series properties of the variables considered.   


� In both of their studies Egger et al (2005a and 2005b) rely on this assumption. 


� The quasi-linear function is often used in applied works. It is convenient because it results in a simple demand structure; demand is only dependent on price. This framework is appropriate as long as only a small fraction of total income is spent on purchasing the good to be considered. In such situations we can ignore the income effect associated with the purchase of the good. This framework seems to be satisfactory in our case too, since only a small fraction of all goods consumed by an individual is normally obtained through cross-border shopping.  
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