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Abstract: We take advantage of a unique institutional setting that allows consumers
to separately value fuel and vehicle (or road) taxes. We estimate a structural model of
vehicle choice using consumer-level revealed preference and find that consumers un-
dervalue both policy instruments, but undervaluation of the latter is substantially
more severe.We examine potential explanations and document that behavioral expla-
nations, in particular salience of the policy instruments, lie at the root of our findings;
for a number of the salient versions of vehicle tax and fuel costs we then construct, we
cannot reject the null hypothesis of their correct valuation. This also holds when using
different measures of news and online search activity as proxies for salience. The re-
sults call for complementary policy instruments to restore market efficiency and for
measures to make policy instruments more salient to consumers.
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and 33%, respectively (Eurostat 2021; US EPA 2021). Driving energy consumption in
both sectors are energy-intensive products, typically durable products such as cars and
household appliances. The fact that these products provide their owners a stream of ser-
vices over time (often years, if not decades) and that the costs associated with their use
are a nontrivial share of a typical household’s expenditure raises the question of whether
consumers take into account future operating costs when they purchase such products.

The valuation of energy efficiency has become key in the study of energy demand
since at least Hausman (1979). Oftentimes, consumers are found to undervalue future
energy costs, in what has become known as the energy paradox (Jaffe and Stavins
1994).

In addition to its relevance for the environment, the trade-off between product prices
today and (expected) lifetime operating costs is also important for public policy and
businesses. In the case of the former, efficient taxation depends on how consumers ad-
dress this trade-off; as for the latter, firms are expected to develop their products—and
price them—in accordance with regulation and expected consumer behavior.

This paper examines the trade-off between product prices and future operating
costs looking at consumer choices in the used car market. We address three research
questions. First, we examine whether consumers correctly value lifetime operating costs
of a secondhand vehicle upon its purchase—our null hypothesis is that consumers value
them correctly. Under standard assumptions in applied welfare analysis (Phaneuf and
Requate 2017), consumers would correctly anticipate lifetime operating costs, and these
should move one for one with vehicle prices.

Second, we investigate whether consumers value the different components of oper-
ating costs in the same way. In particular, we assess if consumers take into account life-
time fuel costs and lifetime vehicle taxes (or road taxes) in a similar fashion. This is im-
portant because while fuel taxes—which restore market efficiency in a setting where
market failures are due only to environmental externalities such as CO2 emissions—
are embedded in the former, standards act in a way similar to the latter. Since both
components are essentially different types of operating costs, our null hypothesis is that
consumers should value them equally.

Third, we examine the mechanisms underlying any departures from our null hy-
potheses. In particular, we examine the role of behavioral explanations such as salience
on consumer decisions. Despite recent empirical findings casting doubt on this assump-
tion, many central theoretical results in public economics rely on consumers being full
optimizers with respect to taxes. Our setting is especially well suited to investigate such
issues given the coexistence of a fuel tax and a vehicle tax in the market we study. Thus,
feedback. We are also indebted to Reyer Gerlagh, Shanjun Li, Shaun McRae, Sebastian Schwe-
nen, Ulrich Wagner, and two referees for insightful comments. The usual disclaimer applies.
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if valuations differ, and these differences can be attributed to differences in salience,
policy makers would improve consumer welfare and the effectiveness of policy instru-
ments by increasing their salience.

1. OVERVIEW

1.1. Empirical Strategy

To examine whether consumers correctly value the lifetime operating costs of durable
products, we start from the primitives of a consumer choice model of rational behavior
for individual consumers. We construct a data set of individual retail-level transactions
in the used car market to examine our hypotheses of interest. Our revealed preference
data come from used car auctions; we follow the activity of individual consumers over
time, which enables us to construct their choice sets.

We specify and estimate a structural econometric model of vehicle choice where a
consumer chooses the vehicle that maximizes their indirect utility, taking into account
both product and consumer characteristics. In particular, we rely on a random coeffi-
cients logit model that accounts for consumer heterogeneity. We allow for heterogene-
ity at the individual level via demographics, heterogeneity in both prices and different
components of operating costs through random coefficients, and also interact product
and consumer characteristics. This is important because it will allow us to depart from
the representative consumer framework frequently used in economic theory and most
of the empirics in the related literature. After all, if automobiles are highly differenti-
ated products, this is partly due to heterogeneity in consumer preferences.

With the model in place, we take advantage of a unique institutional setting in the
Swedish market where two key policy instruments coexist and thus can be separately
examined. The first component is a fuel tax that is embedded in the expected lifetime
fuel costs of a vehicle. A fuel tax is important because it can achieve the first-best so-
lution and thus restore market efficiency in settings where emissions are the only mar-
ket failure leading to inefficiencies. However, the efficacy of the fuel tax as a policy in-
strument crucially relies on its correct valuation by consumers.

The second component of interest is a vehicle tax, a policy instrument often com-
pared to—and combined with—the fuel tax, especially in European countries. The ve-
hicle tax (on emissions, fuel economy) is the instrument of choice for a number of policy
makers and governments worldwide due to the alleged inefficiency of the fuel tax re-
sulting from the undervaluation of fuel costs, but also due to the relative ease with
which they are received by the public as compared to a fuel tax.

Different sources of variation in the data help identify the parameters of interest. In
the case of the vehicle tax parameter, which depends on CO2 emissions (which maps
onto fuel economy, conditional on fuel), identification comes from variation across fuel
types—since vehicles operating on different fuels are taxed differently—across variants
of a model, conditional on fuel and vintage, and across vintages of a variant, conditional
on variant and fuel. In the case of the fuel cost parameter, identification additionally



348 Journal of the Association of Environmental and Resource Economists March 2022
comes from differences in utilization across fuels and vintages and from the interaction
of fuel prices—which vary across vehicle types and over time—and fuel economy.

1.2. Main Findings

Under the baseline assumptions that consumers’ fuel price forecasts follow a random
walk and that their real discount rate is 5% per year (both of which are prevalent in
the literature), we find the average valuation of total operating costs (fuel costs plus ve-
hicle tax) to be 0.51 and reject the null hypothesis of correct valuation at the 1% sig-
nificance level, which is consistent with its undervaluation by consumers. Once oper-
ating costs are decomposed into lifetime fuel costs and vehicle tax components, we
document how differently they are valued by consumers: the average valuations of fuel
costs and vehicle taxes are 0.60 and 0.14, and we reject the null of correct valuation at
the 5% and 1% significance levels, respectively. That is, while both fuel costs and vehicle
tax are undervalued, the degree of undervaluation of the latter is far more severe.1

Given the difference in the valuations of the two policy instruments, we investigate
potential explanations driving the results, in particular by comparing persistence and
salience; the empirical evidence we gather suggests that salience lies at the root of our
findings.We examine in detail the role of salience in increasing valuations and potentially
closing the energy efficiency gap. To do so, we introduce salient components of both fuel
costs and vehicle tax by interacting these variables with proxies for their salience. For in-
stance, interacting lifetime fuel costs with indicators of oil being priced above US$100 or
“round” fuel prices all induce a higher valuation of fuel costs to the extent that we cannot
reject the null hypothesis of correct valuation any longer. That is, the increased salience in
fuel costs comes from variables that are functions of fuel prices and exploits the time series
behavior of such variables.

We introduce salient components of vehicle tax by exploiting temporary tax exemp-
tions and the timing of tax payment within a calendar year. As in the case of fuel costs,
we cannot reject the null of correct valuation of vehicle tax in months before it is due to
be paid; that is, salience of vehicle tax is induced by when it is due and temporary tax
exemptions decrease the salience of vehicle tax.

Given the evidence consistent with salience, we examine two potential channels
through which fuel costs might become more salient, namely, news and internet search
activity. We document a number of cases in which increases in news related to oil prices,
and both news and search related to gasoline prices increase the valuation of fuel costs to
the point that the null hypothesis of correct valuation cannot be rejected any longer.
These findings are suggestive of salience being (at least partially) captured by news/
searches for gasoline and oil prices. Taken together, our findings point to the importance
1. We also estimate versions of our main specification accounting for endogeneity of vehicle
prices and fuel costs, obtaining largely robust results and finding no evidence of endogeneity of
those variables; see the appendix (apps. A–F are available online).
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of behavioral explanations in influencing consumer valuations of policy instruments and
in closing the energy efficiency gap.

1.3. Contribution and Related Literature

To the best of our knowledge, we are the first to take advantage of a unique institutional
setting that allows the joint evaluation of two key policy instruments, namely, the fuel
tax and the vehicle tax. Most of the literature typically evaluates only the role of the fuel
tax; if the findings are consistent with undervaluation of fuel costs, the policy implica-
tion of these papers is that standards are preferred to taxes (Parry et al. 2007). How-
ever, we document that the undervaluation of other instruments may be even more se-
vere than that of fuel costs.

With the institutional setting in mind, we pursue two important steps to enable our
analysis. First, we construct a unique, individual-level, revealed preference data set fo-
cusing on retail consumers. This brings us closer in spirit to the empirical literature us-
ing micro-level data to investigate the effects of environmental policy on the transport
sector, in particular the vehicle market. With the above in mind, we formulate a struc-
tural econometric model that we take to data.

We contribute to different strands of the literature. First, we contribute to the
broader literature on consumer choice of energy-intensive products (Hausman 1979;
Dubin andMcFadden 1984). Following this seminal work, substantial research has ex-
amined the effects of fuel prices on vehicle markets. Different papers have focused on
price changes looking at the used car market. The reduced-form branch of this litera-
ture was pioneered by Kahn (1986), which tests whether relative prices of used cars
fully adjust to changes in the relative net present value of fuel prices. Much of the recent
empirical work has focused on whether an energy paradox exists, such as Busse, Knittel,
and Zettelmeyer (2013), Allcott and Wozny (2014), and Sallee et al. (2016). Consis-
tent with the recent literature looking at the transport sector, these papers use the time
series variation in fuel prices interacted with fuel economy to estimate the valuation of
energy costs.2 Busse, Knittel, and Zettelmeyer (2013) quantify how changes in fuel
prices affect prices and quantities of new and used vehicles in the quartiles of the fuel
economy distribution. The discount rates implied by their estimates are consistent with
mild undervaluation of energy efficiency, if at all. In turn, Allcott and Wozny (2014)
and Leard et al. (2017) document modest and moderate undervaluation of energy
costs, respectively (their preferred estimates imply that consumers pay $0.76 and
$0.54 for every $1 of discounted fuel cost savings, respectively). Sallee et al. (2016) pro-
vide evidence that consumers correctly value fuel economy using variation in odometer
readings, which they interact with variation in fuel prices. That is, they exploit the fact
2. For instance, Li et al. (2009) pursue a similar strategy to study vehicle scrappage whereas
Klier and Linn (2010) study the effect on new vehicle sales.
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that vehicles with different expected remaining lifetimes are affected differently by
shocks to fuel prices when it comes to their lifetime fuel costs.

Methodologically, our paper more closely aligns to the structural branch of this lit-
erature, which goes back to Hausman (1979) and Dubin and McFadden (1984). Im-
portant contributions within this approach also include those of Goldberg (1998), who
estimates a discrete-continuous consumer choice problem using cross-sectional data,
finding evidence consistent with correct valuation of fuel costs, and Verboven (2002),
who uses aggregate product-level data to quantify the valuation of energy costs and
the pricing behavior of car makers, finding mild undervaluation by consumers. More
recently, Grigolon et al. (2018) quantify the valuation of energy costs using market-level
data for a panel of European markets. Since not accounting for heterogeneity in willing-
ness to pay (WTP) for fuel costs biases the valuation of energy costs (Bento et al. 2012),
Grigolon et al. (2018) carefully control for consumer heterogeneity, especially in regard
to mileage, finding that consumers modestly undervalue energy costs. Our contribution,
as detailed below, is to bring to the literature aspects of salience that affect the valuation
of policy instruments, something enabled by the detailed data set at the micro level we
construct, and to show that there are some cases in which increasing the salience of a
policy instrument will lead to its correct valuation.

Our result according to which the extent of undervaluation differs across compo-
nents can be rationalized by models of consumer inattention in which consumers are
constrained in their costly deliberation time and devote limited attention to the com-
putation of arguably complex cost components such as lifetime fuel costs and lifetime
vehicle tax (e.g., Conlisk 1996) of a vehicle. Since fuel costs are substantially higher
than vehicle tax, they are more salient (Gerlagh et al. 2016) and thus receive more at-
tention from consumers, resulting in a higher valuation.

Our paper also relates to an important literature focusing on consumer behavior
within public and environmental economics. Specifically, we contribute to the recent
empirical literature on taxation which documents that individuals optimize imperfectly
with respect to many different taxes and thus questions a central tenet in public eco-
nomics according to which agents fully optimize with respect to taxes.3 For instance,
Chetty et al. (2009) examine the effect of salience—taken to mean the visibility of
the tax-inclusive price—on behavioral responses to taxation and find that making taxes
more salient by including them in the posted prices displayed to consumers in the store
have larger effects on demand. Finkelstein (2009) finds that policy makers take advan-
tage of the reduced salience induced by electronic toll collection systems.More recently,
Li et al. (2014) find evidence that consumers respond more strongly to changes in
3. Ramsey (1927) assumes that agents respond to changes in taxes in the same fashion as
changes in price whereas fundamental results by Harberger (1964), Mirrlees (1971), and At-
kinson and Stiglitz (1976) on tax incidence, efficiency costs, and optimal income taxation all
rely on full optimization with respect to taxes.
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(more salient) fuel taxes than (less salient) net fuel prices. Moreover, Sexton (2015)
finds that consumers who enroll in automatic bill payment programs—and thus forgo
regular inspection of their bills, which makes them less salient—increase their con-
sumption of electricity. Recent evidence is mixed; while Allcott and Knittel (2019) find
no effect of providing additional information and/or making consumers more attentive
to fuel economy on the fuel economy of vehicles purchased after the intervention, Leard
(2018) finds heterogeneity in willingness to pay for fuel cost savings between attentive
and inattentive consumers.

After empirically ruling out persistence in favor of salience as an explanation for our
findings, we employ our structural model to explicitly test whether the valuation of the
policy instruments increases whenever they are more salient; consumer valuations do
not only increase, but we document a number of cases where increasing salience does
not allow us to reject the null of correct valuation of lifetime fuel costs and vehicle taxes;
we interpret such rejections as evidence consistent with closing the energy efficiency gap.
Our findings thus contribute to an extensive literature examining the energy paradox and
the energy efficiency gap; see Gerarden et al. (2017) for a recent survey. While this lit-
erature typically offers a number of potential explanations for the gap, our results iden-
tify and provide quantitative support for the importance of behavioral explanations, of
which salience and consumer inattention are particular cases, in closing the energy gap.

2. INSTITUTIONAL BACKGROUND

2.1. Policy Instruments

Consumers do not always bear all the consequences of their actions, which leads them
to often ignore the external costs of their decisions which they impose on other eco-
nomic agents. The consequence of such externalities is that the social cost of consum-
ers’ actions exceeds the private cost of the activity, and this inefficient outcomemay lead
to overutilization of a resource. Regulators are then faced with the challenge of design-
ing policy instruments to correct the inefficient outcome, in order to induce decision
makers to internalize these externalities.

In the case of the transport sector, to the extent that the externality policy makers
aim to address is CO2 emissions—more generally, greenhouse gases—or fuel consump-
tion, a fuel tax typically charged on a per-liter or gallon basis is a Pigouvian tax on emis-
sions. Thus, it can achieve the first-best outcome in the absence of consumer underval-
uation of energy efficiency. Otherwise, to achieve a first-best policy one needs to
combine a fuel tax with a standard and a car tax, at least in the case of a representative
agent model.4
4. For other externalities, different instruments would be first-best. For instance, road pric-
ing would address the congestion externality, and a per-mile tax based on vehicle type might be
first-best to address the accident externality. In the case of local pollutants, the design of policies
becomes more complex (Fullerton and West 2002, 2010; Knittel and Sandler 2012).
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Standards can equivalently be imposed on CO2 emissions, fuel consumption, or fuel
economy. They impose a maximum value on the variable being regulated and, when
binding, act as an implicit, revenue-neutral tax on the variable of interest.

The inefficiency of standards occurs due to the rebound effect.5 That is, standards
incentivize the purchase of more efficient cars, but the resulting savings generate an in-
crease in vehicle utilization. Intuitively, this can be shown as follows. Assume that the
only transport externality is CO2 emissions, which are denoted by Eij for driver i and ve-
hicle j, and are measured in grams of CO2 (gCO2.) A fuel tax incides on both vehicle
utilization vij (measured in VKT, vehicle-kilometers-year, say) and emissions ej whereas
a standard incides only on the latter. Thus, while the incidence of fuel taxes falls on
all transport externalities, those of standards fall only on part of them, which results
in their inefficiency.6

A vehicle tax is another important policy instrument to tackle emissions-related ex-
ternalities. As happens with standards, the vehicle tax incides only on vehicle emissions,
and the marginal cost of driving decreases in fuel economy. However, while standards
incide on new vehicles, vehicle taxes incide on all circulating fleet and are due on a yearly
basis. As pointed out at least since Verboven (2002),7 vehicle taxes play an important
role when it comes to technology adoption (gasoline vs. diesel vehicles) in the European
car market.8

2.2. Policy Instruments in the Swedish Market

Themain policy instruments in the Swedish car market used to internalize externalities
arising from car usage are a fuel tax and a vehicle tax.9 The Swedish fuel tax comprises
an energy tax and a carbon tax, which combinedmake one of the highest fuel taxes (thus
fuel prices) worldwide. For reference, at US$5.93 per gallon in 2016:Q2, gasoline prices
5. Additional externalities, such as congestion, will favor the fuel tax.
6. However, the empirical evidence in the economics literature since at least Goldberg

(1998) is that consumers respond little to increasing fuel prices (Small and Van Dender
2007; Hughes et al. 2008; Li et al. 2009).

7. More recently, Klier and Linn (2015) have also shown the role of vehicle taxes in the re-
duction of CO2 emissions—to a great extent via an increase in the market share commanded by
diesel vehicles—in three European markets.

8. Standards apply to new vehicles and might or might not be passed on to consumers by car
makers. On the other hand, the vehicle tax is charged (typically yearly) on both new and used
vehicles. Letting ts be the implicit tax rate, e a vehicle’s CO2 emissions, and J > 0 the binding
standard, the tax imposed is ts(e – J), paid once. The same formula holds for an explicit vehicle
tax tvt, but paid yearly—see app. A for details and formulas. To the extent that the explicit and
recurrent vehicle tax is more salient than the (implicit and one-off ) standard, the valuation of
the former could be thought of as an upper bound to the latter.

9. The EU CO2 emission standards introduced in 2009 affect only a minority of the used
vehicles in our sample.



Salience and Policy Instruments Huse and Koptyug 353
in Sweden are the ninth highest worldwide. In contrast, at US$2.57 per gallon, gasoline
prices are substantially lower in the United States.10

Any changes to the fuel tax typically happen yearly, with the gasoline tax histori-
cally being higher than the diesel tax.11 This results in retail prices for gasoline being
typically (but not always) higher than those of diesel and the fact that retail fuel prices
vary mostly due to changes in net fuel prices rather than fuel taxes—including but not
only—during our sample period. Both effects are displayed in figure 1.

The vehicle tax is calculated based on the CO2 emissions and the fuel type of a ve-
hicle since the 2006 Swedish vehicle tax reform. Vehicle taxes on a diesel vehicle are
approximately 2.5 times the value of a tax on a gasoline vehicle with identical CO2 emis-
sions (see app. A for details and formulas).12 Crucially, and to our advantage, since the
vehicle tax is an explicit tax effectively charged in monetary units (in contrast to a stan-
dard), we are able to value it in the same way we value the fuel tax.

In contrast to what happens inmost EU countries, vehicle taxes have been higher for
diesel as compared to gasoline vehicles in the Swedish market since at least the 1980s. It
is then not surprising that they have been singled out as the main inhibitor to diesel
adoption in Sweden. In fact, the share commanded by diesel passenger cars in the
Figure 1. Fuel price components. This figure displays the time series of net gasoline (a) and
diesel (b) prices (exclusive of taxes) together with the time series of the corresponding fuel taxes.
10. See, e.g., the Bloomberg fuel price comparison engine: http://www.bloomberg.com
/graphics/gas-prices/#20162:Sweden:USD:g.

11. The fact that fuel is taxed by volume instead of energy content since the 1970s, following
the inception of the European Fuel Tax Directive, results in a somewhat lower tax rate for diesel
as compared to gasoline (Miravete et al. 2015).

12. Vehicle tax is paid according to the Road Traffic Tax Act (2006, 227), which came into
force on May 1, 2006; see https://lagen.nu/2006:227. The Act repeals the previous regulation
in place since 1988 (1988, 327); see http://rkrattsbaser.gov.se/sfst?bet51988:327, according to
which the vehicle tax was charged based on a vehicle’s weight. Exemptions are detailed in chap. 2
of the Road Traffic Tax Act (2006, 227). The vehicle tax is due in a given month depending on
the last digit of a vehicle’s registration number.

http://www.bloomberg.com/graphics/gas-prices/#20162:Sweden:USD:g
http://www.bloomberg.com/graphics/gas-prices/#20162:Sweden:USD:g
https://lagen.nu/2006:227
http://rkrattsbaser.gov.se/sfst?bet&equals;1988:327
http://rkrattsbaser.gov.se/sfst?bet&equals;1988:327
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Swedish market is among the lowest within the EU and experienced only a mild in-
crease in the period 1995–2009 despite the strong wave of dieselization experienced
in Europe since the 1990s.13

Since the calculation of vehicle tax has not changed since 2006, the time series var-
iation in vehicle tax is also substantially lower than the variation in fuel prices over time;
see figure 2 for an illustration using baseline gasoline and diesel versions of the best-
selling Volvo V70. What is more, despite substantial decreases in CO2 emissions over
time, they were not enough to counteract the penalties imposed on diesel vehicles.

Empirically, we will use information on fuel costs to draw implications for the fuel
tax. The justification comes from the public economics literature; for instance, most of
the literature since Ramsey (1927) assumes that agents respond to changes in taxes in
the same fashion as changes in price in his analysis of optimal commodity taxation.

3. DATA

We combine a number of data sets. Our unique transaction data from a major Scan-
dinavian online auction platform allows the construction of consumer-level choice sets
based on when a particular individual was active on the market. The use of this revealed
preference data of retail transactions is less prone to concerns regarding the use of
wholesale data to make inferences about consumer behavior (Busse, Lacetera, et al.
2013) and allows us to control for consumer heterogeneity at the micro level.14
Figure 2. Fuel prices and vehicle taxes. This figure displays the time series of gasoline and
diesel prices together with the time series of the annual vehicle tax of a baseline model Volvo
V70 running on gasoline (a) and diesel (b). Source: New Car Guide.
13. Miravete et al. (2015) document that the share commanded by diesels in Europe increased
from as low as 10% in 1990 to up to 70% by 2000 in some segments. Klier and Linn (2015) argue
that vehicle taxes and demand for fuel economy combined explain diesel adoption in the continent.
See also http://www.eea.europa.eu/data-and-maps/figures/dieselisation-in-the-eea.

14. For wholesale prices to reflect consumer behavior, the pass-through from wholesale to
retail prices should be one for one. One setting where this holds is under a competitive dealer

http://www.eea.europa.eu/data-and-maps/figures/dieselisation-in-the-eea
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Our car inspection data enable the construction of lifetime mileage estimates at a
more detailed level as compared to those (age-invariant ones) typically used in the liter-
ature. It is well known that mileage decreases with age, in addition to being heteroge-
neous across models and fuels, and our mileage data provide more reliable information
in this important dimension. We also use estimates of vehicle hazard rates (scrapping
probabilities) for the Swedish car fleet disaggregated by age and fuel.

Finally, we use search volume and news publications indices data from Google
Trends. A detailed description of the sample and how we construct it can be found
in the appendix.

3.1. Transaction Data

The transaction data used in this study are auction data from a large Swedish platform
collected from October 12, 2011, to June 13, 2013.15 Car auctions on the platform are
conducted on a weekly basis, with new vehicles being listed throughout the day every
Friday and ending on either Tuesday, Wednesday, or Thursday the following week.

Once a car has been listed for auction, anyone is free to follow the auction process
and view the detailed vehicle information without having to register an account. The
auction is an ascending auction and individuals interested in placing a bid have to
register an account and are able to place bids, with a minimum incremental bid of
500 SEK, at no monetary cost. Should a bidder place the winning bid, the bidder is
legally bound to go through with the purchase.16 The history of bids is publicly avail-
able, although only the five latest bids are shown, together with the user name of the
15. This platform is the leading player in Scandinavia, where online penetration and online
shopping are among the highest worldwide. Anecdotal evidence collected during the course of
the project points to the platform having high reputation, its products being sold at “competitive
prices” and being widely used by a diverse cross-section of consumers, from people with only
basic (compulsory) education to university professors. While anecdotal, there are no reasons
to believe that selection issues facing our sample are any more severe than those widely used
in the recent literature, such as the dealer auction data provided by Manheim Consulting for
the US market, for instance.

16. This means that should a bidder decide to back out after having won the auction, she or
he will have to pay a fee for that particular auction as well as any costs incurred by the seller in
putting the vehicle up for auction again. While this means that one does not actually have to
purchase the vehicle and incur its entire cost, the cost of compensating the seller for loss of busi-
ness may still turn out to be substantial.

market. However, Koptyug (2015) documents that the behavior of dealers differs from that of
consumers in the Swedish used car market. This suggests that dealers acquire cars and resell
them charging a markup. If this markup were constant, then any parameter estimates coming
from wholesale regressions should be scaled to conform with the behavior of retail consumers.
However, market conditions varying across products and over time undermine the constant
markup assumption and beg for the use of retail prices.
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individual placing the bid, the time at which the bid was placed as well as the bid itself.
Once the auction ends, all information regarding the vehicle is removed.

Every car listed for auction is carefully reviewed by an independent mechanic, and a
summary of the review in the form of ratings on engine, body, transmission, brakes, and
interior, together with detailed technical information is made available to the public at
the start of each auction.17 The information is provided in a standardized format and
can be broadly categorized into technical, legal, and qualitative; technical and legal in-
formation is taken from the Swedish Transport Agency’s vehicle register. This register
contains information about the bodywork, engine, and size as well as the inspection pe-
riod and tax details for each vehicle.18 The qualitative information contains the me-
chanic’s assessment of the different parts of the vehicle, including an overall vehicle as-
sessment and more detailed assessments of the bodywork, engine, brakes, gearbox, and
interior. A given vehicle is available at one of 15 locations in Sweden and anyone inter-
ested may go and test-drive the given vehicle on prespecified dates.

The exact time at which an auction ends is not known in advance. The auction ends
if no new bids are placed within a 3-minute period after a prespecified time of day. Im-
portantly, to credibly focus on consumers, our analysis will consider only bidders who
have purchased one vehicle and participated in at least two auctions.

Given this information, the choice set for a given individual comprises the vehicle
actually purchased by the individual in addition to all objects available on the market
in weeks when the consumer was active, that is, placed at least one bid. (We include
vehicles into the choice set by weeks because the auction house lists vehicles on a weekly
basis.We do not observe whether an individual consumer was logged onto the platform.)

3.2. Car Inspection Data

We use car inspection data from 2007 to 2010, which include failure rates and average
odometer readings disaggregated by model, age, fuel type, and year of publication. Ve-
hicles are inspected at the ages of 3 and 5 years. Thereafter cars undergo inspections
annually until they are 30 years of age, after which the car only needs to be inspected
every other year.

3.3. Car Survival Data

We collect data on the number of cars in the Swedish car fleet in 2011 disaggregated by
car age from Statistics Sweden. Further, we collect data on the number of cars that were
scrapped in 2011, disaggregated by car age, from Bil Sweden.
17. To minimize conflicts of interest, the auction site provides full refunds and the possibil-
ity to terminate the transaction if consumers are able to prove serious hidden faults with the
help of their own mechanic.

18. The Swedish Transport Agency also provides details about the month of payment for
vehicle taxes. See the appendix for details.
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3.4. Consumer Characteristics

We use median per capita income collected by the Swedish Statistics Bureau (SCB)
for the municipalities where a transaction takes place as a proxy for consumer income.

3.5. Fuel Price and Volume Data

We collect data on gasoline and diesel prices from fuel retailer Statoil AB’s web page.
Statoil provides daily recommended prices for its fuel stations. We collect information
on aggregate fuel volumes delivered within Sweden from the Swedish Petroleum and
Bio-fuels Institute.

3.6. Search Volume and News Publications Data

We collect search index values for searches of the keywords “oil price,” “gas price,” and
“diesel price” in addition to news publication indices for the same keywords from
Google Trends. Figure 3 displays their time series behavior.

3.7. Combining Data Sets

We combine the transaction data (product characteristics and indicator of purchase of
product j by consumer i) with the search volume and news publication, and fuel price
data by auction ending date. We match the vehicle tax to the month payable through
the last digit of each car’s registration number. We use the car inspection data to esti-
mate and predict average VKT as a function of fuel and car age, and we use the car
survival data to estimate and predict average car hazard rates as a function of total
VKT traveled.19 Table 1 displays an extract of a choice set. Table 2 reports summary
Figure 3. Search and news indices. This figure displays Google Search Trend Indices (a) and
Google News Search Indices (b) at the weekly frequency for the sample period, October 2011
to June 2013.
19. We consider only vehicles fueled by diesel and gasoline because for flexible-fuel vehicles,
the leading alternative fuel vehicle then, fuel choice becomes another choice dimension that can
significantly complicate the analysis (Salvo and Huse 2013; Huse and Lucinda 2014) and the
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statistics on bidders, vehicle characteristics, and driving characteristics for the final sam-
ple of 11,262, unique registration numbers.

4. EMPIRICAL STRATEGY

We estimate a discrete choice model of used vehicle purchase using consumer-level data.
To do so, we start from the primitives of a consumer choice model in which we observe
choice sets, actual choices, in addition to characteristics for every product and consumer.

4.1. Model Specification

We estimate the demand for automobiles using a random coefficients logit model for
consumer-level data. The starting point is a microeconomic model of rational behavior
for individual consumers. Consumers can choose one (and only one) among the J prod-
ucts on their choice set, namely, the one maximizing their indirect utility. The econo-
metrician does observe individual choices, product characteristics, and consumer char-
acteristics.20 The indirect utility of consumer i (i 5 1, ... ,N) from purchasing product
j ( j 5 1, ... , J) at period t is given by

Uijt 5 fmodel
j 1 ffuel

j 1 ftransm:
j 1 fawd

j 1 fturbo
j 1 ft 1 x0ja 1 y0itg

1 x0ijtβi 1 εijt,
(1)
Table 1. Extract of Sample Choice Set

Brand Model Fuel Price
Fuel
Cost Taxes Weight Age Odometer

DV
(Purchase)

Skoda Octavia Diesel 99,000 160,608 21,498 1,425 3 181,930 0
Ford Mondeo Diesel 69,000 99,973 37,370 1,570 7 104,700 0
Ford Mondeo Gasoline 30,000 83,038 14,979 1,520 11 139,320 0
Toyota Yaris Gasoline 90,000 79,960 2,947 1,145 4 90,230 0
Toyota Yaris Gasoline 90,000 84,578 2,800 1,105 3 75,040 0
Toyota Yaris Gasoline 85,000 79,960 2,947 1,145 4 100,480 0
Toyota Auris Gasoline 95,000 110,542 10,479 1,380 5 63,130 0
Toyota Aygo Gasoline 55,000 66,174 3,102 930 5 53,650 1
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Note. This table reports selected variables from the auctions where a randomly chosen user (“-RS6-”)
placed at least one bid. A full choice set comprises all vehicles auctioned in the weeks a given consumer was
active. Prices, fuel cost, and taxes are in SEK, weight in kg, age in years, odometers in km; DV(.) denotes a
dummy variable.
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where fk
j , k 5 model, fuel, transmission, all-wheeldrive(awd), turbo denote the fixed

effect corresponding to characteristic k (model, fuel, transmission, all-wheel drive, turbo
engine) for product j, and ft are time fixed effects. The vector xj comprises character-
istics such as vehicle ratings (for engine, body work, gearbox, interior, brakes), vehicle
age, odometer reading, engine size, and total vehicle weight.21 The vector y0it comprises con-
sumer characteristics such as median income within a region; the vector x0ij 5 (cij, tj, pj)
comprises the monetary variables, namely, the discounted lifetime fuel costs, discounted
lifetime vehicle taxes, and product price, respectively.22 Finally, εij is a stochastic term
with a type 1 extreme value (T1EV) distribution.23

4.2. Heterogeneity

Given the prominence of heterogeneity in the vehicle market, we allow for different
channels through which heterogeneity can affect choices.24 On the product front, we
allow for different fixed effects (e.g., brand-model, fuel), product characteristics (e.g.,
engine size, odometer readings), and product ratings. Thus, we control for time-invariant
heterogeneity at the product level stemming from, say, a product’s reputation, while also
controlling for heterogeneity across variants of a given model and/or improvements in
product characteristics across vintages, in addition to the current state of the product.

On the consumer front, we allow heterogeneity to affect choices via consumer char-
acteristics, heterogeneity in utilization (which feed into fuel costs; details below), and
consumer-type random coefficients. The consumer characteristic we use is the median
income within a region, which measures the purchasing power of a consumer. Utiliza-
tion is disaggregated by the revealed fuel type of the consumer and age of car at purchase
in our benchmark specifications, which accounts for the fact that utilization typically
decreases with vehicle age and diesel vehicles consistently are driven more than their
gasoline counterparts. Finally, we endow the parameters associated with the monetary
variables with random coefficients; see below.
21. We include such ratings (attributed to each vehicle by an independent mechanic; see sec. 3)
to control for heterogeneity across vehicles of same observed characteristics (e.g., model-fuel-
vintage-engine size) but different utilization.

22. The subscripts i in x0ijt 5 (cijt, tjt, pj) are due to the interaction between consumer (uti-
lization, measured in vehicle-kilometers traveled) and product characteristics (details below).
Thus, our specification comprises product characteristics, consumer characteristics, and inter-
actions thereof.

23. We do not consider the existence of an outside option in our analysis, since our focus is on
how the variation in the data influences which product to purchase, not on the timing of the de-
cision to purchase. This is consistent with the purchase of used vehicles with replacement motives
and has been used in similar models for other durables, e.g., Houde (2018) for refrigerators.

24. As shown in Bento et al. (2012), one needs to account for heterogeneity in the valuation
of fuel costs at the risk of biasing the valuation of energy efficiency downward.
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The model is estimated using maximum simulated likelihood (see app. B for de-
tails). In our application, we decompose the parameters associated with the monetary
variables as βik 5 exp(β＊k 1 jknik), where β＊k is common across individuals, vik is a
consumer-specific random determinant of the taste for characteristic k, which we assume
to follow independent draws of the standard Normal distribution, nik ∼ N (0, 1), and
jk measures the impact of v on characteristic k, thus making the individual coefficients
lognormally distributed.25

4.3. Details and Discussion

The discounted lifetime operating costs of vehicle services comprise fuel costs (cij) and
taxes (tj), which are given by

cij 5 o
T

t50
dtsjtpjtfjvijt, (2)

tj 5 o
T

t50
dtsjttjt, (3)

with d being the discount factor, T the lifetime of a vehicle, and sjt a vehicle’s survival
probability (which we estimate from scrappage data; see app. A). In our application, we
follow the literature by setting vehicle lifetime to 25 years (Allcott and Wozny 2014)
and the real discount rate to 5% per year (see app. A for details and app. C for robust-
ness).26 In the case of the fuel costs, pjtfjvijt combines fuel price (pjt, in SEK/liter),
vehicle fuel economy (fj, in liters/100 km), and vehicle-kilometers/year (VKT, in vijt
km/year) whereas for the tax term, tjt is the annual vehicle tax. We assume consumers’
25. The lognormal distribution has been proposed as a convenient distribution for random coef-
ficients in discrete choicemodels by Revelt andTrain (1998) andTrain (1998). Importantly, its as-
sociated willingness to pay is well defined and lognormally distributed. See the appendix for details.

26. We assume that the discount factor d 5 1/(1 1 r) is constant across consumers. We
set the discount rate r to 5% in what we see as a conservative benchmark given borrowing costs
in the Swedish market prevailing at the period. This rate is in line with the 2014 Guidelines of
the US Environmental Protection Agency (2014). Nominal interest rates for car loans typically
vary according to the applicant’s credit history, the amount applied for, and the term of the loan;
to gauge their magnitudes, we have submitted queries to a number of loan providers and have
observed nominal interest rates in the range 2.5%–7%, with lower rates typically offered by
banks and higher rates often offered by “shark lenders.” These findings are consistent with re-
ports of nominal interest rates in the range 4%–7% reported by the media in 2013; see https://
www.svd.se/bilkopare-lockas-med-olagliga-lan. By deducting inflation expectations available
from the surveys carried out by the Swedish Konjunkturinstitutet (National Institute of Eco-
nomic Research), the resulting real interest rates are mostly below 5%. Our strategy is also con-
sistent with the literature, e.g., Verboven (2002) and Busse, Knittel, and Zettelmeyer (2013)
use borrowing rates, Allcott and Wozny (2014) use the average of borrowing costs and stock
market returns (calculated to be 6%), and Sallee et al. (2016) assume a discount rate of 5%.

https://www.svd.se/bilkopare-lockas-med-olagliga-lan
https://www.svd.se/bilkopare-lockas-med-olagliga-lan
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expectations of real future prices to follow a random walk (or “no change” forecast),
consistent with most of the recent literature (Busse, Knittel, and Zettelmeyer 2013;
Sallee et al. 2016; Grigolon et al. 2018). This assumption is consistent with empirical
evidence of consumer beliefs (Anderson et al. 2013) and has been shown to perform at
least as well as alternative forecasts based on futures markets or expert surveys (Alquist
and Kilian 2010; Alquist et al. 2013) used in, for example, Allcott andWozny (2014)
preferred results.

Our empirical strategy builds on the institutional setting summarized in section 2
and is consistent with both the literature and data availability. In particular, we assume
that utilization conditional on product choice is perfectly inelastic, as often done in the
literature; see Grigolon et al. (2018) for a recent case. This is consistent with empirical
findings of a small and statistically insignificant rebound effect typically found in the
literature.27 We believe that this is a good compromise in that in contrast with most
of the literature, which uses mileage data disaggregated by market segment (or weight
class), we are able to obtain age-fuel-specific estimates of mileage to construct our cost
variables.

While flexible, our estimation strategy abstracts from potentially important features
of the auto industry. For instance, cars are durable products, so current ownership of a
car is likely to affect the current demand for automobiles. In particular, there is an in-
terdependence between the new and used car markets, something we abstract from by
not including an outside good. However, as documented in Schiraldi (2011), the sub-
stitution between those segments is small. Our estimation approach thus represents a
pragmatic modeling approximation to actual choice behavior in the industry, being con-
sistent with much of the literature.

4.4. Identification

Our estimation strategy uses data on all the products a consumer could have bid for
while active on the market to identify preference parameters instead of using informa-
tion on auction outcomes only, for example, price and characteristics of the product
sold. This is only possible by following the activity history of consumers in the sample
over time.

The parameters of interest, βi, are consistently estimated provided E½xijεijjIij� 5 0,
where Iij subsumes product and consumer characteristics. That is, the components of
operating cost are uncorrelated with the error term conditional on consumer and prod-
uct characteristics. The panel structure of the data allows the use of a number of fixed
effects, for instance, model and fuel fixed effects to control for (time-invariant) product
27. For perspective, Small and Van Dender (2007) estimate a short-run rebound effect of
0.044 using yearly date whereas Klier and Linn (2010) estimate an elasticity close to 0.12 using
monthly data. More recently, West et al. (2017) find no evidence of a rebound effect using mi-
cro data and accounting for attribute-based adjustment.
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characteristics unobserved by the econometrician and related to, say, product reputa-
tion that may be correlated with the cost components.28 As model characteristics may
well change in ways that are correlated with the cost components, we also control for
product characteristics such as engine size, vehicle age, odometer reading, plus trans-
mission type, all-wheel drive, and turbo charged fixed effects. Ratings of body, engine,
transmission, brakes, and interior are additional ways to control for unobservables from
the econometrician’s perspective, especially previous utilization and the current state of
a product. If endogeneity is still a concern despite the above, we note that the resulting
attenuation bias will render an overstated valuation parameter u, as also seen in the ap-
pendix focusing on endogeneity, thus making it less likely to reject the null of correct
valuation of energy efficiency.

The variation identifying the preference parameters differs between vehicle taxes
and fuel costs. First, note that the quantities of interest are lifetime (present discounted
values of ) fuel costs and vehicle taxes, rather than the yearly quantities themselves, as
per equations (2)–(3). Focusing on the yearly vehicle tax, the first source of variation is
the difference in taxation between gasoline and diesel vehicles (see app. sec. A.2 for for-
mulas). Moreover, conditional on fuel, vehicle taxes differ both cross-sectionally, due to
the difference in CO2 emissions of different variants of a model at a given point in time,
and over time, due differences in CO2 emissions of different vintages of the same var-
iant; see figure 2b for an example.29 As for fuel costs, variation across fuels and CO2

emissions are interacted with time series variation in expected fuel prices. We illustrate
the identifying variation in the data in figure 4. Figure 4a and figure 4b show how the
present discounted value of vehicle tax and fuel costs, respectively, vary as a function
of vehicle age and CO2 emissions (and across fuels). Finally, figure 4c illustrates the
covariation between the present discounted value of vehicle tax and fuel costs as a func-
tion of CO2 emissions, fuel, and vehicle age.30
28. In particular, we follow most of the literature using micro data (see Petrin and Train
[2010] for an exception) and assume price exogeneity in our baseline.

29. CO2 emissions typically decrease over time, even conditioning on engine size or horse-
power, due to technological improvements in the auto industry. They also vary cross-sectionally
across models and fuels, and also across variants of a model for a given product line. Moreover,
while the vehicle tax calculation has not changed during the sample period, there is substantial
variation within brand-fuel-model, even conditional on vintage. For instance, variants of the
gasoline and diesel 2009 Audi A4 have CO2 emissions in the range 149–89 gCO2/km and
119–236 gCO2/km, respectively, whereas the figures for their 2007 counterparts are 171–
226 gCO2/km and 140–200 gCO2/km, respectively. For the full sample, the mean (median)
ratio of maximum to minimum CO2 emissions at the brand-model-fuel level is 1.41 (1.32).

30. We have also regressed the present discounted value of vehicle tax on (i) model fixed
effects, (ii) model plus fuel fixed effects, (iii) model-fuel fixed effects, and (iv) model-fuel fixed
effects plus the present discounted value of fuel costs. The R-squared of the last specification
was a moderate 0.57, suggesting variation in the lifetime vehicle tax above and beyond the
one of lifetime fuel costs.
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4.5. Testable Implications

Generally, the WTP for a characteristic of alternative j is defined as the ratio of the
marginal utility of the characteristic to the marginal utility of its cost. As a result, the
valuation of the fuel cost and vehicle tax components are given by, respectively, uc≔
(∂Uij/∂cj)/(∂Uij/∂pj) and ut≔ (∂Uij/∂tj)/(∂Uij/∂pj).

Under the null hypothesis of full information and rationality, consumers correctly—
and equally—value lifetime fuel and vehicle tax costs. Letting subscripts p, c, and t de-
note the coefficients for product prices, fuel costs, and vehicle taxes, respectively, and as-
suming a logit model to fix ideas, the first testable implication—regarding the correct
valuation of lifetime fuel costs—reads uc≔ βc/βp51 whereas the second testable
implication—regarding the correct valuation of lifetime vehicle taxes—reads ut≔
βt/βp51. Finally, the correct valuation of both fuel costs and vehicle taxes can be ex-
pressed as uc 5 ut 5 1.
5. VALUATION OF OPERATING COSTS

We estimate demand specifications comprising four components, namely, product char-
acteristics, consumer characteristics, interaction terms between consumer and prod-
uct characteristics, and the specification of consumer heterogeneity. Among product
characteristics we consider price, engine size, vehicle age, odometer reading, and weight;
we also include fixed effects formodel, fuel type, transmission type, all-wheel drive, turbo-
charged engines, in addition to time (year-month) fixed effects. Finally, we include prod-
uct ratings.

Next we include the median income at the municipality where a purchase occurred,
which helps us control for consumer characteristics. We also include the cost compo-
nents, a vehicle’s (expected) lifetime fuel costs, and lifetime vehicle taxes, with the for-
mer containing an interaction between consumer and product characteristics.31

Finally, we endow price and cost components with random coefficients. This allows
different consumers to have different sensitivities (thus preferences) to different char-
acteristics, being a standard way to account for unobserved consumer heterogeneity in
logit models. Standard errors are robust and clustered at the consumer (bidder) level.

5.1. Demand and Valuation Estimates

We report the main estimates of our specifications in table 3 (p-values are reported in
parentheses). Specifications 1–3 are conditional logit models whereas specifications 4–
6 are random coefficients logit (RCL)models; randomdraws are lognormally distributed,
31. The cost variables enter as lifetime rather than one-period quantities; therefore the ac-
ronym NPV in the tables, denoting net present value.
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and both price and cost components are endowed with a random coefficient.32 Our base-
line specification is 6.

Specifications 1–3 differ with respect to the cost terms. While specification 1 ag-
gregates both cost components into total operating costs, specification 2 considers only
lifetime fuel costs (thus purposely omitting the vehicle tax term) whereas specification
3 decomposes operating costs into fuel costs and vehicle tax terms. The mean price
parameters in all three specifications are statistically significant at the 1% significance
level and fairly similar. As expected, the cost component in specification 2 loads higher
than in specification 1. Finally, in contrast with a significant (at the 1% level) param-
eter for lifetime fuel costs in specification 3, the lifetime vehicle tax parameter is not
significant. The associated valuation parameters are 0.51 for specification 1 and 0.63
for specification 2 (null of correct valuation rejected at the 1% and 5% significance lev-
els, respectively), and 0.62 for fuel costs and 0.06 for vehicle tax in specification 3 (null
of correct valuation rejected at the 10% significance level for both).

To better account for heterogeneity, we also estimate a set of RCL models. Speci-
fications 4 and 5 are the RCL counterparts of specifications 1 and 2, respectively. Since
the heterogeneity (j, standard deviation) parameters in these specifications are small
and not statistically significant, the valuation parameters do not change when compared
to their logit counterparts and the associated log-likelihoods barely increase. As before,
the null of correct valuation of operating costs is comfortably rejected for both 4 and 5.

We now proceed as for 3 and decompose total lifetime operating costs into fuel costs
and vehicle tax components, but allowing for heterogeneity in the form of random co-
efficients; see specification 6. Now, heterogeneity becomes statistically significant (at
the 10% level) for lifetime vehicle tax. That is, there is evidence of consumer heteroge-
neity in the responses to lifetime vehicle taxes. This can be attributed to the fact that
newer (less than 5 years) and older vehicles are treated differently, with the former ben-
efiting from a tax exemption (details below).

When it comes to valuations, while one would expect the fuel cost and vehicle tax
parameters to be of similar magnitudes provided consumers value cost components cor-
rectly, this is not the case here, as the average valuations of lifetime fuel cost and lifetime
vehicle tax components are 0.60 and 0.14, respectively. When performing inference for
those parameters, we obtain two important findings, namely, the rejection of the null of
correct valuation at the 5% and 1% significance levels for fuel costs and vehicle tax, re-
spectively, and the rejection of the null of equal valuation of fuel costs and vehicle tax at
32. Although in our baseline the draws are uncorrelated, we have also experimented with
more general specifications of the matrix of random coefficients. Our choice was driven by
(i) convergence issues and (ii) the lack of significance of most coefficients in these more general
specifications. This lack of significance persisted even when imposing more structure on said ma-
trix, e.g., nonzero covariance terms only between a subset of the coefficients. Our findings are con-
sistent with the fact that it is difficult to identify too many random coefficients in practice.
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the 5% significance level (see ut/uc in table 3). That is, on top of undervaluing both
components, consumers’ undervaluation of lifetime vehicle tax is more severe than that
of lifetime fuel costs. Moreover, while consumer reaction is relatively homogeneous in
the case of lifetime fuel costs, it is heterogeneous in the case of lifetime vehicle tax.

The role of heterogeneity in valuations can be illustrated by examining the distri-
bution of valuations for the baseline; see figure 5. Valuations are substantially more
heterogeneous for the vehicle tax (fig. 5b) than for fuel costs (fig. 5a).

The above findings have important policy implications. First, we document that
consumers undervalue the different components of operating costs. The undervalua-
tion of fuel costs has been previously documented in the literature; its main implica-
tion is that a fuel tax does not achieve the first-best outcome and additional policy in-
struments—such as a standard—are required.

Second, we document that a policy instrument which is analogous to a standard—
and is typically assumed to be correctly valued by both policy makers and researchers—
is also undervalued by consumers. Moreover, such undervaluation is even more severe
than that of the fuel cost component. Taken together, our findings suggest that one
needs a menu of policy instruments to adequately internalize transport externalities.

5.2. Potential Endogeneity and Robustness Checks

One concern with the main results presented in table 3 is that variables such as vehicle
prices or lifetime fuel costs are endogenous, potentially leading to biased and inconsistent
Figure 5. Distribution of valuations of lifetime fuel costs and vehicle tax. This figure displays
the distribution of valuations of lifetime fuel costs (a) and vehicle tax (b) as per the baseline spec-
ification, specification 6 in table 3. The underlying model is a random coefficients logit (RCL)
with lognormally distributed parameters on price and net present value (NPV) terms. The co-
variance matrix in RCL is constrained to be diagonal as per discussion in text. Auto fixed effects
in every specification include model, fuel type, transmission type, all-wheel drive, turbo charged,
and year-month fixed effects. Auto controls in every specification include ratings (engine, body,
transmission, brakes, and interior), engine size, vehicle age, odometer reading, and weight.
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estimates. To address these concerns, we report in the appendix a two-stage control func-
tion approach as in Petrin and Train (2010). We interpret the resulting estimates as
supporting the view that our main results are not due to the endogeneity of car prices
or lifetime fuel costs.

We also conduct a number of robustness checks. As detailed in the appendix, the
estimates of undervaluation are largely robust, with variation similar to the ones in the
literature.

6. POTENTIAL EXPLANATIONS

We have documented that (i) consumers undervalue both lifetime fuel costs and life-
time vehicle tax and (ii) the undervaluation of vehicle tax is substantially more severe
than that of fuel costs. Following the literature, for example, Li et al. (2014), two po-
tential explanations for this difference in valuations are persistence and salience. In the
case of persistence, the reasoning is that if consumers perceive (changes in) fuel costs to
be more persistent than (changes in) vehicle taxes, then they are expected to react more
strongly to the former rather than the latter.33 However, in our case vehicle taxes are
more persistent than fuel prices yet more severely undervalued by consumers; thus un-
dervaluation is unlikely to be driven by persistence, see appendix D for details.

To better appreciate how undervaluation relates to salience, consider the model of
inattentive agents put forth in Conlisk (1996), according to which computing a payoff
function is costly for decision makers in the sense of requiring deliberation due to its
complexity. In such case, the decision maker applies a costly deliberation technology
so that he maximizes the expected payoff net of the cost of deliberating. Translated
to our setting, the correct computation of fuel costs is both more costly (due to its com-
plexity) and more rewarding to consumers on the market for a used vehicle (table 2
reports that the ratio of mean lifetime fuel costs over mean lifetime vehicle tax is about
seven). Since it is unlikely that computing lifetime fuel costs is seven times more costly
than lifetime vehicle taxes, it is not unreasonable to think that consumers deliberate
more when calculating fuel costs than the vehicle tax given their scarce deliberation
time. As a result, the valuation of lifetime fuel costs by consumers is more accurate than
that of lifetime vehicle tax, resulting in valuations closer to unity for the former. This is
even more likely to be the case for newer (less than 5 years) vehicles which are essen-
tially exempt from vehicle tax (see the appendix for details).

In what follows, we empirically examine the role of salience on valuations.We do so
by, first, splitting a cost component into salient and nonsalient components and then
comparing their valuations by reestimating our baseline specification. In the case of ve-
hicle tax, we exploit the within-year variation induced by different due dates of the
33. In the extreme case that consumers believe that one source of cost faces transitory while
the other faces permanent changes, they will fully react to the latter but not to the former.
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vehicle tax to show how increasing the salience of vehicle tax increases its valuation by
consumers. For fuel costs, we define salient and nonsalient versions of lifetime fuel costs
where the salience is switched on whenever a proxy variable is activated. For instance, a
salient component of fuel costs consists of the actual fuel costs interacted with an in-
dicator function of oil prices being at least US$100. The testable implications are two-
fold. First, the valuation of the salient component of cost exceeds that of its nonsalient
counterpart. Second, the valuation of the salient component can help consumers cor-
rectly value the cost of interest. In particular, the valuation of the salient component
should be closer to unity.

We also employ salience proxies related to news activity and online search activity.
While these mechanisms are likely different from the consumers’s standpoint, they
should point in the same direction: news activity variables (e.g., an indicator for “news
about gasoline/gasoline prices is above its long-run average”) can be seen as more pas-
sive in the sense that consumers are likely to be exposed to news via traditional or online
media without necessarily looking for any information on fuel prices. On the other
hand, online search activity (e.g., an indicator for “search for keyword gasoline/gasoline
prices is above its long-run average”) suggest that consumers (perhaps after being ex-
posed to news) take an active role to look for (additional) information on fuel prices.

6.1. Salience in Vehicle Tax

We rely on the institutional background and examine how consumers react to lifetime
vehicle taxes as they vary in salience. This can be pursued in two ways, which we will
eventually combine. First, we compare the valuation of the vehicle tax component be-
tween newer (up to 5 years) and older (from 5 years) vehicles; as the latter are never
tax exempt, their vehicle tax is more salient to consumers upon their purchase.

Second, conditional on not being tax exempt (alternatively, being at least 5 years
out), we compare the valuation of the vehicle tax component as the due date of the
vehicle tax approaches. Concretely, we interact the indicator of nonexempt vehicle
tax status with indicators of tax being due in the next quarter and in the next month,
respectively.

Table 4 reports results for three specifications. Focusing on the valuation parame-
ters, note that there is little variation of the fuel cost parameter (uc) across specifications,
with all estimates close to the baseline estimate of 0.60. The estimates also share with
the baseline the fact that the null of correct valuation is rejected at the 5% significance
level. Perhaps unsurprisingly, the nonsalient valuation estimates of lifetime vehicle tax
are low, with the null of their correct valuation being rejected at the 1% significance
level. Specification 1 distinguishes between newer and older cars, that is the salient
component switches on for vehicles older than 5 years. As expected, the valuation of
the salient component is higher than the valuation of the nonsalient one (0.05 vs.
0.01), but the null of equality between them cannot be rejected against a two-sided al-
ternative for standard significance levels.
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Specifications 2 and 3 exploit the salience jointly arising from the liability and the
timing of taxes. While for specification 2 the salient component switches on if the ve-
hicle tax is due in the quarter following the vehicle purchase, for specification 3 it
switches on if it is due in the calendar month following the vehicle purchase. In either
case, the null of correct valuation is rejected at the 1% significance level.
Table 4. Salience of Vehicle Tax

(1)a (2)a (3)

Variables Mean SD Mean SD Mean SD

Price –11.98*** .01 –11.95*** .01 –11.96*** .01
(.00) (.68) (.00) (.59) (.00) (.85)

NPV (fuel costs) –12.46*** .01 –12.47*** .01 –12.49*** .01
(.00) (.65) (.00) (.69) (.00) (.28)

NPV (vehicle tax) –19.01*** 1.79*** –20.73*** 3.18* –16.11*** 1.90**
(.00) (.00) (.00) (.06) (.00) (.01)

NPV (vehicle tax, age ≥ 5) –15.14 .65
(.23) (.93)

NPV (vehicle tax, age ≥ 5, dueq11) –12.04*** .31
(.00) (.64)

NPV (vehicle tax, age ≥ 5, duem11) –11.46*** .12
(.00) (.60)

Average valuations:
uc (fuel costs) .62** .59** .59**
ut (vehicle tax, nonsalient) .01*** .02*** .10***
uSalientt (vehicle tax, salient) .05** .96 1.67

ut/uc .01*** .03*** .16***
uSalientt /ut 13.43 132.00*** 20.60***
Observations 397,943 397,943 397,943
Log-likelihood –10,859.2 –10,856.7 –10,856.1
Note. Estimated model is a random coefficients logit (RCL) with lognormally distributed parameters on
price and all net present value (NPV) terms. p-values are reported in parentheses. Standard errors are ro-
bust and clustered at the consumer level. The covariance matrix in RCL is constrained to be diagonal as per
discussion in text. Auto fixed effects in every specification include model, fuel type, transmission type, all-
wheel drive, turbo charged, and year-month fixed effects. Auto controls in every specification include ratings
(engine, body, transmission, brakes, and interior), engine size, vehicle age, odometer reading, and weight.
The parameters uc and ut denote the valuation of lifetime fuel costs and vehicle tax, respectively. The pa-
rameter uSalientt denotes the salient component of lifetime vehicle tax. The null hypothesis for all valuation
parameters is H0 : u 5 1.

a Specification does not converge using the baseline number of simulation draws and burn rate. These
results are obtained by doubling both the number of repetitions and burn rate to ensure smoother conver-
gence. Mean and SD parameters are denoted by β＊k and jk, respectively.

* Statistically significant at the 10% level.
** Statistically significant at the 5% level.
*** Statistically significant at the 1% level.
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Focusing now on the valuation of the salient component of vehicle tax, we cannot
reject the null of correct valuation for either specification 2 or specification 3—the
point estimates are 0.96 and 1.67, respectively. While the former estimate implies that
consumers essentially correctly value the vehicle tax, the latter may be suggestive of hy-
perbolic discounting (Frederick et al. 2002). Importantly, we reject the null of equality
between the standard and salient components of vehicle tax at the 1% significance level
for both specifications.

The above results document that salience plays an important role when it comes to
the incidence of vehicle tax. In particular, consumers react to the timing of vehicle taxes,
which suggests that it is in the interest of regulators to highlight both the liability and
the timing of tax. Perhaps more importantly than the undervaluation of nonsalient
terms, the above findings suggest that tax exemptions tend to depress even further
the valuation of tax components and minimally affect the decision to purchase a prod-
uct. Thus, any policy targets based on vehicle tax are less likely to be achieved than orig-
inally planned by the policy maker.

6.2. Salience in Fuel Costs

When examining salience in fuel costs, we selected variables based on the literature,
with results reported in table 5. In specification 1, the salient component (uSalientc ) is
switched on whenever oil prices reach at least US$100.34 Specification 2 postulates
that the salient component switches on whenever fuel prices are within 10 cents of
an integer number, for example 15±0.10 SEK/liter. Specification 3 switches on sepa-
rate salient components for price increases and decreases for the months with the 5%
largest increases and 5% largest decreases with respect to the previous month. Finally,
specification 4 switches on the salient component whenever fuel prices are in the fourth
quartile of the fuel price distribution, in the spirit of Busse, Knittel, and Zettelmeyer
(2013).

The estimates for specification 1 show that fuel costs are more highly valued if oil
prices are salient, with a valuation of 0.85 for uSalientc . While the increased valuation of
the salient component of fuel costs is perhaps not surprising, it is interesting to note
that while nonsalient fuel costs do not have a statistically significant standard deviation
parameter (j), suggesting that consumers respond to such changes in a homogeneous
34. Our choice of price threshold comes from the fact that oil prices are more likely to make
it to the news when they hit such an important threshold and beyond. For instance, the New
York Times states that “oil prices [are] approaching the symbolic threshold of $100 a barrel” and
“many analysts expect the psychologically important $100-a-barrel threshold to be breached
sometime in the next few weeks” on November 9, 2007; see http://www.nytimes.com/2007
/11/09/business/worldbusiness/09oil.html?_r52. Similarly, the BBC reports that “the price
of Brent crude oil has passed $100 a barrel for the first time since October 2008” on concerns
about the political unrest in Egypt on January 31, 2011; see http://www.bbc.com/news/business
-12328745.

http://www.nytimes.com/2007/11/09/business/worldbusiness/09oil.html?_r&equals;2
http://www.nytimes.com/2007/11/09/business/worldbusiness/09oil.html?_r&equals;2
http://www.nytimes.com/2007/11/09/business/worldbusiness/09oil.html?_r&equals;2
http://www.bbc.com/news/business-12328745
http://www.bbc.com/news/business-12328745
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way just as in our baseline results, the heterogeneity parameter in the salient compo-
nent of fuel costs is statistically significant, a finding consistent with heterogeneous con-
sumer reactions whenever oil prices cross the US$100 threshold. Importantly, the null
of correct valuation for the salient component of fuel costs is no longer rejected. When
comparing valuations, while we do not reject the null of equal valuation of the salient
and nonsalient components of fuel costs, we do reject the null of equal valuation of the
nonsalient component of fuel costs and that of vehicle tax at the 10% significance level.

The estimates for specification 2 suggest a similar yet less extreme pattern than that
of specification 1. That is, the nonsalient components of fuel costs and vehicle tax have
valuations similar to those of the baseline specification and the null of correct valuation
for both components is rejected. However, the null of correct valuation cannot be re-
jected for the salient component.

Specification 3 distinguishes between fuel price increases and decreases. Not only
are the point estimates for the valuations of price increases and decreases different, but
the former are substantially larger than the latter (0.73 vs. 0.53, reported in the same
row). Moreover, while the null of correct valuation cannot be rejected for the former, it
is comfortably rejected for the latter at the 1% significance level. When comparing the
salient components with their nonsalient counterpart, the findings are intuitive in that
one does reject (at the 10% significance level) the null of equality between the salient
price increase, component and the nonsalient component, but not the null of equality
between the salient price decrease, component and the nonsalient component. All in
all, consumers tend to value fuel costs more upon price increases than price decreases.

Finally, the estimates for specification 4 exhibit a similar yet less pronounced pat-
tern where the valuation of the salient term is larger than that of its nonsalient coun-
terpart (0.64 vs. 0.60). However, the null of equality of these two components cannot
be rejected. Taken together, we interpret the findings above as suggestive that when-
ever fuel prices (or functions thereof ) become more salient, this will result in increased
valuations of fuel costs. Frequently, the increased salience might even result in valua-
tions for which the null of correct valuation is not rejected. The relation between the
valuation of the nonsalient component of fuel costs and the valuation of vehicle taxes
remains largely unaffected.

6.3. Salience Induced by News and Web Searches

We investigate the role of salience using data from web searches and news related to oil,
gasoline, and diesel prices as proxies thereof. Table 6 reports estimates related to news
activity with the component being defined as salient if the activity is above its mean value
for the sample.35 The nonsalient components of fuel cost valuations are largely sim-
ilar to the baseline estimate of 0.60, being in the range 0.54–0.70. On the other hand,
35. We have also estimated the same specification defining the component as salient if it is
above the 75% percentile activity, obtaining similar results.
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the valuation estimates of the salient components of fuel costs vary somewhat; specifi-
cations 1 and 3, which focus on gasoline and oil news activity, respectively, have esti-
mates of 0.96 and 0.89. In either case, the null of correct valuation is not rejected.
On the other hand, specification 2, which focuses on diesel news, has a salient compo-
nent which is actually lower than its nonsalient counterpart (0.58 vs. 0.70), with the
Table 6. Effect of News Activity

(1) (2) (3)

Variables Mean SD Mean SD Mean SD

Price –11.98*** .01 –11.96*** .01 –11.98*** .01
(.00) (.96) (.00) (.95) (.00) (.90)

NPV (fuel costs) –12.61*** .16 –12.32*** .02 –12.49*** .03
(.00) (.40) (.00) (.56) (.00) (.17)

NPV (vehicle tax) –15.31** .90 –17.36 1.50 –15.33** 1.26
(.00) (.63) (.24) (.53) (.02) (.49)

NPV (fuel costs, gas news > mean) –12.28*** .72***
(.00) (.00)

NPV (fuel costs, diesel news>mean) –13.00*** 1.00***
(.00) (.00)

NPV (fuel costs, oil news > mean) –12.45*** .85**
(.00) (.03)

Average valuations:
uc (fuel costs, nonsalient) .54*** .70 .60**
uSalientc (fuel costs, salient) .96 .58** .89
ut (vehicle tax) .05*** .01*** .08***

uSalientc /uc 1.80 .84 1.49
ut/uc .10 .02*** .13
Observations 397,943 397,943 397,943
Log-likelihood –10,848.7 –10,853.8 –10,857.1
Note. Estimated model is a random coefficients logit (RCL) with lognormally distributed parameters on
price and all net present value (NPV) terms. p-values are reported in parentheses. Standard errors are ro-
bust and clustered at the consumer level. The covariance matrix in RCL is constrained to be diagonal as per
discussion in text. Auto fixed effects in every specification include model, fuel type, transmission type, all-
wheel drive, turbo charged, and year-month fixed effects. Auto controls in every specification include ratings
(engine, body, transmission, brakes, and interior), engine size, vehicle age, odometer reading, and weight.
The parameters uc and ut denote the valuation of lifetime fuel costs and vehicle tax, respectively. The pa-
rameter uSalientc denotes the salient component of lifetime fuel costs. The null hypothesis for all valuation
parameters is H0 : u 5 1. Mean and SD parameters are denoted by β＊k and jk, respectively.

* Statistically significant at the 10% level.
** Statistically significant at the 5% level.
*** Statistically significant at the 1% level.



Salience and Policy Instruments Huse and Koptyug 377
null of correct valuation being rejected at the 1% significance level. The higher respon-
siveness of the salient component in the case of gasoline as compared to that of diesel,
and the lack of rejection of the null of correct valuation in the case of gasoline, is con-
sistent with demand estimates, pointing to a higher price sensitivity of gasoline than
diesel (at least in the short run), as documented in the appendix.

We note that the only statistically significant heterogeneity parameters are those as-
sociated with the salient components, which suggests substantial heterogeneity in the
responses to increased salience, potentially due to the existence of attentive and inat-
tentive consumers. All in all, table 6 documents how news related to gasoline and oil
prices is associated with an increased valuation of fuel costs, for which the null of correct
valuation cannot be rejected any longer.

Table 7 reports estimates where salience is associated with web search activity; the
salient component in specifications 1–3 switches on if the search activity associated
with the corresponding keyword is above its sample average. We first note that being
in the range 0.60–0.62, the valuation estimates of nonsalient lifetime fuel costs are
quite similar to the baseline of 0.60. Moreover, the null hypothesis of correct valuation
of this component is rejected at the 5% significance level in all cases. The valuations of
lifetime vehicle tax are robust across columns, and the null of correct valuation is rejected
at least at the 5% significance level.

When it comes to the salient component of fuel costs, specification 1 focuses on gas-
oline searches. Looking at the demand estimates, the only significant heterogeneity pa-
rameter is that of the salient component in this specification. The associated valuation
estimate is 0.71, with the null of correct valuation not being rejected at standard signif-
icance levels. Thus, the valuation of fuel costs not only increases when this component
becomes more salient, as measured by an increase in searches, but one cannot reject the
null of correct valuation anymore.Moreover, the responses to this increased salience are
heterogeneous across consumers.

Specifications 2 and 3 focus on diesel and oil search intensities, respectively. With
estimates 0.63 and 0.65, the valuation of the salient component of fuel costs does not
increase as much as for specification 1, yet the associated significance level of the rejec-
tion of the null of correct valuation is now 10% (compared to 5% for the nonsalient
component).While the heterogeneity parameter associated with the salient component
is not statistically significant in the case of diesel searches, it is significant at the 5% sig-
nificance level for oil searches, suggesting heterogeneous reactions to the increase in its
salience.

Taken together, the above findings for news and searches suggest a clear pattern
whereby making gasoline more salient increases the valuation of fuel costs by consum-
ers to the point that the null of their correct valuation cannot be rejected any longer.
The same cannot be said for diesel, which we take as at least being partly driven by
its lower short-run price elasticity of demand. The results for oil are somewhat in be-
tween, with an effect analogous to that of gasoline for news and a less pronounced one



Table 7. Effect of Search Activity

(1) (2)a (3)

Variables Mean SD Mean SD Mean SD

Price –11.97*** .01 –11.97*** .01 –11.98*** .01
(.00) (.88) (.00) (.68) (.00) (.99)

NPV (fuel costs) –12.48*** .08 –12.56*** .47** –12.47*** .04
(.00) (.39) (.00) (.04) (.00) (.85)

NPV (vehicle tax) –15.81*** 1.45 –15.45** 1.08 –15.54*** 1.35
(.01) (.30) (.02) (.53) (.01) (.33)

NPV (fuel costs, gas search > mean) –12.53*** .65***
(.00) (.00)

NPV (fuel costs, diesel search >
mean) –12.45*** .10

(.00) (.25)
NPV (fuel costs, oil search >

mean) –12.49*** .40**
(.00) (.04)

Average valuations:
uc (fuel costs, nonsalient) .60** .62** .61**
uSalientc (fuel costs, salient) .71 .63* .65*
ut (vehicle tax) .06*** .08** .07***

uSalientc /uc 1.18 1.02 1.05
ut/uc .10** .12 .12*
Observations 397,943 397,943 397,943
Log-likelihood –10,857.3 –10,858.5 –10,858.7
Note. Estimated model is random coefficients logit (RCL) with lognormally distributed parameters on
price and all net present value (NPV) terms. p-values are reported in parentheses. Standard errors are ro-
bust and clustered at the consumer level. The covariance matrix in RCL is constrained to be diagonal as per
discussion in text. Auto fixed effects in every specification include model, fuel type, transmission type, all-
wheel drive, turbo charged, and year-month fixed effects. Auto controls in every specification include ratings
(engine, body, transmission, brakes, and interior), engine size, vehicle age, odometer reading, and weight.
The parameters uc and ut denote the valuation of lifetime fuel costs and vehicle tax, respectively. The pa-
rameter uSalientc denotes the salient component of lifetime fuel costs. The null hypothesis for all valuation
parameters is H0 : u 5 1.

a Specification does not converge using the baseline number of simulation draws and burn rate. These
results are obtained by doubling both the number of repetitions and burn rate to ensure smoother conver-
gence. Mean and SD parameters are denoted by β＊k and jk, respectively.

* Statistically significant at the 10% level.
** Statistically significant at the 5% level.
*** Statistically significant at the 1% level.
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for search intensity. In sum, news and search activity are helpful yet imperfect proxies
for salience in fuel costs.

7. POLICY IMPLICATIONS

We have documented that consumers undervalue both lifetime fuel costs and lifetime
vehicle taxes. Moreover, we have also documented that the undervaluation of vehicle
tax is substantially more severe than that of fuel costs.

Our evidence can be rationalized by a model of consumer inattention where the less
salient vehicle tax receives less attention (or deliberation) from the part of consumers.
In fact, we have documented a number of cases where we cannot reject the null of cor-
rect valuation of the policy instruments once they become more salient.

The particular institutional setting we consider allows quantifying the valuation of
the fuel tax and the vehicle tax, a standard-like policy instrument. Both policy instru-
ments have been at the center stage of the policy debate in environmental and public
economics. This is in stark contrast with most of the literature, whose focus on fuel
costs (or fuel taxes) has led to a view that the undervaluation of fuel costs makes stan-
dards preferred to taxes (Parry et al. 2007). Our findings suggest that the vehicle tax is
even more undervalued than fuel costs and should be seen as complementary rather
than a substitute to the fuel tax, thus departing from the textbook analytical framework
typically used to study the efficiency of policy instruments.

Taken together, we see the results as supporting salience—more generally, behav-
ioral effects—as the reason behind (the different levels of ) undervaluation documented
in the data. Intuitively, economic agents will devote attention to an attribute as long as
the associated expected utility exceeds the cognitive costs of so doing. As a result,
agents for which the cognitive costs are high enough will undervalue those attri-
butes—fuel costs and vehicle tax in our setting. Regulators should then formulate pol-
icies to address inattention, such as information and/or disclosure programs to target
inattentive consumers and enhance the cost-effectiveness of policy instruments. How-
ever, we document that undervaluation is prevalent in our data, which suggests that
even less-targeted policies are likely to improve valuations. First, if consumers are to
correctly value any taxes they are due to pay, that is, internalize any externalities, policy
makers should avoid any tax exemptions since they obfuscate important aspects of the
tax system.

Second, allowing the automation of payments and/or making them infrequent
should be avoided, due to unintended consequences already documented in Sexton
(2015) for electricity bills; while such measures arguably increase the likelihood of
taxes being paid, they also minimize any nonmonetary costs associated with them
and make them less salient to consumers. Finally, publicizing information about taxes
should be encouraged, so it becomes transparent to tax payers which taxes they are due
to pay.
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8. CONCLUSION

This paper examines the energy efficiency gap using unique revealed preference data
from retail consumers in the used car market. We quantify consumer valuation of
the fuel tax and of the vehicle tax. We document that consumers undervalue both
the lifetime fuel costs and lifetime vehicle tax components of the lifetime operating costs
of a vehicle. However, the undervaluation of vehicle taxes is substantially more severe
than that of fuel costs. We document that behavioral explanations, in particular sa-
lience, lie at the root of our findings. In fact, once we introduce a salient component
of vehicle tax exploiting information of both tax liability and the timing of tax payment,
we cannot reject the null hypothesis of correct valuation of vehicle tax. This is also the
case for the valuation of fuel costs in a number of cases where we construct salient ver-
sions of fuel costs. Finally, we provide evidence that certain news- and online-search-
related variables also have an increased effect on the valuation of fuel costs. All in
all, we document a number of stances where increasing the salience of policy instru-
ments helps in closing the energy efficiency gap.

Our findings suggest that a fuel tax is unlikely to provide a first-best allocation.
Rather, policy makers should make policy instruments more salient and rely on a menu
of them in order to make consumers internalize any externalities they create.
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