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The Distributional Impacts of
Energy Taxes

William A. Pizer* and Steven Sexton®

Introduction

Economists have long favored pollution taxes and pollution permit trading to control harm-
ful emissions from energy production and consumption. These market-based mechanisms
are generally preferred to more prescriptive instruments such as technology, emissions, and
fuel economy standards because they achieve emissions reductions at the least cost. The
evaluation of the efficiency characteristics of these market-based policies relative to
command-and-control regulation has occupied much of the theoretical and empirical eco-
nomics literature on pollution control.

By imposing opportunity costs on pollution emissions, market-based policies tend to raise
the price of energy based upon the pollution attributed to the marginal fuel unit. This
transmission of the pollution cost into commodity prices, which is common to both permit
trading programs and taxes (and which we will refer to throughout this article simply as
“taxes”), guarantees least-cost pollution control.

However, energy price increases can undermine equity objectives, posing an equity-
efficiency trade-off often considered in public economics. In particular, the conventional
wisdom is that the poor will be more burdened by energy price increases than the wealthy.
These disparate impacts across the income distribution (i.e., vertical equity impacts) are
believed to have diminished enthusiasm for energy taxes among policymakers (e.g.,
Mankiw 2009; Metcalf 2009a; Grainger and Kolstad 2010).

The distribution of energy tax burdens can also vary significantly within income groups.
Such variation may arise from differences in transportation patterns and housing character-
istics among households with similar incomes. Despite these differences within income
groups, only a few studies address the horizontal (i.e., within income group) equity of energy
taxes (e.g., Poterba, 1989 and Rausch, Metcalf, and Reilly, 2011).

When concerns about the equity impacts of energy taxes arise, it is commonly assumed that
they can be addressed by redistributing the government revenues from pollution taxes or
permit auctions. These revenues, as well as rents accruing to firms, can dwarf the net policy
costs to society, suggesting significant potential for environmental policy to create both
winners and losers. For example, Murray et al. (2015) estimate that if implemented, the
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Obama administration’s proposed regulation of carbon emissions in the U.S. power sector
would generate rents approaching $200 billion per year, whereas the costs of the regulation
would be only $0.5 billion. How these rents would be allocated has significant distributional
implications (Metcalf 2009b).

Amid the increased focus of researchers and policymakers on market-based pollution
control policy and its distributional impacts, this article explores the distributional impacts
of energy taxes and what they imply for both the design of energy taxes and the choice between
taxes and other policies. We examine what lessons can be learned from the literature on
distributional impacts and from a simple analysis of consumption surveys in select countries.
We are particularly interested in how these impacts vary depending on the commodities
subject to the tax, the characteristics of regulated jurisdictions, how distributional impacts are
measured, and how the tax revenue is handled. Given the relatively scant attention in the
literature, we also examine the variation in tax burdens among households with similar
incomes.

We draw five general conclusions from this assessment. First, when revenue use is not
considered, energy taxes may or may not have a disproportionate effect on poor households,
contradicting conventional wisdom. Second, these distributional impacts—whether regres-
sive or not—may be small enough to be far outweighed by the efficiency argument for energy
taxes. Third, to the extent that we are indeed concerned about impacts acrossincome groups,
the available tax revenue provides a straightforward option for addressing such concerns.
Fourth, we find the variation in distributional impacts within income groups to be significant.
Finally, in contrast to impacts across income groups, these effects may be more difficult to
ameliorate.

Although our discussion concerns energy taxes broadly, and is particularly relevant to
carbon tax proposals. As Metcalf (2009a) and others have observed, “A carbon tax is in
large measure an energy tax,” and energy combustion is the predominant source of
human-caused carbon emissions. Moreover, nonenergy sources are often not subject
to regulation under existing and proposed climate policies (European Environment
Agency 2011). Thus our conclusions directly inform the ongoing debate over the design
of carbon pricing policies as well as the choice between carbon pricing and other forms of
regulation.

This article is part of a symposium on the distributional effects of environmental policy.'
We begin by reviewing the vertical equity impacts of the direct and indirect effects of energy
taxes. Direct effects refer to the rise in energy prices in response to energy taxes. Indirect effects
refer to changes in product prices and behavioral responses that both reduce energy use and
affect the return to capital. We consider how these effects vary across countries, regulated
energy commodities, and methods of measuring impacts. We next consider mechanisms to
address vertical inequities before turning to a discussion of horizontal equity, including
possible methods for addressing horizontal equity concerns. We conclude with a summary
of our findings and implications for policymakers.

"The other articles are Fullerton and Muehlegger (2019), which discusses the distributional effects of envi-
ronmental taxes and other nontax regulations, and Hsiang, Oliva, and Walker (2019), which examines the
distribution of environmental damages.
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Impacts of Energy Taxes Across Income Groups

Energy taxes are commonly assumed to be regressive (e.g., Metcalf 2009a; Rausch, Metcalf,
and Reilly 2011; Williams et al. 2015), burdening the poor more than the rich. That is, raising
the cost of fuels and energy-intensive goods implies a larger percentage decline in overall
consumption for poorer households because those goods often comprise relatively large
shares of low-income households’ budgets. Much as poor households are known to spend
relatively large shares of income on food, so too are they thought to devote relatively large
shares of their budgets to energy consumption, a necessity in the developed world second only
to food. The poor are also likely to own older vintages of energy-consuming durable goods
such as household appliances and automobiles, which are less energy efficient than the newer
models adopted by rich households.

Moreover, as Fullerton (2011) observed, the direct effects of policy-induced price increases
on taxed products may be compounded by indirect and general equilibrium effects (e.g., a
decline in wages relative to capital returns caused by capital-intensive pollution abatement).
Because poor households generate a greater share of income from wages, they are particularly
harmed by relative wage declines. A tradable permit regime also confers rents to firms, which
are owned predominantly by wealthy families. Fears of such regressive impacts figure cen-
trally in the political economy of pollution control and, in particular, in climate change
mitigation. Recasting a challenge posed by Baumol and Oates (1988) two decades earlier,
Fullerton (2011) urged researchers “to determine whether these fears are valid, and whether
anything can be done about them—other than to forego environmental improvements.”

In response, a relatively recent literature has emerged that suggests emissions taxes and
tradable permits are not always regressive (e.g., Cronin, Fullerton, and Sexton, forthcoming;
Fullerton, Heutel, and Metcalf 2012; Parry, Morris and Williams 2015). Indeed, these studies
find that the distributional impact of energy taxes depends upon the fuels and pollutants that
are targeted, the characteristics of the taxed populations and their communities, how house-
hold income is measured, and, importantly, how policy-generated resource rents are distrib-
uted. We first consider the distributional consequences of the direct and indirect effects of
energy taxes and then discuss how distributional impacts can vary depending upon how they
are measured and how policymakers choose to distribute rents.

Direct Effects of Energy Taxes

The vertical equity (i.e., the burden across income groups) of direct energy tax impacts is
generally assessed by comparing average energy expenditures of households grouped accord-
ing to annual income or annual expenditures. Energy taxes are considered to be regressive if
the average shares of total expenditures (or income) allocated to energy consumption de-
crease as income increases across groups, which means poor households bear more of the tax
burden than rich households. Data from the 2014 U.S. Consumer Expenditure Survey
(Bureau of Labor Statistics 2014) confirm the conventional wisdom that general energy taxes
in the United States are regressive. The average household in the lowest annual expenditure
decile devotes nearly 15 percent of its budget to purchases of electricity, natural gas, gasoline,
and other fuels, whereas the average household in the highest expenditure decile spends only
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Figure | Average U.S. household energy expenditure as a percentage of total expenditure by expenditure
decile.

Notes: Decile | is poorest, 10 is richest.

Source: Bureau of Labor Statistics (2014).

5 percent on energy. As shown in figure 1, energy expenditure shares decline monotonically
across expenditure deciles.

Electricity taxes

Electricity consumption drives much of this regressivity. U.S. households in the poorest
decile devote nearly 7 percent of total spending to electricity, more than triple the electricity
spending for the wealthiest decile. The share of average household spending on electricity
consistently declines across expenditure deciles, as shown in panel A of figure 2.

This phenomenon is not unique to the United States. Virtually every country-level con-
sumption survey exhibits a similar pattern. For example, data from the UK Living Costs and
Food Survey (Office of National Statistics 2014) reveals that the variation in average budget
shares across the poorest and richest households is even greater than in the United States.
Panel B of figure 2 shows that the electricity budget share of total expenditures declines from
approximately 8.8 percent among the poorest households to barely 1 percent among the
wealthiest.

An analysis of consumption data from Mexico’s 2012 National Survey of Income and
Expenditure (Instituto Nacional de Estadistica y Geografia 2012) shows a more modest
decline, from nearly 2 percent among the poorest households to just over 1 percent for the
wealthiest (see panel C of figure 2). Electricity expenditure shares in Mexico are smaller than
in the United States and the UK, particularly for poor households, which likely reflects
differences in the countries’ electricity prices and incomes.

More generally, Flues and Thomas (2015) find that electricity taxes are almost universally
regressive across 21 Organization for Economic Cooperation and Development (OECD)
countries. This regressivity has become more pronounced in recent years as electricity prices
have increased around the world. In the UK, for instance, household spending on electricity
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Figure 2 Average household electricity and motor fuels expenditures as percentage of total spending for
the United States, the UK and Mexico, by expenditure decile.

Notes: Decile | is poorest, 10 is richest.
Sources: Instituto Nacional de Estadisticay Geografia (2012), Office of National Statistics (2013), and Bureau

of Labor Statistics (2014).

increased 43 percent from 2002 to 2012, with the average household’s electricity budget share
growing more than 50 percent (Office of National Statistics 2014). The poorest quintile of
households spent 11 percent of their income on household energy in 2012, up from 8 percent
in 2002, while the richest quintile spent just 3 percent in 2012, up from 2 percent in 2002.
There are similar patterns in other European countries (Eurostat 2013; BDEW 2016). In the
United States, however, electricity prices have remained unchanged and have even begun to
fall in real terms due to the expansion of domestic natural gas production (Energy
Information Administration 2016).
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This pattern can vary in lower-income countries. Despite Mexico’s warm climate, elec-
tricity budget shares in Mexico are relatively low and decline only modestly with income,
likely due to lower household income and the resulting low air conditioner penetration rates
(Davis, Fuchs, and Gertler 2014). In other, poorer countries where rates of residential elec-
trification are low, electricity budget shares are likely to be higher for wealthier households,
which implies that electricity taxes are progressive.

Transportation fuel taxes

In contrast to electricity consumption patterns, transportation fuel consumption across in-
come levels suggests that taxes on gasoline and diesel fuels are less regressive than electricity
taxes. In the United States, for example, average budget shares vary by only 1.5 percentage
points across deciles (with the exception of the highest expenditure decile). The poorest
households spend on average 6.5 percent of their budgets on gasoline while the richest spend
only 3 percent (Bureau of Labor Statistics 2014). In contrast to electricity expenditure shares
in the United States, gasoline expenditure shares do not decline monotonically across ex-
penditure deciles (see panel D of figure 2).

In some countries, the direct impacts of fuel taxes appear to be progressive. For example, in
Mexico, gasoline expenditure shares increase with income up to the last income decile, sug-
gesting that the direct effects of gasoline taxes in Mexico are generally progressive (Instituto
Nacional de Estadistica y Geografia 2012). The poorest households spend less than 1 percent of
their annual budgets on gasoline consumption, while households in the second-to-highest
decile spend more than 4 percent of their budgets on gasoline purchases (see panel F of
figure 2). Gasoline consumption in the UK, however, exhibits a different pattern, with the
greatest expenditure share (4 percent) incurred by households in the middle of the income
distribution (the sixth expenditure decile). The richest and poorest households spend 2.2
percent and 1.5 percent of their respective budgets on gasoline (see panel E of figure 2).

More generally, the variation in gasoline expenditure patterns indicates that the distribu-
tional impacts of the direct effects of transportation fuel taxes are determined by individual
country characteristics, including vehicle ownership rates and worker commuting patterns.
The direct impacts of such taxes are regressive in Austria, Switzerland, Spain, and France,
among others (Flues and Thomas 2015). However, Flues and Thomas (2015) find that the
taxes are progressive in Turkey, where an estimated one in four of the poorest households
operates a motor vehicle, compared with three in four of the wealthiest households. The
direct effects of transportation fuel taxes are also estimated to be progressive in Chile and
Hungary, as well as China, Costa Rica, and Brazil. In Ethiopia, where modern transportation
in any form is beyond the reach of the poorest households, a transportation fuels tax is
strongly progressive, as it is in Ghana and Kenya (Sterner and Carlsson 2012; Flues and
Thomas 2015).

While the direct effects of transportation fuel taxes tend to be increasingly progressive in
poorer countries, there is heterogeneity among wealthy countries, likely due to commuting
patterns. That is, such taxes are regressive in the United States; fairly neutral in the UK,
Germany, and France; and progressive in Sweden (Sterner and Carlsson 2012; Office of
National Statistics 2013; Flues and Thomas 2015). In the United States, for example, low-
income individuals are likely to own automobiles that they drive relatively long distances for
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work commutes, while in much of Europe, long commutes are less common (Stutzer and
Frey 2008). Moreover, robust public and mass transit systems in Europe lower the share of
private vehicle use (Haghshenas and Vaziri 2012). This suggests that poor households in the
United States may be particularly disadvantaged by gasoline taxes.

Heating fuel taxes

Flues and Thomas (2015) generally find that heating fuel taxes are slightly regressive across 21
OECD countries, although in some countries (e.g., Germany), the taxes are estimated to be
progressive. The regressivity of heating fuel taxes is diminished when poor households live in
smaller and multifamily homes with less area to heat and less heat loss (Herndndez 2014). On
the other hand, the regressivity of heating fuel taxes may be exacerbated if poor households
live in older, less efficient housing stock and own older, less efficient household appliances
(Hernandez 2014). For example, in India and Tanzania, taxes on biomass and kerosene are
highly regressive (Datta 2012; Mkenda, Mduma, and Ngasamiaku 2012).

Differences in home heating demand and technologies may explain the disparate patterns
of natural gas expenditures between the UK and Mexico. Natural gas budget shares consis-
tently decrease across expenditure deciles in the UK, where households are relatively depen-
dent upon natural gas for home heating and where home heating demand is relatively high
(Palmer and Cooper 2013; King Abdullah Petroleum Studies and Research Center 2015;
Parliamentary Office of Science and Technology 2015). In contrast, Mexico has lower natural
gas demand for home heating due to its relatively warm climate and the relatively low heating
capital adoption (and natural gas access) among Mexico’s poor (King Abdullah Petroleum
Studies and Research Center 2015; International Energy Agency 2017). Thus our analysis
shows that natural gas budget shares consistently increase across Mexico’s expenditure
deciles.

Indirect Effects of Energy Taxes

Assessments of the direct distributional effect of energy taxes are straightforward because they
rely only on survey data about household consumption by income group. But by ignoring the
indirect effects of these taxes, including both the rising price of energy-intensive goods and
potential behavioral responses, such assessments can present an incomplete and distorted
view of distributional effects. In Mexico, for instance, the direct effect of transportation fuel
taxes is progressive. However, because such taxes are likely to increase the cost of public
transportation and taxi services that comprise larger expenditure shares for the poor than the
rich, the effect of transportation fuel taxes net of these indirect effects is slightly regressive
(Sterner and Lozada 2012).

The indirect effects of energy taxes may not be obvious ex ante. For instance, the indirect
effects of transportation fuel taxes may not differ from the direct effects, as in Europe, or they
may compound the direct effects, as in poor countries like Ethiopia and China. In some
countries, like Costa Rica, the net effects can depend upon which transportation fuels are
taxed; a gasoline tax is progressive whereas a diesel tax disproportionately harms the poor by
raising the costs of the public transportation upon which they rely (Mekonnen, Deribe, and
Gebremedhin 2013; Sterner and Cao 2012; Sterner and Carlsson 2012).
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There are two main approaches for assessing indirect effects: a simple, relatively transpar-
ent approach based on input—output tables and a more complex but realistic approach based
on modeling the behavior of energy users and other actors in the economy.

Input—output methods

The first approach follows Fullerton (1996) and Metcalf (1999), using input—output (I-O)
matrices that relate industry outputs to the inputs of other industries. These studies specif-
ically model how higher energy costs ripple through the economy and thus affect the costs of
producing myriad goods and services for which primary energy is an input. However, these
analyses also include the simplifying assumption that the amount of energy used to produce
each good and service remains the same despite higher energy prices. Fullerton (1996) and
Metcalf (1999) show that whereas low-income households are disproportionately impacted
by the direct impacts of some energy taxes (because of the relatively large budget shares they
devote to some direct energy expenditures), they are likely to be less affected by indirect
impacts than high-income households (precisely because of the correspondingly lower bud-
get shares low-income households devote to nonenergy expenditures, which are where in-
direct impacts occur).

This means that including an accounting of these indirect effects is likely to increase the
perceived progressivity of energy taxes (Hannon et al., 1978; Herendeen, Ford, and Hannon
1981). The burden imposed by the indirect effects can be substantial. For example, Bull,
Hassett, and Metcalf (1994) evaluate the direct and indirect effects on U.S. households of a
$0.27 per British thermal unit (Btu) tax on select energy commodities, including coal, gas-
oline, natural gas, and electricity. They find that the tax directly increases the cost of the
energy commodities by 3—-16 percent and induces indirect cost increases on other goods
ranging from 1 to 2.5 percent. They estimate that more than half of the average household
burden of the Btu tax is attributable to indirect tax impacts. Thus, while the direct effect of the
tax is regressive, the progressive indirect effects result in a tax whose net (indirect + direct)
burden is approximately proportional across income groups, or neutral with respect to
distribution.

Mathur and Morris (2014) also use I-O matrices to estimate the distributional impact of a
$15 per ton tax on carbon dioxide (CO,) emissions. They find that indirect effects constitute
less than one-third of the tax burden for households in low-consumption deciles and more
than half of the total burden for households in high-consumption deciles. Nevertheless, when
indirect effects are included in their distributional analysis, the energy (i.e., carbon) tax
appears to be modestly regressive, with poor household expenditures increasing more than
2 percent while rich household expenditures rise by 1.3 percent. Indirect tax impacts are
greatest among the air transport, other transport, automotive parts, food at work, and rec-
reation expenditure categories of the U.S. Consumer Expenditure Survey, reflecting impacts
on discretionary spending (Mathur and Morris 2014).

Because I-O analyses ignore behavioral changes, namely substitution away from inputs and
consumption goods and services that become costlier due to an energy tax, they should be
considered only first approximations of tax impacts. As Hassett, Mathur, and Metcalf (2011)
note, higher prices for industrial inputs and consumer products will induce substitution away
from carbon-intensive items. This substitution erodes the carbon tax base, but it lowers the
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burden of the tax by less than tax collections fall because of the costs of tax avoidance
behavior. Because I-O analyses do not consider behavioral changes, they are better for ex-
amining tax impacts in the short run, when options for avoiding higher prices are fewer and
costlier, than in the long run.

Addressing behavioral changes

The second approach to assessing indirect effects tackles these behavioral changes head on,
providing more realistic estimates, but at the expense of additional assumptions, larger data
requirements, and greater complexity. In the longer run, behavioral changes to avoid energy
taxes, such as substitutions away from energy-intensive goods and services, make energy
demand more elastic, lowering the impact of the tax on consumer welfare relative to the
short run. Elastic demand also implies that tax-induced price increases may not be fully
passed onto consumers; rather they may be passed backward onto the owners of capital
and energy resources (e.g., Fullerton, Heutel, and Metcalf 2012; Rausch, Metcalf, and
Reilly 2011). In fact, studies using computable general equilibrium (CGE) models that ac-
count for behavioral changes suggest that regressivity is overstated in short-run analyses to
the extent that owners of capital and natural resources have higher incomes. This is because
the decline in returns to capital and natural resource ownership disproportionately impacts
the rich (Bovenberg and Goulder 2001; Metcalf et al. 2008).

Measurement Issues: Consumption versus Income Measures

Determining the distributional effects of energy taxes depends upon how income is mea-
sured. Ranking households by annual expenditures—or consumption—is generally pre-
ferred to rankings based on annual income, because expenditures correspond more closely
to lifetime income (Poterba 1991). Annual income is subject to shocks due to spells of un-
employment and exit from the workforce due to health problems and changes in family
conditions. These shocks shift into the ranks of low-income households those individuals
that experience idiosyncratic low income but are otherwise not poor. Moreover, annual
income exhibits well-known life cycle patterns in earnings and asset accumulation, which
cause annual income to poorly reflect the lifetime income of some subsets of the population
(e.g., young workers, the elderly). Annual expenditure is a better measure of lifetime income
than annual income because of the Permanent Income Hypothesis (Friedman 1957), which
asserts that households smooth their consumption across lifetimes and across idiosyncratic
shocks to income by accessing credit or drawing down savings during periods of low income.

Calculations of the incidence (i.e., distributional impact) of energy taxes that rely on
annual income rather than annual consumption tend to exhibit greater regressivity of elec-
tricity, gasoline, and broad-based energy taxes (e.g., Poterba 1989; Bull, Hassett, and Metcalf
1994; Sterner and Carlsson 2012). For example, Sterner and Carlsson (2012) finds that re-
gressivity is increased when income-based measures are used for incidence analysis of taxes in
France, Germany, Spain, Sweden, and the UK. Fuel taxes in Germany and Sweden are re-
gressive when income strata are used, but they are progressive when households are ranked by
expenditures. In China, however, the use of expenditure strata causes progressive taxes to
appear more neutral than suggested by income strata (Sterner and Carlsson 2012).
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Addressing Equity Concerns Across Income Groups

What can be done when energy taxes lead to undesirable distributional impacts across income
groups? There are three possible options: accept (i.e., ignore) the distributional impacts,
choose other tax rates or policies, or make use of tax revenues to adjust outcomes. The first
option arises because, although energy taxes may introduce undesirable disparities, these
disparities may be so small that overriding efficiency considerations is not justified. In some
countries, including Finland, France, Ireland, Mexico, and Spain, energy expenditure shares
are 5 percent or less for the poorest 20 percent of households, implying an annual direct
burden of only several hundred dollars even from energy taxes that increase energy costs by 50
percent (Sterner and Carlsson 2012). This is also generally true of regressive electricity taxes,
with, for example, U.S. and Mexican households spending on average only 4 percent and 2
percent of their annual budgets, respectively, on electricity. These small expenditure shares
limit the magnitude of any undesirable impacts from the direct effect of energy taxes, re-
gardless of differences in expenditure shares across poor and rich households.

If it is determined that distributional issues must be addressed, one could instead advance
fuel-specific, sector-specific, or source-specific policy—for example, by setting lower tax rates
on fuels, sectors, and sources that have larger effects on poor households. However, one of the
basic tenets of microeconomics dictates that efficient pollution control policy not preferen-
tially target particular sources of emissions because least-cost pollution abatement requires
that all polluters face a common price per unit of pollution. Fowlie, Knittel, and Wolfram
(2012) illustrate this principle, showing that stricter regulation of pollution from smoke-
stacks relative to emissions from automobile tailpipes raises the cost of pollution abatement
in the United States by $1.6 billion annually.

A third option arises because energy taxes generate revenues that the government can use to
achieve its objectives, including neutralizing the distributional impacts of the taxes them-
selves (e.g., through new government transfer programs or adjustments to existing taxes and
transfers). Several studies have examined how the distributional impact of energy taxes
changes depending upon how energy tax revenues are used (Metcalf 2009b). Mathur and
Morris (2014) estimate for the United States that if 11 percent of the revenues from a $15 tax
per ton of CO, were returned to the poorest 20 percent of households, then the tax would
make these households, on average, no worse off. Similar results can be achieved under a
tradable permit program if the government auctions the permits to generate revenues.

The way in which energy tax revenues are used can have important efficiency implications,
too. Much as the initial choice of tax instruments over other policies can create efficiency and
equity trade-offs, so too can secondary decisions about the expenditure of tax revenues.
Uniform payments across households tend to yield tax and rebate packages that are progres-
sive. However, that same revenue could be used instead to cut other, distortionary taxes, thus
raising overall welfare relative to uniform payments. For instance, several studies in the
United States have found that using carbon tax revenue to finance a reduction in marginal
income tax rates would reduce distortions in the labor market and the associated disincentive
to work. Although this creates a welfare gain in that market and dramatically lowers the cost of
the energy taxes, it does so at the cost of burdening the poorest households three times more
than the richest households (Goulder 1995; Parry and Bento 2000; Rausch, Metcalf, and Reilly
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2011; Dinan 2012; Rausch and Reilly 2012). This suggests that the most efficient use of
pollution tax revenues is unlikely to also be the most equitable.

Dinan (2012) examines alternative revenue and expenditure mechanisms to address dis-
tributional concerns and highlights the challenges of ensuring that low-income households in
the United States are made no worse off by the tax and that economy-wide costs are mini-
mized. For example, she finds that a revenue-neutral payroll tax rebate on the first $3,660 of
earnings would return $560 per worker, which is sufficient to compensate the average low-
income household for the cost of a $28 per ton tax on CO,. Thus such a tax reform would be
progressive across households with earnings, providing benefits that constitute a greater share
of income to poor households. However, households with no earnings—just less than half of
all households in the lowest fifth of the income distribution—would receive no compensa-
tion. The recycling of revenues from pollution taxes through increased generosity of existing
government transfer programs (e.g., the Earned Income Tax Credit and Temporary Aid to
Needy Families in the United States) could also reduce the regressivity of an energy tax, but
transfer program participation varies considerably even within low-income deciles (Dinan
2012).

Metcalf (1999) proposes a potential revenue-neutral, nonregressive pollution tax swap in
the United States whereby $126 billion in revenues is raised from pollution taxes on carbon,
sulfur dioxide, nitrogen oxide, and particulate matter emissions and from gasoline and diesel
purchases. These revenues are then used to fund a 4 percent across-the-board income tax cut,
a $150 income tax credit per person, and an exemption from payroll taxes for the first $5,000
in earnings. The net effect of the tax swap is to reduce the progressivity of the tax system. Still,
the tax burden for all households changes by less than 0.5 percent of annual lifetime income,
which suggests the tax swap has only a small distributional impact.”

Impacts of Energy Taxes on Horizontal Equity

The emphasis in the literature on impacts across income groups (i.e., vertical equity) ignores
the distribution of welfare changes for households within income groups (i.e., horizontal
equity). For example, a payroll tax reduction financed by an energy tax may raise the income
of some households in the lowest income decile but lower the incomes of others in the same
decile (e.g., those who are unemployed). Heterogeneity of impacts within income groups
does not affect evaluations of the regressivity of energy taxes. Nevertheless, such unequal
policy treatment of households with similar incomes may have implications for social welfare
or the policymaker’s objective. There is interest in heterogeneous policy impacts across
regions, for instance, Bull, Hassett, and Metcalf (1994), Blonz, Burtraw, and Walls (2010),
and Mathur and Morris (2014).

Within broad income categories such as quintiles or deciles, household incomes will vary
nontrivially. But even for households with identical incomes, energy tax impacts may vary
due to household characteristics. For example, a household located in a temperate, coastal
region whose earners walk to work consumes less energy for home heating and transportation
than a household located in an area with a harsher climate and earners who rely upon lengthy

*The progressivity could be enhanced by scaling payroll tax exemptions to family size and increasing the
refundable tax credit to $300 per exemption (Metcalf 1999).
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work commutes via personal vehicles. An energy tax on transportation or home heating
energy will impact the two households differently. Generally the impacts of energy taxes
and any revenue recycling will vary across households with similar incomes due to differences
in climate, characteristics of the electricity-generating fleet and housing stock, and the energy
efficiency of household durables, as well as commuting distance, transportation infrastruc-
ture, income sources, and participation in transfer benefit programs, among other character-
istics. While capital investments such as purchases of energy-efficient durables, as well as
other household adjustments such as relocation to a milder climate, can mitigate the burden
of the energy tax over time, such behaviors themselves constitute burdens.

This potential for significant variation in impacts within income groups is not mitigated by
common proposals for addressing vertical equity. In the remainder of this section we will
examine the extent of tax treatment disparities among households with similar incomes and
identify mechanisms for minimizing horizontal inequities. First, however, we consider the
relevance of such disparities for social welfare and policymakers’ objectives.

Horizontal Equity, Social Welfare, and Policymaker Objectives

The utilitarian social welfare framework, which dates back at least to Bentham (1789), asserts
the diminishing marginal utility of income that motivates policy interest in the vertical equity
of tax changes. Less established is the theoretical foundation for horizontal equity. Musgrave
(1959, 1990) asserts the seemingly appealing notion that policy should treat equals equally,
which suggests that tax impacts should be uniform for households similarly situated along the
income distribution. But as Kaplow (1989, 1992) argues, tax impacts vary across households
with similar incomes not because of government arbitrariness, but rather because of house-
hold differences in other dimensions, such as sources of income, family size, home character-
istics, and behaviors. An emphasis on horizontal equity also violates the Pareto principle by
implicitly favoring homogeneous income changes over those that may yield higher but het-
erogeneous income changes. Finally, horizontal equity concerns implicitly prioritize or value
status quo ante income distributions, which can be arbitrary. Such criticisms not withstand-
ing, horizontal equity does enter into the social welfare functions of Slesnick (1989),
Auerbach and Hassett (2002), and Bourguignon (2011).

Regardless of the philosophical debate concerning the ethical basis for horizontal equity, it
may be of concern to policymakers for political economy reasons. That is, a progressive tax
reform is likely to be viewed less favorably if progressivity is achieved through gains to a small
fraction of poor households but losses to the majority of the poor. Cronin, Fullerton, and
Sexton (forthcoming), for instance, show that several potential carbon tax and rebate reforms
achieve progressivity in precisely this way—imposing small losses on most families in low
consumption deciles. The share of winners versus losers and the magnitudes of their gains and
losses may also have political implications. Political support for a policy may require a broad
set of winners within income classes. Alternatively, the minority that has much to gain or lose
from policy reform may be more likely to attempt to influence political outcomes. For ex-
ample, strong opposition to energy taxes from small fossil energy—producing regions may
discourage implementation of such a policy even if that policy is favored by a much larger
group of non-fossil energy—producing regions.
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Variation in Energy Tax Effects Within Income Groups

Although the literature investigating the heterogeneity of energy tax effects within income
groups is limited, the evidence suggests that the variation in tax treatment could be large. In
one early contribution to this literature, Poterba (1991) finds considerable within-decile
variation in gasoline expenditure shares in the United States even though gasoline expendi-
ture shares do not vary considerably across income groups. Poterba (1991) also shows that
variability in expenditure shares is greatest among low-income groups. One-third of house-
holds in the lowest income decile incurred no gasoline expenditures, but they accounted for
more than 10 percent of total expenditures for about one-sixth of households in the lowest
decile. In contrast, in the highest income decile, all households incur some gasoline expenses
but none spend more than 10 percent of their annual budgets on gasoline. Thus it is not
surprising that in a simulation of the effects of a carbon tax in the United States, Rausch,
Metcalf, and Reilly (2011) find significant variation in burdens within income groups, par-
ticularly among low-income groups. Indeed, they find that the variation in impacts among
the poorest households in the lowest income decile exceeds the variation in average impacts
across income groups.

An examination of consumption survey data in the United States, the UK, and Mexico
reveals the same kind of variation in electricity and gasoline expenditures. Using microdata
from national consumption surveys in these countries (Instituto Nacional de Estadistica y
Geografia 2012; Office for National Statistics 2013; Bureau of Labor Statistics 2014), we find
that energy expenditures vary considerably within income groups. For each expenditure
decile and each country, figure 3 shows the interquartile range of electricity and gasoline
expenditure shares (from the 25th to the 75th percentile, “the box”) along with the range of
values that are within 1.5 times the interquartile range (“the whiskers”).

For electricity, we find a consistent pattern of considerable within-decile variation. Variation
in expenditure shares decreases across consumption deciles. For the United States and the UK,
the variation in average electricity expenditure shares across deciles is comparable to the within-
decile variation, indicating that horizontal equity impacts vary as much as vertical equity
impacts. Electricity expenditures are as high as 20 percent of budgets for some households in
the lowest consumption decile, while others have no direct expenditures. In the UK, some of the
households with the least consumption have negative expenditures, reflecting their eligibility
for various rebate programs. In Mexico, electricity taxes would have greater effects on hori-
zontal than vertical equity, as the across-decile variation is small while the within-decile var-
iation remains comparable to the United States and the UK.

Gasoline expenditure data also suggest that a fuel tax would have greater impact on hor-
izontal than vertical equity. In the UK and Mexico, a very large number of consumers incur no
direct expenditures on gasoline, including at least 75 percent of households in the lowest
consumption decile. In the United States, relatively few households have no gasoline expen-
ditures. The range of expenditures incurred by the middle 50 percent of households in the
lowest consumption decile nearly covers the middle 50 percent range for every other con-
sumption decile.

To put these figures into perspective, the level of and variation in energy expenditures
within consumption groups identified in these three countries is greater than the level of and
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Figure 3 Within-decile variation in electricity and gasoline expenditures, by total expenditure decile.
Notes: For each decile (I = poorest, |10 = richest), the shaded box shows the interquartile range (IQR) with
the median indicated by a line; the whiskers show the range of values within |.5 times the IQR on either side of
the box.

Sources: Instituto Nacional de Estadisticay Geografia (2012), Office of National Statistics (201 3), and Bureau
of Labor Statistics (2014).

variation in tobacco or alcohol expenditures in the United States. However, the magnitude of
the tax burdens depends not only on this direct calculation, but also on the cost of tax
avoidance behaviors. That is, if households can substitute away from energy consumption
at low cost, then the burdens will be small and the different tax impacts across households
within income groups will not introduce much variation in welfare impacts. If, however, the
costs of tax avoidance are high, then heterogeneous energy expenditures imply relatively large
disparities in welfare impacts.
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Some variation in energy expenditures is attributable to regional variations in climate and
geography (Aldy et al. 2010; Rausch, Metcalf, and Reilly 2011), although it is not clear how
much variation is due to these characteristics (Pizer, Sanchirico, and Batz 2009). Such phys-
ical characteristics are presumed to be costly to change; doing so would require households to
move and change places of employment. Changes to appliance settings and utilization of
home energy services may be relatively costless, particularly in the short run, but the limited
research that is available suggests that such adjustments are responsible for only a small
fraction of variation in energy expenditures (Pizer, Sanchirico, and Batz 2009).

Mechanisms for Achieving Horizontal Equity

If policymakers value horizontal equity in principle, they may nevertheless have limited
capacity to achieve it. Unlike efforts to address the vertical equity effects of energy taxes,
whereby compensation targets households by income, addressing horizontal equity effects
requires compensation that targets energy use itself (or reasonable proxies for energy use).
Directly targeting compensation to high-energy-using consumers implies a lower energy tax
rate for at least some households, but this undermines efficiency. One could instead base
compensation on historical energy use rather than current energy use. This could avoid
efficiency losses if such transfers are not expected by households and it is clear that they
will be made only once. Nevertheless, such one-time transfers would undercompensate
forward-looking households who made investments to lower their exposure to future energy
taxes, while myopic households would be rewarded for not anticipating the policy.

Another option for addressing horizontal equity concerns would be to focus on the var-
iation in the impacts of energy taxes that is due to geographic location or other proxies. For
example, the federal government could rebate some portion of the energy tax revenue to
households through states, counties, or perhaps utility service areas in well-defined geo-
graphic areas. Based on aggregate energy demand information for the region, such an ap-
proach could reduce inequality across regions. But it, too, would reduce energy tax efficiency
by decreasing incentives to migrate to low-energy-consuming regions. It is possible, however,
that such a decrease in incentives would not be significantly distortionary because it would
not affect the migration decisions of many households. More importantly, such a region-
specific policy would not address other, larger sources of inequity within income groups
(Pizer, Sanchirico, and Batz 2009).

Finally, policymakers could choose a lower energy tax rate and/or other policies. That is, if
the concern over unequal effects within income groups is significant and otherwise difficult to
address, policymakers could choose not to create the unequal effects in the first place.
Regulations that do not raise the price of energy may be more costly to society, but they
have considerably smaller distributional effects (Fischer and Pizer, forthcoming).

Conclusions and Policy Implications

Energy taxes and tradable permit programs, like those to limit CO, emissions, have unequal
effects both across and within income groups. These redistributions are a central concern in
policy debates, particularly given the common belief that such policies are regressive. We have
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reviewed the robust literature on distributional impacts across the income distribution and
used survey data to present our own analysis of the effects of energy taxes on vertical equity
and on horizontal equity. This exercise suggests several lessons and implications for
policymakers.

1. The direct effects of energy taxes are not always regressive. This is particularly true
for gasoline taxes in poorer countries. Although energy taxes are often assumed to puta
greater burden on poor households than rich households, this belief is not always cor-
rect. We have shown that the distributional impact of energy taxes depends upon several
factors. First, the regressivity of any energy tax depends upon the commodity that is
taxed. Electricity taxes tend to be highly regressive, whereas gasoline taxes are less re-
gressive, and in fact may be progressive in some settings and over some ranges of income.
Second, the overall level of economic development of the country implementing the tax
is important. Energy taxes in general, and gasoline taxes in particular, tend to be pro-
gressive in less-developed countries because the poor may not have electrified homes or
access to automobiles or affordable public transportation. Third, the incidence of energy
taxes varies according to the climate and cultural characteristics of jurisdictions, along
with features of the housing stock and transportation and electricity generation infra-
structure. This is why the regressivity of gasoline taxes varies across high-income
countries like the United States and the UK.

Regressivity is diminished when evaluated using proxies for lifetime earnings
(e.g., annual expenditures), which is widely considered by economists to better
measure the well-being of households. Regressivity is also generally reduced when
both direct and indirect tax effects are considered.

2. Evenif energy taxes have regressive impacts, this does not necessarily mean that there
should be cause for policy concern. To the contrary, in some settings, direct expen-
ditures on particular energy commodities account for only a small share of household
budgets. This limits the magnitude of distributional effects that are caused by energy
taxes and thus the losses to those poor households that are negatively impacted by
regressive energy taxes.

3. Unlike other forms of regulation, energy taxes generate revenues that can be used to
achieve distributional goals across income groups. This means that even in settings
where energy taxes would impose a greater burden on the poor, policymakers could design
a series of transfers or changes to other taxes in order to cause no harm to low-income
populations, at least on average, or make tax reform proportional or neutral to distri-
butions, or increase the progressivity of government tax and transfer programs. However,
policymakers often face a trade-off between accomplishing progressivity and achieving
maximum efficiency as they recycle revenue. Using energy tax revenue to cut existing taxes
that have the highest potential to raise welfare typically leads to less progressive outcomes.

4. Variation in energy expenditure shares is typically greater within than across income
groups. This intraclass variation tends to be greatest for the poorest households.
Moreover, this variation among households with similar incomes stems from differences
in climates, geography, built environment, and households’ characteristics and behav-
iors. Some behaviors can be easily changed to avoid higher tax burdens, but many
important characteristics cannot. On the one hand, this points to a potential for groups
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that are negatively impacted by energy taxes to mobilize political opposition to such
taxes. On the other hand, there is a long-standing ethical debate about the extent to
which horizontal equity should matter for social welfare or other policy objectives.

. Policymakers that are concerned about significant variation in the effect of energy

taxes within income groups may find such effects difficult to address. Compensation
could be tied to historic energy use or proxies such as location. However, such
approaches may be imperfect or impractical. In these cases, more costly (i.e., less effi-
cient) regulation may be needed in order to replace or scale back energy taxes in the first
place. Policymakers may also want to consider introducing energy taxes more gradually
to afford those households most harmed by the taxes cheaper options to reduce their
energy tax exposure.

In summary, traditional distributional concerns about energy taxes—that they dispropor-

tionately impact the poor—need not be a reason to avoid such taxes and/or to choose other
forms of regulation. The design of the tax policy can address real or perceived concerns about

impacts across income groups. However, energy taxes do lead to significantly different out-
comes among households within income groups that cannot be so easily addressed, which
may argue in favor of implementing lower energy taxes or other, nontax policies.
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