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Assessing Environmental Regulation

in Automobile Markets

Kenneth Gillingham

Spending on transportation is the
second-largest category of personal
expenditure in the United States, sur-
passed only by housing. Spending on
automobiles is in turn the largest com-
ponent of transportation expenditures,
an amount that is on par with health care
and food.! Morcover, emissions from
transportation constitute just under a
third of total US greenhouse gas emis-
sions, with light-duty vehicles account-
ing for almost two-thirds of this total.
These figures make studying the eco-
nomic effects of automobile market reg-
ulation especially important.

The effects of environmental regu-
lations on automobiles are governed by
complex interactions between consumer
behavior and firm decisions in the mar-
kets for both new and used vehicles. The
design of the regulations creates incen-
tives that can drive the overall direc-
tion of innovation and product offer-
ings and greatly influence the nature and
use of the vehicle fleet. Regulation can
also have important consequences for
emissions and social welfare. My work
uses novel identification strategies and
structural models to answer policy-rele-
vant research questions on environmen-
tal regulation in transportation. Two of
the major themes are the economics of
standards and equilibrium in automo-
bile markets.

Fuel Economy and Greenhouse
Gas Emission Standards

Fuel economy and greenhouse gas
emission standards for new light-duty
vehicles are perhaps the most prominent
regulations intended to reduce gasoline
use and the resulting emissions. Since
2012, the fuel economy standards set by

the US Department of Transportation
have been aligned with the green-
house gas emission standards set by the
Environmental Protection Agency since
there is an extremely close relationship
between vehicles’ fuel economy and car-
bon dioxide emissions.

Evaluating the effects of new-vehi-
cle standards on social welfare is a
complicated and fascinating endeavor.
New-vehicle standards affect prices and
quantities in both the new and used
vehicle markets, characteristics of the
new-vehicle fleet, the number of vehi-
cles of each model year on the road, the
number of miles driven, vehicle scrap-
page, emissions, and crash fatalities.
One important issue is whether con-
sumers fully value fuel economy when
purchasing new vehicles. If consum-
ers undervalue future savings from fuel
economy improvements relative to how
they make other potential investments,
then mandatory standards might raise
social welfare by shifting consumers into
vehicles that provide valuable fuel sav-
ings that they did not fully account
for in their vehicle choice decisions.?
Undervaluation of fuel economy is the
working assumption in all regulatory
analyses and could come about due to
behavioral anomalies in decision mak-
ing, such as consumer myopia.

Arthur van Benthem, Sébastien
Houde, and I investigated the valuation
of fuel economy in the context of a major
restatement of fuel economy that affected
1.6 million Hyundai and Kia vehicles in
2012.% This provided a unique natural
experiment to explore how consumers
value fuel economy because the restate-
ment was abrupt and entirely unexpected
by consumers, the vehicles were identi-
cal before and after the restatement, and
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there were similar models that were not
affected and that provided a useful con-
trol group. By examining how used-
vehicle prices for the affected models
changed, we explored how consumers
viewed the same vehicle with a slightly
higher or lower EPA-rated fuel econ-
omy. We were able to rule out other
effects of the restatement, such as nega-
tive brand publicity.

Figure 1 shows that the restate-
ment led to a 1.2 percent decline — just
under $300 —in the prices of vehi-
cles that received a reduced EPA-rated
fuel economy. There were no signifi-
cant effects on the number of vehicles
sold, so the primary method of equi-
librium adjustment was in the prices.

The decline in

two, so most households decide on the
next vehicle to purchase while owning
at least one other one.

Using data on the universe of vehi-
cle registrations from California, James
Archsmith, Christopher Knittel, David
Rapson, and I provide evidence of attri-
bute substitution, whereby two-car
households are more likely to purchase
a lower-fuel-economy vehicle for their
next vehicle when the other vehicle is
more fuel efficient.” In other words, if
a household holds on to a fuel-efficient
Toyota Prius and is replacing another
car, they are more likely to purchase a
larger vehicle with lower fuel economy.
Perhaps the next car will have greater
cargo or towing capacity. The intuition

fuel economy standards because con-
sumers desire attributes that are not
present on more-fuel-efficient vehicles.
Consumers address this in their pur-
chases of other vehicles. Second, it sug-
gests that if fuel economy standards
increase and then remain constant, as
consumers purchase additional vehi-
cles attribute substitution could lead to
increased emissions from the on-road
vehicle fleet over time.

How Standards Can
Influence Driving and
Accident Qutcomes

If standards lead to changes in
vehicle attributes, on-road safety may

prices implies that
consumers valued
every $1 in future
fuel savings from
improved  fuel
economy at only
$0.11-$0.33.

This undervalua- 0%

Difference in vehicle prices, Hyundai and Kia models subject to fuel
economy restatement vs unaffected models, relative to Oct 2012

Impact of Fuel Economy Restatement on Vehicle Prices and Sales

Fuel economy
restatement

Monthly sales of affected
vehicle models (1,000s)

be impacted. A major
criticism of fuel economy
standards in the early
1980s was that they led
to reductions in vehi-
cle weight and that this

tion of fuel econ-
omy aligns with
the assumptions
used by the fed-
eral government,
but contrasts with
some other recent
studies using dif-
ferent empirical
approaches.>
Vehicle attri-
butes besides fuel
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The shaded region represents the 95% confidence interval
Source: Gillingham K, Houde S, van Bentham A. NBER Working Paper 25845, and published as “Consumer Myopia in Vehicle
Purchases: Evidence from a Natural Experiment,” American Economic Journal: Economic Policy, 13(3), 2021, pp 207-38

50 reduced vehicle safety
and increased traffic

L0 fatalities.
Antonio Bento,

2 Kevin Roth, and I inves-
tigated how standards
influenced the overall
distribution of vehicle
weights across the entire
vehicle fleet for each of
the major automakers.®
Using  unconditional
quantile approaches and
unique data on the attri-
butes of all vehicles sold

Jul2014

economy  can
also play a role in the welfare effects
of standards. For example, automak-
ers may raise fuel economy to comply
with standards by reducing other val-
ued attributes such as horsepower and
acceleration.® Federal agencies hold
other attributes constant and assume
that all fuel economy improvements are
made by adding technology. But vehi-
cle attributes may affect how house-
holds decide whether to keep an older
vehicle when they purchase a new one.
The average number of vehicles owned

by a household in the US is just under
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Figure 1

is that consumers appear to appreciate
having a portfolio of vehicles that pro-
vide different attributes.

Attribute substitution implies that
policies that improve fuel economy in
the short run may increase demand for
less-fuel-efficient vehicles in later years.
This is especially important for poli-
cies like cash-for-clunkers that provide
a short-run incentive for consumers to
purchase more-fuel-efficient vehicles.
But it is also relevant for fuel econ-
omy standards, for two reasons. First, it
identifies a potential welfare cost from

in the US since 1954, we
found evidence of down-weighting for
smaller, but not larger, vehicles. We
also found evidence of up-weighting
by several Asian automakers that tradi-
tionally sold smaller cars. Because these
automakers did not face binding stan-
dards, they had room to increase the
weight of their vehicles and to improve
their competitive positions.

Our analysis confirmed that acci-
dent fatalities depend on the difference
in the weights of the vehicles involved
in an accident.” By simulating what the
full set of vehicle attributes would have




been in the absence of fuel economy
standards, we found that the regula-
tions actually lowered fatalities by sev-
eral hundred per year by changing the
weight distribution of vehicles.

Standards may also affect accident
fatalities by influencing how much
households drive. With more-fuel-efhi-
cient vehicles, the cost per mile of driv-
ing is lower, leading to more driving.
This is often called a rebound effect,
as the additional driving increases fuel
use and reduces the fuel savings from
standards. It can be difficult to estimate
a causal rebound effect because stan-
dards affect many vehicle attributes. To
gauge the rebound effect, it is common
to use the elasticity of miles driven with
respect to the price per mile of driving
or the price of gasoline.!? These elastici-
ties can differ substantially based on the
location and characteristics of drivers.

Anders Munk-Nielsen and I
explored how the responsiveness of
drivers to changes in fuel prices differed
across space, based on their character-
istics and the availability of substitutes
to driving.!! Using detailed microdata
covering all vehicles and households
in Denmark, we identified two groups
of households that were much more
responsive to gasoline prices. They were
in the tails of the distribution of com-
muting distance to work: those who
had the shortest and longest commutes.
Those with the shortest commutes lived
in urban areas and had many viable
substitutes to driving. Those with the
longest commutes lived far from the
cities, used vehicles to commute, and
faced high fuel expenditures, though
in Denmark even they had access to
reasonable public transportation as a
driving substitute. We estimated that if
public transportation was unavailable,
as is the case in many parts of the US,
the fuel price elasticity of driving in
Denmark would be much closer to com-
mon estimates for the US. This finding
sheds new light on the determinants of
changes in driving behavior in response
to changing fuel prices.

The effects of standards for fuel

economy and greenhouse gas emissions

will become even more important as
the market share of electric vehicles
increases. I recently investigated various
design decisions intended to promote
electric vehicles, finding that more gen-
erously crediting electric vehicles under
the standard would effectively relax the
standard and could even reduce sales of
electric vehicles.!? This suggests that
other approaches to promote electric
vehicles are more likely to be effective
in reducing greenhouse gas emissions.

Equilibrium in
Automobile Markets

The study of new-vehicle standards
brings up a set of issues relating to equi-
librium in vehicle markets. Yet most
analyses relating to standards do not take
equilibrium in both the new and used
vehicle markets seriously. Often, the used
vehicle market is assumed to be unaf-
fected or is modeled in a simple fashion.

My colleagues and I have developed
a computationally tractable framework
to study the effects of vehicle market
regulation. It incorporates forward-
looking consumers who choose to keep,
trade, or discard their vehicles, imposes
the condition that inflows of new vehi-
cles must equal outflows of scrapped
vehicles in each time period, and allows
us to estimate how various policies will
affect the fleet of vehicles, the full price
schedule of vehicles of all model years
in the used car market, and the set of
consumer demand preference parame-
ters. The framework models all of these
key aspects of the vehicle market, while
accommodating heterogeneity in house-
hold and vehicle types.

We are deploying this framework to
examine the effects of a variety of auto-
mobile market regulations. In one appli-
cation, we used data on vehicle registra-
tions and inspections to quantify the
effects of reducing the very high new-
vehicle registration fee in Denmark and
replacing the lost revenue by raising
the tax on fuel. ! Because the registra-
tion fee is so high, this “tax swap” could
increase aggregate welfare and increase
vehicle ownership while reducing vehi-

cle ages, driving, and carbon dioxide
emissions. Tax shifts could raise both
welfare and tax revenue.

These tools and methods hold great
promise for future research on automo-
bile markets and environmental regula-
tion. For example, I have work under-
way modeling how automaker product
offerings and innovation are affected by
regulation, as well as the distributional
impacts of environmental regulations in
automobile markets.
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