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Abstract

The share of gasoline consumption in household expenditures decreases with income,
gasoline demand being least elastic for low-income households. Based on this empirical
evidence for non-homotheticities, we develop a quantitative heterogeneous-agent gen-
eral equilibrium model to quantify the distributional consequences of oil price shocks.
Although oil price shocks have small aggregate effects, they hurt low-income households
considerably with costs to lifetime utility two to three times larger for those in the bot-
tom decile of income relative to those in the top decile. Additionally, the 2014/15 oil
glut depressed gasoline prices, which delivered comparable welfare benefits to the 2018
tax cuts.
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1 Introduction

Short-run fluctuations in oil prices and gasoline or energy, more broadly, draw considerable
attention from policymakers and the popular press for what those changes portend for con-
sumer well-being. The public debate commonly pictures a household that cannot change
its oil consumption much—for example, they must commute to work—which leaves them
vulnerable to any oil price change. Unlike the public perception of the effects of oil price
shocks, macroeconomic research has largely focused on the indirect or supply-side welfare
effects of oil prices through their impact on (market) production and inflation. However, the
evidence for the link between oil prices and the incidence of a recession is mixed.

We argue that by focusing on the supply-side effects on aggregates like output or infla-
tion, the macroeconomic literature has not addressed the distributional consequences of the
direct or demand-side effects of oil price shocks. To illustrate these distributional impacts,
we use data from the Consumer Expenditure Survey (CEX) to study households’ gasoline
consumption—the main form in which households purchase (processed) oil. We find that
among gasoline-using households, there is a robust negative relationship between income and
the share of a household’s budget spent on gasoline. Furthermore, gasoline demand appears
to be less elastic at the low end of the income distribution. The non-homotheticities of gaso-
line demand highlights the way in which exogenous fluctuations in the price of oil act as a
regressive income tax, disproportionately hurting low-income households.

We then incorporate these empirical findings into a dynamic heterogeneous-agent general
equilibrium model, in which households differ in their labor income and in their energy
usage. In particular, the decreasing propensity to consume gasoline is introduced via a
fixed minimum quantity of gasoline that must be consumed by all households in addition
to variable gasoline consumption. This inelastic part of a household’s gasoline consumption
can be interpreted as being required for commuting to work. Any quantity of gasoline
consumed beyond this minimum level enters a household’s utility as a complement to an
output good, which represents the remainder of the consumption basket. Furthermore, to
capture the direct effects of oil price shocks on households, we include in the utility function
home production that requires both energy and consumer durables.

We calibrate the model to match the joint distribution in household income and gasoline
expenditures. Using the estimated model, we can examine the welfare effects of a shock
to the gasoline price for any household in the income and gasoline usage distribution by
comparing a one-time oil price shock to a permanent change in the steady-state labor tax.

We find that the welfare of low-income households is almost twice as sensitive to the

gasoline price as that of high-income households. For example, a temporary increase of the



gasoline price from $2 to $3 per gallon is equivalent to a permanent labor tax hike of 0.5
percentage points for high-income households, whereas for poor households, it is equivalent
to a hike of 0.95 percentage points. Expressed in permanent labor tax changes, households at
the bottom decile of the income distribution would be willing to accept a labor tax increase
that is 4.5 times as high as those agreed to by households at the top decile of the income
distribution. This finding shows the important distributional consequences of the direct
effects of oil price shocks even in the short run.

As a case study, we consider the period in 2014-2015 when many oil-exporting countries
in the Middle East drastically expanded supply to put pressure on the US fracking industry.
This caused a sharp though, in the end, temporary decline in oil and gasoline prices. We
quantify the welfare benefits of this oil glut for almost all households to be at least as large
as the labor income tax cuts implemented with the Tax Cuts and Jobs Act of 2017. This
improvement is particularly strong at the lower end of the income distribution. In particular,
we find that the bottom decile benefited three times as much from that oil glut compared to
the 2017 tax reform.

Our paper adds to the macroeconomic literature on the effects of oil price shocks. Ex-
tensive reviews of this literature can be found, for example, in Barsky and Kilian (2004) and
Hamilton (2003). As emphasized by Edelstein and Kilian (2009), Barsky and Kilian (2004)
and Baumeister and Kilian (2014), there is some evidence that an important channel for the
oil price’s effect on output is through aggregate demand and, specifically, consumer spend-
ing. Several New Keynesian models have taken this approach by combining a role for oil in
firm or household demand with price rigidities and fluctuations in the oil price, for example,
Blanchard and Riggi (2013) or Kilian and Vigfusson (2017). We too focus on the direct,
household-side effects of these shocks. In our model, oil price shocks will have longer-lasting
effects because they depress investment in consumer durables that must be powered with
energy.

Our paper connects to a growing literature on the costs and benefits of energy taxes in
response to climate change, which takes as a starting point that a carbon tax is necessary to
internalize the negative externality from carbon emissions. For example, Golosov et al. (2014)
analyze a dynamic stochastic general equilibrium with an externality from fossil energy and
find that the optimal tax should be a bit higher than the most well-known estimates of
Nordhaus and Boyer (2000) and Stern (2007). An important question is whether such a tax
is regressive and, if so, how that regressivity can be offset through rebates of the proceeds or
by reducing other distortionary taxes (the so-called double dividend). For example, Metcalf
(1999) finds that a (regressive) carbon tax can be combined with changing other tax rates to

leave the overall income distribution unchanged, while Hassett et al. (2007) argues that these



carbon taxes are not that regressive to begin with when compared to relative lifetime versus
annual income. More recent work considers distributional consequences intergenerationally.
Fried et al. (2018) show there is a disagreement between current and future generations on
how the dividends of a carbon tax should be rebated, with current generations preferring
that the proceeds be refunded in a lump sum manner and future generations preferring that
other distortionary taxes be decreased. Similar intergenerational disagreements are present
in Leach (2009), Carbone et al. (2013), and Rausch (2013). Ready et al. (2020) study the
labor supply response embedded in commuting changes after gasoline price shocks in a two-
sector model. Ready (2018) studies the impact of oil supply uncertainty on asset prices when
oil enters the household utility function.

Many of these studies on the costs of energy taxes, while careful about distinguishing
between short- vs. long-run responses, are only able to compare welfare across different
steady states corresponding to different energy prices. For example, Bento et al. (2009)
offer an elaborate model of household demand for automobiles and gasoline consumption.
Households make a forward looking decision as to whether scrap their existing vehicle by
comparing its present discounted value relative to its scrap value. However, households
assume that “future rental values will be the same as the current-period rental values of
older vintages of the same vehicle type” (pg. 674). This assumption of myopic expectations
is not problematic for simulating the long-run effects of permanent change in gasoline prices.
It is problematic, as they write on pg. 674, “[i]f the policy involved government committing
to a path of varying gasoline taxes in the future, for example, a more complex modeling of
expected future prices might be called for.” Accurately capturing the short-, medium-, and
long-run effects of the time-varying gasoline prices is one of our primary areas of concern and
is why we consider a forward looking household with rational expectations at the expense of
a less elaborate consumer durable choice.

Papers closest to ours in this environmental literature, including Chiroleu-Assouline and
Fodha (2014) and Williams et al. (2015), focus on these cross-sectional differences in the
welfare effects of carbon taxes. However, there are a few important differences between
those and ours. Chiroleu-Assouline and Fodha (2014) is a purely theoretical exercise showing
there exists a Pareto-improving environmental tax reform, while Williams et al. (2015) and
Goulder et al. (2019) use a computable general equilibrium model without any dynamics or
consumer durables the generate utility. In addition, we use consider the joint distribution of
income and gasoline usage to discipline the household heterogeneity our model.

Finally, a microeconomic literature has attempted to measure the income and price elas-
ticities of demand for gasoline or energy. Brons et al. (2008) and Labandeira et al. (2017)

conduct meta-analyses of these studies with the former focusing on gasoline and the latter on



energy, more broadly.! They tend to find short-run elasticities of around —0.34 to —0.22 and
longer-run elasticities two to three times as large, with the short-run elasticities in line with
what Levin et al. (2017) estimate using daily city-level data. As for the income elasticity,
Havranek and Kokes (2015) in a meta-study find a short-run elasticity of around 0.28 with
long-run elasticities over two times larger. While the papers in this literature tend to use
individual- or household-level data, Edelstein and Kilian (2009) and Hughes et al. (2008)
infer the price elasticity of oil demand from aggregate data.

Much of this empirical literature has assumed constant price and income elasticities
that are independent of household characteristics. One exception is Schmalensee and Stoker
(1999), who employ semi-parametric methods to estimate gasoline consumption as a function
of household characteristics. They find non-constant income and price elasticities though
household characteristics enter in an additively separable way from the price term.? More
recently, West and Williams (2004), Wadud et al. (2010), and Gillingham (2014) find evidence
that the price and income elasticity of gasoline declines with income.

Our paper proceeds as follows: Section 2 documents the empirical gasoline usage through-
out the income distribution; Section 3 develops a heterogeneous-agent model with gasoline
consumption by households and firms that is geared to replicate the key empirical patterns
documented. Section 4 studies the quantitative magnitudes of welfare costs throughout the
income distribution and uses the model to carry out several counterfactuals: we compare oil
price shocks and gluts to the recent tax reform and consider the welfare impact of higher

carbon taxes for high- and low-income households. Section 5 concludes.

2 Evidence on Household Gasoline Demand

We now provide some motivating evidence for some of our model’s key features using the
CEX. In particular, we study how gasoline demand varies by household income. We are
not the first to consider household-level differences in gasoline demand empirically. For
example, both West and Williams (2004) and Wadud et al. (2010) also use this data source
to study gasoline demand due to the rich information it provides on household expenditures
and characteristics. Our focus is different from these earlier works with a specific focus
on characterizing the joint distribution of income and gasoline consumption. This joint
distribution is critical for calibrating the model we present in section 3 as well as for the

magnitude of the welfare effects of gasoline price shocks.

!Note that there are many other meta-studies in the literature on this topic. We cite the most recent
ones we are aware of.
ZYatchew and No (2001) estimates a similar model using better data from Canada.



The CEX is a rotating panel of households in which households remain for up to four
consecutive quarters. In any given quarter, there are observations for around 6,800 house-
holds. In this analysis we use the publicly available part of the dataset ranging from 1999 to
2013.% The interview data contain information on quarterly expenditures in a large number
of categories, of which the main item of interest is expenditures for “Gasoline and Motor
Oil.” Throughout this section, the main focus is on the “gasoline budget,” that is, gaso-
line expenditures as a share of total household expenditures, or of household income, in the
given period.* We construct this measure by dividing quarterly gasoline expenditures by the
household’s total quarterly expenditures.

The CEX also contains data for the household’s annual income before and after taxes as
well as its income rank (among the set of CEX households). The income data are collected
only once for most households such that for the second and third interview, the income
data from the first interview is used. There is a considerable number of missing values
(around 27%) for the income data. The survey also contains a number of other demographic

characteristics.

2.1 Gasoline Expenditures and Earnings

Figure 1 displays histograms of gas consumption as a share of total expenditures and as
a share of income in the top panel. These histograms show an approximately log-normal
distribution with an added mass point at zero, which is the share of households that did
not have any gasoline expenditures in the previous quarter. Out of all 446,114 household-
quarter observations, zero gasoline expenditures are reported in 46,813 cases or 10.4% of
observations. As shown in Table 1, around 85% of households consume gasoline in every
observed quarter, and for only around 5% of households there is at least one quarter with
positive gasoline consumption and another quarter of zero gasoline consumption. Around

9% of households never buy gasoline.

3Data are available at www.bls.gov/cex/pumdhome.htm.

4Given that households usually use additional types of energy products beyond gasoline (like natural gas,
fuels and electricity), and the fact that these energy prices can be correlated, one may be concerned that
only looking at gasoline consumption does not capture the full impact that gasoline price fluctuations have
on households. In appendix B we use all energy expenditures as a robustness check and show that there is
also a strong negative relationship between income and total energy expenditure shares.


http://www.bls.gov/cex/pumdhome.htm

Table 1: Summary statistics for gasoline consumption

Average StD (), Median  Qy N
Gasoline consumption (gal) 202 196 0 157 426 446,114
(positive usage) 226 193 57 177 448 399,301
Gasoline expenditure share (%) 5 4.59 0 3.98 10.5 446,025
(positive usage) 2.59 4.5 1.52 4.44 10.96 399,281
Gasoline income share (%) 6.54 11.04 0 3.43 13.5 324,902
(positive usage) 7.29 1142  1.23 3.9 14.69 291,269

Share of permanent gasoline users  85.6%

Share of occasional gasoline users 5.5 %

Author calculations based on data from the CEX; see text and appendix A for description.

The literature has effectively ignored households with zero gasoline consumption by es-
timating log-linear models of demand. This effectively drops these households with zero
gasoline consumption and estimates gasoline demand on the intensive margin, which has
major effects on estimated income and price elasticities, a point also emphasized by West
(2004). In fact, the relationship between income and the household gasoline budget including
households with no gasoline consumption is a hump-shaped function of income, a pattern
documented by Poterba (1991). However, Poterba’s work effectively aggregates across dif-
ferent types of low-income households. This misses the fact that the increase in the gasoline
budget at low income levels is driven entirely by the extensive consumption margin (i.e.,
the decreasing likelihood that households consume zero gasoline): restricting the sample to
households with positive gasoline usage (or as an alternative, households owning one or more
automobiles) yields a negative relationship between income and gasoline budget, as shown
in the middle and bottom panels of Figure 1.

One concern is whether this negative link between income and gasoline composition is
a compositional effect rather than a direct association. For example, if household income
was positively correlated with some demographic characteristic, like age, that negatively
correlated with gasoline expenditures, this could explain the negative bivariate relationship
between income and the gas budget. To allay this concern, we now examine this link condi-
tional on observable characteristics as shown in Figure 2. This figure shows the relationships
for different subgroups by age, family size, education levels, and city size, respectively.

Across all these demographic categories, we find a negative relationship between income



Figure 1: Distribution of gasoline consumption and expenditures
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and gas budget. Additionally, the graphs confirm some expected relationships between demo-
graphic subgroup and the level of gas consumption. For example, seniors spend considerably
less on gas than younger people for all income levels. Similarly, households living in smaller

cities tend to have a higher gas budget, as do families with more household members.

Figure 2: Relationship between gasoline expenditure and income by demographics
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2.2 Estimating Gasoline Engel Curves

We now estimate Engel curves or income elasticities for gasoline demand, focusing on the
households with strictly positive gasoline expenditures. A key question in many of these
studies of demand for gasoline (or any good generally) is how to measure income. Theory
would suggest that permanent income is the right variable to include, but that is never
available. We thus consider a number of proxies including income percentile rank, annual

income, and consumption expenditure. We control in addition for a number of household



characteristics as well as time fixed effects. The household characteristics include a region
dummy (Midwest, Northeast, South, West), a categorical variable for size of the metropolitan
area, gender, race, age, and education of the household’s reference person as defined in the

CEX as well as marital status and family size. We then run the regression
Yir = yincy + BX; +dy + &y,

where inc;, is a measure of income of household ¢ at time ¢ and d is the time dummy. We
cluster standard errors at the household level.

Table 2 shows these regression results. For all measures of income, the income elasticity
after controlling for the demographic characteristics is negative. The first three columns are
the results from OLS regressions pooling all observations, while the last two include household
fixed effects. As listed in column (1), moving up one decile in the income distribution
decreases the gas budget by 0.25 percentage points. This finding of a negative income
elasticity of the gasoline expenditure share is line with the estimates in papers by Kayser
(2000) and Sipes and Mendelsohn (2001). Going beyond these earlier works, we provide
evidence that the income-gasoline expenditure relationship is monotonic and not driven by
compositional effects. Both of these observations are important for our our choice of modeling
households’ gasoline consumption as non-homothetic.

Of course, the OLS estimates ignore any unobserved household heterogeneity: it could
be that there is an unobserved household characteristic driving gasoline consumption that is
correlated with income. Although the time dimension of the panel is short (any household
remains in the dataset for at most four consecutive quarters), columns (4) and (5) display
results from a regression with an added household fixed effect. Since households’ demographic
controls barely vary over the course of one year, only the time dummies are included in
these specifications. Even with these caveats, the income elasticities are similar to the OLS
estimates.

Another concern is that we only observe households’ current income. But economic theory
predicts that expected lifetime income affects consumption choices to some degree beyond
current income. For example, if households face transitory income shocks around a long-run
average, then using current income will underestimate the response of gasoline consumption
to changes in permanent income. A similar issue arises when income measures are subject
to measurement error, which will lead to attenuation bias, biasing estimates towards 0. In
columns (6) and (7), we therefore follow the literature (e.g. as in Dynarski et al. (1997)) and
use education level and lagged income, respectively, as an instrument for current income. As

expected, this leads to an increase in the magnitude of the respective coefficients.
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Table 2: Estimates of Income Elasticities for Gasoline

Dependent variable: Gas expenditure share

OLS Fixed effects v
(1) (2) (3) (4) (5) (6) (7)
Income Rank —0.0253*** —.0110*** —0.0401***
(0.0003) (0.0009) (0.0012)

log(Income) —0.0045*** —0.0076***

(0.0001) (0.0002)
log(Expenditures) —0.0244** —0.0249**

(0.0001) (0.00025)

S.e. FE (oy,) 0.0405 0.0429
S.e. iid noise (o) 0.0284 0.0288
Observations 281,167 298,549 398,139 58,983 61,894
R? 0.1722 0.1640 0.2308

Controls not shown included in OLS and IV regressions: Quarterly time effects, region, metropolitan area, gender, race, age, education,

marital status and family size. Columns (6) and (7) use the log of lagged income as an instrument.



3 Model

3.1 Households

We now write a model aimed at replicating the empirical findings that allows us to quantify
the welfare effects of oil price shocks. The key aspect of our model will be the non-homothetic
behavior of gasoline expenditures by income rank. Consistent with our empirical analysis,
we will only focus on households with positive gasoline consumption. One way to interpret
this assumption is that households make a (costly) decision at the start of life on whether
to consume gasoline or not. This could be interpreted as a decision of whether to live in
a city that has public transportation or not. Our implicit assumption in the subsequent
analysis is that the oil price shocks we study are not large enough to cause a sizable numbers
of household to reconsider their extensive margin decisions. In this case, it makes sense to
abstract away those who do not consume gasoline at all and calibrate the model to those
who are making an intensive margin decision of how much gasoline to consume.

There is a continuum of mass 1 of households that are indexed with ¢ and can buy
consumption goods Cj, durable goods D;;, and gasoline. Households purchase gasoline for
two purposes: first, they inelastically buy an exogenously given amount Ej every period,
which can be interpreted as needed to commute to work. Second, they buy a quantity EX
that enters the utility function when used together with the durable good D;;. The durable

good is the composite variable “service flows from durables” S;;, defined as
1—
Sy =D}, (EF) (1)

and captures the flexible part of gasoline consumption, for example, households going on
road trips. A household’s total gas consumption in gallons in period ¢ is therefore Ej; + EI.
Durable goods are purchased in period ¢ for period ¢ + 1. They have the same unit as
consumption goods C' and depreciate at a quarterly rate d.

The oil price ¢; evolves exogenously according to an autoregressive process given by

log g = (1 — pg) log ¢ + pglog g1 + €f. (2)

The parameter ¢ sets the steady-state level of the gasoline price.

Labor productivity of household i is given by the exogenous variable e;;. Because labor
supply is fixed at 1, e; also represents the effective labor supply a household offers on the
labor market. This labor market is common for all households so that each effective unit of

labor hired is paid the same wage w,. Households have to pay a proportional labor tax 7%
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and a sales tax of 7¢ on their consumption Cj; of the output good, and they receive profits
m; from firms.

Households can differ along two dimensions: income level e;; and exogenous gasoline usage
level. In line with much prior literature, we model the income process with a log-normal AR-
1. Because we do not have longer panels on households gasoline usage, we split households’
exogenous gas requirements E; as having a permanent and a transitory component so that
log By = log E; + 55 . We describe the calibration of both processes in more detail in Section
3.4.

The households’ budget constraint in real terms is
(1 - TL) wiey + (1 —d)Dy + 71 = (1 + TC) Ci+ D1 +q (Eff + Eit) ) (3)

where C}; is consumption of the output good that serves as the economy’s numeraire.

Household 7 chooses Cj, Eg , Div41, Sit to maximize lifetime utility given by

[e's) <
-1 =1 ¢—1
E E ﬂt log [¢Cit< + (1 - ) Sitc ] ] )
t=0

subject to the sequence of budget constraints (3) and the definition of durables services (1).
While this utility function specifies that households have a constant elasticity of substitution
between consumption of the output good and the service flow from durable goods, the fixed
component Fj;; will introduce a non-homotheticity to households’ gasoline demand, causing
it to fall as a share of total expenditures with increasing income.

It is useful to compare our modeling of households to papers such as Bento et al. (2009)
and Dubin and McFadden (1984) that have combined both a durable discrete choice with
a continuous choice of how much gasoline (or energy) to use. Households in the model
of Bento et al. (2009) have preferences over various automobile attributes including fuel
efficiency. They then make a choice of which vehicle to buy (if any) as well as whether the
car should be new or old. Finally, households can make a decision to scrap their current
vehicle. This last margin of adjustment allows Bento et al. (2009) to interpret the price and
income elasticities they estimate as being “long-run” elasticities. Furthermore, by including
the scrap decision, they can study how the fuel efficiency of the car fleet evolves following
a change in the gasoline tax. In contrast, while our model does not have an explicit choice
of fuel efficiency, the continuous household decision to accumulate durable goods capital
could be interpreted as just a such a decision. That is, the stock of durables owned by a

household controls the productivity of turning the (physical) amount of fuel consumed into
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actual energy services that households derive utility from.®
The first-order necessary conditions (FOC) for Eff and D; ;,1, respectively, combine with

the FOC for consumption to yield

- = (mHy -1 qt
T (1 - /7) Szt(: (E’Lt ) Czi - 1 4 7_07 (4)
&—1 o l=¢ T -t S—1,C
Ey |BS; (1 +7 ) T’Ysit D+ Ci,t—',—l (I—=d)¢| =5;Cy*, (5)

_ 1 1
where S = [ng’itC +(1=¢)S;,° } is a shorthand and FE; is the expectations operator

conditional on information at time ¢.

3.2 Firms

On the economy’s production side, a representative firms produces output goods Y; according
to
Y=Ly (Bf)",

where L; is the firm’s labor input and E! is oil used by the firm in production.

The firm’s repeated static problem is to maximize

max L§ (E)" — w, Ly — ¢, Ef
Ly,EF

such that the optimality conditions are

aLy ™t (Ef)" = w,, (6)
kLy (Ef) Sa— (7)

3.3 Market Clearing and Equilibrium

We do not model the supply of oil. Instead we assume there is a perfectly elastic supply of
oil at the exogenous price ¢;. One way to think about this is that the price is set by OPEC
and they commit to producing any amount at that spot price.

The market clearing condition for final goods corresponds to the economy’s resource

®We do not think the fact that difference between the continuous durable good choice in our model vs.
the discrete one in their model is important.
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constraint
Y, - BEFf — ¢ F — /nt;jdz' = /[(1 +79) Cit + Diye1 — (1 = d) Dy + thwse;. ] di,  (8)
Labor market clearing requires that households’ supply of labor efficiency units corresponds

Lt = /eztdz (9)

An equilibrium is defined as endogenous quantities {C’it,D@tH,Eﬁl , Ly, EF }, the real

to the firm’s labor demand

wage {w; }, and a stochastic process for the exogenous state variable {¢;} such that optimality
and market clearing conditions are satisfied. This is summarized by the system of equations
consisting of households” FOC (4)—(5) and budget constraints (3), the firm FOC (6)—(7), one

of the market clearing conditions (8) or (9), and the stochastic equation for the oil price (2).

3.4 Calibration and Solution

While the economy features aggregate uncertainty, the source of this uncertainty is directly
in the oil price itself and does not propagate into endogenous aggregate state variables. The
model’s solution is then straightforward since expectations about future prices, depending
only on the future path of oil prices, are easy to compute.

Households’ idiosyncratic labor productivity e;;, which determines their income levels, is
given by a normal AR-1 process in logs with the cross-sectional mean normalized to one;
specifically,

logei = o + peloge;—1 + €5,

The empirical literature estimating household income processes (e.g., Guvenen et al. (2019),
Guvenen and Ozkan (2014), Heathcote et al. (2010), Storesletten et al. (2004)) finds large
values for the persistence p. estimated on annual data ranging from 0.958 up to values
exceeding unity. We follow Storesletten et al. (2004) who estimate a specification similar
to ours, finding an annual persistence of 0.977, which in our quarterly setup corresponds to
pe = 0.994. Based on the variance of innovations they find, we use a quarterly standard
deviation of sd (&§,) = 0.014. Finally, we set the cross-sectional variance of the household-
specific fixed effects a; in a way to match the long-run average of dispersion in household
incomes of around 0.9 (see, e.g., Nichols and Zimmerman (2008) and Diaz-Gimenez et al.
(2011)).

With a = 2/3, the elasticity of production with respect to labor is set to a standard
value, as is households’ quarterly discount rate with 8 = 0.99. We also follow Kehrig and

Ziebarth (2009) who find that consumption and oil usage enter as complements in household
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preferences and set the elasticity of substitution ¢ = 0.73.

The labor tax rate 77 = 0.2 roughly targets total receipts of income tax and payroll tax
in the US as a share of total labor income. For the exogenous process describing the gas
price, running an AR-1 estimation on quarterly retail gasoline prices from 1976Q1 to 2014Q4
yields a persistence parameter of p, = 0.95 and a residual standard deviation of £/ = 0.14.
(Interestingly, these estimates are robust to starting the sample in 1987 after the large shocks
of 1979 and 1986, respectively.)

This leaves the parameters §, F,sd (5?2&) ,sd (EZ) 7Y, and ¢ governing the household’s
gasoline consumption. Of these, both the steady-state gas price ¢ and the preference weight
¢ determine the steady-state level of the gas expenditure budget and are not separately
identified, so we normalize the long-run gas price ¢ to one. In the data, we observe consid-
erable heterogeneity in gas purchases conditional on income, which in our model is governed
by the distribution of E;; around its mean £ which in turn consists of the two components
E'i—l—eg . A random-effects regression in the CEX of households’ gasoline expenditure share on
income reveals that (with 51% and 49%, respectively) the random effect and the transitory
shock contribute equally to the residual variance of gasoline consumption. We therefore fix
sd (ePt) = sd (E,).

We set the remaining four parameters in a way so that the following four moments
related to gasoline consumption in the model match their empirical counterparts. While
all four parameters affect these outcomes jointly, we give some intuition for why we use
these particular moments to identify the parameters. First, the random-effects regression
of gasoline expenditure shares on income leaves a residual variance of 0.04. Intuitively, the
parameter sd (51Lj t) strongly influences this moment in the model. Second, the parameter ~
has a strong effect on the relative contribution of the durable stock and gasoline purchases
in the utility flow they provide as defined in equation (1). We use the CEX averaging
across all households to find mean quarterly expenditures for vehicle purchases, financing,
and insurance and use this as our measure of durable expenditures. Compared to an average
quarterly spending on gasoline of $533, these average vehicle expenditures of $781 are around
50% larger. Correspondingly, we calibrate the model parameter v so that the steady-state
ratio of consumer expenditures on durables D and spending on gasoline E# + E are in the
same proportion as in the data. Third, we match the mean gas expenditure share of 5.5% in
the CEX. Intuitively, mean fixed gasoline consumption E significantly affects this moment
in the model. Finally, we make the model match the average price elasticity of gasoline of
—0.28 as estimated by recent empirical studies. Intuitively, due to non-elastic gasoline need
Ejt, the preference weight on consumption in the utility function ¢ impacts how much the

household substitutes out of gasoline as relative prices change.
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Table 3: Calibration

Parameter

Value

Description

Source

Set outside the model

«

2

Production elasticity

Standard value

6] ().%9 Hh discount factor Standard value
¢ 0.73  EOS gas / consumption Kehrig and Ziebarth (2009)
d 0.04  Depreciation rate durables 20% annual depreciation of cars
Pq 0.95  Persistence gas price shock Gas price data
sd ef 0.08 S.d. gas price shock Gas price data
Pe 0.994 Persistence Hh labor efficiency Storesletten 2004
sd €5, 0.014 Heterogeneity in labor efficiency  Storesletten 2004
sd o 0.0048 Heterogeneity in labor efficiency  sd(loge;) = 0.9
Tt 0.2 Labor income tax Tax receipts / labor income
¢ 0.08  Consumption tax Average US sales tax

Targeting moments (jointly):

7y 0.895  Preference weight on D; Spending on durables vs gas

® 0.901  Preference weight on C} Price elasticity of gasoline

E 0.0237 (Mean of) minimum gas purchase Mean expenditure share 5.5%
sd 55 0.5496 (Mean of) minimum gas purchase Gas expenditure heterogeneity

4 Quantitative Analysis

We now consider the quantitative effects of oil price fluctuations, starting with the impact
on households’ consumption bundles and then turning to the effects on welfare and the
heterogeneity by income. Later, we will quantitatively assess the impact of oil gluts and

carbon taxes proposed in the current policy debate.

4.1 Dynamic Responses to Oil Price Shocks

Figure 3 displays the aggregate impulse response functions® following an oil price shock
of 33%, corresponding to an increase in the gas price from its long-run average of $2.40
per gallon to $3.18 per gallon. This increase causes households to lower their purchases of
gasoline, but because the reduction is less than proportional, gas expenditures as a share
of the overall budget increase. Overall, the magnitude of our results are in line with the
estimated response of US aggregates to an oil supply disruption in the literature (see Figure
5 in Kilian (2009) and the more detailed work by Baumeister and Hamilton (2019)).

5The non-homotheticity in gas consumption exacerbates the non-linearity in households’ policy functions,
making impulse response functions state-dependent. We therefore obtain the impulse response functions
through simulation, see notes to figure 3 for details.
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The economy’s behavior in the aggregate masks considerable heterogeneity in the re-
sponses. Both a lower income and a higher baseline level of gas usage increases a household’s
share of gas expenditures and amplifies the effect of a given gas price shock. Figure 4 shows
that while all household types reduce the utility-providing component of gas spending E#
to a similar degree, their overall gas budget E#¥ + E responds differently because of the
fixed usage component. The households with high gas expenditure shares also have to reduce

their consumption and durable stock drastically.

Figure 4: Impulse response functions by household types
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“High” income and high usage households are at the respective 75th percentiles of the distribution over
income and usage F;, and households with “low” income and usage are at the respective 25th percentiles.
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4.2 The Long-run Welfare Cost of Oil Price Shocks

To evaluate the welfare effect of an oil price shock, we run a counterfactual in which we
compare a one-time increase in the gas price to an increase in households’ tax rate. To this
end, we consider—starting from steady-state—a scenario in which a gas price shock hits as
well as a counterfactual in which gas prices remain at steady state and in which a permanent
tax hike is instituted such that households are indifferent between the two scenarios. In other
words, we find the tax rate such that households’ expected utility without a gas price shock
equals the expected utility upon impact of the gas price shock under the original tax rate.
Tables 5 and 6 contain these welfare-equivalent tax increases for labor and consumption taxes.
Because in the following we will often evaluate households at those percentiles of income and
gasoline usage distributions, respectively, Table 4 contains descriptive information about the

joint distribution of those households.

Table 4: Descriptive statistics about model households at percentiles of

distribution
Percentile of income e;;

Percentile of gas usage Ej 10 25 50 75 90
0.27 0.52 1.00 1.93 3.73

(2.83%) (3.47%) (4.23%) (3.47%) (2.83%)

10 [4.57%)] [3.94%) [3.22%) [2.55%) [2.03%)
0.27 0.52 1.00 1.93 3.73

(3.47%) (4.25%) (5.18%) (4.25%) (3.47%)

25 [5.97%] [5.07%] [4.05%] [3.10%) [2.36%)]
0.27 0.52 1.00 1.93 3.73

(4.23%) (5.18%) (6.32%) (5.18%) (4.23%)

50 [7.94%) [6.68%] [5.23%)] [3.88%] [2.83%]
0.27 0.52 1.00 1.93 3.73

(3.47%) (4.25%) (5.18%) (4.25%) (3.47%)

75 [10.73%)] [8.95%)] [6.90%)] [4.98%] [3.50%)]
3.73 3.73 3.73 3.73 3.73

(2.83%) (3.47%) (4.23%) (3.47%) (2.83%)

90 [14.68%] [12.16%)] [9.26%) [6.55%)] [4.45%)

Notes: Relative income: Income relative to median-income household. Mass of Households in
parentheses: Share of population close to the percentile (number indicates share of population
for which given percentile is “nearest” percentile listed). Gas budget in brackets: Share of income

spent on gasoline.
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Table 5: Labor tax rate equivalents at different percentiles of
the income distribution

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90
0.93% 0.58% 0.38% 0.26% 0.20%
10 (2.83%)  (3.4T%) (4.23%) (3.47%) (2.83%)
1.14% 0.711% 0.45% 0.30% 0.22%
25 (3.47%) (4.25%) (5.18%) (4.25%) (3.47%)
1.44% 0.89% 0.54% 0.35% 0.25%
50 (4.23%)  (5.18%) (6.32%) (5.18%)  (4.23%)
1.87% 1.13% 0.68% 0.43% 0.30%
75 (3.47%)  (4.25%)  (5.18%)  (4.25%) (3.47%)
2.47% 1.48% 0.88% 0.54% 0.36%
90 (2.83%)  (3.4T%)  (4.23%) (3.47%) (2.83%)

Notes: Hypothetical permanent changes in labor income tax that households would
be willing to accept to avoid one-time gas price shock. In parentheses: Share of
population close to the percentile (number indicates share of population for which

given percentile is “nearest” percentile listed).

Table 6: Consumption tax rate equivalents at different per-
centiles of the income distribution

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 0.39% 0.36% 0.31% 0.27% 0.23%
25 0.49% 0.44% 0.37% 0.31% 0.26%
50 0.64% 0.56% 0.46% 0.37% 0.30%
75 0.85% 0.73% 0.59% 0.45% 0.35%
90 1.17% 0.99% 0.78% 0.58% 0.43%

An alternative way to interpret welfare losses is to consider proportional equivalent cuts to
the utility-providing goods, which here consist of the bundle (C’, D, piH ) Table 7 contains
the permanent proportional cuts to all present and future consumption bundles that different
households would be willing to accept instead of the one-time oil price shock in order to

maintain their welfare.
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Table 7: Proportional reductions in (C, D, E#H)

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 —-0.33% —-0.30% —0.26% —-0.22% —0.19%%
25 —-0.41% -0.36% —0.31% —-0.25% —0.22%
50 —0.53% —0.46% —0.38% —0.30% —0.25%
75 —-0.70% —-0.61% —0.49% -0.38% —0.29%
90 —-0.96% —0.82% —0.64% —0.48% —0.36%

4.3 The Importance of Heterogeneity

Along both dimensions of income rank and gas usage fixed effects, the absolute magnitude of
welfare effects increases more than proportionally as a household moves up in the distribution;
in other words, the welfare costs of an oil price increase are convex in the households’ rank
in the income and gas usage distributions. To see this, consider Tables 5-7. For example,
for the median household, the gas price shock corresponds to a labor tax increase of 0.54%,
but the mean of the distribution is 0.72%. Similarly, the median consumption equivalent is
—0.38%, whereas the mean is —0.42%: low-income households and high-usage households
would be willing to pay a particularly high price to avoid an increase in the cost of gas.

To see exactly how the welfare effects fall on different households, we also display their
unconditional distribution in Figure 5. To construct it, we run a simulation over a long time
horizon in which we allow a panel of households to be subject to aggregate and idiosyncratic
shocks. Displayed in the graph are consumption equivalents for a potential large oil price
shock hitting across time and across households, which approximates the unconditional dis-
tribution of welfare effects. Most notable is the long left tail: while the right half of the
distribution is close to the median of —0.41%, the left half is spread out with a larger mag-
nitude of welfare effects, suggesting that the utility impact of gas price shocks is distributed

unevenly across the population.

4.4 Sensitivity Analysis

To see how the model results and, particularly, the welfare costs respond to individual as-
sumptions about parameters, in this section we consider how they are affected by a) extending

the duration of gas price shocks, b) including all energy products (like heating) in households’
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energy consumption instead of only gasoline, and c) varying the persistence of the individual
income process.

For the first alternative calibration, we increase the persistence of the oil price shock to
be close to unity with p, = 0.99. All else equal, a higher persistence of gas prices will increase
the welfare costs of oil price shocks across the distribution. While there is mixed evidence on
whether oil prices follow a unit root process (e.g., Pestana Barros et al. (2014) and Elder and
Serletis (2008)), Gelman et al. (2019) demonstrate that households’ responses to gas price
shocks are consistent with households perceiving gas prices as having a unit root. Relative to
this evidence, our main analysis took a conservative approach to calibrating this parameter
as it relates to the welfare costs of oil price shocks. Assuming this higher persistence, the
consumption equivalent of a one-time gasoline shock for the median household increases in

magnitude to —1.23% (Tables 8 and 9), a substantial change relative to the baseline.

Table 8: High gas price persistence: Labor tax equivalents to
gas price shock

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 3.34% 2.12% 1.38% 0.97% 0.75%
25 3.90% 2.44% 1.56% 1.06% 0.80%
50 4.65% 2.87% 1.80% 1.20% 0.88%
75 5.64% 3.45% 2.12% 1.37% 0.97%
90 6.94% 4.20% 2.54% 1.60% 1.11%

Table 9: High gas price persistence: Proportional consumption equiva-
lents to gas price shock

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 -1.16% —-1.06% —0.93% —-0.80% —0.71%
25 —-1.3"% —-1.23% —-1.06% —-0.89% —0.77%
50 —-1.66% —1.46% —-1.23% -1.01% —-0.84%
75 —2.06% —-1.79% —-1.47% —-117% -0.95%
90 —-2.61% —2.23% —-1.80% —-1.38% —1.08%

We also consider including all energy products like natural gas, electricity, and heating oil

in household preferences instead of only focusing on gasoline usage. As Fried (2018) argue,
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prices of other energy products are strongly correlated with the oil price, and they show
that the share of all energy consumption still decreases in income. We follow their approach
and calibrate energy consumption across households to average 12%, roughly double the
expenditures on gasoline that we find for our main calibration focused only on gasoline
expenditures. Tables 10 and 11 show that increasing this share also sizably raises the welfare

costs of oil price shocks relative to the baseline.

Table 10: All energy products: Labor tax equivalents to gas
price shock

Percentile of income distribution

Percentile of usage 10 25 50 75 90

10 3.11% 1.90% 1.16% 0.74% 0.52%
25 3.26% 1.99% 1.21% 0.77% 0.53%
50 3.42% 2.08% 1.26% 0.79% 0.55%
75 3.59% 2.18% 1.32% 0.83% 0.57%
90 3.77% 2.28% 1.38% 0.86% 0.59%

Table 11: All energy products: Proportional consumption equiva-
lents to gas price shock

Percentile of income distribution

Percentile of usage 10 25 50 75 90

10 -1.19% —-1.02% —-0.83% —0.64% —0.51%
25 -1.26% —-1.08% —0.87% —0.67% —0.53%
50 —-1.33% —-1.14% —-0.91% —-0.70% —0.54%
75 —1.42% —-1.20% —-0.96% —0.73% —0.56%
90 —-1.50% —-1.27% —-1.01% -0.76% —0.58%

Both of these sensitivity analyses have highlighted two ways in which we view our cali-
bration as conservative. As a final sensitivity analysis, we consider lowering the persistence
of idiosyncratic shocks to households. Most studies find autocorrelation in the persistent
component of income shocks very close to (or above) unity. One of the lowest estimates for
the (annual) persistence parameter is Guvenen et al. (2019)’s 0.958, which translates to a
quarterly value of 0.984 compared to 0.994 in our baseline. At the same time, the (quarterly)
innovation to the persistent component in that specification is 0.09, higher than our baseline

value of 0.014. Both lower persistence and higher variability of shocks to household income
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tend to reduce the heterogeneity of welfare effects since a currently low-income household
can expect to revert toward a higher income soon. This in turn mitigates the negative im-
pact of a gas price shock (and vice versa for a currently high-income household). Tables 12
and 13 show that this qualitative mechanism is at play. Quantitatively, this change in the
calibration has only minor effects on the welfare costs and we conclude that our results are

robust along this dimension.

Table 12: Less persistent/more variable shocks: Labor tax
equivalents to gas price shock

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 0.71% 0.50% 0.36% 0.27% 0.21%
25 0.87% 0.61% 0.43% 0.31% 0.24%
50 1.10% 0.76% 0.53% 0.38% 0.28%
75 1.42% 0.98% 0.67% 0.47% 0.34%
90 1.88% 1.28% 0.86% 0.59% 0.42%

Table 13: Less persistent/more variable shocks:: Proportional consump-
tion equivalents to gas price shock

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 —-0.31% —-0.28% —0.25% —0.23% —0.21%
25 -0.39% —0.34% —0.30% —0.26% —0.23%
50 —0.50% —0.44% —0.38% —0.32% —0.28%
75 —0.66% —0.57% —0.48% —0.40% —0.33%
90 —-0.90% —0.77% —0.64% —0.52% —0.42%

4.5 Quantitative Exercise 1: The Welfare Benefits of the 2014—
2016 Oil Glut

From fall 2014 (2014Q4) to winter 2015/2016 (2016Q1), US gas prices dropped significantly
over the course of five quarters, from $3.54 to $1.85. What were the welfare effects of this
beneficial series of shocks for households? We feed the sequence of historic gasoline prices
into our model and compare that baseline to a counterfactual scenario in which there is

no beneficial oil price shock. In the counterfactual we use a sequence of zeros as gas price
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innovations, meaning that oil prices start reverting back to their mean over the same time
horizon. Figure 6 displays the actual path of gas prices over this period together with the
expected course of oil prices just before and after the period in fall 2014 and the beginning
of 2016, respectively.

We use the historic gasoline prices from 1993 to the second quarter of 2014 as a “burn-in”
period. Then we compare the utility of households at different income percentiles under
both scenarios. To do this, we consider households that have stayed constant at the nth
percentile of income until 2014. We then sum up realized flow utility derived from the six
quarters 2014Q3 to 2016Q1 under the respective gas price shocks and add the expected
future continuation utility from 2015Q4 onward. The drop in the oil price hence has two
positive effects on households’ utility: greater consumption during the time of low prices and
higher expected continuation utility because prices are expected to remain low for a while
after the shock.

We again evaluate the increase in welfare by considering the welfare-equivalent tax rates;
that is, we are finding hypothetical tax cuts that would make households indifferent between
paying the lower tax rate while not expecting any gas price shocks (i.e., they expect the gas
prices to follow the green dashed path in Figure 6) and the utility they receive under the
actually realized sequence of gas price shocks while paying the old tax rate. Tables 14 and
15 contain the tax cuts for labor and consumption taxes. Table 16 shows the equivalent
increases in the consumption bundles of (C, D, E#H).

As a way of comparison, we report in the bottom row the change in average tax rates
following the passage of the 2017 Tax Cut and Jobs Act (TCJA). We note here a few
complications in making this comparison: (1) the Treasury reports we use do not report
rates for particular percentiles but averages within groups of percentiles; (2) the changes
here are not specific to the labor tax but reflect changes in tax rates on all types of income;’
(3) changes in average rates are not solely due to changes in statutory rates but also to
changes in the pre-tax income distribution itself; and (4) the reductions in income tax rates
are only temporary. With these caveats in mind, we report the percentage point change in
these average rates. Focusing on the median gas user, we find that the welfare effects of
the gas glut expressed in labor tax rate cuts are larger than the tax cuts of the TCJA for
all incomes up to 50,000 USD (roughly the bottom 40 percent of the income distribution).
At the median income level, the gas glut benefits are still more than half of the benefits of
the TCJA. For higher income levels, this comparison starts to pale as the TCJA was more

generous toward high earners, who are less affected by gasoline price changes.

"The changes in payroll taxes, the closest analog to our labor tax, were minor and hence not an interesting
point of comparison.

26



Table 14: Historic counterfactual: Labor tax rate equivalents

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 —-1.17% —-0.75% —0.49% —-0.34% -0.26%
25 —1.44% -0.90% —0.58% —0.39% —0.29%
50 -1.81% —-1.12% —-0.70% —0.46% —0.33%
75 —2.34% —1.43% —-0.88% —0.56% —0.39%
90 -3.07% —-1.8™% -1.13% -0.710% -0.47%
TCJA —-0.5% -09% —-13% -1.5% —-1.5%

Note: The TCJA row reports percentage point changes in average tax rates between 2017
and 2018. Incomes at the appropriate precentiles were computed from the Current Population
reports (Fontenot et al. (2018)) and average labor tax rates were obtained from Table 2 in Joint

Committee on Taxation (2017).

Table 15: Historic counterfactual: Consumption tax rate equivalents

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 —0.50% —0.46% —0.40% —0.35% —0.31%
25 —0.63% —0.56% —0.48% —0.40% —0.34%
50 -0.80% —0.71% —0.59% —0.48% —0.39%
75 —-1.06% —-0.92% —0.76% —0.59% —0.47%
90 —1.46% —-1.25% —0.99% —0.7%5% —0.57%

Table 16: Historic counterfactual: Proportional increases in (C, D, E#H)

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 —0.42% —-0.38% —0.34% —0.29% —0.26%
25 —0.53% —0.47% —-0.40% -0.34% —-0.29%
50 —0.68% —0.60% —0.50% —0.40% —0.33%
75 —-0.90% —0.78% —0.63% —0.50% —0.39%
90 —-1.23% —-1.06% —0.84% —0.63% —0.48%
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4.6 Quantitative Exercise 2: The Welfare Cost of Higher Gasoline

Taxes

There is a policy debate in US on how to reduce carbon emissions to help stem climate change.
A key ingredient in the so called “New Green Deal” proposal is a carbon tax that increases
the price of gasoline. Such taxes are common in Europe. Given the non-homothetic nature
of gasoline demand, gasoline taxes would be regressive in nature and thus hurt low-income
households the most. What would be the welfare cost of higher gasoline taxes? Studying
this question is difficult for a number of reasons: First, and in contrast to the cyclical gas
price fluctuations we have considered in the previous sections, for permanent increases in
the gas price, we expect stronger adjustments in household gasoline consumption. In other
words, the price elasticity of gasoline is likely to be higher than at business cycle frequency,
because households in the long run are more likely to, for example, switch to less energy-
intensive modes of transportation or consider transportation costs in their location choices.
Second, policymakers may be aware of the distributional impact of higher gasoline taxes and
accompany them with compensating measures that may be progressive such as reductions
in taxes for low-income households, offsets in other taxes or fees (like per-vehicle taxes), or
transportation infrastructure or subsidies. Our model abstracts from either feature. With
that limitation in mind, we do not consider gasoline tax levels from high-income European
countries®, which some US policy makers may have in mind. Rather, we take the average Eu-
ropean gasoline tax, which corresponds to a gasoline price increase of about 35 cents/gallon
or an increase of 14.5% in the long-run average ¢, and study what labor tax rate hikes house-
holds would be willing to pay to avert such a New Green Deal. This is a more conservative
exercise than what is being discussed in the US, which diminishes direct welfare effects.’
On the other hand, the absence of substitution for alternative means of transportation and
redistributive subsidies in our model make the quantitative results larger. We hence consider
the values listed in Tables 17 and 18 as a first pass to assess the welfare effects of permanent

gas price increases.

8For example, Germany charges a gasoline tax of about 2.50 Euros per gallon of gasoline.
9Bento et al. (2009) consider a similar 25 cents/gallon tax increase.
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Table 17: Permanent gasoline tax: Labor tax rate equivalents

Percentile of income distribution

Percentile of gas usage 10 25 50 75 90

10 217% 1.35% 0.85% 0.57% 0.43%
25 2.73% 1.67% 1.03% 0.67% 0.48%
50 3.52% 2.12% 1.28% 0.81% 0.56%
75 4.66% 2.76% 1.63% 1.00% 0.67%
90 6.29% 3.68% 2.13% 1.27% 0.82%

Notes: Labor tax changes equivalent to an increase in the long-run average of the
gas price by $0.35/gal from $2.40 to $2.75.

Table 18: Permanent gasoline tax: Proportional decreases in
(C, D, BHH)
Percentile of income distribution
Percentile of gas usage 10 25 50 75 90
10 —-0.77% —-0.68% —0.59% —0.49% —0.42%
25 —-0.98% —-0.85% —0.711% -0.57% —-0.47%
50 -1.29% —-1.10% —-0.89% —0.70% —0.55%
75 —-1.7%5% —-147% -1.16% —-0.87% —0.66%
90 —2.46% —2.03% —1.56% —1.13% —0.83%

Notes: Consumption equivalents to an increase in the long-run average of the gas price by
$0.35/gal from $2.40 to $2.75.

Our welfare calculations and our qualitative about the regressive incidence are comparable to
the other papers. Goulder et al. (2019) quantify the welfare cost of carbon taxes in general

equilibrium, but in our quantitative analysis we consider that such taxes directly affect

consumer durables, which will propagate the effects and make them more persistent. We

also differ in that we consider richer household heterogeneity in incomes and gasoline usage.
As the above tables show, welfare costs between the top and bottom decile of commuting

needs are more than three-fold, thus highlighting the importance of using the joint empirical

distribution of gasoline and income heterogeneity to discipline our model.
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5 Summary and Future Work

The model of household gasoline consumption outlined in this paper mirrors the empirical
finding that high-income households allocate a lower share of their budget to gasoline con-
sumption. Calibrated to the CEX data on household income and expenditures, the model
predicts that oil price shocks have direct effects on welfare that are larger for households in
the lower half of the income distribution than for those in the upper half. For example, a
one-time increase in the gas price by 33% from $2.40 to $3.18 would be equivalent to a per-
manent tax increase of 0.26 percentage points for a household at the 90th income percentile
but equivalent with a hike of 0.36 percentage points for a household at the 10th percentile.
Similarly, the drop in the gas price during the year 2015 that extended from fall 2014 to
early 2016 was approximately equivalent to a permanent tax cut of 0.51 and 0.72 percentage
points for these high- and low-income households, respectively.

Future work may consider differences in fuel efficiency of consumer durables powered by
gasoline and associated resale frictions in secondary markets. For example, households may
want to sell gas guzzling vehicles during times of high gasoline prices such as 2008, but this
will be exactly when demand for such vehicles is low. This means that fuel inefficient cars
are least liquid when it is most costly to operate them. This will likely exacerbate the welfare

cost of oil price shocks.
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A Data

We use the public-use portion of the Bureau of Labor Statistics’ Consumer Expenditure
Survey. It contains quarterly expenditures for “Gasoline and Motor Oil” as well as a measure
of households’ total quarterly expenditures (expenditures for food, housing, apparel, trans-
portation, health, entertainment, personal care, education, cash contributions and insurance)
and we combine these two to construct our main measure of the households gasoline expendi-
ture shares by dividing gasoline expenditures over all expenditures. We remove observations
for which households spend more than 70% of their quarterly on gasoline (this adjustment
has no impact on results).

The CEX also provides some income data, albeit only on an annual frequency, and not
for all households. We use this income data in two ways: we construct gasoline expenditures
as a share of after-tax income (instead of as share of total expenditures) as a robustness
check. Second, we use the provided information on households’ income rank as the main
way to graph the negative relationship between income and gas expenditure shares. While
we use income rank instead of absolute income because it is more robust to measurement
error, results are very similar when using absolute income instead.

We use several additional variables as controls. We use dummies for geographic re-
gion (Midwest, Northeast, South, West), metropolitan area status, race, gender, education
(some high school, completed high school, some college, completed college, more than col-
lege), marital status (married, never married, separated, divorced, widowed) and family size
(1,2,3,4,54+). Where applicable, these attributes refer to the household’s reference person
as defined by the CEX. We also include a quadratic in the reference person’s age, as well as
quarterly time dummies.

B Robustness check: All energy products

Because prices across different types of energy products (like gasoline, natural gas, and
fuel oil) are correlated, and because households may to some degree substitute between
different energy products, as a robustness check we consider how income is related to the
share of expenditures spent on a comprehensive measure of energy products. We find the
results under this broader measure of energy usage to be very consistent with the our main
specification of using only gasoline. Specifically, in the following we repeat some of the
key analyses from section 2 using the CEX information on total combined expenditures on
gasoline, natural gas, heating fuels, and electricity (the “all-energy” specification). We again
exclude observations with no energy expenditures reported (2.7% of the sample). Table 19
shows summary statistics for expenditures on “all energy”. These expenditures are on average
roughly twice as large as the expenditures on gasoline alone (a mean expenditure share of
10.6% compared to 5.6%, respectively).
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Table 19: Summary statistics for all energy expenditures

Average StD @y, Median Qg N
Energy expenditure share (%) 10.3 6.9 3.1 9.0 19.1 446,016
(only positive usage) 10.6 6.8 3.6 9.2 19.3 433,805
Gasoline expenditure share (%) 5 4.59 0 3.98 10.5 446,025
(positive usage) 5.59 45 152 444 1096 399,281

Author calculations based on data from the CEX. Values for gasoline expenditures repeated from
table 1 for comparison.

Next, we verify that the negative association between income and gasoline expenditure
shares holds when using all energy expenditures. Figure 7 plots a bivariate local line of best
fit between income and energy expenditures showing a robust negative relationship. This is
analogous to the relationship between income and gasoline expenditures displayed in figure
1.

Finally, we repeat the regressions of table 2 using the all-energy expenditure share as de-
pendent variable. Across specifications we find the coefficient of interest to be approximately
twice as large as before using only gasoline expenditures.
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Figure 5: Distribution of welfare effects
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Figure 6: Historic gas prices
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Energy expenditure shares

Figure 7: Negative Income Elasticity of All Energy Expenditures
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Table 20: Estimates of Income Elasticities for All Energy Expenditures

Dependent variable: Energy expenditure share

OLS Fixed effects v
(1) (2) (3) (4) (5) (6) (7)
Income Rank —0.0498*** —.0277* —0.0792***
(0.0005) (0.0011) (0.0016)
log(Income) —0.0086*** —0.0193***
(0.0001) (0.0004)
log(Expenditures) —0.0453*** —0.0613***
(0.0001) (0.0002)
Observations 303,510 323,334 432,592 304,623 433,715 63,567 67,256
R? 0.2116 0.1992 0.3108

Controls not shown included in OLS and IV regressions: Quarterly time effects, region, metropolitan area, gender, race, age, education,
marital status and family size. Columns (6) and (7) use the log of lagged income as an instrument.
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