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Abstract
This paper uses the methodology of Parry and Small (2005) to estimate the
optimal gasoline tax for a less-developed, oil-producing country. The
relevance of the estimation relies on the differences between less-developed
countries LDCs and industrial countries. We argue that lawless roads,
general subsidies on gasoline, poor mass transportation systems, older
vehicle fleets and cities’ unregulated growth make the LDC tax rate differ
substantially from rates in the developed world. We find that the optimal
gasoline tax is $1.91 per gallon at 2011 prices and show that the estimate
differences are in line with the factors hypothesized. In contrast to the
existing literature on industrial countries, we illustrate that the relative
gasoline tax incidence may be progressive in Mexico and, more generally, in
LDCs.
Key Words: gasoline tax, gasoline subsidy, tax incidence, Mexico
JEL Classification: Q40, Q48 and H21

Resumen
Este artículo utiliza la metodología de Parry y Small (2005) para estimar el
impuesto óptimo a la gasolina para un país productor de petróleo y de
ingreso medio. La relevancia de este cálculo se inscribe en las diferencias
existentes entre países en vías de desarrollo y los industriales. El trabajo
argumenta que la falta de aplicación de los reglamentos de tránsito, los
subsidios generalizados a la gasolina, las deficiencias en los sistemas de
transporte masivo y el crecimiento anárquico de las ciudades harían que las
tasas de impuesto a la gasolina difirieran entre dos grupos de países. El
resultado arroja un impuesto óptimo de 1.91 USDLL por galón de gasolina a
precios de 2011 y se muestra que las diferencias están acordes con las
hipótesis planteadas. En adición y contrario a lo que normalmente se
demuestra que este impuesto es progresivo.
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Introduction
Optimal environmental taxation, particularly gasoline taxation, has received a
great deal of attention in the academic literature (Sandmo, 1975; Bovenberg
and de Mooij, 1994; Bovenberg and van der Ploeg, 1994; Bovenberg and
Goulder, 1996; Parry and Small, 2005; West and Williams, 2007; and Lin and
Prince, 2009, among others). With a few exceptions (Parry and Timilsina,
2008; Parry and Strand, 2010), empirical estimates regarding the optimal gas
tax rate are generally calculated for developed economies. However, optimal
tax estimates in oil-producing, less-developed countries (LDCs) may differ
from those in advanced economies because of a series of factors.
First, in numerous oil-producing LDCs, this natural resource is extracted by a
state company, which makes governments believe that the oil yields should
benefit people through subsidized, cheap gasoline.1 Second, cities’ growth in
LDCs is often anarchic with deficient, narrow, and pot-holed road systems;
critical congestion areas; deficient modal shares of public transport; and
urban sprawling that provokes higher congestion costs (Gakenheimer, 1999). 2
Third, poor regulation and a lack of traffic rule enforcement further increase
the probability of accidents.3 Finally, LDCs usually have a much older motor
vehicle fleet than advanced countries, which increases pollution (Harrington
and McConnell, 2003). All of these features call for the calculation of an
appropriate gasoline tax for LDCs.
The objective of this paper is to estimate the optimal fuel tax for a
representative middle-income country. For that purpose, we apply the
methodology of Parry and Small (2005) to Mexico, a prominent oil-producing
LDC that heavily subsidizes gasoline consumption. The advantage of this
method is the decomposition of the second-best optimal fuel tax into several
components, including those related to congestion, accidents, and air
pollution. As previously mentioned, these negative externalities may in fact
be more severe in LDCs relative to developed economies.
The International Monetary Fund (IMF, 2013) reports that pre-tax petroleum subsidies are systematically higher in
oil-exporting countries. Among these countries, Middle Eastern and North-African countries allocate approximately
4.5 percent of GDP to petroleum subsidies. This rate is approximately 1.2 percent in sub-Saharan Africa and Latin
America.
2 Based on a study by the International Association of Public Transport, Parry and Timilsina (2008) report that 10
out of 12 of the largest megacities with the lowest average travel speed are in developing countries. See also
“Lawless Roads: Road Safety in Mexico”, The Economist, Oct. 8, 2011.
3 According to the World Health Organization (2013), middle-income countries have the highest annual road traffic
fatality rates (20.1 per 100,000 population), whereas the rate in high-income countries is the lowest (8.7 per
100,000). In addition, 80 percent of road traffic deaths occur in middle-income countries, which account for 72
percent of the world population but only 52 percent of the world’s registered vehicles. In fact, nearly 70 percent of
road deaths occur in 13 countries, 12 of which are developing countries (including Mexico).
1
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Our results suggest an optimal gasoline tax of $1.91/gallon at 2011 prices. The
(adjusted) Pigouvian tax is the largest portion of the tax, amounting to
$1.62/gallon. The accident component explains approximately one-third of
the Pigouvian tax, followed by distance-related pollution damages and
congestion externalities. The Ramsey tax component, arising from a relatively
inelastic fuel demand, contributes another $0.28/gallon.
The optimal gas tax in Mexico is larger than the estimate reported by Parry
and Small (2005) for the US, even after updating their results at 2011 prices. 4
To understand what accounts for the differences in results, we change each
one of the parameters that is different in Mexico relative to the US, one at a
time. We find that distance-related pollution damages and accident costs
explain the majority of the differences. The presence of fuel subsidies
(typical of oil-producing countries) also explains approximately 20 percent of
the differences. Perhaps surprisingly, the lower fuel efficiency attributed to
an older vehicle fleet does not explain the differences in tax estimates.
Using the optimal gas tax estimate, we address the effects of such a tax
across income deciles in Mexico. Contrary to the conventional wisdom, we
find that the fuel tax is progressive. The intuition is simple: only 9 percent of
the poorest households demand fuel because the majority of these households
(84 percent) do not own a car. Conversely, 86 percent of the wealthiest
households demand fuel because 93 percent own at least one car.
This paper is structured as follows. Section 2 briefly describes the fuel pricing
policy in Mexico. Section 3 sketches the model, and section 4 presents the
results. Section 5 compares the results to those obtained for advanced
economies and includes a sensitivity analysis. Section 6 provides concluding
remarks.

1. ¿How is the gasoline price set in Mexico?
Mexico is an oil-producing country. Because of an inappropriate gasoline
pricing policy (a pre-determined crawling gas price), a subsidy emerges when
the international petroleum price is above a certain level, as has been the
case since 2006. This subvention, which produces a final price below its
market price, is frequently justified under political, i.e., populist, grounds. To
better understand this policy, consider Figure 1 for illustrative purposes.
Clearly, area A implies a positive excise tax because the international gasoline
Parry and Small (2005) report an optimal tax rate of $1.01/gallon for the US at 2000 prices. This estimate
increases to $1.43/gallon at 2011 prices.
4
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price (IGP) is lower than the pre-determined crawling Mexican price, whereas
area B represents a negative tax (a subsidy) because the IGP is above the predetermined price.
FIGURE

1

On average, Mexico registers the lowest excise tax rate among OECD countries
for the period 2001-2011 (see Figure 2). When considering the period 20062011, the tax is in fact negative (a subsidy). This subsidy has cost the
government an average of 1.4 percent of GDP over the period 2007-2011, an
amount equivalent to the expenditures on poverty alleviation and public
health-care programs in the country. Such a waste of resources calls not only
for the elimination of the current pre-determined crawling price system but
also for an estimation of the optimal gasoline tax rate.
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FIGURE 2

Source: Author calculations from OECD-IEA, Energy Price and Taxes, Quarterly Statistics: 2012.

2. The model
2.1 Assumptions

In this section we describe the optimal gasoline tax model of Parry and Small
(2005). Consider a static, closed economy with a representative agent with
the following utility function:
,

(1)

where variables are expressed in per capita terms. Here, is the consumption
of the numeraire good,
is the vehicle miles of travel,
is time spent
driving, is government spending, is leisure, is the quantity of pollution,
and is severity-adjusted traffic accidents. Functions
and
are quasiconcave, whereas
and
are weakly convex functions denoting disutility
from pollution and (external) accident risk.
Vehicle miles traveled (VMT) are “produced” according to the following
homogeneous function:
,
(2)
where is fuel consumption and is a monetary expenditure of driving costs
related to vehicle price and attributes.
4
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Time spent driving is a function of both VMT and the inverse of the average
travel speed as follows:
.
(3)
Here,
is the aggregate miles driven per capita, and the function
satisfies
, reflecting the concept that an increase in aggregate VMT
leads to more congested roads. From the agent’s point of view,
is treated
as exogenous so that the agent does not take into account her own impact on
congestion.
There are two types of pollutants. The first type is carbon dioxide, , which
is proportional to aggregate fuel consumption per capita . This pollutant
causes the fuel-related damages arising from climate change. The second type
includes local air pollutants,
, which depend positively on aggregate VMT.
These pollutants can be expressed in terms of the same units, and therefore,
total pollution may be written as
,

(4)

with properties
. Because pollution depends on variables at the
aggregate level, the agent does not internalize the costs of pollution from her
own driving.
Traffic accidents vary with aggregate VMT according to the following:
.

(5)

where
is the average external cost per mile. The function (5) assumes
that traffic accidents are exogenous to the agent. For this reason, the
function
in (1) is the expected disutility from the external cost of traffic
5
accidents. The sign of is ambiguous, reflecting the idea that heavier traffic
causes more frequent but less severe accidents.
The representative agent derives income from labor at the wage rate .
The agent pays a tax rate
on labor income and a tax
on gasoline
consumption. If
represents the price of gasoline, the agent’s budget
constraint is given by:
5

The internal costs of accidents are implicitly included in

.
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.

(6)

Let denote the agent’s time endowment, which she may distribute among
labor, leisure, and driving activities. The time constraint may be written as
follows:
.

(7)

Goods are produced by perfectly competitive firms. The single input is labor,
and the production function is linear in , which implies a constant marginal
product of labor and thus a constant wage rate at the optimum. Conveniently,
is normalized to one so that net labor income in (6) may be simply written
as
.
Finally, the government finances an exogenous spending
through taxes on
gasoline consumption and labor income. Thus the government’s budget
constraint is as follows:
.

2.2 The optimal gasoline tax

The optimal gasoline tax, , is obtained by maximizing the agent’s utility
with respect to the gasoline tax , once changes in the labor tax, labor
supply, fuel consumption, VMT, and utility from external costs are taken into
account.6 As discussed in Parry and Small (2005), the optimal tax may be
disentangled into the following three terms: an adjusted Pigouvian tax, a
Ramsey tax, and a congestion feedback. The full expression is as follows:
,

(9)

where
Adjusted Pigouvian tax =

,

(9a)

Ramsey tax =

,

(9b)

Congestion feedback =
6

,

A detailed derivation for the optimal tax is provided in Parry and Small (2004).

6
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,
,

(9d)
(9e)

.

(9f)

In the expressions above,
is the elasticity of demand for VMT with respect
to disposable income,
is the own-price elasticity of demand for fuel,
is the elasticity of VMT with respect to the consumer fuel price, and
and
are the uncompensated and compensated labor supply elasticities,
respectively. Additionally, the terms
and
represent the
marginal damage from carbon emissions and the marginal congestion,
accident, and distance-related pollution costs, respectively.

3. Calibration and results
3.1 Parameter values

Despite the lack of information typical of a LDC, it is possible to construct
good proxies of parameters for Mexico. A detailed discussion regarding the
way in which each parameter is calculated may be found in the extended
version of this paper (Anton and Hernandez, 2013). For easy reference,
central values are presented in Table 1 at 2011 prices; a sensitivity analysis is
conducted in the next section. Parameters for which there are small
differences or for which there are no available estimates are simply taken
from Parry and Small (2005). With regard to the remaining parameters, it is
worth noting the salient differences with respect to the central values for the
US and UK (countries considered by Parry and Small) and California (the US
state studied by Lin and Prince, 2009).
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TABLE 1
PARAMETER VALUES
PARAMETERS TAKEN FROM PARRY AND SMALL

VALUE

VMT portion of gas price elasticity:

0.4

Uncompensated labor supply elasticity:

0.2

Compensated labor supply elasticity:

0.35

VMT expenditure elasticity:

0.6

Gasoline price elasticity:

0.55

PARAMETERS CALIBRATED FOR MEXICO

Initial fuel efficiency:

VALUE

(miles/gallon)

Pollution damages, distance-related:
Pollution damages, fuel-related:
External congestion costs:
External accident costs:

(cents/mile)

(cents/gallon)

(cents/mile)
(cents/mile)

18.2
5.5
18.2
5.0
6.4

Government expenditure/GDP:

0.2

Gasoline production share:

0.024

Producer price of gasoline:

(cents/gallon)

252

Initial tax rate on gasoline:

(cents/gallon)

(-18)

Note: all elasticities are defined as positive numbers.

First, the vehicle fleet in Mexico is 16.5 years old on average (Melgar, 2011),
well above the average in industrial countries. The older vehicle fleet
negatively affects average fuel efficiency; this figure is set at 18.2
miles/gallon, which is lower than the referred cases. Distance-related
pollution damages are set at 5.5 cents/mile, based on the estimates of Small
and Kazimi (1995) and Parry and Timilsina (2008) for Mexico City. Notably,
this cost is more than twice the estimate from Parry and Small, even after
updating to 2011 prices. The cost of fuel-related pollution damages in Mexico
is taken from Johnson et al. (2009). Again, the estimate of 18.2 cents/gallon
is substantially higher than those in the reference studies.
External congestion costs are calculated using the method of Parry and
Timilsina (2008). According to this method, the cost of congestion is inversely
related to the average car speed. The estimate of 5 cents/mile is slightly
larger than those reported in Parry and Small at 2011 prices; there are a
number of reasons why this result may be the case. The majority of
8
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automobiles in Mexico circulate in major cities.7 In addition, city roads are
typically in poor shape and full of reduced-speed bumps, and the modal share
of public transport in cities is deficient, among other factors. These elements
contribute to a lower average speed and thus to a higher congestion cost.
External accident costs are estimated at 6.4 cents/mile. This figure, which is
also large relative to the reference studies above, may be explained by a
number of factors. These factors include the following: the ease of obtaining
a driver’s license without even taking a driver’s examination; the poor
regulation and weak enforcement of traffic laws; and the lack of traffic road
signs. Perhaps unsurprisingly, the World Health Organization (2013) reports
that Mexico is among the 13 countries in the world with the highest number of
road traffic deaths (approximately 16,700 in 2010). Medina (2012) estimates
that accident costs account for 1.3 percent of GDP. This number is used to
calculate the accident costs in Table 1.
The government expenditure share and the gasoline production share are
taken from national accounts and official data sources. The gas price of
$2.52/gallon is the estimated average for the producer’s price in Mexico for
the period 2003-2011. Finally, the initial tax on gasoline is negative (i.e., a
subsidy of 18 cents/gallon) because this is the average tax for the period
2003-2011. As previously mentioned, such subsidies are not unusual in oilproducing LDCs such as Mexico.

3.2 The optimal gas tax

According to the model, the optimal gasoline tax in Mexico reaches
$1.91/gallon. This tax can be disentangled into an adjusted Pigouvian tax of
$1.62, a Ramsey tax component of $0.28 and a congestion feedback effect of
only 1 cent/gallon (see Table 2). The accident costs component is the largest
among the Pigouvian externalities, explaining approximately 29 percent of the
optimal tax. Distance-related pollution and congestion costs contribute an
additional 25 and 22.5 percent of the optimal tax, respectively.

For example, one-fifth of total cars in the country circulate in Mexico City’s metropolitan area, where the average
speed is 10.6 miles/hour.
7
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TABLE 2
COMPONENTS OF THE OPTIMAL GASOLINE TAX IN MEXICO

CENTS PER GALLON IN 2011 US DOLLARS
Adjusted Pigouvian tax:
Pollution, fuel-related
Pollution, distance-related
Congestion
Accidents
Ramsey tax
Congestion feedback
Optimal gasoline tax rate ( )

162
17
47
43
55
28
1
191

Table 3 presents the welfare gain for different levels of the optimal tax rate
. The optimal tax of $1.91/gallon would produce a welfare gain of 15.1
percent of initial pre-tax fuel expenditure. Interestingly, eliminating the
current subsidy on gasoline explains slightly more than one-fifth of the total
welfare gain. Likewise, a tax of only 0.25 times the optimal gasoline tax (48
cents/gallon) would cover 63 percent of the total welfare gain.
TABLE

3

WELFARE EFFECTS OF GASOLINE TAX RATES

(RELATIVE TO CURRENT RATE, EXPRESSED AS PERCENT OF INITIAL PRE-TAX FUEL
EXPENDITURES)
FUEL TAX RATE

Optimal rate

RATE

WELFARE CHANGE

(CENTS/GALLON)
0

(% OF PRE-TAX EXPENDITURE)
3.4

48

9.5

95

13.0

143

14.6

191

15.1

239

14.7

286

13.7

Is Gasoline Tax Regressive?
A typical claim against the implementation of a gasoline tax is that such a tax
is regressive, although it is less regressive if the analysis is expenditure-based
rather than income-based (see, for example, KPMG Peat Marwick, 1990;

10
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Poterba, 1991; Walls and Hanson, 1999).8 Based on this concern, Figure 3
presents the average (“current”) fuel subsidy of 18 cents/gallon across deciles
in Mexico (numbers are converted to Mexican pesos at 2011 prices). The figure
also includes the “implicit” subsidy arising from the absence of the optimal
gasoline tax estimated above. Interestingly, both current and implicit
subsidies are much higher for the higher-income deciles. The explanation for
this finding is relatively simple: only 9 percent of the lowest decile demand
fuel, whereas nearly 87 percent of the highest decile do so. Thus, the fuel tax
is in fact progressive in absolute terms.
Figure 4 now presents the incidence across deciles of the optimal fuel tax,
where households are classified according to their total expenditures as
suggested by Poterba (1991). Light bars denote the incidence of such a tax on
car owners. Clearly, the tax is regressive in relative terms. However, these
estimates do not take into account that only 9 percent of the poorest
households demand fuel, since the majority of these households do not own a
car. Conversely, 87 percent of the wealthiest households demand fuel. When
such an adjustment is made, the optimal tax is in fact progressive with the
exception of the upper decile (dark bars). Thus contrary to conventional
wisdom and the findings reported for industrial economies, the gasoline tax
does not necessarily affect the poor the most even in relative terms.
FIGURE 3
GASOLINE SUBSIDY ACROSS INCOME DECILES IN MEXICO

(QUARTERLY MEXICAN PESOS PER HOUSEHOLD)

Source: Author estimate based on Household Income and Expenditure Survey, INEGI, Mexico
(2010).
West (2004) finds that a greater price responsiveness among low-income households makes a gas tax progressive
across lower incomes and mitigates progressivity across upper incomes.
8
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FIGURE

4

RELATIVE GASOLINE TAX INCIDENCE

(% WITH RESPECT TO HOUSEHOLD TOTAL EXPENDITURE)

Source: Author estimate based on Household Income and Expenditure Survey, INEGI, Mexico
(2010).

4. Explaining the differences in estimates and sensitivity analysis

It is also useful to compare our findings with the findings obtained by Parry
and Small (PS, 2005). For this purpose, we initially set all parameters in the
model at the values reported by PS for the US economy.9 For each exercise,
we then change a single parameter according to the values listed in Table 1.
The results for relevant parameters are presented in Table 4. The parameter
that most contributes to an explanation of the differences between our
estimates and those from PS is the distance-related pollution damages. A
higher value in our case increases the original PS estimate by 38.6 percent.
Higher external accident costs in Mexico also contribute, increasing the
original estimate by 37.6 percent. Also noteworthy is the lower initial tax rate
on gasoline (a subsidy in our case), which explains 20 percent of the
difference with respect to PS. Interestingly, lower fuel efficiency is not a
major factor accounting for such differences.

It should be kept in mind that PS parameters are in 2000 prices. We chose not to update parameter values to
2011 prices to facilitate comparison with the original PS estimates.
9
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TABLE

4
(2005) ESTIMATE
OPTIMAL GASOLINE TAX IN MEXICO

DIFFERENCES BETWEEN PARRY AND SMALL
AND THE

Parameter

Higher pollution damages, distance related

Change in the optimal
gasoline tax rate relative
to the Parry and Small
estimate
(%, ceteris paribus)
38.6

Higher external accident costs

37.6

Higher producer price of gasoline

20.8

Lower initial tax rate on gasoline

18.8

Higher external congestion costs

15.8

Higher pollution damages, fuel related

13.9

Higher gasoline production share

-0.0

Lower fuel efficiency

-0.1

Lower government spending/GDP

-0.1

We also conduct a sensitive analysis given the uncertainty surrounding central
parameter values. For that purpose, we vary 8 of the most relevant
parameters, one at a time. The intervals for each case approximately follow
the intervals considered by Parry and Small (2005) for the US. The results are
presented in Figure 5.
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FIGURE

5

SENSITIVITY OF OPTIMAL GASOLINE TAX TO PARAMETER VARIATION
300
optimal tax, cents/gal

optimal tax, cents/gal

300

250

200

150

250

200

150
2
4
6
8
10
pollution (distance), cents/mile

5

30

4
6
8
10
12
accident costs, cents/mile

14

300
optimal tax, cents/gal

optimal tax, cents/gal

300

10
15
20
25
pollution (fuel), cents/gal

250

200

150

250

200

150
2

4
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10
12
congestion costs, cents/mile

14

2

The optimal tax is particularly sensitive to distance-related pollution,
congestion costs, accident costs, and the VMT portion of gas elasticity. These
parameters are related to the marginal external cost of fuel use,
(see
equation 9d). Notice that the first three parameters also explain the majority
of the differences between the estimates of Parry and Small (2005) and our
estimates. In all the remaining cases, the optimal tax is primarily between
$1.70 and $2.10 per gallon.
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5 (CONTINUED)
SENSITIVITY OF OPTIMAL GASOLINE TAX TO PARAMETER VARIATION
FIGURE
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5. Final discussion and implications for public policy

Fuel subsidies in Mexico have cost 1.2 percent of GDP on average during the
period 2006-2011. Noticeably, this figure does not include tax expenditures
(foregone public revenues). Including this additional amount, foregone public
revenues would reach 2.0 percent of GDP (equivalent to 20 percent of non-oil
tax revenues in Mexico). Adding direct subsidies plus tax breaks, the cost is
approximately 3.2 percent of GDP (approximately one-third of non-oil tax
revenues). This figure is large when one takes into account that VAT
collection in Mexico is approximately 3.8 percent of GDP and that corporate
and personal income taxes together account for 5.1 percent of GDP.
As previously mentioned, such a waste of resources is not atypical in oilexporting countries. In fact, since 2008, pre-tax energy subsidies in the world
have been steadily increasing over time, especially in developing, oilexporting countries (IMF, 2013). Given the negative effects that these
subsidies may have on human health, the environment, and traffic congestion,
there exists a strong case against the use of these subsidies. In fact, the major
issue is not only to eliminate fuel subsidies but also to find ways to ameliorate
such externalities. As frequently argued in the literature, a gasoline tax may
at least partially accomplish this goal.
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Our optimal tax estimate of $1.91 per gallon is well above the Parry and Small
(2005) calculation for the US, even after updating their results at 2011 prices.
This result is primarily explained by differences in distance-related pollution
damages, accident costs, and congestion costs estimates. The presence of a
fuel subsidy also contributes to such differences. Based on the parameters
examined, we find that the existence of an older motor vehicle fleet in an
LDC does not help to explain the difference in optimal tax estimates with
respect to the US.
We have also demonstrated that fuel subsidies (current and implicit) primarily
benefit the wealthiest deciles of population. Contrary to the findings reported
for developed countries, a fuel tax is progressive in an LDC such as Mexico
(see also Sterner, 2011). The intuition for this result is simple: the majority of
people at the lowest deciles do not own a car, and thus, their spending on
fuel is relatively low; as income increases, the share of the population that
demands fuel for their vehicles increases. This result is striking because fuel
taxes are typically avoided based on equity grounds. However, it should be
stressed that this finding does not take into account the negative effects that
a gasoline tax may have on the poor through fuel-intensive sectors such as
public transport and the once-and-for-all effect on consumer prices. This issue
merits further study that extends beyond the scope of this paper. However, a
plan in which a share of fuel revenue is used to compensate poor households
through the subsidization of public transport might yield a better outcome in
terms of lower external damages, including those related to the environment
and human health.
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