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Abstract
Since gasoline has a relatively inelastic demand, raising government revenue via
gasoline taxes could appear appropriate as it entails a relatively small deadweight
loss. However, gasoline retail is generally a highly concentrated market, hence the assumption of perfect competition might be misleading. Theoretically, in oligopolistic
markets taxes can be shifted forward less (more) than proportionally to retail prices;
a possibility usually denoted by undershifting (overshifting). Generally, whether
there is under/overshifting or not depends on unobservable parameters of the demand and cost functions. However, the degree of tax shifting depends on market
structure. Therefore, one should consider the interaction between taxes and market
structure. The main contribution of this paper is to devise a novel empirical test
that allows to identify whether taxes are under- or overshifted. To our knowledge we
are the first to explicitly account for an interdependence of tax shifting and market
structure. We empirically assess the effect of market structure on tax incidence in
oligopolistic markets using data from 10 Canadian cities between 1991 and 1997
finding that taxes in the Canadian gasoline retail market are undershifted.
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Introduction

Most countries tax gasoline, although to varying degrees. Since gasoline has a relatively
inelastic demand, raising government revenue via gasoline taxes could appear appropriate
as it entails a relatively small deadweight loss. However, gasoline retail is generally a
highly concentrated market leading to prices that are significantly above marginal cost.
Hence, tax incidence analysis based on the assumption of perfectly competitive markets
might be misleading.
Whereas in long-run equilibrium under perfect competition taxes are passed on fully
to consumers (are fully shifted), the situation in oligopolistic markets is different. Taxes
can either be shifted forward less or more than proportionally to retail prices. In this
paper we devise a novel empirical test based on observables to identify whether a market
presents under-, full or overshifting.
Assessing tax incidence in the gasoline market is of particular concern for policy analysis. First, gasoline is an important input. Moreover, in recent years, gasoline taxation
has been one of the main tools to encourage rolling CO2 emissions back.1 Finally, the
international turmoil that started in 2008 has considerably increased pressure on governments all around the world in order to reduce budget deficits. From this point of view,
gasoline taxes might play an important role as a source of revenues for both local and
central governments. 2
In this paper we aim at empirically assessing the effect of market structure on tax
incidence in oligopolistic markets. For this endeavour we use a dataset on the Canadian
retail gasoline market comprising monthly observations from 10 Canadian cities over the
1991-1997 period. In Canada gasoline is taxed both at the federal and provincial levels.
The market is dominated by a few vertically integrated national (global) players implying
a significant level of market concentration. This also holds at the local level possibly due
to cost advantages from vertical integration or other barriers to entry. Both variation
across time (including several provincial tax changes) and across location help us identify
our coefficients of interest.
Our results suggest that the direct effect of taxes is not statistically different from
1 indicating (in line with theory) that, under perfect competition, gasoline taxes in the
Canadian retail market are fully shifted to consumers. Similarly, as expected, market
concentration raises prices. The direct effect of market structure when no tax is implemented is positive and statistically significant. Interestingly, however, the interaction
term is negative and statistically significant, implying that taxes are undershifted.
The rest of the paper is structured as follows. In section 2 we present the existing
literature in the field. Section 3 gives a brief description of the gasoline industry and taxes
in Canada. Section 4 presents the theoretical model behind our empirical analysis. In
section 5 we describe our dataset and the empirical framework. In section 6, we discuss
our main results. Finally, in section 7, we provide some concluding remarks.
1

See, for example, Palazzi (2011).
As mentioned in the OECD Tax Database, currently around 4% of total tax revenue in Canada comes
from environmentally related taxes.
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Literature Review

In perfectly competitive markets, the incidence of an excise tax depends on the relative
elasticities of supply and demand. However, if markets are oligopolistic, a tax could
be shifted forward less (more) than proportionally to retail prices. In other words, in
imperfectly competitive markets taxes could be undershifted or overshifted. A number of
theoretical papers have taken up this point.3
The conventional wisdom belief used to be that taxes are not fully passed to consumers
because of the potential contraction of the market the producer would face. Krzyzaniak
and Musgrave (1963) were among the first to suggest that a tax could be shifted forward
more than proportionally to retail prices. Moreover, they assert that there is a positive
relationship between the corporate income tax rate and corporate profits.
Katz and Rosen (1985) show that the Krzyzaniak-Musgrave result can be rationalized
using conventional neoclassic tools. They find that the assumption that an oligopolistic
industry acts as if it is competitive or monopolistic can lead to potential mistakes and
they demonstrate the way in which tax incidence depends on market structure.
Seade (1985) questions the role of the perfect competition hypothesis and introduces a
cost-side shifter in the equilibrium solution of an oligopolistic market. He shows that, under a certain level of market concentration, a tax hike may indeed increase the producer’s
equilibrium net price. He concludes that under oligopoly and assuming linear costs, price
overshifting turns out to be a likely scenario. Overshifting will occur “if and only if the
elasticity of the slope of inverse demand (E) is greater than 1”. 4 Note that this is always
the case for an isoelastic demand.
Besley (1989) extends Seade’s paper by allowing for entry in the market. His main
interest is on welfare effects finding that, with entry, taxes in oligopolistic markets can
be welfare improving. Regarding the extent of the shifting of taxes, he finds that there is
undershifting if the demand function is concave and there is overshifting if it is convex.
Finally, he states that overshifting is more likely under free entry.
Delipalla and Keen (1992) compare the incidence effects of excise and ad valorem taxes
in two oligopoly models, with and without free entry. They find that ad valorem taxes
strictly dominate specific ones in welfare terms. Further, they find that under both the
Generalized Cournot and Free Entry Oligopoly model, specific taxes are more likely to be
overshifted than ad valorem ones.
Finally, Anderson et al. (2001) extend Delipalla and Keen (1992) by studying the
incidence of ad valorem and excise taxes in an oligopolistic industry allowing for product
differentiation and price-setting (Bertrand) firms. They analyze the effects of tax incidence
on prices and profits in both the short and long runs. They find that the conditions for
overshifting arise depending on the curvature of demand. Interestingly, their results are
very close to those of a Cournot model with homogeneous demand.
Summarizing these contributions, the pass-through of taxes or the presence of underor overshifting generally depends on the functional form of the demand curve and the cost
3
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A more detailed review can be found in Fullerton and Metcalf (2002).
Seade (1985), p.28.
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function, i.e parameters that are not directly observable to the econometrician. Based on
the theoretical literature above we derive a test to detect whether a market displays underor overshifiting which depends on observables, namely on the interaction term between
taxes and market structure.
Tax incidence and market structure have also been studied from an empirical perspective. Harris (1987) and Karp and Perloff (1989) were among the first to empirically
study tax incidence in imperfectly competitive markets. Harris (1987) studies the 1983
federal cigarette tax increase in the United States. He finds that the 36% increase in real
price of a pack of cigarettes (adjusted for general inflation) was mainly explained by the
augmentation of prices charged by the major U.S. manufacturers and not by the tax hike
in the federal excise tax. Karp and Perloff (1989) focus on the Japanese television market
using data on a subset of firms. They combine firm specific information with industry
aggregates to obtain estimates of market structure, while allowing for cost differences
across types of TV sets. The authors then compute the bias on tax incidence from incorrectly assuming a perfectly competitive market. They find that assuming a competitive
Japanese television industry underestimates the consumer tax incidence by around 19%.
Besley and Rosen (1999) examine the incidence of sales taxes for several goods. Specifically, they use prices of 12 specific commodities in 155 U.S. cities over the 1982-1990 period
and examine the extent to which differences in tax rates and bases are reflected in prices.
They find variation in shifting patterns. For some commodities they can not reject full
shifting but, for other commodities, they find overshifting. Finally, they find that the
response of prices to a variation in taxes is quite fast, i.e. there is a lag of about one
quarter from the tax variation to the effect on prices.
Delipalla and O’Donnell (2001) analyze the tax incidence of ad valorem and specific
taxes in the European cigarette market. They use their results as a method for estimating
market power and measuring the degree of competition. Basing their analysis on data
from the 12 members of the E.U. prior to its expansion in 1995, they find that commodity
taxes are not always fully shifted onto consumers. Indeed, after splitting the sample of
countries in two different groups, they find that taxes are overshifted for southern European countries but, on the other hand, there is undershifting in the north of Europe where
the pressure of the health lobby is stronger. Moreover, their results reject both extremes
i.e. perfect competition and collusive behavior. “Firm’s behavior in these markets would
appear to be no less competitive than the equivalent Cournot and are probably more
competitive than this.”(Delipalla and O’Donnell, 2001, p.21)
More recently, Bergman and Hansen (2010) study the tax shifting of excise taxes on
alcoholic and non-alcoholic beverages at the micro-level in Denmark. They focus their
analysis on six episodes of tax changes including both tax increases and tax cuts. They
find evidence suggesting large differences across brands and different types of beverages
but, in general, tax hikes are overshifted whereas tax cuts are undershifted. They interpret
their results as evidence of Danish retailers having substantial local market power.
DeCicca et al. (2010) study the shifting of cigarette excise taxes using data on reported
prices paid for cigarettes. They focus on the impact of price-search behaviors and find
that cigarette excise taxes may be differentially shifted to different group of consumers.
Excise taxes are shifted at lower rates to consumers who undertake more price search
4

behavior and are shifted at higher rates to non-daily, less addicted and light cigarette
smokers.
Three papers have studied tax incidence specifically for gasoline. Chouinard and Perloff
(2007) study price differences across states in the U.S. They find that most of the increase
in national gasoline prices over the 90s is explained by a rise in the price of crude oil. Thus,
against conventional wisdom, the authors find that other factors such as taxes and market
power did not have a significant impact on the price augmentation observed during that
decade. On the other hand, differences among states in retail gasoline prices are mainly
explained by variations in taxes and market power.
Giacomo et al. (2009), analyze the incidence of specific taxes in fuel markets and exploit
the findings to simulate the effects of government interventions aimed at mitigating oil
price fluctuations. They use wholesale prices for gasoline and diesel in the Italian fuel
industry over the period 1996-2007. They find evidence supporting that “flexible ”taxation
schemes focused only on excise taxes do not stabilize the fuel price level. Moreover, they
mention policies focused on the market structure of these industries such as the role of
the Antitrust Authority as alternative interventions in order to control price fluctuations.
More recently, Marion and Muehlegger (2011) analyze the pass-through rate of federal
and state gasoline and diesel taxes to retail prices focusing on the dependence of passthrough on factors constraining the gasoline and diesel supply chains, i.e. within state
heterogeneity in gasoline content requirements, refinery capacity utilization, inventory
constraints and variation in the demand for untaxed uses of diesel. They find a linear
relationship between changes in taxes and variation in prices. Moreover, concerning gasoline taxes, they find full pass-through of both state and federal taxes. In addition, the
authors find that the observed pass-through is immediately translated into final prices.
Contrary to our study, none of these papers considers the interplay between the effect
of taxes and market structure explicitly. Moreover, some papers implicitly (or explicitly)
make the assumption of perfectly competitive markets.
Finally, the closest study to ours is Sen (2001). He investigates the presence of overshifting in cigarette retail prices using data for 10 Canadian provinces from 1982 to 2002.
He focuses on whether the presence of overshifting can be attributed to signs of collusion
in the industry. The author finds overshifting of provincial taxes but not of federal ones.
Moreover, he cannot attribute the overreaction of prices to provincial taxes directly to
collusion. We abstract from the collusion hypothesis, but focus instead on the interdependence of market structure and tax incidence which is, once again, absent in Sen’s
paper.

The gasoline industry and taxes in Canada5

3

The structure of the gasoline market in Canada is composed of three different categories of
firms: major vertically-integrated, regional and independent firms. Vertically-integrated
firms such as Petro-Canada, Shell and Esso conduct crude exploration, production and
5
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development operations as well as downstream refining and retailing operating at a national level. Regional firms also conduct integrated upstream and downstream activities
but are geographically limited. For instance, Irving Oil and Ultramar operate in eastern Canada, whereas Husky is located in the Prairies and the West. Together, majors
and regionals account for roughly 80% of all retail sales. Finally, independent firms (e.g.
Cango in Ottawa and Domo in Vancouver) and super store retailers (Canadian Tire, Real
Canadian Superstore, Save on Foods and Costco) do not own refineries and exclusively
conduct downstream retailing.
Serious problems seem to exist between refiners and independent retailers. Unlike
the U.S., where there are multiple suppliers (many of whom operate only at the wholesale level), Canada has a reduced number of refiners who sell their product to retailers.
Moreover, refiners are also involved in retail operations competing with their independent
customers. Independents believe that branded dealers are regularly provided with the
product at preferential prices (or guaranteed margins) giving them an unfair advantage
at the retail level.
Focusing on retailers, they considerably decreased during the 90s from 22.000 in 1989
to 13.250 in 2000, i.e. a reduction of around 40%. Although majors have led the rationalization of retail outlets and independents increased their proportion of retail sites, the
market share of the latter ones decreased from 23% in 1990 to 18% in 1999 suggesting an
increase in the degree of market concentration.
As stated by the Conference Board of Canada’s report, 2001, p.iii, “The gasoline industry in Canada has a limited number of key players who, through their vertical integration
and sheer size, are often expected to have power in the marketplace [and] differences in
gasoline prices between cities are generally influenced by the different competitive conditions found at the street level.”
Finally, as mentioned in the same report, in addition to the usual barriers to entry
such as the economies of scale that are present in the gasoline industry, costs to both
entering and exiting the retail business considerably increased during the 90s. Capital
requirements for entry were considerable. Moreover, new environmental regulations were
implemented increasing the cost of opening a retail outlet and entering the retail business
was also harder due to the decrease on retail margins observed throughout most of that
decade.
Taxes are the largest component of the pump price in Canada. In 2000, retail gasoline
prices consisted of three major components: taxes, crude oil and a refining/marketing
component with taxes representing around 42% of the price on average.
Gasoline taxes in Canada can be divided as follows: federal excise tax, provincial
consumption tax and the Goods and Services Tax (GST) as well as the Provincial Sales
Taxes (PST) where applicable. The fiscal structure of the Canadian gasoline market in
2000 is very well summarized by the Conference Board of Canada’s report.6 The federal
excise tax is a flat tax imposed across Canada and added on to the other price components
6
Even if the situation could have changed during last decade (for instance, in 2007, taxes in Canada
represented, on average, 32% of the pump price), the Board’s report is really useful for our study because
it analyzes the evolution of the gasoline sector in Canada up to year 2000, covering therefore the 1991-1997
period which is the relevant one in this paper.
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of gasoline (crude oil, refining margin and retail margin). In addition, a consumption tax
on gasoline is also levied by provincial governments. The provincial consumption tax
also is a flat tax, but it varies among provinces. Moreover, The GST is levied on all
components of the price of gasoline (including the federal excise tax and the provincial
consumption tax). All Canadian provinces pay the GST, although for New Brunswick,
Nova Scotia and Newfoundland, it is part of the Harmonized Sales Tax (HST). Quebec is
the only province in Canada to explicitly charge a Provincial Sales Tax. The PST is an
ad-valorem tax and is calculated on the total cost of gasoline, which includes the ex-tax
price of gasoline, the federal excise tax, the provincial consumption tax and the GST.
Finally, some Canadian cities apply their own transit taxes which are flat taxes on retail
gasoline.
To sum up, although roughly 80% of sales belong to national and regional retailers,
concentration varies across cities and time likely due to differences in market shares of
independent and super store retailers. Moreover, gasoline is taxed both at the federal
and provincial levels. Provinces are completely free to set their taxes, implying significant
variation across cities. Hence, Canada presents an almost ideal setting to test our theory,
to which we turn next.

4

Theoretical model

We use a simple Cournot oligopoly model mostly based on Besley (1989) and Fullerton
and Metcalf (2002) where the N firms in the industry choose their level of output taking
prices and taxes as given. Firms are symmetric and, for simplicity, we take the number
of firms as fixed, but perform comparative statics. Finally, we concentrate on the effect
of excise taxes, the main tax instrument in our dataset.7
Let the inverse demand function be:
X
p(
qi ) ≡ p(Q)
(1)
where p is the price, qi is the output of firm i and Q(≡
output of the industry.8
The profit function of firm i is as follows:

P

qi ≡ qi + Q−i ) denotes the total

πi (qi ) = p(qi + Q−i )qi − c(qi ) − τ qi

(2)

where τ is a specific tax on q and c(qi ) is the cost function.
The usual assumptions are imposed in order to assure a stable symmetric Cournot
equilibrium:
7
The model can be extended in many directions such as allowing for entry into the industry (See
Besley, 1989 and Fullerton and Metcalf, 2002), adding an ad valorem tax (Fullerton and Metcalf, 2002)
or applying a conjectural variation assumption (Seade, 1980).
8
Q−i denotes the output of the industry produced by all the other firms but firm i.
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Assumption 1. p(Q) : <+ → <+ is twice continuously differentiable and p0 (Q) < 0 for
all Q such that p(Q) > 0.
Assumption 2. c(q) : <+ → <+ is increasing and twice continuously differentiable
with c(0)>0 i.e. all firms face a fixed cost.
Since we are focusing on symmetric equilibria, we can omit the subscripts and derive
the first and second order conditions of the profits maximizing firm as follows:
FOCs: p0 (Q)q + p(Q) − c0 (q) − τ = 0

(3)

SOCs: p00 (Q)q + 2p0 (Q) − c00 (q) < 0

(4)

We can thus re-express the SOCs as follows:
p0 (Q)
(η + N + N k) < 0
N
where, as it has been defined by Seade (1980), η =
00

00

Qp
p0

(5)

is the elasticity of the slope of the

inverse demand and k = 1 − cp0 measures the relative slopes of the demand and marginal
cost curves.
Since p0 < 0, we get the following necessary and sufficient condition for the SOCs to
hold:
η + N + Nk > 0
(6)
Given symmetric firms:
p(Q) ≡ p(qi + Q−i ) ≡ p(N q),

(7)

thus, plugging (7) into the FOCs, we get:
p0 (N q)q + p(N q) − c0 (q) = τ.

(8)

Differentiating (8) with respect to τ and rearranging, we get:

and

dq
1
= 0 (η + N + k)
dτ
p

(9)

dQ
N
= 0 (η + N + k).
dτ
p

(10)

Therefore,
dp
= p0
dτ



dQ
dτ


=

N
.
η+N +k

(11)

Proposition 1. Under perfect competition, (as N → ∞), taxes are fully shifted onto
dp
consumers ( dτ
→ 1). As the market gets more concentrated, the degree of the shifting
8

increases. Indeed, under monopoly (as N → 1), the degree of the shifting is maximized
whether we are in presence of under- or overshifting.
Proof: Inspection of equation (11) immediately proofs proposition 1.
Q.E.D.
Even if the proof is straightforward, proposition 1 is an important implication of the
model. Equation (11) confirms that under perfect competition, taxes are fully passed
dp
is the largest for
through to consumers. Moreover, it shows that the difference of dτ
N = 1 i.e. under monopoly, the degree of shifting is always the furthest away from one,
whether we are in a situation of under- or overshifting.
dp
Proposition 2. If (η + k) is positive, dτ
< 1 and the market undershifts taxes. On the
dp
other hand, if (η + k) is negative, dτ > 1 and we are in presence of overshifting.

Proof: A simple inspection of equation (11) immediately proofs proposition 2 and
allows us to classify the cases of relevance for our analysis as follows:

 < 1 ⇒ undershif ting
N
dp
= 1 ⇒ f ullshif ting (12)
=
dτ
η+N +k 
> 1 ⇒ overshif ting

Q.E.D.
Proposition 3. The sign of (η + k) is determined by the cross derivative of prices with
respect to taxes and market structure.
Proof:
d

dp
dτ

dN


=

η+k
(η + N + k)2

(13)

As (η + N + k)2 > 0 for all η, N and k, the sign of equation (13) is determined by the
sign of (η + k).
Q.E.D.
Proposition 3 summarizes the main contribution of our paper. As mentioned in proposition 2, the sign of (η + k) tells us whether we are in presence of under- or overshifting.
Unfortunately, both η and k depend on the underlying parameters of the demand and cost
functions and are, therefore, unobservable and inherently difficult to estimate. However,
taking the derivative of (11) with respect to N we get equation (13) which implies that
the sign of the cross derivative of prices with respect to taxes and the number of firms
is also equal to the sign of (η + k). Interestingly, the empirical counterpart of this cross
9

derivative is an interaction term of taxes and market structure. Thus, the sign of the
coefficient on the interaction term tells us the sign of (η + k) and, consequently, whether a
particular market under- or overshifts taxes. All we need is market data with observations
that present variation in taxes and market structure to perform our test.

5

Empirical framework and data

5.1

Data

Our dataset consists of monthly observations for the 1991-1997 period for the ten main
cities in Canada: Calgary, Halifax, Montreal, Ottawa, Quebec, Saint John, St. Johns,
Toronto, Vancouver and Winnipeg.
Our three main variables are those concerning gasoline prices, taxes and the gasoline
retail market structure.
Regarding retail prices (the dependent variable), MJ Ervin & Associates conducts the
Weekly Pump Price Survey (WPPS), a weekly survey of prices for retail gasoline in more
than 50 Canadian cities. Though, because of the periodicity of the variation of other two
variables mentioned before, we base our results on monthly averages of gasoline retail
prices.
Our main tax variable, excise, accounts for federal and provincial excise taxes.9
In addition to publicly available information such as data on gasoline prices and taxes,
we have an interesting dataset containing information on market concentration that allows
us to capture the effect of local retail market competition constructed from firm specific
sales of regular grade gasoline. These data and the number of stations were obtained from
The Kent Group, a private consulting group providing this information from all outlets
in the markets it surveys.
Moreover, we include control variables such as gasoline wholesale prices and the number of gasoline stations in order to control for supply-side characteristics. Wholesale price
is also reported in the WPPS and is highly correlated with crude oil price suggesting
that it captures part of the effects coming form both the Canadian wholesale and the
international crude oil markets. Thus, we do not include crude oil price as a regressor.
Finally, we also control for demand side aspects by including per capita gasoline consumption, average income at the provincial level and the usual demographic controls
(provincial unemployment rates, population, percentage of youths between 15 and 24
years old). Table 1 presents summary statistics.
9

As a robustness check, we also compute the estimations using two additional tax variables: state that
only accounts for excise taxes at the provincial level and both, a broader tax variable including federal and
excise taxes and the goods and services tax (GST) which was converted into dollar equivalents because
it was originally expressed as a percentage of final prices. Results do not significantly differ and are
available upon request.
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5.2

Descriptives

By simply analyzing our raw data, we observe significant cross-city differences in retail
price levels. Average prices ranged from 48.86 ¢ in Calgary to roughly 61.40 ¢ in St.
John’s over the sample period. Regarding market structure, once again, we observe some
interesting features in the local retail market across cities and over time. We detect important cross-city differences in market structure, with city Hirschman Herfindahl Index
(HHI) averages ranging from 1356.67 in Ottawa to 2763.87 in Saint John. Finally, concerning taxes, for our main tax variable (excise) we also observe important differences
across cities ranging from a 18.01 ¢ average in Calgary to 24.63 ¢ in St. John’s.
In Figures 1 and 2, we plot the evolution of market structure and taxes for three
cities: Calgary, St. John’s and Halifax. Calgary is the city with lowest prices, while St.
John’s the one with the highest. Halifax instead presents price levels that are close to the
average in our sample. While the evolution of market concentration seems to be different
among cities, excise taxes incremented in all the three cities when comparing the two end
points of the sample. We would expect cities with higher Herfindahls to posses higher
average retail prices. Indeed, the correlation coefficient between final prices and market
concentration (0.267) is positive and significant at the 5% level. Moreover, as we observe
in figure 3, Saint John, St. John’s, and Halifax with average Herfindahl values of 2763.87,
2098.07 and 1974.25 have the highest average retail prices of 56.63 ¢, 61.40 ¢ and 56.11
¢ respectively. Similarly, cities with lower Herfindahls have lower average monthly retail
prices. For example, Ottawa and Calgary with average Herfindahl values of 1356.67 and
1403.97, show average monthly retail prices of 55.28 ¢ and 48.86 ¢ respectively.
Finally, we expect a similar relationship between retail prices and taxes. The correlation coefficient between retail prices and taxes (0.427) is also positive and significant
at the 5% level. Thus, cities with higher taxes should have higher average retail prices
and viceversa. St. John’s, Quebec and Montreal with the highest federal and state excise
taxes (24.63 ¢, 23.58 ¢ and 23.58 ¢ respectively) also have the highest average retail prices
(61.40 ¢, 59.79 ¢ and 59.49 ¢ respectively). Similarly, Calgary has the lowest retail price
(48.85 ¢) and also is the city with lowest taxes (18.01 ¢).

5.3

Empirical framework and econometrics

In order to go beyond simple correlations to estimate the impact of gasoline taxes and
market structure on retail prices, we estimate the following model:
P riceit = β0 + β1 T axit + β2 HHIit + β3 T axit ∗ HHIit + X0it β + it ,

(14)

where P riceit denotes retail prices including taxes. T axit accounts for both federal and
provincial excise taxes. HHIit is the usual Hirschman Herfindahl Index included to capture market concentration and, finally, Xit is the set of control variables described before.
To the best of our knowledge, the incidence of gasoline taxes has usually been studied
based on linear-additive models. As mentioned before, we are interested in the interdependence of the effects of taxes and market structure. We thus base our research on a
multiplicative interaction model. In general, the presence of an interaction term implies
11

that the impact of one of the variables depends on the level of the other variable included
in it. Our main hypothesis is that the shifting of taxes to final prices might depend on the
level of market concentration. Thus, in addition to the direct effects of taxes and market
concentration on retail prices one should take into account their interdependence. Moreover, when using multiplicative interaction models, the interpretation of the coefficients
varies i.e. the coefficients do not indicate the average effect of a certain covariate on the
dependent variable as in an additive model.
To say it differently, previous studies on tax incidence (based on additive models)
measure the direct effect of taxes through the coefficient β1 , e.g. a coefficient larger than
one implying overshifting. Similarly, in these models, β2 measures the direct effect of
market concentration on retail prices. In our case, β1 measures the direct pass through
effect of taxes under perfect competition, i.e. when HHI = 0 and β2 accounts for the
direct effect of market structure on prices when no tax is implemented. Finally, β3 , the
coefficient of the interaction term (absent in previous studies), measures the effect of
market concentration on the degree of tax shifting. We thus expect β1 to be equal to
1 and β2 to be positive. Finally, the sign of β3 indicates whether we are in presence of
under- or overshifting.
In Figure 4, we plot the different prices and the corresponding taxes for the less
and more concentrated cities i.e. cities showing a level of concentration under or above
the median HHI. Interestingly, we observe a difference in the slope of both fitted values
lines; less concentrated markets having a steeper fitted values line than more concentrated
ones. Thus, a first look at our data, suggests that β3 < 0 and, therefore, that taxes are
undershifted.
5.3.1

Clustering and bootstrapping

Our basic specification presents robust standard errors. However, it could be warranted
to allow the error terms to be correlated within clusters. Clustering at the city level and
computing cluster-robust standard errors seems straight forward in our model. Indeed,
as it has been shown by Moulton (1990) and is well known from the literature in the
field,10 the estimation of the covariance matrix without controlling for clustering can lead
to understated standard errors and overstated statistical significance. Under the usual
assumptions, the OLS estimator is unbiased in small samples and normally distributed
or consistent and approximately normally distributed when we work with a large number
of clusters. However, when the number of clusters is not big enough, the OLS estimator
is not efficient any more and the usual standard errors of the OLS estimator and tests
based on them are not valid. In other words, the cluster-robust covariance matrix is
consistent when the number of clusters tends to infinity. Although in practice a minimum
of 50 clusters seems to be enough to ensure consistency, we are working with only 10
clusters. Thus the standard procedures for clustering might not be valid. Moreover,
with a low number of clusters, bootstrap re-sampling methods produce a finite number
of possible pseudo-samples. Thus, the bootstrap distribution will not have the desired
10

See also Moulton (1986), Wooldridge (2003) and Stock and Watson (2008) among others.
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smoothness even when replicating many times. In addition, for some pseudo-samples
either the coefficient or the standard errors may be inestimable.
An alternative in order to solve this issue is the application of the wild bootstrap
method applied in Cameron et al. (2008). The authors find that the wild cluster bootstrap performs really well even with six clusters and without a noticeable loss of power
after accounting for size.

5.3.2

Simultaneous Causality Bias

Finally, we detect two potential simultaneous causality bias issues to be addressed. First,
one could expect HHI to be endogenous to prices. Higher prices could encourage entry
and thus impact market structure. Therefore, market concentration may be endogenous
to prices. Second, coefficient estimates of the effects of taxes may be confounded because
of simultaneity bias between taxes and prices. In other words, tax setting authorities
might adjust tax rates given current prices.
We thus apply Instrumental Variables estimation in order to solve both endogeneity
issues. First, concerning market structure, we can expect Pit and HHIit to be correlated
but we can be fairly sure that P riceit and HHIit−1 are not. Thus, we use the one-period
lagged value of HHIit as an instrument to correct this potential bias.
Similarly, we want to control for the possible endogeneity of taxes mentioned above.
In this case, we follow the strategy implemented by Besley and Case (2000) and construct
instruments based on the political party in power at the state level. As instruments, we
use data indicating whether the political party in power is the same at both the federal
and state levels and the share of seats of the political party in power in each province.
The idea behind our strategy is that political parties may influence the set of policies to
be implemented (including taxation) without having any direct causal relationship with
retail prices.

6
6.1

Estimation and results
Main results

Table 2 shows our main results. Once we include the control variables in our model, the
direct effect of market structure on prices (without taxes) is, as expected, significantly
positive in all the specifications. Interestingly, a simple OLS estimation (Column 3) suggests that, when HHI = 0, taxes are slightly overshifted to final prices. β1 = 1.183 is
statistically significant and bigger than 1, thus, under perfect competition, a 1$ augmentation of excise taxes results in the final price increasing by 1.183$. This result seems to
contradict theory that suggests a full shifting of taxes under perfectly competitive markets. Nevertheless, when computing a test for fully shifting, we cannot reject the null
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hypothesis that β1 = 1 i.e. we cannot reject full shifting11 . Interestingly, our results do
not vary considerably when moving to a panel data - fixed effects approach 12 (columns 4,
5 and 6) with β1 increasing or decreasing depending on the specification of the estimated
model. In column 6, after controlling for city fixed effects, time trend and seasonality;
β1 = 1.209 implying that after a 1$ augmentation of taxes, the final price of gasoline
increases by 1.209$.
As expected, β2 is positive and statistically significant in all the specifications once we
add the covariates. In line with theory, this suggests that market concentration (when no
taxes are implemented) has a positive effect on market prices.
The coefficient of the interaction term, β3 , is negative and statistically significant at
the 1% level in all the four specifications of our model including covariates (columns 3, 4,
5 and 6) suggesting that, in our dataset, taxes are undershifted. This is our main result.
Figure 513 helps us giving an interpretation to our main empirical result. In it, we
plot the interdependence of tax incidence and market structure i.e. we show how the level
of tax incidence varies with the level of market concentration. The sign of the coefficient
of the interaction term ,β3 , represents the slope of the line indicating whether taxes are
over- or under shifted. When both, the upper and lower bounds of the confidence interval
are under (above) 1, we are in presence of undershifting (overshifting). When this is not
the case, we can not reject full shifting. As it can be observed in the figure, under prefect
competition we can not reject full shifting. This is in line with theory. Similarly, as theory
suggests, the degree of undershifting increases with market concentration as we get closer
to the monopoly scenario i.e. as HHIit → 1.
In other words, once we add the covariates and apply a panel data approach controlling
for city fixed effects and seasonality (columns 4, 5 and 6), taxes in the Canadian gasoline
retail market are undershifted to consumers, the degree of the shifting increasing with
market concentration. Moreover, under perfect competition, we cannot reject full shifting.

6.2

Robustness checks

Table 3 shows some of the robustness check we computed.
In columns 1 and 2 we allow the errors to be correlated within clusters by clustering
at the city level. As mentioned before, because of the structure of our data, this strategy
seems quite straight forward. The coefficients of the three main variables (Excise, HHI and
the interaction term) have the expected signs in both specifications (Fixed and Random
Effects). Though, except for Excise in the RE approach, the estimates are not significant
any more. Moreover, as mentioned in section 5.3.1, clustering while working with a
few number of clusters could lead to inefficient estimates. Therefore, we apply the wild
11
β1 is close to but different from 1. This could possibly be the case because we are estimating out of
sample i.e. our market is not competitive, thus HHI = 0 is not a relevant case in our sample.
12
Following Hausman (1978) and Baltagi (2009) we compare the β̂GLS and β̂W ithin estimators in order
to choose among the Fixed Effects and Random Effects models. We perform a Hausman’s Specification
Test rejecting the null hypothesis that the RE is consistent and, thus, implement the FE approach as our
main specification. RE is applied as a robustness check.
13
Figure 5 is based on model 6 in Table 2.
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bootstrap procedure described in Cameron et al. (2008). Though, as we could expect,
applying a more restrictive procedure reduces (even more) the level of significance of our
estimates.
Columns 3 and 4 show the IV specifications that aim at tackling the endogeneity
issues described in section 5.3.2. Taxes and market structure are instrumented using
all exogenous regressors plus the share of seats of the political party in power in each
province, a dummy indicating whether the political party in power is the same at both
the federal and state levels and HHI lagged 1 period. Our set of instruments is a valid
one. Both the exogeneity and relevance conditions are fulfilled. First, we cannot reject
the null hypothesis of the Sargan test of overidentifying restrictions i.e the instruments are
uncorrelated with the error term. Second, concerning the relevance of the instruments,
we compute a Weak identification test following Stock and Yogo (2002). We reject the
null that the set of instruments is weak at a 10% maximal IV relative bias. Concerning
the estimates, all the three main variables (Excise, HHI and the interaction term) show
the expected signs and are statistically significant in both columns.14 Finally, it is worth
mentioning that, as it is often the case, the 2SLS estimates are much bigger than the
OLS-FE ones. Even if the signs of the estimates are the expected ones and they are all
statistically significant, the magnitude of the augmentation of the estimates observed in
the FE-2SLS makes us interpretate these results with some caution. This is whay our
main results are based on the FE-2SLS specification.

7

Concluding remarks

The Canadian gasoline retail is a concentrated market. Thus, the perfect competition
assumption might be misleading in order to analyze the effects of taxes on prices. As it
has been already shown, in oligopolistic markets, taxes can be shifted forward less (more)
than proportionally to retail prices; a possibility usually denoted by undershifting (overshifting). Generally, whether there is under/overshifting or not depends on unobservable
parameters of the demand and cost functions. However, the degree of tax shifting depends
on market structure. Therefore, one should consider the interaction between taxes and
market structure.
Following the models used by Besley (1989) and Fullerton and Metcalf (2002) we
show that, under perfect competition, taxes are fully shifted to consumers. Moreover, the
degree of the shifting (whether it is an under- or overreaction to a variation in taxes) is
maximized under monopoly. Indeed, our model shows that, whether we are in presence
of under-, full- or overshifting depends on the sign of (η + k), defined by underlying
parameters of the demand and cost functions. Moreover, the sign of (η + k) equals the
sign of the cross derivative of prices with respect to taxes and market structure. This
is in line with Fullerton and Metcalf (2002) and other authors that studied the effects
of tax incidence under oligopolistic markets. Interestingly, the empirical counterpart of
14

Following the procedure in Baltagi (2009), we perform an alternative Hausman test based on the
contrast between the fixed effects 2SLS and the EC2SLS estimators. Once again, we reject the null that
the RE estimator is consistent.

15

the cross derivative of prices with respect to taxes and market structure is the coefficient
of the interaction term which, in our procedure, is observable to the econometrician. In
other words, the sign of β3 equals the sign of (η + k) and, therefore, is an indicator of the
presence of under/overshifting in a given market.
Using a dataset on the Canadian retail gasoline market comprising monthly observations from 10 Canadian cities over the period 1991 to 1997, we empirically test whether
taxes are under or overshifted. To sum our results up, we find that taxes are undershifted
to consumers, that the degree of the shifting increases with market concentration and
that, under perfect competition, we cannot reject full shifting.
Our main contribution is to devise a simple test of tax under/overshifting. The simple
framework described in this paper could be potentially useful in order to detect whether
taxes are under or overshifted in a given market. Moreover, because of the simplicity of
the data required to apply our procedure, we think that this methodology could be used
for academic purposes but also by policy makers in order to asses issues such as those
related to taxation policies or collusion.
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Apendix A. Figures and tables
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Variable

Table 1: Summary statistics
Units
N
Mean

Std. Dev.

Min.

Max.

Final retail price including taxes

¢/litre

840

56.05

5.13

38.67

72.93

State excise tax
Federal and State excise taxes

¢/litre
¢/litre

840
840

12.78
21.89

2.30
2.52

7
15.5

16.5
26.5

Herfindahl Hirschiman Index

0-1

840

0.18

0.044

0.12

0.30

Wholesale price of gasoline
Per capita consumption of gasoline
Total number of stations
Population
Prop. population aged 15-24
Unemployment rate
Average annual income

¢/litre
litres
1,000
100,000
%
%
C$

23

840
23.29
840 197.70
840 339.89
840
13.22
840
14.00
840
11.39
840 44705.71

2.88
71.79
351.78
13.37
1.74
3.28
6693.36

15.24
37.9
72.13 499.09
50
1419
1.28
44.99
9.30
19.27
5.4
21.5
33800 55800

Table 2: OLS and Fixed Effects estimates - cross city and time-series data (1991-1997)
(1)
-1.067***
[0.410]

(2)
-1.215***
[0.420]

(3)
1.183***
[0.226]

(4)
1.268***
[0.328]

(5)
1.182***
[0.328]

(6)
1.209***
[0.338]

HHI

-133.3***
[47.98]

-146.9***
[49.09]

86.56***
[24.46]

115.2***
[38.12]

107.9***
[37.98]

106.2***
[37.76]

Excise_HHI

7.105***
[2.244]

7.633***
[2.288]

-3.534***
[1.223]

-5.641***
[1.743]

-5.291***
[1.749]

-5.224***
[1.740]

Wholesale

1.051***
[0.0406]

0.972***
[0.0404]

0.966***
[0.0394]

0.964***
[0.0392]

Unemployment rate

0.132***
[0.0507]

-0.246**
[0.118]

-0.269**
[0.115]

-0.288**
[0.122]

Population

-0.167***
[0.0207]

0.582***
[0.191]

0.643***
[0.188]

0.663***
[0.187]

Prop. aged 15 to 24

-0.226**
[0.107]

-0.265**
[0.134]

-0.249*
[0.132]

-0.278**
[0.138]

Stations

7.393***
[0.807]

12.36***
[3.398]

13.16***
[3.425]

12.65***
[3.557]

Gasoline cons. pp

-21.36***
[1.920]

-0.222
[3.248]

-1.428
[3.173]

-1.252
[3.173]

Average income

-0.146***
[0.0397]
NO
NO
NO
840
0.70
0.65
0.4186

0.296***
[0.0885]
YES
NO
NO
840
0.75
0.67
0.7773

0.296***
[0.0857]
YES
YES
NO
840
0.76
0.31
0.5792

0.296***
[0.0856]
YES
YES
YES
840
0.76
0.38
0.5362

Excise

City FE
Quarter FE
Time trend
Observations
R2
Test fully shifting

NO
NO
NO
840
0.14
25.36
0.0000

YES
NO
NO
840
0.48
27.85
0.0000

Standard errors based on robust covariance matrices in brackets. Intercept included in all regressions.
Test for fully shifting under perfect competition (excise = 1): χ2 statistic above and P values below.
* p<0.10, ** p<0.05, *** p<0.01
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Table 3: Robustness checks - cross city and time-series data (1991-1997)
(1)

(2)

(3)

(4)

Excise

1.209
[0.933]

1.170*
[0.704]

8.278***
[1.980]

1.328***
[0.332]

HHI

106.2
[91.04]

91.03
[77.00]

828.6***
[202.4]

108.5***
[36.81]

Excise_HHI

-5.224
[4.992]

-3.787
[4.155]

-39.29***
[9.540]

-4.632**
[1.825]

0.964***
[0.0639]

1.054***
[0.0752]

1.180***
[0.0806]

1.027***
[0.0428]

Unemployment rate

-0.288
[0.267]

0.155
[0.101]

0.110
[0.177]

0.154**
[0.0629]

Population

0.663
[0.445]

-0.173***
[0.0463]

0.546**
[0.262]

-0.176***
[0.0245]

Prop. aged 15 to 24

-0.278
[0.297]

-0.190
[0.189]

-0.552***
[0.189]

-0.139
[0.133]

Stations

12.65*
[6.419]

7.624***
[2.202]

23.05***
[5.324]

7.599***
[0.833]

Gasoline cons. pp

-1.252
[2.137]

-23.02***
[4.915]

-3.759
[3.829]

-23.02***
[2.131]

Average income

0.296
[0.197]
YES
YES
YES
YES
840
0.76
0.05
0.8275

-0.138
[0.105]
NO
YES
YES
YES
840
0.71
0.06
0.8090

0.659***
[0.158]
YES
YES
YES
NO
820
0.60
15.74
0.0001
4.288
0.1172
9.124

-0.128***
[0.0406]
NO
YES
YES
NO
820
0.69
0.69
0.4046

Wholesale

City FE
Quarter FE
Time trend
Cluster (City)
Observations
R2
Test fully shifting
Sargan Test
Weak identif.test

Intercept included in all regressions.
Standard errors in brackets.
In columns 1 and 2, standard errors based on cluster-robust covariance matrices.
In columns 3 and 4, std. errors and 1st-stage F-stats. based on the derived
variance estimate for GLS regressions.
2SLS and EC2SLS: Excise and HHI instrumented using all exogenous regressors
plus the share of seats of the political party in power in each province, a dummy
indicating whether the political party in power is the same at both the federal
and state levels and HHI lagged 1 period.
Test for fully shifting under perfect competition (excise = 1): χ2 (for columns 2,
3 and 4) and F-statistics (for column 1) above and P values below.
Sargan test of overidentifying restrictions: χ2 above and P values below. Weak
identification test: Cragg-Donald Wald F statistic to be compared with the values
given by Stock and Yogo (2002).
R2 in columns 3 an 4 are computed from a Least Squares Dummy Variable
(LSDV) model.
* p<0.10, ** p<0.05, *** p<0.01
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