


APPENDIX A. STUDIES ON THE COSTS OF MOTOR
VEHICLE FUEL ECONOMY REGULATION

This Appendix to the comments of the Alliance of Automobile Manufacturers on the
proposed adoption of the California motor vehicle greenhouse gas regulations supplements the
discussion in the comments of studies that evaluate the total costs of motor vehicle fuel economy
regulations for consumers.

As indicated in the Alliance’s comments, the economic analysis of the California
greenhouse gas standards has ignored opportunity costs of a mandated increase in fuel economy
standards. From the perspective of many consumers, the total costs of compliance with the
California will include the lost opportunity to purchase a vehicle which may be less fuel-
efficient but has other features that a consumer desires more than enhanced fuel efficiency. Such
features include vehicle performance, safety, capacity, comfort and aesthetics. Mainstream
economic studies on the subject of fiel economy regulation consider such costs. Several leading
studies in this area are summarized below. :

1. Congressional Budget Office.

A study of federal fuel economy standards by the nonpartisan Congressional Budget
Office (“the CBO”) has identified two types of costs that must be compared with fuel economy
savings flowing from a mandated increase in fuel economy levels. See Congressional Budget
Office, “The Economic Costs of Fuel Economy Standards Versus a Gasoline Tax,” (December
2003), Chapter 2, pages 1 to 5 These are (1) the “higher prices paid by purchasers of new
vehicles and [(2)] a loss in the well-being of consumers who would be discouraged from buying
a new vehicle because of the higher prices.” Applying estimates of the engineering or hardware
costs and fuel savings that were assumed in the National Research Council’s study of fuel
economy standards, the CBO found that a proposal to increase the nation’s fuel economy
standards by 3.8 miles per gallon for both cars and light trucks over the next 14 years (far short
of the proposal before the Board) would cost the nation’s consumers some $2.4 billion per year,
or $153 per vehicle and 33 cents per gallon of fuel conserved. :

2. Portney, Parry, Gruenspecht and Harrington.

In a survey article, the former Chair of the National Research Council (NRC) and severa]
co-authors ‘examine the issue of consumer costs as it should be examined, by including the
opportunity costs of not.using fuel saving technologies for other vehicle enhancements that
consumers would prefer over increased fuel economy. See Portney et al., Comment, in Journal
of Economic Perspectives, vol. 18 at 273 (Spring 2004). Those opportunity costs include the
value of the improved performance, increased weight and carrying capacity and other vehicle
attributes that a consumer must forego when she purchases or operates a vehicle designed to
meet a regulatory fuel economy target that is higher than what she would choose for herself.

The authors of the survey article conclude that those opportunity costs must be compared
with the fuel economy savings achieved by fuel economy standards. The authors of the survey
write:




“[Elngineering studies [may] underestimate the true economic costs of actually
adopting fuel-saving technologies. The true economic cost is probably larger than ...
engineering cost estimates ... for two reasons. First, it ignores the possible
opportunity cost of not using fuel saving technologies for other vehicle
cnhancements. That is, by forcing automakers to apply their technical expertise to

. more fuel-efficient engines, tighter [fuel economyj standards could mean fewer of
the improvements to which consumers have responded enthusiastically in the past—
including such things as enhanced acceleration, towing capacity and so on. It is the
implicit values of these foregone improvements that ought to be compared with the
fuel economy savings that tighter [fuel economy] standards would bring. A second
point is that engineering studies may exclude various costs of actually implementing
a new technology that are difficult to observe—for example, marketing, consumer
unfamiliarity and retraining of mechanics.”

Id at 274.

The survey concludes that the costs of any further regulation of fuel economy, when fully
considered to comprehend consumers’ opportunity costs, are likely to “significantly” exceed any
benefits associated with reduced fuel consumption. Elsewhere, several of the authors of the
survey article have stated:

“Engineering studies alone may give a very unreliable guide to the
actual costs of mandated increases in fuel economy. They may not
capture many important costs of actually implementing a new
technology . . . Moreover, auto manufacturers have for the past
several decades devoted their technological skills principally to the
introduction of technologies that improve vehicle performance
(like acceleration and towing capacity) rather than fuel economy;
therefore, the real cost of devoting technology to improving fiel
economy 1s the foregone performance enhancements that might
have resulted. . . . When we account Jor the existing taxes on
gasoline and the likelihood of a rebound effect, it appears that
tightening CAFE could significantly reduce social welfare
overall.”

See Paul Portney, Tan W. H. Parry, Howard K. Gruenspecht and Winston Harrington, “The
Economics of Fuel Economy Standards,” Journal of Economic Perspectives (Fall 2003), pages
209, 212 (emphasis added).

3. Kleit, Lutter, and Kravitz.

The same basic points about the economics of vehicle regulation involving fuel
consumption and fuel economy are mirrored by two other recent studies. Andrew Kleit, at the
time a member of the faculty of The Pennsylvania State University, found that a “long-range”
CAFE increase of 3 miles per gallon for both cars and light trucks would impose consumer and
producer welfare losses summing to about $4 billion per year, for a “hidden tax” of $0.78 per
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gallon of fuel conserved. Andrew N. Kleit, “Impacts of Long-Range Increases in the Fuel
Economy (CAFE) Standard,” Economic Inquiry (April 2004), pages 279-294.

Randall Lutter of the American Enterprise Institute and Troy Kravitz of the Brookings
Institution found that “mandatory fuel economy standards cannot benefit informed consumers”
and “that there is little reason to believe that consumers systematically underestimate the price of
gasoline.” Lutter and Kravitz also note that engineering-based estimates overstate the net
benefits of fuel economy standards because they “exclude the foregone value to the consumer of
the declines in performance associated with better fuel economy.” Randall Lutter and Troy
Kravitz, “Do Regulations Requiring Light Trucks To Be more Fuel Efficient Make Sense? An
Evaluation of NHTSA’s Proposed Standards,” AEI-Brookings Joint Center for Regulatory
Studies, Regulatory Analysis 03-2, (February 2003), pages 6, 7, and 10.

* * * *

The referenced studies are attached to this Appendix. The Department should consider
them fully in determining the true costs of compliance with the California greenhouse gas
regulation.
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| Preface

l n recent years, there has been renewed interest in the Congress in policies that would
reduce gasoline consumption in the United States. Thar interest has been motivated primarily
by concerns about the nation’s energy security and abour the risk that carbon emissions, 20
percent of which come from gasoline consumption, may affect the Earth’s climate. This Con-
gressional Budget Office (CBO) study—prepared at the request of the Senate Commirtee on
Environment and Public Works—compares the economic costs of two methods for reducing
gasoline consumption: raising the corporate average fuel economy (CAFE) standards for pas-
senger vehicles and increasing the federal tax on gasoline. In analyzing CAFE standards, the
study also estimates the potential cost savings from allowing automakers to trade fuel econ-
omy credits with one another as a way of complying.

The study breaks down the costs that each of the alternative policies would impose on both
producers and consumers. Further, it discusses the prospects for CAFE standards to improve
social welfare given thar the existing gasoline tax also provides consumers an incentive to buy
more-fuel-efficient vehicles. In keeping with CBO’s mandate to provide objective, impartial
analysis, this study makes no recommendations.

David Austin and Terry Dinan of CBO’s Microeconomic and Finandial Sudies Division
wrote the study, under the supervision of Roger Hitchner. CBO’s Robert Dennis, Richard
Farmer, Arlene Holen, Deborah Lucas, and Tom Woodward provided valuable comments, as
did Robert Carroll (formerly of CBO); Andrew Kleit of Pennsylvania State University; Ken-
neth Small of the University of California, Irvine; and Tan Parry of Resources for the Future.

John Skeen edited the study, and Juyne Linger proofread it. Cecil McPherson provided
research assistance. Angela Z. McCollough typed the tables in the draft. Maureen Costantino
designed the cover and prepared the study for publication, and Annette Kalicki prepared the
electronic versions for CBO’s Web site (www.cbo.gov).

Dy P2

Douglas Holtz-Eakin

Director

December 2003
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- Summary

SOmc Members of Congress and public interest

groups have recendy proposed raising the corporate aver-
age fuel cconomy (CAFE) standards for automobiles.
Proponents of CAFE standards see them as a way to de-
crease the United States’ dependence on oil and its emis-
sions of carbon dioxide (the predominant greenhouse
gas). In this study, the Congressional Budget Office
(CBO) estimates the costs that raising CAFE standards
would impose on automobile producers and consumers.
This study also extends previous research by examining
the potential cost savings from instiruting 2 system in
which producers could trade “fuel economy credits.” Un-
der that system, producers with high costs of complying
with CAFE standards could meet the new standards by
applying credits bought from producers that exceeded the
standards. CBO also compares the costs of CAFE stan-
dards with those of a higher gasoline tax, an alternative
policy for reducing gasoline consumption. Finally, CBO
examines the available evidence on whether changing
CAFE standards or the gasoline tax could improve social
welfare, a general measure of society’s well-being that in-
cludes not only the value derived from the goods and ser-
vices that people consume but also factors that diminish
the quality of life, such as pollution and traffic conges-
tion.

CAFE standards are currently set at 27.5 miles per gallon
(mpg) for cars and 20.7 mpg for light trucks. The stan-
dard for cars has not changed since 1990; the truck sean-
dard, fixed since 1996, is due to increase to 22.2 mpg by
2007. The federal gasoline tax, which dates from 1932
and is earmarked for mass transit and the construction
and maintenance of highways, is currently 18.4 cents per
gallon. The average tax on gasoline—including federal,
state, and local taxes—is 41 cents per gatlon.

The Costs of Alternative Policies

CBO estimates the costs borne by producers and con-
sumers resulting from various increases in CAFE stan-
dards and various increases in the tax on gasoline—which
effect different levels of reduction in gasoline consump-
tion. A 10 percent reduction in gasoline consumption is
used as a benchmark for the purpose of comparing the
costs of the alternative policies.

According to CBO’s estimares, CAFE standards designed
to meet the benchmark 10 percent reduction—about
31.3 mpg for cars and 24.5 mpg for light trucks—would
impose costs on producers and consumers of new vehicles
totaling approximately $3.6 billion per year, over and
above the value of fiuel savings (see Summary Table 1).
Those costs average abour $228 per new vehicle sold. The
costs are measured in the long run—rthat is, once the ve-
hicles currently on the road are rerired.

Instituting fuel economy credit wading along with the
higher standards would reduce the costs of raising the
CAFE standards by shifting the adoption of fuel econ-
omy measures away from higher-cost firms to lower-cost
firms. CBO estimates that trading would cur the costs of
achieving the benchmark target by 16 percent, to about
$3.0 billion per year, or $184 per vehicle.

The gasoline tax would achieve the 10 percent reduction
at the lowest cost of the three policy alternatives exam-
ined. Under the dernand and supply responses that CBO"
assumed, a 46-cent-per-gallon tax increase would achieve
the targeted reduction and would impose a welfare cost of
$2.9 billion per year—3 percent less than the cost of
CAFE standards with trading and 19 percent less than
the cost of the standards without trading.
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Summary Table 1.

Total Long-Run Annual Costs to Achieve a 10 Percent Reduction in Gasoline

Consumption Under Alternative Policies

(Billions of dollars)

CAFE Standards

Without Trading

With Trading Gasoline Tax

31.3 mpg for cars
- 24.5 mpg for light trucks

Policy Modeled

Total Welfare Costs? 36
Producers’ costs 1.2
Consumers’ costs 24

46-cent-per-gallon

increase
3.0 29
0.8 0.5
22 24

Source: Congressional Budget Office.

Note: CAFE = corporate average fuel economy; mpg = miles per galion.

a. For producers, costs are measured as reductions in total profits, while for consumers, they are measured as reductions in
the amount that consurmers value their new vehicle over and above the purchase price.

The advantage of a gasoline tax over CAFE standards is
much greater in the short run. Neither the higher tax nor
higher CAFE standards would achieve full effectiveness
until all existing vehicles were replaced, or after about 14
years in CBO's analysis. But over the initial 14 years, the
tax would save 42 percent more gasoline than would
CAFE standards with trading, while costing 27 percent
less (see Summary Figure I). The gasoline tax would out-
perform the CAFE standards because, while both policies
would improve the fuel economy of new vehicles, the tax
would produce greater immediate gasoline savings by in-
ducing owners of both new and existing vehicles to drive
less. In contrast, by making new vehicles cheaper to oper-
are, higher CAFE standards would encourage owners of
new vehicles to drive more (and would not affect the
driving incentives of existing-vehicle owners at all).

Consumers would bear the brunt of the costs under all of
the policies considered, according to CBO’s estimates.
Achieving the 10 percent reduction through higher
CAFE standards would cost new-vehicle buyers about
$2.4 billion per year if automakers were not allowed to
trade fuel economy credits, or $2.2 billion if they were al-
lowed. In cither case, consumers would bear more than
two-thirds of the total long-run costs. Consumers’ costs
would vary across vehicle types. In some cases, buyers of
vehicles with poor fuel economy would be subsidizing the
purchase of fuel-efficient vehicles. Finally, if policymakers
chose to achieve the 10 percent reduction through a 46-

cent increase in the tax on gasoline, gasoline consumers
would bear nearly 85 percent of the total long-run costs,
or $2.4 billion per year, CBO estimates.

Fuel economy credit trading would signiﬁcaxitly reduce
producers’ costs of complying with CAFE standards,
from roughly $1.2 billion per year to $0.8 billion per

~ year. Credit trading would reduce compliance costs for

firms that bought credits (projected to be primarily the
“Big Three” domestic automakers), while boosting reve-
nue for firms thar sold credits.

Some Key Assumptions and
Limitations -

To study the effects of alternative policies, CBO devel-
oped a detailed simulation model of the U.S. passenger
vehicle market. That model éxtends previous research by
capturing firms’ competition on both price and fuel econ-
omy and by measuring the potential savings due to insti-
tuting fuel economy credit trading. In CBO’s model,
firms’ responses to policy changes are motivated by the
desire to maximize profits given the costs of improving
fuel economy! and the response of consumers to changes
in vehicles’ prices and fuel economy.

1. Cost estimates come from National Research Council, Effective-
ness and Impact of Corporate Average Fuel Economy (CAFE) Stan-
dards (Washingron, D.C.: National Academy of Sdences, 2002).
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Summary Figure 1.

The Effects of CAFE Standards with
Trading Versus a Gasoline Tax Over the

First 14 Years

(Billions)
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Source: Congressional Budget Office.
Notes: CAFE = corporate average fuel economy.

The figure depicts effects over the first 14 years (after which
all current vehicles are assumed to be retired) from policy
changes that would bring about a 10 percent reduction in
gasoline consumption.

A key assumption is that firms will not voluntarily use fu-
ture new technologies to produce fuel savings. CBO
made that assumption because consumers’ preferences
over the past 15 years have induced automakers to in-
crease vehicles’ size and weight (for safety or other rea-
sons) and horsepower, while holding gasoline mileage
ratings steady. Given that pattern, CBO believes that reg-
ulatory intervention would be required to raise average
mileage ratings and that any increase in the standards
would reduce the welfare of automobile producers and
consumers.

One of the main contributions of this study is its compar-
ison of CAFE standards and the gasoline tax on the basis
of a consistent set of assumptions. For instance, in calcu-
lating how demand responds to an increase in the price of
gasoline resulting from a tax hike, CBO uses the same as-

sumptions about consumers’ behavior and technology
Costs as in its analysis of higher CAFE standards.

Several factors that could reduce the direct costs of in-
creases in CAFE standards or the gasoline rax are not con-
sidered in this study. The costs thar CAFE standards
would impose on producers and consumers could be con-
siderably lower if the real price of gasoline rose—making
fuel economy a more desirable attribute for vehicles. Fur-
ther, the costs imposed by higher CAFE standards or bya
higher gasoline tax would be reduced if furure fuel-saving
technologies were significantly less costly than the ones
anticipated or if consumers’ preferences shifted to smaller,

. less powerful vehicles.

On the other hand, other factors could result in costs that
are higher than those estimated in this study. For exam-
ple, this study estimates only costs that CAFE and gaso-
line tax policies might impose on the sellers and buyers of
vehicles and gasoline, although both policies have the po-
tential to impose costs in other parts of the economy. In-
cluding those additional costs could significantly boost
CBO's estimates of the costs of all of the policies consid-
ered.

Given those limitations, the costs reported in this study
should not be viewed as precise estimares. Nonetheless,
CBO believes that its conclusions abour the relative cost-
effectiveness of the alternative policies discussed are
sound.

Could Increases in CAFE Standards or
the Gasoline Tax Improve Social Wel-
fare? '

Increasing CAFE standards or the gasoline tax would im-
pose costs on both produccrs\and consumers of, respec-
tively, vehicles and gasoline—direct costs that are
estimated by CBO’s modeling. An important question,
therefore, is whether those costs would be worthwhile—
that is, would they be justified by the accompanying ben-
cfits? The primary benefit from reducing gasoline con-
sumption would be the decrease in the external costs that
such consumption creates—in particular, the costs stem-
ming from the United States’ dependence on oil and the
carbon dioxide emitted during gasoline combustion. In
its recent report, the National Research Council sug-
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gested that a reasonable, albeit uncertain, estimate of
those external costs would be 26 cents per gallon.?

Determining whether the costs of higher CAFE standards
would be justified requires accounting for the effect thar
existing taxes have on gasoline consumption. The existing
state, local, and federal taxes on gasoline already provide
an incentive for consumers to reduce their consumpton
of gasoline: consumers will buy more-fuel-efficient cars
and drive less as long as the costs of doing so are less than
the tax-induced increase in the price of gasoline.

If the existing tax was equal to the external costs associ-
ated with consuming a gallon of gasoline—that s, if it re-
flected the total costs that gasoline consumption imposes
on society—then consumers would have an incentive to
reduce their consumption by an amount thar took those
external costs fully into account. In that case, there would
be no need to increase CAFE standards.

Given thar the existing tax on gasoline currently averages
41 cents per gallon, consumers have an incentive to buy
fuel-efficient vehicles and to reduce driving up to a cost
of 41 cents per gallon saved.3 If the Narional Research
Council’s 26-cent estimate for the external costs 6f con-
suming 2 gallon of gasoline is correct, then the existing
tax on gasoline already provides new-car buyers with an
incentive to pursue fuel economy up to a cost that ex-
ceeds the benefits of reducing gasoline consumption by

2. See Narional Research Coundil, Effectiveness and Impact of CAFE
Standards. Also, note that improving fuel efficiency would not
necessarily reduce other polluranrs emitred by passenger vehi-
cles—such as carbon monoxide, nitrogen oxides, and hydrocar-
bons—because the Environmental Protection Agency’s maximum
emission rates for those pollutants are defined in terms of grams
per mile rather than per gallon. Thus, those pollutants are, in
principle, independent of gasoline mileage. (In practice, though,
cars with better mileage ratings may poltuce less than the agency’s
standards allow.)

3. Producers of gasoline might bear parr of the tax_ In thar case, the
price of gasoline would increase by less than the amount of the
tax. In eithier case, however, the incremental cost of the tax (borne
by producers and consumers) would be 41 cents,

15 cents. In that case, raising the CAFE standards would
impose unwarranted costs on automakers and buyers of
new vehicles and would reduce social welfare,

Estimating the external costs associated with consuming
gasoline is not part of this study, and CBO does not en-
dorse the Narional Research Council’s estimate—indeed,
that organization itself considers its esmate to be tenta-
tive. However, given the magnitude of the existing tax on
gasoline, higher CAFE standards would have the poten-
tial to improve social welfare only if the external costs as-
sociated with consuming a gallon of gasoline exceeded 41
cents, a figure that is significantly higher than the Na-
tional Research Council’s estimare.

Higher CAFE standards could further reduce social wel-
fare by worsening traffic congestion and increasing the
number of traffic accidents. That undesirable outcome
could occur because higher CAFE standards would lower
the per-mile cost of driving, providing new-vehicle own-
ers with an incentive to drive more. While the increase in
driving associated with higher CAFE standards may be
relatively small, some studies suggest that the resulting
costs of the increased congestion and traffic accidents
may nevertheless be large.

Although the existing tax on gasoline exceeds the NRC’s
estimate of the external costs associated with consuming
gasoline, the tax is not necessarily too high. The gasoline
tax secves purposes other than encouraging gasoline buy-
exs to take the external costs of gasoline consumption into
account. It also discourages driving. Determining the
“optimal” tax on gasoline is beyond the scope of this
study, but such a determination could take into account
the external costs associated with driving—beyond those
specifically associated with copsuming gasoline (the costs
of increased dependence on oil and higher carbon emis-
sions)—such as traffic congestion and accidents. De-
pending on the outcome of such an assessment, increases
in the existing tax on gasoline could improve social wel-
fare. '




CHAPTER

Introduction

R ecently, there has been much discussion, in the

Congress, in the press, and among public interest groups,
about fuel economy standards for cars and light trucks.
The average fuel economy of new vehicles has been de-
clining for more than a decade, as consumers have in-
creasingly switched from cars to trucks or more powerful
cars. At the same time, there has been increasing concern
about the energy security of the U.S. economy and abour
the role of carbon dioxide emissions in global climate
change.! Proponents of higher fuel economy standards
hope that reducing gasoline consumption will help ad-
dress those concerns,

A recent Congressional Budger Office (CBO) study pro-
vided a qualitative comparison of the effects of three poli-
cles thar could decrease gasoline consumption: an
increase in the corporate average fuel economy (CAFE)
standards that govern passenger vehicles, an increase in
the federal rax on gasoline, and a “cap-and-trade” pro-
gram for the carbon dioxide emissions that result when
gasoline is burned.? That study weighed those policies
against four major criteria: whether they would minimize
costs to producers and consumers; how reliably they
would achieve a given reduction in gasoline use; what im-

1. Foradiscussion of the scientific consensus and economic issues
related to climate change, see Congressional Budger Office, The
Eeonomics of Climate Change: A Primer (April 2003).

2. See Congressional Budget Office, Reducing Gasoline Consumption:
Threr Policy Options (November 2002).

Burning a gallon of gasoline releases 8.9 kilograms of carbon diox-
ide into the atmosphere. See Narional Research Council, Effective-
ness and Impact of Corporaze Average Fuel Eeonomy (CAFE)
Standards (Washingron, D.C.: Natonal Academy of Sciences,
2002), p. 85.

plications they would have for the safety of driving; and
what effects they would have on factors such as traffic
congestion, requirernents for highway construction, and
emissions of air pollutants other than carbon dioxide.

This study extends CBO’s previous work by providing a
quantitative comparison of the costs that producers and
consumers would bear as a result of two of the policies: an
increase in CAFE standards and an increase in the federal
tax on gasoline. A significant feature of this study is that
it compares the costs of those policy options on the basis
of 2 consistent set of assumptions—in particular, assump-
tions about consumers’ preferences concerning fuel econ-
omy and about the costs of technologies for improving
fuel economy. Higher CAFE standards would reduce gas-
oline consumption by raising vehicles’ fuel economy,
while an increase in the federal gasoline tax would dis-
Courage consumprtion by raising the price of gasoline.

The study considers two alternative designs for the CAFE
program. The first, based on the existing design, would
require each manufacturer individually to meet the stan-
dards. Under the second design, manufacrurers could
trade “fuel economy credits”; that is, firms exceeding the
standards could sell credits to firms that would otherwise
fall short of the standards. The trading of fusel economy
credits would lower the costs of raising the CAFE stan-
dards; this study estimates the resulting savings.

The Rationale for Decreasing Gasoline

Consumption

Proponents of higher CAFE standards point out that the
standards are a way of improving energy security and re-
ducing climate change. The energy-security cost of gaso-
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line consumption can be measured as the risk of macro-
economic losses from higher oil prices due to disruptions
in the world oil supply. Some analysts argue that the
United States would be less vulnerable to such disrup-
tions if it used less 0il.3 The use of motor gasoline (which
is derived from oil) accounts for abour 43 percent of U.S.
petroleum use and about 11 percent of world petroleum
use.

Gasoline consumption can contribute to climate change
because it produces emissions of carbon dioxide, the pre-
dominant “greenhouse gas.” Although climare change
might benefit some regions, it could ultimately canse ex-
tensive physical and economic damage in others. That
damage is uncertain, but it could include higher sea lev-
els; wider ranges for tropical diseases; disruptions ro farm-
ing, forestry, and natural ecosystems; and greater
variability and extremes of regional weather, Carbon
emissions make up about 84 percent of U.S. greenhouse
gas emissions, with motor vehicles accounting for approx-
imately 20 percent of U.S. carbon emissions.

Reducing gasoline consumption could cut the amount of
oil that the United States consumes and the greenhouse
gases that it emits. But, as this study discusses, determin-
ing whether or not increases in CAFE standards would
have the potental to improve social welfare—that is, in-
cluding not only the value derived from the goods and
services that people consume but also factors that dimin-
ish the quality of life, such as pollution—requires consid-
eting the role that the existing tax on gasoline plays in
reducing gasoline consumption. Further, one must con-
sider the increase in driving that could result from higher
CAFE standards (as people enjoyed the lower operating
costs of higher-mileage vehicles) and the resulang social
costs—such as greater traffic congestion and an increased
risk of accidents.

3. Because oil prices are determined in the world marker, vulnerabil-
ity does not depend on where the oil js produced. Foreign disrup-
tions would cause price shocks in the Unired States, even if the
country produced all of its oil domestically.

The Existing CAFE Standards and

Gasoline Taxes
The Energy Policy and Conservation Act of 1975 man-

dated CAFE standards. Currently, those standards are
27.5 miles per gallon (mpg) for cars and 20.7 mpg for
light wrucks (which is due to increase to 22.2 mpg by
2007). All manufacturers that sell more than 10,000 pas-
senger vehicles per year in the United States must comply
with the standards. :

Firms must comply by ensuring that the average fuel
economy of the vehicles that they sell each year meets or
exceeds the applicable CAFE standard. Compliance is de-
termined separately for each firm’s domestic and jm-
ported car fleets (a distinction no longer made for light
trucks). Producers that fail to meet 2 CAFE standard
must eventually pay a penalty of $5.50 per vehicle for ev-
ery tenth of a mile per gallon that their fleet average falls
short. Firms have some leeway in complying over time, as
they can undercomply in one year provided that they
overcomplied by an equivalent amount during the three
preceding years or that they overcomply within the next
three years. Actual compliance, then, depends on firms’
fleet averages over several years.

The federal government began levying a tax on gasoline
in 1932. Historically, the tax has supported the Highway
Trust Fund, providing a dependable source of funding for
the Interstate highway system. Today, gasoline tax re-
ceipts are also earmarked for mass transit projects. The
federal tax has increased gradually over the years, from an
initial rate of 1 cent per gallon to today’s 18.4 cents per
gallon. Including state and local taxes on gasoline, which
average 22.6 cents per gallon, the average tax in the
United States is about 41 cents per gallon.

Three Policy Alternatives

Increase CAFE Standards

CBO has modeled the effects of raising the car and lighe-
truck CAFE standards in half-mpg increments up to 38
mpg and 31.2 mpg, respectively. This study estimares the
resulting reductions in gasoline consumption, estimates
the overall costs of raising the standards and breaks our
those costs for producers and consumers, and explores the
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 concomitant changes in the composition of the new-
vehicle fleer. ‘

An increase in CAFE standards would directly affect au-
tomobile producers and indirectly affect automobile con-
sumers. Producers would face higher manufacturing costs
from adopting new fuel-saving technologies in their vehi-
cles and a reduction in profits if they adjusted their pric-
ing to increase the sales of their higher-mileage vehicles.
While consumers with a relatively strong preference for
fuel economy could come out ahead, on average consum-
ers would face higher vehicle prices and, in effect, share
compliance costs with the manufacrurers.

The CAFE program analyzed in this study differs from
the actual program in several ways. First, while in theory
manufacturers are free to pay a penalty in lieu of comply-
ing with CAFE standards, in fact, U.S. manufacturers in-
variably choose to comply. They do so, according to an
automobile industry representative, to avoid or reduce -
the possibility of legal or public relations ramifications.
As a result, this study presumes compliance annually. Sec-
ond, because relevant data are unavailable, this analysis
does not distinguish between domestic and imported ap-
tomobiles. Thus, CBO considers compliance based on
the fuel economy of each firm’s domestic and imported
vehicles combined. Finally, in CBO’s analysis, firms’
compliance is defined in terms of their production in a
single year. The actual CAFE program’s flexibility in al-
lowing firms to comply on a muldyear basis is largely a
response to the uncertainty inherent in sales forecasts and
related production decisions and thus need not be a focus
of CBO’s analysis.

Increase CAFE Standards and Introduce Credit
Trading ,

Allowing firms to trade fuel economy credits would lower
the costs of improving fuel economy for any given in- .
crease in CAFE standards. Under a credit-trading system,
firms that exceeded one of the CAFE standards would
generate credits that they could sell to firms that fell be-
low that standard. The selling and buying of credits
would be voluntary. A credit would be denominated in

INTRODUCTION

gallons of gasoline saved,? and its price determined by the
dynamics of demand and supply. Each firm’s compliance
would be based on the average fuel economy of the vehi-
cles that it sold plus the fuel economy credits that it held.

Aggregate cost savings would result when automakers
with lower marginal compliance costs (the additional
costs of achieving incremental increases in average fuel
economy) exceeded the CAFE standards and sold the re-
sulting credits to firms with higher marginal compliance
costs. A firm would buy a credit as long as the price was
less than the cost of an equivalent increase in the firnts
average fuel economy. Essentially, firms would choose the
means of complying that was least expensive for them.

Increase the Federal Gasoline Tax

The gasoline tax could also be used as a policy tool for re-
ducing gasoline consumption. By raising the price of gas-
oline, a tax increase would give drivers an incentive to
undertake a broad range of gas-saving activities—includ-
ing purchasing more-fuel-efficient vehicles; retiring gas-
guzzlers earlier than they otherwise would have; driving
less; driving more slowly; and maintaining their vehicles
better.

The costs of increasing the gasoline tax would be borne
by both consumers and producers, the former by reduc-
ing the amounts they purchased as prices increased at the
pump, and the latter by diminishing their net revenues.
Indirecty, an increase in the gasoline tax would also affect
automobile manufacturers by raising the demand for fusel
economy in new vehicles. The size of those effects, and
thus the costs of achieving a given reduction in gasoline
consumption via a tax increase, would depend crucially
on how responsive consumers were to changes in the
price of gasoline and on the share of the tax that was
bome by gasoline producers.

4. Savings would be calculared relarive to the CAFE standard, per
hundred miles of driving. For example, if the standard was 30
mpg, a car with a mileage raring of 31 mpg would save 0.1 gallons
per hundred miles relative to a car rared at 30 mpg and would
therefore generate one-tenth of a credir.

3
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Methods and Data

I o properly estimate the costs of raising corporate

average fuel economy standards, it is necessary not only
to have information on the expected technology costs,
but also to anticipate how automakers and consumers
would respond to the new standards. Similarly, to esti-
mate the costs of an increase in the gasoline tax, it is nec-
essary to have information about how consumers and
producers would respond to that tax.

For this study, the Congressional Budget Office has de-
veloped an economic simulation model to predict how

automakers would respond to increases in fuel economy

- standards. Firms’ responses are governed by their motiva-
tion to maximize profits, which depend on the fuel econ-
omy of their vehicles, the prices that they charge, and in
turn the consumner demand for those vehicles; the tech-

nology costs of increasing fuel economy; and the actions -

of other firms. CBO also uses this simulation model to
predict changes in consumer demand for fuel economy as
gasoline prices rise, an important component in analyzing
the costs of a higher gasoline tax.

Analyzing CAFE Standards
Methods

CBO’s simulation model for the automobile market de-
scribes activity in the U.S. passenger vehicle marker, rely-
ing on information about current production and
pricing, estimated technology costs for raising fuel econ-
omy, and estimated consumer demand for different types
of vehicles. The model distinguishes vehicles by type and
manufacturer, price, and fuel economy.

In such a setting with differentiated products; firms set
prices and fuel economy levels so as to maximize their
profits, subject to complying with CAFE standards. (By

contrast, in a perfectly competitive market, each individ-
ual firm represents such a small share of the market that
its actions have no influence on the product’s price)) The
firms’ behavior in setting prices is disciplined by consum-
ers’ freedom to switch from one type of vehicle to another
and from one firm to another. So while a firm could in-
crease its profit per vehicle by raising its prices, it would
sell fewer cars and may reduce its overall profits. The firm
must also respond to its rivals’ pricing decisions, as con-
sumers’ choices are determined by relative as well as abso-
lute prices.

In its model, CBO simulates the effects of higher CAFE
standards by imposing new fuel economy constraints on
the firms and letting them oprimize their prices and fuel
cconomy levels again. In an iterative fashion, each firm in
turn makes those adjustments, given the values the other
firms have chosen, until 2 unique equilibrium is reached.
At that point, every firm has maximized its profits, and
none wishes to make further adjustmens. Vehicle supply
and demand are by definition equal at that point.

In CBO’s analysis, all firms face identical costs of technol-
ogy for increasing vehicles” fuel economy, with costs dif-
fering for each vehicle type. Boosting a vehicle’s fuel
economy increases its production costs because the vehi-
cle must be redesigned. This analysis assumes that new
CAFE standards would allow manufacturers sufficient
lead rime to incorporate new technologies into their
products.! Firms' final technology costs depend on the
actual increases in fuel economy that they adopt. Differ-

1. According to the recent study of the CAFE program by the
National Research Council, achieving widespread use of even
existing technologies would probably require five to 10 years. See
National Research Council, Effectiveness and Fnpact of CAFE Stan-
dards, p. 4.
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ences in the mix of vehicles that firms sell, in the baseline
fuel economy of those vehicles, and in firms’ manufactur-
ing costs and profits ensure that their responses to new

standards will be diverse.

Given the complexity of the interactions between firms
and consumers, firms have several ways to comply with
new fuel economy standards. The most direct way, of
course, is to increase the fuel economy of their vehicles.
Firms could also alter their pricing to draw consumers to-
ward their more-fuel-efficient vehicles, lowering the
prices of those vehicles while raising the prices of their
less-fuel-efficient ones, 2 strategy called mix-shifting.

In CBO’s analysis, raising a vehicle’s mileage rating lowers
its effective price, as consumers take into account the
present discounted value of the fuel savings when they
make their purchase decisions.? In CBO'’s model, the ef-
fects of price changes depend on the elasriciries of de-
mand across six vehicle makes and 10 types, that s,
consumers’ propensity 10 change their choice of vehicle
because of a change in price.? The model includes elastic-
ities for every possible pairing among 60 different vehi-
cles (including pairings of each vehicle with isself),
providing the percentage change in the quantity de-
manded of one vehicle due to a 1 percent increase in the
price of the other. Thus, the analysis requires a 60-by-60
elasticity matrix describing how consumers would re-
spond to an incremental change in any price.

Data

The simulation model that CBO has created for this
analysis is a derailed bur stylized version of the marker,
incorporating pricing and production data for General
Motors, Ford, DaimlerChrysler, Toyota, and Honda, in-
cluding all divisions and wholly owned subsidiaries with
vehicle sales in this marker. Those are the five largest
firms in the U.S. passenger vehicle market in terms of
unit sales.? The model also includes data on 2 composite

2. CBO calculares the present value of fuel savings relative to  vehi-
cle’s baseline fuel economy; with savings accumulating over time
as the vehicle is driven. '

3. An elasticity gives the percentage change in one variable in
response to a 1 percent change in another. For example, 2 price
clasticity of demand of -1.5 means thar a 1 percent price increase
leads to a 1.5 percent decrease in the quantity demanded.

sixth firm representing most of the remainder of the in-
dustry.? Consequently, the model covers about 95 per-
cent of the U.S. market. '

Each firm produces both cars and light trucks. In CBO’
analysis, they are dlassified as follows:

Types of Cars:

W Subcompact (including sports cars),

® Compacr (including sedans and wagons),
B Midsize (including sedans and wagons),
M Large (including sedans and wagons),

B Luxury small (subcompacts and compacts with a price
above $31,000), and

.® Luxury large (midsize and large cars with a price above

$35,000).

Types of Light Trucks:

B Minivan,

. Small sport utility vehicle (SUV) (with six or fewer
oylinders),

m Large SUV (with cight cylinders), and

m Pickup (including small and standard sizes).

The baseline data used in this analysis reflect the prices,
unit sales, and fuel economy ratings of vehicles sold in the
United States in 2001.7 Information on sales came from
Autromotive News; wholesale and suggested rerail prices for
the available configurations of every vehicle came from

4. Their subsidiaries include Saab (owned by General Motors), Jag-
uar and Volvo (owned by Ford), and Mercedes-Benz (owned by
DaimlerChrysler).

5. Thesixth firm includes BMW, Daewoo, Hyundai, Isuzu, Kia,
Mazda, Mitsubishi, Nissan, Subaru, and Volkswagen.

6. The particular doflar thresholds used to define small and large Jux-
ury cass separate traditional huxury brands (for example, BMW,
Cadillac, Jaguar; Lincoln, Mercedes) from other brands.

7. Toral U.S. sales were 16.6 million in 2001, which is 4 to 5 percent
less than occurred in 2000 or 2002, See Ausomotive News data
center, at www.autonews.com. CBO’s estimates of welfare losses
would be slightly higher if data from those years were used
instead.
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Edmunds.com; and fuel economy dara, for muldiple con-
figurations of engine size, transmission type, and drive
wheels, came from the Environmental Protection
Agency®

Each vehicle is identified by its type and manufacrurer.
For example, CBO has combined the data for Ford’s two
nonluxury midsize models in 2001, the Taurus and the
Mercury Sable, into information on a vehicle called the
“Ford midsize car,” with a quantity sold equal to total
U.S. sales of the Taurus and the Sable, and a price and
fuel economy equal to the median price and median fuel
economy rating for. Taurus and Sable’s available configu-
rations of engine size, type of transmission, and other at-
tributes not included in CBO’s analysis.

The Cost of Fuel Economy. The findings of this analysis
depend critically on the estimated direct cost of improve-
ments in fuel economy. CBO uses cost estimates devel-
oped in the recent National Research Council (NRC)
study. The NRC considéred fuel-saving technologies that
are either already available or are anticipated within 10 to
15 years,? ordering them from lowest to highest cost. The
NRC estimated the incremental costs of reducing gaso-
line consumption for each of 10 different types of vehi-
cles. 10

Consumers’ preferences over the past 15 or 20 years have
led automakers to increase vehicles’ size and weight (for
safety and other reasons) and horsepower, while holding

8. For model-year prices, see “New Car Pricing” at
" www.edmunds.com. For quantities sold, see “Sales, U.S. Car—

2001” and “Sales, U.S. Light Truck-—20017 ar
www.autonews.com. For model-year fuel economy, see “Fuel
Economy Guide Dara” for the 2001 model year at www.epa.gov/
otag/fedata. hem. Dawa on prices and fuel economy are reported by
model year, which begins in October; data on sales are by calendar
year. Thus, the overlap of the information is nine months.

9. See National Rescarch Council, Effectiveness and bnpact of CAFE
Standards. This recent, publicly fanded study was produced by an
independent panel of engineers, physical scientists, and econo-
mists, in consulration with the U.S. Department of Transporta-
tion. The final report reflects the panel’s consideration of public
comments from representatives of the automobile industry, envi-
ronmental advocacy groups, and other interested parties.

METHODS AND DATA

gasoline mileage more or less constant. Consequently, in
its model, CBO assumes thar firms will not voluntarily
use the fuel-saving technologies identified by the NRC to
increase their average fuel economy. That is, to reduce
gasoline consumption, regulatory intervention would be
required. Thus, because some firms are cyrrently just
complying with the CAFE standards, CBO assumes that
any increase in the standards would reduce the welfare of
vehicle producers and consumers.!! CBO implemented
that assumption by first running the model with all of the
new technologies available, but with no increase in CAFE
standards. CBO then eliminated the technologies that
the model predicted firms would use, implicitly assuming
that firms would prefer to offset the resulting mileage
gains by increasing their vehicles’ power or weight (which
are held constant in the model). The remaininig technolo-
gies are those that the automakers would not use volun-
tarily, meaning thar using them to comply with higher
CAFE standards would impose costs on them or on their

customers (see Box 2-1).

CBO’s calibration method thus implies that increases in
CAFE standards would impose costs on producers and
consumers. One recent study goes further and assumes
that the current CAFE standards are binding—implying
that average fue] economy would fall if the standards were

10. The NRC assumes that firms would not reduce the weight of their
vehidles to improve fuel economy, in fact, that weight will increase
5 percent because of additional requirements for emissions and
safety equipment. The NRC holds vehicles' performance (for
example, horsepower) constant and adjusts for interactions
berween fuel-saving technologies that could otherwise result in the
double counting of some savings. The 10 vehicle types included in
the analysis are subcompact, compact, midsize and large cars; -
small, midsize, and large SUVs; minivans; and small and Iarge
pickup trucks. CBO uses slightly different vehicle types in some
cases for consistency with the demand elasticity estimates that it
uses. CBO uses the NRC's cost estimates for “compac” and
“large” cars in its “hocury small” and “luxury large” categories,
respectively; it uses the average of the NRC'’s estimated costs for
midsize and large SUVs in its “large SUV” caregory; and it aver-
ages the NRC'’ estimated costs for small and large pickups.

11. If producers satisfied new CAFE standards by reducing vehides’
petformance or weight, consumers’ costs would be in the form of
reduced satisfaction from owning a new vehide. -

7
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Box 2-1.

Can Higher CAFE Standards Be “Free”?

In 2002, the National Research Council (NRC)
published a study of the corporate average fuel econ-
omy (CAFE) program and of fuel-saving technolo-
gies for light-duty passenger vehicles.! It found thar
the value of the fuel savings from installing the low-
est-cost technologies would exceed the costs by be-
tween 12 and 27 percent for new cars, depending on
the vehicle’s size, and between 25 and 42 percent for
light trucks.?

The Congressional Budget Office’s (CBO’s) analysis
extends the NRC study by estimating losses in pro-
ducers’ profits and consumers’ welfare from tight-
ened CAFE standards, given the NRC’s estimates of
technology costs. The NRC analysis could be misin-
terpreted as suggesting that employing the new tech-
nologies to boost fuel economy would improve
welfare as long as the resulting fuel savings exceeded
the cost of the technologes. If that were so, there
might be no need to raise the CAFE standards.

However, withour regulatory intervention, the new
technologies may not be used for fuel economy. As
the NRC report notes, “given the choice, consumers
might well spend their money on other ameniries ...
rather than on ... fuel economy....” Indeed, between
1981 and 2003, according to the Environmental
Protection Agency’s calailations, average fuel econ-
omy changed very little (increasing from 20.5 to
20.8 mpg),? yet average horsepower nearly doubled

1. See National Research Coundil, Effectiveness and Impact of
Corporate Average Fuel Economy (CAFE) Standards (Wash-
ington, D.C.: National Academy of Sciences, 2002).

2. The NRC compared the cost of improvements in fuel econ-
omy with the projected fuel savings over an expected vehicle
life of 14 years, assuming 15,600 miles of driving in the first
year, declining by 4.5 percent per year thereafter. The NRC
assurned a real (inflation-adjusted) price of gasoline of $1.50
per gallon and a discount rate of 12 percent for consumers.
Finally, the NRC assumed thac fuel econory would be 15
percent less than indicared by the Environmental Protection
Agency’s test results and that furure safety and emissions
standards would reduce gasoline savings by 3.5 percent.

(from 102 to 197), weight increased by almost 25
percent (from 3,201 to 3,974 lbs), and the time for
acceleration from 0 to 60 mph fell by nearly 30 per-
cent.* Further technological advances, such as those
described in the NRC report, could be used to con-
tinue that trend. Therefore, increases in CAFE stan-
dards or in the gasoline tax may be necessary if
policymakers want average fuel economy to rise.

Forcing manufacturers to use new technologies to
improve fuel economy would reduce carbon emis-
sions and decrease the United States’ ol dependency
but would not necessarily make automobile (or fuel)
producers or consumers better off. Those groups
would be better off only if consumers have been in-
correctly valuing fuel economy by overly discounting
savings at the pump or if consumers have been re-
ceiving inadequare information about the fuel sav-
ings offered by different cars. CBO does not think
that either of those conditions holds.”

Given that consumers have not demonstrated a pref-
erence for fuel economy at current prices, the average
fuel economy of the U.S. new passenger vehicle fleet
should not be expected to rise unless forced to
through government action. Absent tha, gasoline
consumption may fall only if future technologies
lower the price of improvements in fuel economy,
the real price of gasoline rises significantly,

3. These are adjusted ratings thar reflect actual driving condi-
tions. :

4. See Environmental Protection Agency: “Lighe-Duty Auto-
motive Technology and Fuel Economy Trends: 1975
Through 2003,” EPA420-R-03-006 (April 2003). I the
report, EPA asserts that “based on accepted engineering rela-
tionships, ... had the new 2003 light vehicle fleet had the
same average performance and same distribution of weight
as in 1981, ir could have achieved abour 33 percent higher
fuel economy.”

5. See Congressional Budger Office, “Reducing Gasoline Con-
sumption: Three Policy Options,” (November 2002).
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Box 2-1.

Continued

or consumers place a higher value on fuel economy
at any price of gasoline. Because the technologies de-
scribed in the NRC study do not lower the costs of
improving fuel economy (they merely extend the
scope of current fuel-saving technologies to offer fur-
ther savings at greater costs)® and because CBO’s
analysis assumes that consumers’ preferences remain
the same and that gasoline prices are constant, in-
creasing the CAFE standards or the gasoline tax in
the simulation model imposes costs on producers
and consumers of new vehicles (or of gasoline); that
is, their welfare (producers’ profits and the value con-
sumers receive from their purchases of new vehicles

or gasoline) falls.

The figure shows the effect of including in CBO’s
model a realistic assumption about the adoption of
fuel-saving technologies. The dashed curve shows
the results of the simulation model run with all of
the new technologies available. Those results show
an average voluntary (that is, “free”) fuel economy

. increase of approximately 3.2 mpg for cars, which
would bring the least fuel-effcient firm’s fleet average
up t0 30.7 mpg. The corresponding “free” increase
for the light truck CAFE standard is 3.7 mpg. Rais-
ing the standards by those amounts would raise the
industry average fuel economy levels to 32 mpg for
cars and 24.4 mpg for light trucks, meaning that
CAFE standards would not be necessary unless even
higher average fuel economy was desired.”

6. Personal communicarion with K.G. Duleep, who served on
the Nadonal Research Council panel on CAFE, 2003.

7. The industry average fitel cconomy would be above the
CAFE standard as long as some firms overcomplied (as Toy-
ota and Honda currently do). In recent years, the annual
industry averages have exceeded current CAFE standards by
an average of abour one mile per gallon for cars and a third
of a mile per gallon for light trucks.

But CBO regards those unconstrained results as un-
realistic. They do not account for automakers and
their customers’ demonstrated preferences over the
past 15 years. They fail to acknowledge that the
gains from cost-effective fuel-saving technologies
have been offset by other design changes and have
not translated into fuel savings. Therefore, CBO has
calibrated its model to incorporate those facts; the
model eliminates the technologies that provide those
“free” increases in fuel economy. In the calibrated _
model, which is the source of the results presented in
this report, any increase in CAFE standards would,
by assumption, yield welfare losses for producers and
consumerss. As indicated by the solid curve in the fig-
ure, a car standard of 32 mpg in the calibrated model
would result in losses to producers and consumers of
nearly $2 billion per year; an increase in the light-
truck standard would impose additional costs.

The Effects of Calibration in CBO’s
Model on the Welfare Loss from a
Higher CAFE Standard for Cars

(Welfare loss in billions of dollars})

5
4 L
3 L
2l Calibrated
Model
il Not P
Calibrated
-
0 -

275 285 295 305 315 325 335 345
CAFE Standard (Miles per gallon)

Source: Congressional Budget Office.

Note: As described in the text of this box, CBO calibrated its
modei to include what it befieves is a realistic assumption
about the adoption of fuel-saving technologies.

9
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relaxed.!? If CBO had made a similar assumption, its es-
timates of the costs of raising CAFE standards would
have been greater than those presented in this study;
however, CBO does not feel that sufficient data exist for
estimating the extent to which the existing standards con-
strain producers” and consumers choices.

‘The Discount Rate and Valuation of Future Fuel Cost
Savings. The value that consumers place on reductions in
gasoline consumption can also affect the costs of CAFE
standards. Higher fuel economy translates directly into
dollars saved at the gas pump. Consumers’ valuation of
fuel economy depends, however, on how much they ex-
pect to drive and on how heavily they discount future
savings. Dollars saved in the future are worth less than
dollars saved today because current savings can be in-
vested to grow in value over time.

CBO discounts consumers’ fuel savings at a rate of 12
percent per year. That rate, used in other recent studies of
CAFE standards, including the NRC report, is slightly
higher than the interest rate that consumers reporred for
used-car purchases in the most récent Consumer Expen-
diture Survey.!? For further comparability with the NRC
report, CBO assumes the same values for gasoline price
($1.50 per gallon); vehicle-miles driven (15,600 in the
fixst year); and average years of operation (14).14

12. See Andrew N. Kleit, fmpacts of Long-Range Increases in the Corpo-
rate Average Fuel Economy Standards, AEI-Brookings Joint Center
for Regulatory Studies, Working Paper 02-10 (October 2602).
Kleir estimates thar in the absence of CAFE standards, the average
fuel economy ratings of General Motors, Ford, and Daimler-
Chirysler would be 1.05, 1.42, and 0.55 mpg lower, respectively,
for their cars and 0.59, 0.5, and 0.4 mpg lower for their lighe
trucks. He estimates the cost of the existing standard ar $1,652
per mpg per vehidle, meaning, for example, that the existing
CAFE standard for cars costs General Motors $1,734 per car, or
(1.05)*($1,652). Further, he finds that the cost of 2 3 ‘mpg
increase in the CAFE standards would be 33 percent higher if the
existing CAFE standards are binding.

CBO’s analysis assumes thar current standards are just short of
binding, so there would be an economic cost to any increase in the
standards, but a small increase would come ar a small cost. (Note
thar consumption-reducing policies thar impose no costs on pro-
ducers and consumers also do not save any gasoline)

The particular discount rate that CBO assumes has less
influence on predictions of costs than it would in the un-
calibrated model. The lower the discount rate in the un-
calibrated model, the more consumers would value
improvements in fuel economy, and thus the more firms
would use technologies to increase fuel economy. But be-
cause CBO’s calibration method eliminates freely chosen
technologies, a lower discount rate would also make it
more costly for firms to achieve additional improvements.
As explained above, CBO’s decision to calibrate the
model in that way was based on the observation that
firms have used available technologies to increase power
and weight rather than fuel economy.

Demand Elasticities. The costs that new CAFE standards
would impose on producers and consumers would de-
pend on how responsive consumers are to changes in ve-
hicle prices. Consumers’ CAFE costs are measured as
reductions in the net value of their new-vehicle pur-
chases, that is, the value that consumers atrach to their
vehicles over and above the price they pay for them. Wel-
fare would fall after a price increase, not only for consum-
ers that purchased a vehicle but also for those who would
have bought a new vehicle except for the rise in price.
Producers also bear CAFE costs in two ways: reduced
profit margins on the cars that they sell and forgone prof-
its from reduced sales.

. The less that a price increase would affect consumers’

purchasing decisions—that is, the more inelastic the de-
mand for cars—the better able producers would be to
pass along the costs of complying with CAFE standards,
in the form of higher vehicle prices. If demand is rela-
tively inelastic, consumers would bear most of the eco-
nomic costs of higher CAFE standards.

13. Consumers can be expecred to discount the value of furure fuel
savings at a rate at least as high as thieir cost of borrowing funds. Ar
2 12 percent discount rate, consumers would be unwilling to
spend an extra dollar on fuel economy improvements that would
lower their fuel costs by, say, 10 cents per year because the cost
savings would be less than the annual interest on thar dollar,

The NRC assumes that the vehicle-miles driven decline at a rare of
4.5 percent annually. In CBO's analysis, the dedline is slighdly
more gradual, corresponding berter o the National Household
Travel Survey’s vehicle usage data, available at hetp://
nhts.ornl.gov/2001 findex.sheml.

14
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In this study, CBO uses estimated demand elasticities
that originate from a consumer survey developed by Gen-
eral Motors.*> From industry-level elasticities and esti-
mates of manufacturers’ markups of wholesale prices over
cost, CBO developed firm-level elasticities that preserved
what the survey data implied about the overall marker
elasticity and the elasticities indicating consumers’ pro-
pensity to switch vehicle types in response to price
changes. The firm-level elasticities further describe con-
sumers’ propensity to respond to changes in vehicle prices
by switching firms and reflect firms’ ability to maintain
prices above their marginal costs.!®

Analyzing the Gasoline Tax

In contrast to the market for automobiles, the gasoline
market features substandally undifferentiated products.
Retail firms distinguish themselves primarily by mixing
proprietary additives with essentially identical gasoline.
Each firm’s products come in several grades (octane rat-
ings) that may vary in price by 5 to 10 percent, though
consumers’ choices are governed largely by the fuel re-

quirements of their particular vehicles.

In a market with undifferentiated products, producers
have lictle flexibility in setting retail prices. CBO’s analy-
sis therefore does not need to account for strategic pricing
by firms and can gauge the effects of a gasoline rax di-

15. See Kleit, fmpacts of Long-Range Increases in the Corporate Average
Fuel Economy Standards.

16. Bdmunds.com reports manufacturers’ invoice prices to dealers and
the manufacturers’ suggested retail prices—the difference between
which CBO takes as the dealer markup. On the basis of research
by Pinelopi Goldberg, CBO assumes thar manufacturers’ markups
are twice as lazge as dealers”. See Pinelopi K. Goldberg, “Product
Diffetentiation and Oligopoly in International Markets: The Case
of the U.S. Automobile Industry,” Econometrica, vol. 63, no. 4
(July 1995), pp- 891-951. That assumption yields estimates of
firms” manufacturing costs and suggests the elasticities indicating
consumers’ propensity to switch firms. CBO assumes thar firms’
costs rise with the number of vehicles they produce. Thus, a
change in a vehicle’s price affects unit costs because it affects the
quantity sold.

METHODS AND DATA

rectly from the aggregate supply and demand for gaso-
line, that is, from the respective price elasticities.

The more inelastic the demand for gasoline—that s, the
more that consumers sustain the quantities they purchase
when the price rises—the bigger a tax increase would
have to be to achieve a given reduction in gasoline con-
sumption, and the greater the associated welfare losses to
gasoline producers and consumers.!”Similarly, the more
inelastic the supply-—that is, the smaller the increase in
the quantities supplied by producers when the market
price goes up—the smaller the share of the gasoline tax
consumers would pay. Because producers would be ab-
sorbing more of the cost in thar case, the tax increase
would be less effective at reducing consumption. !8

CBO assumes that the price elasticity of the gasoline sup-
plyis 2. That s, a 1 percent increase in the price that pro-
ducers receive for gasoline would lead to a 2 percent
increase in the quantity produced. That value comes from
comparing the effects of changes in gasoline prices on the
quantities supplied, according to the Energy Information
Administration’s 2010 forecast.!’

17. For taxes, welfare losses comprise forgone profits for producers
-and, for consumers, lost surplus due to a reduction in the amount
of gasoline sold. That lost surplus reflects the difference between

the price that consumers would have been willing to pay for the
gallon that they purchased and the price thar they actually paid.
Note that for the gasoline acrually sold, the higher prices paid by
consumers due to a tax, and the lower prices received by produc-
ers, are not counted in the measure of welfare loss. The difference
berween the price paid and the price received, that is, the tax, con-
stitutes a eransfer to the public sector and is not considered a cost
to the economy. Thus, producers’ and consumers’ welfare losses
under a tax arise solely from decreased sales.

18. According to the Energy Information Administration’s projections
and CBO’s analysis, the cost of producing gasoline would rise
somewhar as the quantities supplied increased.

19. See Energy Information Administration, Annual Energy Outlook,
(January 2003), Appendix B, Tables B11 and B12, available at
www.cia doe.gov/oiaf/archive/2e003/pdffappb.pdf. CBO found
lirde published information on the supply elasticity of gasoline.
Some analyses of gasoline taxes assume a perfectly elastic supply
curve—with the costs of supplying gasoline independent of the
quantities supplied. I CBO had made a similar assumption, then
the gasoline tax would appear to be less costly.

11
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In the short run, consumers respond to a change in the
price of gasoline primarily by adjusting their driving be-
havior. A tax increase would achieve its full effect only in
the long run, as consumers replaced their vehicles and
fully adapted to the gasoline tax. Specifically, after an in-
crease in the tax, consumers would value fuel economy
more, and the average fuel economy of new vehicles
could rise.

Those two effects divide the price elasticity of demand
into distinct components. One indicates the percentage
<change in vehicle-miles traveled due to a 1 percent in-
crease in the price of gasoline. The other component in-
dicates the percentage change in the average fuel
economy of the vehicle fleer from a 1 percent increase in
the price of gasoline. The overall gasoline price elasticity
of demand is the sum of those two effects.?® In the short
run, the elasticity of vehicle-miles traveled predominates.
In the long run, the elasticity of fuel economy plays a

larger role as more consumers purchase new vehicles.

Increasing the price of gasoline in the model —while
holding CAFE standards at their baseline levels—causes
consumers to seek better fuel economy and permits a di-
rect calculation of the fuel economy elasticity implicit in
the analysis. That elasticity depends on technology costs,
the value of fuel savings, the propensity of consumers to
change their choice of new vehicle in response to a
change in vehicle prices, and other factors relevant to the
analysis.

20. The overall price elasticity of gasoline consumption can be written
as 80 = Fnar (1-eg) - g where the £, are price elasticites, Q is
demand for gasoline, FE is fuel economy, and VMT is vehicle-
miles traveled. Thus, the total decrease in gasoline consumption .
from a permanent increase in the gasoline tax is due to driving less
(Bvagp a direct result of the price increase) and buying more-fuel-
cfficient vehicles (5, where the minus sign indicates that fuel
economy and consumption move in opposite directions), with an
adjustment (-+fy3,7+fzp) for the increase in driving due to
improved gas mileage and thus lower vehide operaring costs. That
(small) adjustment is referred to as the take-back, or rebound,
effect.

By that method, CBO estimates a fuel economy elasticity
of abour +0.22, meaning that a 10 percent increase in the
price of gasoline would eventually result in improvements
in fuel economy that would reduce gasoline consumption
by 2.2 percent. On the basis of available data, CBO as-
sumes an elasticity of vehicle-miles traveled of —0.2.2
Thus, the elasticity value that emerges from CBO’s simu-
lation model is —0.39, meaning that a 10 percent increase
in the price of gasoline would reduce the quantities sold
by 3.9 percent. That estimate allows CBO 1o compare
the effects of a gasoline tax increase and of more stringent
CAFE standards on the basis of a consistent ser of as-
sumptions. The value is in line with more recent esti-
mates of long-run elasticities, which tend toward the low
end of the range between —0.3 and —0.9 in the empirical
literature.?? The estimates vary in part because they are
sensitive to the type of econometric model used and to
the dme period covered.

Limitations

CBO’s analysis examines the effects of higher corporate
fuel economy standards in a market that is based on ac-
wal, current conditions. If new types of vehicles are in-

. troduced or if consumers’ tastes change significantdy, the.

costs of new standards or of a higher tax could be higher
or Iowcr_ than CBO predicts.

21. On the basis of 2 review of the literarure, David Greene concluded
that the elasticity for vehicle miles traveled in the long run is about
-0.2. See David Greene, “Why CAFE Worked,” Oak Ridge
National Laborarory (Nevember 6, 1997), p. 12

22. The range of ~0.3 t0 ~0.9 comes from a 1991 survey of 97 esti-
mates of gasoline price elasticity. See Carol Dahl and Thomas
Sterner, “Analyzing Gasoline Demand Elasticities: A Survey,”
Energy Economics (July 1991). More recently, the Department of
Energy, on the basis of a review of newer studies, suggested an esti-
mate of long-run elasticity of ~0.38. See Department of Energy,
Office of Policy and International Affaics, Policies and Measures for
Reducing Energy-Related Greenhouse Gas Emissions: Lessans From
Recens Literature, DOE/PO-0047 (July 1996).
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For instance, while recent history suggests that producers
have not found it profitable to raise average fuel econ-
omy, their conclusion could change if higher gasoline
prices caused consumers to place a greater value on fuel
savings.?3 A shift in preferences toward smaller vehicles
could reduce the costs of complying with CAFE stan-
dards below the estimates offered in this study. Or to sim-
ilar effect, manufacturers could introduce vehicle types
not included in CBO’s analysis (such as smaller, higher-
mileage SUVs that handled more like cars). The assump-
tion that increases in CAFE standards would impose costs
on consumets and producers—which is consistent with
consumers’ preferences and producers’ decisions over the
past 15 years—is a key determinant of CBO’ cost esti-
mates. '

CBO’s analysis is limited to technologies that would im-
prove the fuel economy of gasoline-powered vehicles. It
thus excludes vehicles powered by alternative means, such
as fuel cells and gas/electric hybrid engines. Such vehicles
as yet constitute an insignificant portion of the marker.
To the extent that their rate of adoption grows and that
firms do not offset the resulting fuel economy gains by
boosting the performance of their vehicles, the costs of
complying with CAFE standards would shrink.

Furthermore, the analysis considers only compliance
strategies that do not involve reductions in vehicle weight
or performance (such as acceleration). CBO’s predictions
of costs pertain to a vehicle fleer resembling that actually
existing today. Should consumers become willing to sacri-
fice some weight or performance in their vehicles in ex-
change for higher fuel economy, compliance costs as
measured in this analysis would be reduced, but the wrue
costs would also include the value of the surrendered at-
tributes. Given consumers’ current tastes, however, mod-

eling the effects of CAFE standards holding fixed those

23. CBO assumed a constant real price of gasoline when calculating
the value that consumers would atrach to improvements in fuel
economy. The real price of gasoline spiked in the early 1980s but
it hovered berween $1.20 and $1.35 (measured in 1996 dollars) in
11 of the 15 years from 1986 to 2000,

METHODS AND DATA

vehicle attributes other than fuel economy is not a major

limitation. -

In addition, this analysis does.not account for the effects
of existing CAFE standards. To the extent thar existing
standards currently constrain production decisions and
the choices that consumers face, the costs of increases.
would be higher than CBO estimates. In that case, the
existing standards would already be requiring producers
to sell more-fuel-efficient vehicles than consumers want:
therefore, small increases in the standards would 2dd to
that existing distortion, creating larger losses for produc-
ers and consumers than if there were no existing con-
straints.

Accounting for the existing tax on gasoline would also
raise the predicted costs that a tax increase would impose
on producers and consumers of gasoline. The existing tax
does not impose a net cost on society, however, if it is jus-
tified by the extent to which it discourages driving (thus
lowering the social costs of driving, such as traffic conges-
tion) and gasoline consumption. Some research indicates
that the social benefits created by taxing gasoline may jus-
tify a tax rate significantly higher than the existing rate.?

Assumptions about the price elasticity of vehicle-miles
traveled affect CBO’s prediction of the relative costs of an
increase in the gasoline tax and an increase in CAFE stan-
dards. If a lower elasticity value were assumed for vehicle-
miles traveled, the implied gasoline price elasticity would
also be lower, and a rax would appear to be less effective,
at reducing gasoline consumption. In contrast, CAFE

standards would appear to be relatively more efficient be- .

cause raising the standards—and reducing vehicles’ oper-
ating costs—would have a smaller (though still positive)
predicted effect on the amount people drive, thus en-
hancing the standards’ ability to reduce gasoline con-
sumption.

24. See Ian WH. Parry and Kenneth A. Small, “Does Bdtain or the
United States Have the Right Gasoline Tax?” Discussion Paper,
Resources for the Furure (Washingron D.C.: Resources for the
Future, 2001).
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3

Results

I -ﬁc biggest firms in the U.S. passenger vehicle mar-

. ket currently achieve average fuel economy ratings about
equal to the existing corporate average fuel economy stan-
dards for cars and light trucks. Consequently, increasing
the standards would force those firms—or, if the increases
were large enough, all firms—to raise the average fuel
economy of the vehicles they sell, imposing costs on both
producets (in the form of reduced profits) and consumers
(in the form of higher vehicle prices, net of the value of
gasoline savings).

If firms were permitted to trade fuel economy credits, it
would lower the incremental cost of reducing gasoline
consumption by wansferring the adoption of fuel-saving
technologies from firms with higher costs of improving
fuel efficiency (that is, firms with lower fuel economy rat-
ings) to firms with lower costs. Given the choice of im-
proving average fuel economy or buying credits, firms
would pursue the means of complying that was least ex-
pensive for them. As a result, every firm would end up
with the same marginal cost per gallon saved.

An increase in the gasoline tax would be an even less
costly way to reduce gasoline consumption. In fact, a tax
increase would have a significant advantage over more
stringent CAFE standards in the initial years because, '
while consumers would only gradually buy new, more-
fuel-efficient vehicles, they would rediice their driving
immediately in response to the tax. That change would
not only reduce gasoline consumption, but it would also
lower other social costs of driving, such as traffic conges-
tion and the frequency of accidents. In contrast, higher
CAFE standards would tend to encourage driving (by
lowering the per-mile cost) and would thus increase those
social costs.

Measurement Concepts

The costs that higher CAFE standards would impose on
consumers have two components: higher prices paid by
purchasers of new vehicles and a loss in the well-being of
consumers who would be discouraged from buying a new
vehicle because of the higher prices. In measuring the ve-
hicle price increases that would result from mandated im-
provements in fuel economy, the Congressional Budger
Office subtracts the value of the gasoline savings that pur-
chasers would derive over the lifetime of their vehidles, re-
flecting the assumption that consumers take fuel savings
into account in their decisions about purchasing new ve-

hicles.

A tax increase would, similarly, raise gasoline prices and
reduce the quantity sold, which would also reduce the
welfare of gasoline consumers. They would adjustto a
higher tax by driving less as well as by potentially choos-
ing more-fuel-efficient vehicles.

CBO measures producers’ lost welfare as the reduction in
their net revenues, or profits. With an increase in CAFE
standards, average vehicle production costs would rise
more than prices would as firms added fuel-saving tech-
nologies. Thus, firms’ vehicle profit margins would de-
cline, as would total vehicle sales. In the case of a gasoline
tax increase, while the retail price of gasoline would rise,
the price received by gasoline producers and suppliers
would fall —with the rax increase making up the differ-

ence. 1

1. Aggregate welfare losses may not be the sole criterion for favoring
one policy over another. Other considerations could include fair-
ness (a policy’s effect on different income, demographic, and/or
geographic groups) and certainry (the likelihood that a given pol-
icy would achieve its targer). See Congressional Budget Office,
"Reducing Gasoline Consumption: Three Policy Options.”
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The Relationship Between Increases in
CAFE Standards and Reductions in
Gasoline Consumption

CBO considered various ways that CAFE standards could
be raised or restructured. With separate standards for cacs
and for light trucks, the standards could be raised in
equal or unequal increments, in either nominal or per-
centage terms, of miles per gallon or of gallons per mile
(gpm). Here CBO analyzes the effects of raising both
standards in equal-mpg increments and of introducing
fuel economy credit trading.

Because of the difference in the average fuel economy for
cars and light trucks, an equal-mpg increase in the CAFE
standards for both would reduce the average rate of fuel
consumption (measured in gallons per mile) more for
light trucks than for cars. For example, raising both stan-
dards by 3.8 mpg (to 31.3 mpg for cars and 24.5 mpg for
light trucks) would lower the average rate of gasoline con-
sumption for light trucks by 15 percent, from (1/20.7)
gpm to (1/24.5) gpm, while the rate for cars would fall by
12 percent. Because not all firms would have to improve
their average fuel economy by this much to comply with
the new standards and because the higher fuel cconomy
would encourage additional driving, the overall reduction
in gasoline consumption would be 10 percent (see

Egure 3-1). Small increases in the standards would not
require any actions by manufacturers with CAFE ratings
above the current standards (thus explaining the initial,
steeper portion of the curve).

Total Long-Run Costs

CBO measures the total annual private welfare losses (ig-
noring benefits) of an increase in CAFE standards in the
long run—that is, once all of the existing vehicles are re-
tired (or after 14 years, by CBO’s assumption). CBO
considers any increase in CAFE standards to be binding,
meaning that some firms in CBO’s simulation model are
currently just compliant and that any increase in the stan-
dards would therefore force them to raise the average fuel
economy of their new-vehicle fleet. Consequently, higher

Figure 3-1.

Gasoline Savings from Raising CAFE
Standards by an Equal Number of
Miles per Gallon for Both Cars and
Light Trucks

(MPG increase in standards)
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Source: CongreSsional Budget Office.

standards would necessarily reduce the welfare of produc-
ers and consumers of new vehicles.

The total costs associated with setting car and truck stan-
dards 50 as to reduce gasoline consumption by the bench-
mark rarget of 10 percent would reduce producers’ and
consumers’ welfare by about $3.6 billion per year (see Fig-
ure 3-2 on page 17 and Tible 3-1 on page 18). If firms
were allowed to trade fuel economy credits in order to
comply, the costs of achieving the benchmark target
would fall to about $3.0 billion per year, representing a
savings of 16 percent.? Greater. reductions in gasoline
consumption would result in incre:;tsingly higher costs.

2. All results in this teport, including the costs described here, are
annual and are for vehicles produced in a single model year. For
this analysis, CBO assumes that the new CAFE standards would
allow sufficient lead time for firms to redesign their products as
necessary, in particular so that the relevant fuel economy technol-
ogies would be available.
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Figure 3-2,

Costs of Reducing Gasoline Consump-
tion Through More Stringent CAFE .
Standards ith and Without Credit

Trading

(Billions)
r
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Percentage Decrease in Gasoline Consumption

Source: Congressional Budget Office.

As with CAFE standards themselves, a credit-trading pro-
gram could be structured in various ways. The most im-
portant consideration is whether to give credits to firms
whose baseline fuel economy would already be above the
new standards or to award credits only for further im-
provements. Rewarding preexisting overcompliance
would allow firms to sell some credits based on fuel econ-
omy gains made before tlie standards were raised, so as
the CAFE standards. were raised, gasoline consumption
would not actually drop until those credits were used up.
Awarding credits only for improvements made after the
standards were raised, though, would effectively penalize
firms for voluntarily overcomplying with the existing
standards. For that reason, CBO’s results are based on
awarding credits for preexisting overcompliance.

The costs of achieving a given reduction in gasoline con-
sumption via a tax increase depend on the price elastici-
ties of the demand for and supply of gasoline. The lower
the price elasticity of demand is, the less responsive con-
sumers are to price-changes, and thus the greater the tax
increase (and associated welfare cost) that would be nec-
essary to save a given amount of gasoline. The higher the
supply elasticity is, the greater the share of a gasoline tax .

RESOLTS

that would be borne by consumers and thus the more ef-
fective the tax and the lower its cost. CBO’s assumptions
about the demand and supply elasticities in the gasoline
market imply that consumers’ share of a tax would be
about 85 percent. If the supply was perfectly elastic, con-
sumers’ share of the tax would be 100 percent. In that
case, producers’ costs would be unaltered by the change
in demand due to the tax—and the full amount of the tax
would be passed on to consumers in the form of higher
prices.

The long-run annual costs of a gasoline tax increase de-
signed to achieve the benchmark reduction in consump-
tion would be $2.9 billion under CBO’s assumptions
about the demand and supply elasticities for gasoline (see

 Titble 3-1 on page 18). Tha figure would fall to $2.5 bil-

lion if the gasoline supply is perfectly elastic. Importantly;
although the long-run annual costs of the tax would be
only slightly less than those of higher CAFE standards
with credit trading, the tax would have a significant ad-
vantage over CAFE standards in the initial years of the
policies, before the stock of existing vehicles was replaced
(see the upcoming discussion in the section “Cost Savings
and Gasoline Savings in the First 14 Years™ on page 20).

CBO’s analysis considers only the direct effects that in-
creases in CAFE standards or a gasoline tax would have
on the vehicle and gasoline markers. Including effects on

other markets—such as capital and labor markets—could _

significantly increase the total welfare losses of each of the
policies analyzed (see Box 3-1 on page 19).

Consumers’ and Producers’ Shares of
the Total Long-Run Costs

By CBO's estimates, consumers would bear the majority
of the costs of higher CAFE standards and, relative to au-
tomakers, would share in few of the gains from credit
trading. For example, meeting the benchmark target with
CAFE standards would impose costs on vehicle producers
of about $1.2 billion without trading and about $0.8 bil-
lion with trading, or roughly 1.4 percent and 1 percent,
respectively, of their total annual net revenues (see Table
3-1). But costs to consumers would be roughly $2. 4 bil-
lon and $2.2 billion, rcspecuvcly

17
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Table 3-1.
Total Long-Run Annual Costs to Achieve a 10 Percent Reduction in Gasoline
Consumption Under Alternative Policies

(Billions of dollars) -
CAFE Standards

Without Trading

With Trading Gasoline Tax

31.3 mpg for cars
24.5 mpg for light trucks

Policy Medeled

Total Welfare Costs? 36
Producers’ costs 1.2
Consumers’ costs 2.4

46-cent-per-gallon

increase
3.0 2.9
0.8 0.5
2.2 2.4

Source: Congressional Budget Office.

Note: CAFE = corporate average fuel economy; mpg = miles per gaiion.

a. For producers, costs are measured as reductions in total profits, while for-consumers, they are measured as reductions in
the amount that consumers value their new vehicles over and above the purchase price.

The ratios of consumers’ costs to producers’ costs—about
2 to 1 withour trading and nearly 3 to 1 with trading—
depend on the demand for and the supply of new passen-
ger vehicles and on the degree of product differentiation
among them. The latter helps producers set prices above
marginal costs without losing many sales. On the basis of
the empirical evidence described previously, CBO as-
sumes that consumer demand for new passenger vehicles

Figure 3-3.

Costs per Vehicle of More Stringent
CAFE Standards, With and Without

Credit Trading
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Source: Congressional Budget Office.

is somewhat elastic at about —1.4 (s0 a 10 percent price
increase for all vehicles would reduce unit sales by 14 per-
cent) and that producers have some market power, allow-
ing them to maintain profit margins that, in CBO’s
simulation model, range from abour 17 percent for com-
pact cars to 26 percent for large SUVs.

On a per-vehicle basis, the simulation model predicts thar
the average total welfare loss associated with using CAFE
standards to reduce gasoline consumption by 10 percent
would be about $228, of which roughly $153 would
come from consumers. Under the credit-trading system,
the average per-vehicle cost is predicted to be $184, with
consumers bearing $142 of that amount (see Figure 3-3).
Producers’ costs for that level of gasoline savings would be
about $75 per vehicle, or about $42 with credit trading.'
As mentioned, those costs reflect higher vehicle prices
(net of the value of the discounted gasoline savings),
lower vehicle sales, and reduced profi margins. Consum-
ers’ costs are averages of the lost welfare for consumers
who purchase new vehicles under the higher CAFE stan-
dards and for those who would have purchased bur for
the higher new-vehicle prices; the size of the latter group
is a small fraction of that of the former.



CHAPTER THREE

RESULTS 19

Box 3-1.

Effects on Markets Not Included in This Analysis .

One limitation of the Congressional Budget Office’s
(CBO’s) study is that it measures the costs that in-
creases in the corporate average fuel economy
(CAFE) standards or gasoline taxes would impose on
producers and consumers of vehicles and gasoline
but does not measure costs in other affected markets.
Accounting for effects on, for instance, the labor and
capital markets would require using a “general-
equilibrium” approach—modeling the entire econ-
omy, not just the markets directly affected. Including
the effects on other markets could substanially in-
crease estimates of the costs of both policies. How-
ever, CBO does not believe that including those
effects would alter the basic conclusion that an in-

crease in the tax on gasoline would be a more cost-ef-

fective way to reduce gasoline consumption than an
increase in CAFE standards would, because it would
not change the fact that a gasoline tax would achieve
much greater reductions in gasoline consumption—
at a much lower cost—in the initial years of the pol-
icy. Furthermore, a higher gasoline tax would gener-
. ate revenues that policymakers could use to offset
inefficiencies in other markets, but higher CAFE
standards would not offer that possibility.

Many analysis have concluded that pollution-reduc-

ing policies could generate significant welfare losses
in labor and capital markets by exacerbating the dis-
couraging effect chat existing raxes on labor and cap-
ital have on economic activity.! By raising the prices
of new passenger vehicles and of gasoline, an increase
in CAFE standards or in the gasoline tax would
lower the real (inflation-adjusted) returns to labor
and capital. Those effects, in turn, would reduce the

1. For a survey of the literarure, see A. Lans Bovenberg and
Lawrence H. Goulder, “Environmental Taxation and Regu-
lation,” in Alan Auerbach and Martin Feldstein, eds., Hand-
book of Public Economics, 31d ed. (Amste:dam Elsevier,
2002).

incentive of households to work and to save and in-
vest. While the change in the amount of labor or
capital supplied as a result of the gasoline-saving pol-
icies would be small, the welfare loss could be large
because capital and labor markets are already heavily
taxed.? Small changes in the supply of factors in
heavily taxed markets can create relatively large wel-
fare costs—a result referred to as the tax interaction
effect.

Increases in the CAFE standards or in the gasoline
tax could generate a tax interaction effect. The poli-
cies would differ, however, in other ways that they af-
fected the economy. An increase in the CAFE
standards would decrease revenue (by reducing gaso-
line sales and hence the amount of taxes collected at
the current rate), while an increase in the gasoline tax
would raise additional revenues (outweighing the
loss in revenue associated with declining gasoline
sales). If they chose to, policymakers could use the
additional revenues generated by an increase in the
gasoline tax to decrease taxes on labor and/or capital,
thereby offsetting some of the tax interaction effect.
In contrast, maintaining the level of revenue follow-
ing an increase in CAFE standards would necessitate
increasing taxes.

2. Researchers have proposed a formula that can determine the
increase in the total welfare cost thar commodity taxes, such
as a gasoline tax, would have if effects on the labor market
were considered. See Lawrence H. Goulder and Roberton C.
Williams HI, “The Substantial Bias from Ignoring General
Equilibrium Effects in Estimating Excess Burden, and a
Practical Solution,” Jowrnal of Political Economy, vol. 111,
no. 4 (August 2003), pp. 898-927. On that basis, the rotal
welfare cost of a 46-cent increase in the gasoline tax could be
more than twice as high as CBO estimates. Unforrunately,
no such formula is available for environmental standards,
such as CAFE standards, so CBO compares the two policies
on a partial-equilibrium basis.
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Total Long-Run Costs for Firms Buying
Credits and Firms Selling Them

Although most automakers are now multinational enti-
ties, the distincton between “domestic” and “foreign” re-
flects the firms’ corporate histories and is useful here in
identifying the buyers and sellers of credits. Most of the
demand for credits would come from domestic firms, and
virtually all of the supply would come from foreign firms.

Both domestic and forcign firms would benefit from
wading, according to CBO’s analysis. Domestic firms

~ would have reduced welfare losses because buying credits
would lower their costs of complying. Foreign firms
could be better off than they would have been in the ab-
sence of an increase in CAFE standards because, in the
aggregate, the extra revenue that they would get from sell-
ing the credits they earned by going beyond the new stan-
dards could more than cover their costs of doing so (see
Figure 3-4).3 The disparity between domestic firms’ and
foreign ficms” total costs partly reflects differences in com-
pliance costs per vehicle but occurs primarily because do-
mestic firms sell more vehicles in the United States than
foreign firms do.

Cost Savings and Gasoline Savings in
“the First 14 Years
Depending on consumers’ responses to an increase in the
price of gasoline, the annual long-run costs of reducing
gasoline consumption via higher CAFE standards as op-
posed to an increase in the gasoline tax may not differ
very dramatically. Because both policies would promote
fuel economy in new vehicles, théy would not reach their
full effectiveness undl all existing vehicles were replaced
with newer ones manufactured after the policies were en-
acted.

However, until the long run has been reached, that is, un-
til the 14 years constituting the average life of a vehicle

3. CBO’s predicted division of gains from trading berween buyess
and sellers of fuel economy credits assumes thar the credit market
would be perfeatly comperitive, implying a single market-clearing
price equal to the cost of supplying the “last™ (and most expensive)
credit. But with relatively few agents, as in the automobile matker,
sellers could realize greater gains at the expense of buyers, or vice
versa. However, because both parties would have an incentive to
continue trading until all possible gains were realized, the number
of credits traded and the gains available from trading need not
depend on whether the trading market is competitive.

Figure 3-4.

Domestic and Foreign Producers’
Costs for More Stringent CAFE
Standards, With and Without Credit
Trading
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Source: Congressional Budget Office.

have passed, a gasoline tax would save much more gaso-
line, at a much lower cost, than would an equivalent in-
crease in CAFE standards. Both policies would gradually
increase average vehicle fuel economy, as older vehicles
were retired. But that changeover would account for only
about half of the total effect of 2 gasoline tax. The other
half of the effect would occur immediately, as consumers
responded to higher retail gasoline prices by driving less.
Because all vehicles, not just néw ones, would be driven
less, a tax would be initially. much more effective than an
equivalent increase in CAFE standards. In fact, over the
initial 14 years, a tax designed to reduce gasoline con-
sumption by 10 percent would save an additional 27 bil-
lion gallons of gasoline, or 42 percent more, and would
cost nearly 30 percent less (see Figure 3-5).4 The costs of
the CAFE standards would be the same in all 14 years.
The costs of the gasoline tax would increase annually, as
improvements in fuel efficiency further reduced gasoline
consumption, until the steady state was reached.

4. The costs and savings have been discounted to present-value terms
at an annual rate of 6.2 percen, reflecting the relative price vola-
dlity of petroleum.
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The advantage of a tax stems from its greater scope for re-

* ducing gasoline consumption: only the tax would encour-

age behaviors such as carpooling, relying on public
transportation, or combining trips. By contrast, higher
CAFE standards could encourage driving by lowering the
operating costs of new vehicles, thus offsetting some of
the potential gasoline savings from raising the standards.
Under CBO’s assumptions, in its first year the tax would
save about seven times as much gasoline as the equivalent
CAFE standards would. That advantage would decline in
each subsequent year, and in the long run, that is, after 14
years, both policies would, by design, save the same
amount of gasoline per year.

Figure 3-5.
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Source: Congressional Budget Office.
Notes: CAFE = comporate average fuel economy.

The figure depicts effects over the first 14 years (after which
all current vehicles are assumed to be retired) from policy
-changes that would bring about a 10 percent reduction in
gasoline consumption.

RESULTS

The Long-Run Effects of Increasing
CAFE Standards on the Passenger

Vehicle Market
The size of the passenger vehicle market could shrink by

several percent if CAFE standards were raised signifi-
cantly (see Figure 3-6). On a percentage basis, unir sales of
light trucks would ultimately decline about twice as
much as would those of cars, primarily reflecting the par-
ticular CAFE policies that CBO modeled—thar is, car
and light-truck standards raised in equal-mpg increments
bur from different starting points. As noted eatlier, be-
cause the current standard for light trucks is lower than
that for cars, a given mpg increase would require a greater
percentage reduction in gasoline consumption by trucks
than it would by cars.

Moderate increases in CAFE standards would not have a
very large éffect. The benchmark increase of 3.8 mpg in
the standards would result in a predicted decline of only
1.3 percent in unit sales of light trucks and a 0.2 percent
decline in car unit sales (as indicated in Figure 3-6).
Those dedlines result from an increase of approximately
0.5 percent in average vehicle prices, after accounting for
the value of the resulting gasoline savings.

According to CBO’s simulation model, the price in-
creases of fuel-efficient cars and light trucks would tend
to be less than the costs of the fuel-efficiency technologies
installed by the manufacturers. Buyers of those vehicles
could enjoy benefits (in terms of better mileage) worth
well in excess of the increase in purchase price, while
price increases for low-mpg vehicles could exceed the
added cost of the new techﬁologies. The difference could
occur because higher CAFE standards would give firms
an incentive to draw consumers toward more-fuel-effi-
cient vehicles. In effect, buyets of vehicles with poor fuel
economy would be subsidizing buyers of fuel-efficient ve-

hicles.

Nort all of the decline in the unit sales of cars and light
trucks would be permanent. Some of the depicted decline
represents delayed purchases: faced with higher vehicle
prices, some consumers would simply drive their current
vehicles an extra year or two before replacing them. The
simulation mode] captures both delayed and permanenty
lost sales, and it is not possible to say how much of the
decline is due ro which effect. It is likely, though, that

21
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Figure 3-6.
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because some of the “lost” sales are merely delayed, the
true long-run effects of higher CAFE standards on unit
sales would be slightly lower than predicted by CBO's
model.

Could Increases in CAFE Standards or
the Gasoline Tax Improve Social
Welfare?

Because raising CAFE standards would impose costs on
both producers and consumers, an important question is
whether those costs would be outweighed by the benefits
that they would bring about.

In the absence of existing policies to discourage the use of
gasoline (and other complications described below), the
optimal increase in CAFE standards could be determined
by balancing the costs of tightening the standards against
the resulting benefits stemming from the reduction in
gasoline consumption. The fact that existing policies—
such as federal, state, and local taxes on gasoline—already
discourage gasoline consumption complicates the picture.

If the existing per-gallon tax was equal to the existing ex-
ternal costs associated with consuming a gallon of gaso-
line (ox, alternatively, the social benefits associated with

reducing consumption by one gallon), then there would
be no need to increase the CAFE standards. The tax on
gasoline would give buyers just the right incentive to
change their behavior to reflect the costs that consuming
gasoline imposes on society.

If the tax on a gallon of gasoline was less than the external
costs associated with consuming that gallon, then higher
CAFE standards could potentially benefit society. In that
case, one would need to weigh the additional benefit as-
sociated with reducing gasoline consumption—a benefit
equal to the external costs less the existing tax—against
the costs that the higher standards would impose on pro-
ducers and consumers of vehicles (costs that are quanti-
fied by CBO’s model).

Finally, if the existing tax on gasoline was greater than the
external costs associated with consuming gasoline, then
increasing CAFE standards could make society worse off.
Higher CAFE standards would force further reductions
in gasoline consumption, even though the existing tax
was already causing consumers to reduce their consump-
tion by a greater amount than was justified by the exter-
nal costs that the consumption imposed on society.” In
that case, the social “benefit” associated with saving one
more gallon of gasoline through higher CAFE standards
would be negative.

Two key questions, therefore, are, What is the existing tax
on gasoline, and, What are the costs that consuming a
gallon of gasoline imposes on society? The first question
is easy to answer. The av&agc federal, state, and local tax
paid on a gallon of gasoline is 41 cents. The second ques-

 tion, however, is very difficult ro answer.

In its recent report, the National Research Council sug-
gested that there are two primary external costs associated
with gasoline consumption that could be addressed by in-
creasing the CAFE standards. First, gasoline combustion
releases carbon into the atmosphere, and those emissions

are thought ro lead to a gradual warming of the Farth.

5. Havinga gasoline tax that was greater than the external costs asso-
ciated with consuming a gallon of gasoline could be justified on
other grounds. It could be an efficient means of raising revenues,
ot it could reflect external costs associated with driving—such as
traffic congestion or an increased risk of accidents—that would be
diminished by a higher gasoline tax but not by higher CAFE stan-
dards.
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Second, gasoline consumption adds to the United States’
dependency on oil and, therefore, increases the country’s
vulnerability to distuptions in the world supply of oil.

- While acknowledging uncerr—ainty, the NRC tentatively
suggested an estimate of 12 cents to reflect the cost of car-
bon emissions resulting from a one gallon decrease in gas-
oline consumption (which corresponds to a cost of $50
per metric ton of carbon). Further, it suggested an
energy-security cost associated with consuming one gal-
lon of gasoline of 12 cents (which corresponds to a cost of
$5 per barrel of oil). Finally, the NRC estimated a cost of
2 cents per gallon due to emissions of air pollutants asso-
ciated with the production and distribution of gasoline,
resulting in total external costs of 26 cents per gallon.®

If the NRC's estimate of 26 cents for the external costs of
consuming a gallon of gasoline is correct, then the exist-
ing tax on gasoline of 41 cents already provides buyers of
new vehicles with an incentive to pursue fitel economy up
to a cost that exceeds by 15 cents the benefits associated
with reducing gasoline consumption.” In that case,
higher CAFE standards would impose unwarranted costs
on automakers and new-vehicle buyers—and thereby
would reduce social welfare .

Estimaring the external costs associated with consuming
gasoline is beyond the scope of this study; and CBO does

6. See National Research Council, Effectiveness and Impact of CAFE
Standards, p.8.

7. Producers of gasoline might bear part of the tax. In that case, the
price of gasoline would increase by less than the amount of the
tax. In either case, however, the incremental cost of the tax (borne
by producers and consumers) would be 41 cents,

8. CBO estimates that for CAFE standards with trading, the mar-
ginal cost of reaching the benchmark rarger (that is, the cost of
saving the “firial” gallon of gasoline) is 33 cents per gallon saved
(with the external costs resulting from the increase in driving
ignored).

RESULTS

not endorse the NRC's estimate. However, given the ex-
isting gasoline tax of 41 cents per gallon, higher CAFE
standards would have the potential to improve social wel-
fare only if the external costs associated with consuming
gasoline exceeded 41 cents per gallon—a figure signifi-
cantly higher than the external costs suggested by the
NRC.

Higher CAFE standards could further reduce sacial wel-
fare by worsening traffic congestion and increasing the
number of wraffic accidents.? That undesirable effect
could occur because higher CAFE standards would lower
the per-mile cost of driving, providing owners of new ve-
hicles with an incentive to drive more. While the increase
in driving associated with higher CAFE standards might
be relatively small, some studies suggest thar the resulting
costs of the increased congestion and traffic accidents
may nevertheless be large.!®

A complete determination of the potential for higher
CAFE standards to improve social welfare requires ac-
counting for both the effect of the existing gasoline tax as
well as the CAFE-induced increase in driving-related
costs. Increased CAFE standards have the potential to im-
prove social welfare only if the reduction in the costs of
climate change and oil dependency due to higher CAFE

9. In addition to increasing rhe risk of an accident occurring, accord-
ing to some analyss, higher CAFE standards could increase the
harm that accidents cause by leading to lighter, smaller vehicles.
That claim is controversial, however. Some members of the NRC
panel argue thar the “relationships berween vehide weight and
safety are complex and not measurable with any degree of cer-
tainty at present.” See National Research Coundil, Efectiveness
and Impact of CAFE Standards, p117..

10. For example, one study estimates that the external cost of each
additional mile driven is $0.035 from the addirional congeston
and $0.03 from the addirional accident risk. See Parry and Small,
“Does Britain or the United States Have the Right Gasoline Tax?”

23
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standards is greater than the existing tax on gasoline plus
the CAFE-induced increase in congestion and accident

COSIZS.11

While the existing tax on gasoline exceeds the NRC’s esti-
mate of the external costs associated with consuming gas-
oline, the tax is not necessarily too high. Gasoline taxes
serve other purposes besides encouraging gasoline buyers
to take the external costs of gasoline consumpton into

11. The authors of a forthcoming study have attempred o make this
complete assessment. They find thar the existing tax on gasoline,
as well as the costs associated with CAFE-induced increases in
driving, make it appear that increases in CAFE standards could
significantly reduce overall welfare. However, the authors cannot
agree on whether increases in CAFE standards would be preferable
to no gasoline-saving policy. They indicate that higher CAFE
standards would have the potential ro improve social welfare if the
benefits of reduced oil consumption and carbon emissions
increased over time, if technologies to improve fuel economy
turned out to be less expensive than anticipaced, or if the current
market fails to provide optimal incentives for fuel economy inno-
vation. See Paul R. Portney et al., “The Economics of Fuel Econ-
omy Standards,” Journal of Economic Perspectives (forthcoming).

account. Gasoline taxes also discourage driving. Deter-
mining the “optimal” tax on gasoline is beyond the scope
of this study, but such a determination might take into
account the external costs thar are associated with driv-
ing—but that are independent of the amount of gasoline
consumed-—such as traffic congestion and accident
risk.12 Finally; a determination of the optimal tax might
include the external costs associated with consuming gas-
oline (the costs of oil dependency and carbon emissions,

.discussed above). Such an assessment could conclude that

increases in the existing tax on gasoline could improve so-

cial welfare.13

12. Some rescarchers have proposed a gasoline tax as 2 means of
addressing those externalities, provided that other, more direct
means are not feasible. More direct methods of addressing such
externalities could involve using congestion pricing (tolls that rise
with traffic density as 2 way of controlling highway congestion) or
tying insurance premiums to the number of miles driven.

13. One study concludes that the optimal tax on gasoline would be
$1.01. See Parry and Small, “Does Britain or the United States
Have the Right Gasoline Tax?”
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Inequality and Poverty

In “Halving Glebal Poverty,” Tim Besley and
Robin Burgess (Summer 2003, pp. 3-22) note
that, conditional on mean real per capita na-
tional income, higher inequality (as measured
by the standard deviation of income) is corre-
lated across countries with higher absolute
poverty as measured by the headcount of those
with less than §1 a day (see their Table 3). This
result is not surprising. Indeed, as stated, the
observation might be little more than tauto-
logical. After all, the more of total national
income is taken by the rich and mean income
is held constant, then the less is available for
the rest, and as such there are likely to be
more absolutely poor people.

Is there more to the inequality-poverty link
than this tautology? In fact, there is. Consider a
regression in which the poverty headcount is the
_dependent variable, and the two explanatory
‘variables ar¢ the mean income of the lower 90
percent of the income distribution and the share
of income going to the top decile. One might
expect that after taking into account the mean
income of the bottom 90 percent of the income
distribution, the share of income going to the
top percentile should not affect the poverty
headcount.

However, when I carried out this regression
for using data for 89 countries and territo-
ries—that is, all for which these variables are
available using the World Bank GPID database

and World Development Indicators—I found
that the share of income going to' the top
decile is large and statistically significant. In an
ordinary least squares regression, if the share
of income going to the decile rises by 1 per-
centage point, the percentage of the popula-
tion below the $1 per day poverty line rises by
about half a percentage point, after including
the mean income level of the bottom 90 per-
cent as another explanatory variable and add-
ing a constant term. This finding survives in-
clusion of other variables such as financial
depth, and measures of institnional quality
(Honohan, 2004). Almost equivalent results
arc obtained by substtuting the mean in-
come of the top decile for their share in total
income. These results can be found at
{http://econ.worldbank.org/ programs/finance/
library/).

It is by no means clear why making some
rich people richer should increase the number
of absolutely poor people: as an empirical fact,
this is rather starding. Admittedly, it is consis-
tent with most of the functional forms that are
used to fit the statistical distribution of in-
comes in any country. Two-parameter func-
tional forms for income distribution (such as
the Jog-normal) almost necessarily imply such a
relationship, in the sense that mean-preserving
parameter changes for any given functional
form will send the share of the top dedle and
the poverty headcount in the same direction.
Even a more flexible functional form such as the
widely favored three-parameter Singh-Maddala
{McDonald, 1984) tends to predict the positive
association in this sense. However, this insight
only pushes the question back one further step
inasmuch as these statistical models lack any
serious economic rationale. Besides, the empir-
ical fit of these curves near the ends of the
distribution have traditionally been their weak
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poing; thus, there was no a priori assurance that
this prediction would have been empirically ro-
bust.

Of course, there is no surprise that increasing
mean  pational income reduces the poverty
headcount. But what is it about socicties where
the rich are rich that tends to result in more
people falling into poverty? This appears to re-
main something of an unresolved puzzle.

Patrick Honchan
The World Bank
Washington, D.C.

' Withowt implicating him, I am grateful to Aart
Kraay for helpful suggestions. This note reflects the
views of the author alone and not those of the World
Bank.
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Fuel Economy Standards

In their article “The Economics of Fuel Econ-
omy Standards,” Paul Portney, Ian W.H. Party,
Howard K Gruenspecht and Winston Har-
tington (Fall 2003, pp. 203-217) note that engi-
neering studies suggest a substantial opportunity
to improve the energy efficiency of new vehicles
using demonstrated, cost-cffective téchno!ogics
and that the failure of markets to' exploit this
potential is difficult to reconcile with economic
theory. Given the gap between evidence and
theory, the authors express skepticism about the
“evidence; that is, they criticize the use of engi-
neering studies in justifying more stringent fuel
economy standards. The authors do not, how-
ever, note that important econometric evidence
also points to significant inefficiendies in mar-
kets for energy-using equipment.

In a scminal paper on home appliance pur-
chases, Hausman (1979) found that consumers

employ an implicit discount rate of 25 percent -
per year in evaluatng the net benefits of im- -

proved energy efficiency. A subsequent litera-
ture found discount rates ranging from 25 per-

cent to 300 percent in markets for refrigerators,
heating and cooling systems, building shell im-
provements and 2 variety of other technologies
(Frederick et al., 2002). These anomalously high
discount rates provide reason to reject the hy-
pothesis that markets for energy-using equip-
ment are characterized by substantive rationality
and efficient resource allocation. In a study that
is directly relevant to the fuel economy debate,
Dreyfus and Viscusi (1995) undertook a hedonic
price analysis of the U.S. automobile market to
assess consumers’ willingness to pay for im-
proved safety and energy efficiency. On the as-
sumption that consumers use a common dis-
count rate in evaluating both safety and fuel
economy, the study calculates an implicit dis-
count rate that ranges from 11 to 17 percent in
alternative specifications. More tellingly, Dreyfus
and Viscusi conclude that only 35 percent of the
presentvalue cost savings provided by improved
energy efficiency is capitalized in the purchase
price of vehicles.

Attempts to interpret the so-called “energy
cfficiency gap™—the failure of realworld mar-
kets to implement energy-efficient technologies
that are costeffective at prevailing energy
prices—have focused mainly on issues of infor-
mation asymmetries (Howarth and Andersson,
1993), bounded rationality (Conlisk; 1996) and
mefficiendies in the structure of large organiza-
tons (DeCanio, 1993). These explanations are
consistent with empirical work in behavioral eco-
nomics, which finds that a wedge often exists
between observed behavior and the model of
substantive rationality in the context of intertem-
poral decisions (Loewenstein and Thaler, 1989).
A contrasting approach is taken by Hassett and
Metcalf (1998), who seek to explain the use of
high discount rates as a rational response to
issues of risk and irreversibility. Sanstad et al.
(1995), however, show that these effects are too
small to account for the empirical magnitude of
the efficiency gap. ’

Although Portmey and his co-authors reason
that car buyers are well-informed about fuel
economy tradeoffs by the energy labels required
for new vehicles, behaviorat studies suggest that
providing consumers with technically accurate
information often has litde influence on their
decision making (Gardner and Stern, 2002,
chapter 4). This observation does not imply that
consumers are fundamentally irrational. As Con-
lisk notes, limitations on people’s cognitive ca-
pabilities imply that (boundedly) rational agents
must rely on simple decision heuristics that are
subject to systematic bias. In the context of au-



tomobile purchase decisions, energy costs (a)
constitute only 2 small fraction of the total cost
of owning and operating a vehicle; and (b) are
not tangibly apparent to consumers at the point
of decision. These conditions match the circum-
stances under which bounded rationality most
typically prevails, explaining why consumers fail
to optimize fuel economy choices as they would
given perfect information and infinite cognitive
capabilities (Kempton and Layne, 1994).

Portney, Parry, Gruenspecht and Harrington
are on firm ground when they note the impor-
ance of taxing gasoline to reflect the social costs
of fuel consumption. The imperfections that ap-
pear to exist in vehicle markets, however,
weaken the force of the anthors’ critique of
enthanced fuel economy standards. As the au-
thors’ note, the Nadonal Research Council
(2002) found that strengthening the Corporate
Average Fuel Economy (CAFE) standards could
substantially raise the energy efficiency of new
vehicles while maintaining or enhancing con-
sumer welfare. Although this conclusion seems
difficult to reconcile with the traditionat theory
of efficient markets, it is arguably consistent with
recent developments in information and behay-
ioral economics.

Richard B. Howarth
Dartmouth College
Hanover, New Hampshire
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Reply from Paul Portney, Ian Parry
and Winston Harrington

Unfortunately, one of the most crucial issues
in assessing the economic merit of tighter fuel
economy standards is also one of the most con-
tentious. A number of engineering studies sug-
gest that there is 2 wide range of fuelsaving
technologies that could be adopted by auto
manufacturers for which the discounted fuel sav-
ing benefits over the vehicle lifetime would ex-
ceed the costs of vehicle production—see in par-
ticular NRC (2002). If so, tightening Corporate
Average Fuel Economy (CAFE) standards on
new passenger vehicles can easily be welfare-
improving overall; if not, tightening CAFE could
be welfare—rcducing, due to its perverse effects
on increasing the incentive to drive and on com-
pounding distortions from pre-existing fuel
taxes (Parry, 2004). -

Is there a market failure that prevents auto
manufacturers from installing fuelsaving tech-
nologies that consumers should Be willing to pay
for? The most common hypothesis is that auto
buyers have very high discount rates and under-
value the true social benefits from future fuel
savings. Richard Howarth draws our attention to
a number of econometric studies suggesting that
consumers may in fact discount future fuel costs
at high rates. Howarth’s underlying explanation
is that when fuel costs are a small portion of total
vehicle owning and operating costs and are not
tangibly apparent to consumers at the point
of purchase, then “. -{boundedly rational}
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'

consumers fail to optimize fuel economy choices
as they would given perfect information and
infinite cognitive capabilities.”

Maybe. But some of the evidence Howarth
cites relates to energy savings from home appli-
ances, and it is not necessarily clear that dis-
count rates from these studies are applicable to
automobiles, largely because the energy savings

are so difficult for consumers to observe. Of -

most relevance is the Dreyfus and Viscusi (1995)
hedonic analysis of car purchases, which finds a
discount rate of 11 to 17 percent. The discount
rate used in the NRC (2002) report is 14 per-
cent—exactly the midpoint of this range.

Perhaps it is not that consumers misperceive
or overly discount fuelsaving benefits, but
rather that engineering studies underestimate
the true economic costs of actually adopting
fuelsaving technologies. The true economic
cost is probably larger than the engineering cost
estimates used by the NRC for two reasons. First,
it ignores the possible opportunity cost of not
using fuel saving technologies for other vehicle
enhancements. That is, by forcing automakers
to apply their technical experdse to more fuel-
efficient engines, tighter CAFE standards could
mean fewer of the improvements 1o which con-
sumers have responded enthusiastically in the
past—including such things as enhanced accel-
eration, towing capacity and so on. It is the
implicit values of these foregone improvements
that ought to be compared with the fuel econ-
omy savings that tighter CAFE standards would
bring. A second point is that engineering studies
may exclude various sosts of actually implement-
ing a new technology that are difficult to ob-
serve—for example, marketing, consumer unfa-
miliarity and retraining of mechanics.

While it would be extreme to assume all man-
ufacturers incorporate fuel saving technologies
that pay for themselves the instant they become
available, basing the case for substantially tight-
ening fuel economy standards purely on results
from engineering studies is also on rather shaky
‘ground. Untl a greater consensus emerges on
the extent to which the tue economic costs of
tightening fuel economy standards differ from
engineering costs, policymakers would be well
advised to focus on other initiatives that are on
firmer ground. We would advocate a moderate
{(economy-wide) carbon tax to reduce green-
house gases, a broad oil tax (of perhaps $3 per
barrel) to help reduce the economy’s depen-
dence on imported oil, encouragement of per-
mile insurance (rather than annual lump-sum
payments) to reduce driving and reforming the

CAFE program by allowing manufacturers to

tade fuel economy credits.
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Exchange Rate Regimes

Guillermo Calvo and Frederic S. Mishkin’s
article “The Mirage of Exchange Rate Regimes
for Emerging Market Countries™ (Fall 2003, pp.
99-118) illustrates a problem that has plagued
discussion of exchange rate regimes: lack of pre-
cision, especially regarding fixed exchange
rates. Like many other economists, Calvo and
Mishkin use the terms “fixed” and “pegged” in-
terchangeably. It is confusing to have two terms
for the same thing.

Their definition of one type of fixed exchange
rate, a currency board, is vague in a key respect.
Calvo and Mishkin (p. 100) say only that a cur-
rency board has “enough” reserves “to exchange

~ domestically issued notes for the foreign {anchor]

currency on demand.” A currency board does not
hold just any amount of foreign reserves that may
be “enough.” Rather, it holds net foreign reserves
equal to 100 percent of the monetary base. A
currency board docs not let its reserves fall below
100 percent, nor does it accumulate excess re-
serves beyond at most an additional 10.percent.
The excess reserves, if any, serve as a cushion
against possible losses in the capital value of assets,
not s a source of funds for discretionary monetary
policy. A currency board holds no significant finan-
cial assets other than its foreign reserves, hence it
does not hold domestic financial assets.

Their vague definition leads Calvo and Mish-
kin to say that Argentina’s monetary system of
April 1991 to January 2002, known locally as
"converu'bility," was a currency board. However,
the central bank held large amounts of domestic
financial assets, and over the life of the convert-
ibility system, the ratio of net foreign assets to
the monetary base was often quite far above or



below 100 percent. It is more accurate to view
the convertibility system as the latest of Argend-
na’s many atiempts to combine 2 hard pegged
exchange rate with central banking.

Calvo and Mishkin claim that the choice of
exchange rate regime “is likely to be of second
order importance” in developing good overall
economic policies (p. 115). Here again, I think it
is possible to be more precise, in a way that is
useful for economic policy. Even the best ex-
change rate regime (whatever you may consider
that to be in a particular case) is not enough by
itself to ensure economic growth, but a very bad
regime is enough by itself to reverse growth. A
good exchange rate regime enlarges the poten-
tial scope for mutually beneficial trades, but
high tax rates, insecure property rights or other
factors may still discourage people from actually
making the trades. A very bad regime shrinks the
scope for mutually beneficial trades, in extreme
cases making barter more attractive than mone-
tary exchange. The difference between a good
exchange rate regime and the best regime may
be small in terms of jts effect on economic
growth, but there is abundant evidence that the
difference between a good regime and a very
bad regime is large.

Rurt Schuler

Senior Economist to the Vice Chairman
Joint Economic Comnmittee, U.S. Congress
Washington, D.C.

» The views expressed here are the personal views of the
author, not necessarily the views of the Joint Economic
Committee.

School Accountability

In their excellent article on “The Promise and
Pitfalls of Using Imprecise School Accountability
Measures” (Fall 2002, pp- 91-114), Thomas J.
Kane and Douglas O. Staiger point out that

“many accountability systems treat small schools
in a capricious fashion. Because a small school
has greater sampling variation, its average
scores, or average gains, are likely to be volatile

and occasionally extreme, even if the school it- -

self is steady and average. Quite ordinary
schools, if they are small, arc likely to be praised
in some years and censured in others.

To address this problem, Kane and Staiger
suggest setting “different thresholds for schools
of different sizes. For example, grouping schools
according to size...and giving awards to the
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top 5 percent in each size class.” This proposal
solves the problem of comparing small schools
to large schools, but it does not change the fact
that, within the small school group, schools in
the top 5 percent are likely to be there because
of luck. Kane and Swiger’s other suggestion—
lowering the threshold so that more schools win
rewards—has the same problem.

What Kane and Staiger overlook is that at least
one government recognizes the smallschool
problem and has taken steps to avoid it. The
danger is addressed by Sanders’s influential
value-added methodology, which is a mixed
model focused on year-to-year gains. In Tennes-
see and other systems that have adopted Sand-
ers’s suggestions, school effects are treated as
random and estimated using a “shrinkage” esti-
mator known as the empirical Bayes (EB) resid-
val or the best linear unbiased predictor
(BLUP). This estimator “shrinks” school aver-
ages toward the systern mean, with greater

‘shrinkage for schools with smaller enrollments

(Sanders, Saxton and Horn, 1096; Robinson,
1991; Raudenbush and Bryk, 2002). Kane and
Staiger (2001) allude to empirical Bayes meth-
ods in describing their complex “filtered” esti-
mates of school effects, but do not mention that
empirical Bayes methods, with their shrinkage
properties, are already part of the simpler ac-
countability systein in Tennessee.

Shrinkage ensures that a small school is un-
likely to have a large estimated effect. For exam-
ple, suppose that sampling variation made aver-
age scores 75 percent reliable for large schools,
but only 50 percent reliable for small schools. If
both a small school and a large school reported
average scores that were two standard deviations
above the mean, the large school’s estmate
would be shrunk to 2 X 75 percent = 1.5 stan-
dard deviations, while the small school’s est-
mate would be shrunk to 2 + 50 percent = 1
standard deviation above the mean. The small
school is shrunk more, because 2 smaller sample
provides weaker evidence of extraordinary
achievement. -

A drawback of this approach is that shrinkage
makes it hard for an exceptional small school to
get much attention (Raudenbush and Bryk, 2002).
From a policy perspective, however, it may be ap-
propriate to focus attention on large schools, since
large schools impact more students. In short, one
of the pitfalls that Kane and Staiger have identified
is something that certain governments have
learned to sidestep. These governments should be
commended, and others should be encouraged to
follow their example.
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Paul T. von Hippel

Department of Sociology and Initiative in
Population Research

Ohio State University
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Abstract

This paper discusses several rationales for the Corporate Average Fuel Economy
(CAFE) program, including reduced oil dependence; reduced greenhouse gas emissions, and the
possfbility that fuel saving benefits from higher standards‘mighf exceed added vehicle costs. We
then summarize what can be said about the welfare effects of tightening standards, accounting
 for prior fuel taxes, and perverse effects on congestion and traffic accidents through the impact
of improved fuel economy on the incentive to drive. Implications of CAFE on local air
pollution, and the controversy over CAFE, vehicle weight, and road safety, are also discussed.
Finally, we describe ways in which the existing CAFE program could be substantially improved

and identify a variety of alternative, and much superior, policy approaches.
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The Economics of Fuel Economy Standards

Paul R. Portney, Ian W.H. Parry, Howard K. Gruenspecht and Winston Harrington*

1. Introduction and Background

Public policy debates are often overheated, but those regarding government-mandated
new-car fuel economy standards have been extreme. Proponents of more stringent standards
allege that the declining fuel economy of the new-vehicle fleet in the United States plays into the
hands of Al Qaeda; opponents claim that tighter standards would lead directly to smaller cars
and, therefore, carnage on the highways. With importgmt industries and public interests at stake,

it 1s important to disentagle fact from fiction.

In the Energy Policy and Conservation Act of 1975 (EPCA), Congress created the
Corporate Average Fuel Economy (or CAF E) program. Congress itself required each
manufacturer of new passenger cars to meet a sales-weighted average of 18 miles per gallon
(mpg) by Model Year 1978, increasing steadily to 27.5-mpg for Model Year 1985 and beyond.
Congress also directed the National Highway Traffic Safety Administration (NHTSA) to
establish fuel economy standards for what are called light-duty trucks—a category that includes
pickup trucks, minivans and sport utility vehicles (or SUVs). Standards for light-duty trucks
began with Model Year 1979, and today each manufacturer’s ﬂ.eet must average at least 20.7
mpg. Vehicle manufacturers have always had the option to pay $5.50 per vehicle sold for each
0.1 mile-per-gallon (mpg) that their fleet average falls short of the relevant standard. However,
only a few European manufacturers of luxury cars (Mercedes and BMW,_for_ example) have
chosen this route; no Japanese or U.S. carmaker (prior to the merger of Daimler and Chrysler)

has ever fallen short of the standards.

* *Paul Portney is President, Ian Parry a Fellow, and Winston Harrington a Senior Fellow of Resources for the
Future; Howard Gruenspecht is Deputy Administrator, Energy Information Administration, Department of Energy.
Gruenspecht was a Resident Scholar at Resources for the Future when this paper was written. Portmey chaired the
National Research Council report on the fiture of the Corporate Average Fuel Economy program. Please address all

correspondence to portney@rff.org.
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Together in concert with higher real gasoline prices, which began rising in 1973 (see
Figure 1), the new standards had a significant effect on fuel economy. According to the U.S.
Environmental Protection Agency (EPA), new passenger cér fuel economy rose from 17 mpg in
1978 to more than 22 mpg in 1982, an increase of more than 30 percent. Light-duty truck fuel
economy rose 35 percent during this same period; the combined fuel economy of the entire new

vehicle fleet rose by an even third (see Figure 2).

Note that fuel economy for both the new passenger car and the new light duty truck fleets

. continued to improve until 1988, at which point they exceeded by 44 and 42 percent respectively
their levels when the CAFE program went into effect. The improvements beyond 1982 are
significant because that is thé year in which the price of gasoline began its precipitous decline,
‘never to recover. If the fuel economy improvements of the late “70s and early ‘80s were a
response only to rising gasoline prices, we might have expected a gradual fall-off in fuel
economy in the years following 1982; it is likely that the CAFE standards established a floor
preventing such é decline. Note finally from Figure 2 that while average fuel economy for new
light-duty trucks has remained flat for the last twenty years, and that for new cars has increased
modestly, combined new vehicle average fuel economy has declined 6 percent since 1987. This
is because the light-duty truck share of the new vehicle fleet has gown from less than a quarter of

all new vehicles sold in 1975 to more than half in 2002.

This backdrop raises a number of interesting questions. Should the government intervene
to stimulate the fuel economy of the new vehicle fleet, and if so, why? What are the likely
benefits and costs of such efforts? If a case can be made for intervention, is the CAFE program

the best way to do so? These questions are back on the political agenda again.

In the next section, several rationales for government intewe{ltion regarding fuel
economy are spelled out. We then summarize what can be said about the welfare effects of
tightening CAFE, accounting for prior fuel taxes, and perverse effects on congestion and traffic
accidents through the impact of improved fuel economy on the incentive to drive. Implications
of CAFE on local air pollution, and the controversy over CAFE, vehicle weight, ‘and road safety,
are also discussed. Finally, we describe ways in which the existing CAFE program could be
substantially improved and identify a variety of alternative, and much superior, policy

approaches.
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2. Rationales for Fuel Economy Standards

The current discussion of CAFE standards takes place against renewed concerns about
growing oil consumption in the United States, and particularly about the sources of that oil. As
Figure 3 shows, U.S. oil consumption recently reached an all-time high, as did the fraction
accounted for by imports (now more than half of oil consumption). Moreover, the OPEC cartel
supplies the United States with slightly less than half of its oil imports, or about a quarter of all
the oil it uses; gasoline accounts for just under half of oil use.! There are several alleged
externalities or market imperfections associated with U.S. oil consumption: the macroeconomic
impact associated with oil price “shocks”; market power in global oil markets; the environmental
consequences of burning oil, especially the risk of greenhouse warming; and the possibility that
consumer myopia, or technology spillover effects, may lead to insufficiently small investments

in fuel efficiency. We take each of these in turn.

2.1 Macroeconomic Effects of Oil Price Shocks

A number of analysts have called attention to the significant and apparently causal
negative relation between oil price volatility and macroeconomic performance (e.g., Brown and
Yiicel ,2002; for a contrary view, see Barsky and Killian in this issue ). This relation has
weakened over time; Americans now use 0.8 barrels of oil per $1000 dollars of (real) GDP
compared with 1.5 barrels in the early 1970s (Energy Information Administration, 2002). One
might imagine that the benefits of oil price reductions would offset the costs of price increases;
but the empirical literature has identified an apparent asymmetry in response—rising oil prices
seem to retard economic activity more than falling prices spur it (see Hamilton, 1996). To the
extent that this asymmetry is due to adjustment costs elsewhere in the economy (e.g., transitory
unemploilment, costs incurred from re-optimizing capital stacks) that are not taken into account
by energy consumers and producers, there can be an externality (see Bohi and Toman 1996 and
Bernanke et al. 1997 for another explanation of this asymmetry). importanﬂy, neither the level

of oil imports nor their countries of origin are germane to this argument. Even if the United

1 Data on the sources and uses of energy in the United States can be found at http:/fwww.eia.doe.gov.
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States produced all the oil it used, it would still suffer from supply disruptions anywhere in the
world because the price of oil is set in world markets. The only way to insulate ourselves from
these disruptions is to further reduce the oil intensity of our economy or limit the size of the price

spikes themselves.

2.2 Market Power

Another issue has to do with market power, possessed most obviously by the OPEC
cartel. Production restraint by a few low-cost producers in the Middle East, notably Saudi
Arabia, keeps the price of oil far above its marginal cost. On the demand side, no -individuél
purchaser of imported oil buys enough to affect the price; however, through .policies that affect
the demand by all American users, the U.S. government can be said to have monopsony power in
the oil market. Some observers have suggested that this power could be used to neutralize partly
the aﬁticompetitive behavior of OPEC and reduce the world price of oil. The policies most
commonly discussed for this purpose include an oil import quota or tariff, although any policy
that restricts oil use—such as CAFE—would very likely have the desired effect on imports.
Again, the magnitude of these “externality” benefits is controversial, being sensitive to
assumptions about how OPEC supply, and demand from other importing countries, would

respond to a reduction in U.S. consumption (Leiby et al. 1997).

A recent panel of experts (National Research Council 2002) surveyed the literature and
tentatively valued the combined mabroeconomic and monopsony externalities at $5 per barrel of
oil, or 12 cents per gallon of gésoline (with a range of 2-24 cénts). Arguably, there are other
costs of our oil dependency, such as the power that it gives to undemocratic governments in the

Middle East, though these are very difficult to quantify.?

2 It is sometimes argued that Middle East military expenditures constitute an external cost from oil consumption.
This is questionable because these expenditures also serve other objectives, such as the security of Israel. Moreover,
much of this spending might be regarded as a fixed cost that would not fall in proportion to a (moderate) reduction
in US imports.
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2.3 Environmental Concerns

The primary environmental justification for government intervention to reduce gasoline
consumption is concern about fiture global climate change. Unlike other automobile emissions,
abatement technologies do not exist for carbon dioxide so emissions are proportional to gasoline
use. A number of studies have estimated the economic impacts of future climate change on
agnculture forestry, coastal activities, human health and so on. These estimates are highly
speculative as there is controversy, among other things, over appropriate discount rates, how to
value non-market effects such as species extinction, the likelihood and extent of instabilities
within the climate system, the greater vulnerability of poor countries to climate change, and the

possibility of catastrophic changes in climate.

Mainstream damage estimates tend to be féirly moderate because the bulk of world
manufacturing and services is not especially sensitive to predicted changes in climate over the
next century, and discounting greatly reduces the present value of distant costs. A wide range of
estimates of the value of carbon abatement appears in the literature, from negative values to well
over $100 per metric ton of carbon equivalent (MTCE), though most estimates are below $50 per
MTCE (for discussion, see Nordhaus 1994, Tol et al, 2000, and the references cited therein). A
value of $50 per MTCE, the value assumed by the National Research Council (2002), implies
damages of 12 cents per gallon of gasoline. Combining this with the NRC’s assumed value for
oil dependency externalities, yields an external cost so far of 24 cents per gallon; since annual
gasoline consumption in the United States is about 130 billions gallons per year, these external .

costs amount to about $30 billion annually, or about 15 percent of the value of all gasoline sales.

It is tempting to think that gasoline consumption may result in another negative
env1ronmental externality, namely emissions of carbon monoxide and the hydrocarbons and
oxides of nitrogen that create smog and airborne partlculates In fact, however, local air
pollution effects are both more subtle and ambiguous. First, tallplpe emissions from new
vehicles are regulated in the U.S. on a grams-per-mile basis rather than a grams-per-gallon-of-
gasoline basis. Thus, better fuel economy has no direct effect on pollutant emissions (aside from

a minor impact on upstream emissions leakage during fuel refining and distribution).

Next, since tighter fuel economy standards will make it less expensive to drive an

additional mile, to the extent people respond by driving more (as argued below in more detail),

5
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local pollution could actually increase. Moreover, if tighter fuel economy standards drive up the
cost of new cars and light-duty trucks, the retirement of older vehicles will be delayed because
these latter vehicles meet less stringent emissions standards. Also, emissions control
performance deteriorates with age, an element that, when combined with tighter CAFE, could
either increase or decrease emissions. But pethaps most importantly, the new vehicles
potentially affected by tighter CAFE standards are already subject to increasingly more stringent
limits on their per-mile emissions. It is our assessment that local pollution effects would

probably play a minor role in any welfare assessment of proposed changes in the CAFE program.

2.4 Imperfect Markets for Improvements in Fuel Econom y

A parﬁcularly contentious issue is whether, even in the absence of environmental or oil
dependency externalities, the market would provide the efficient level of fuel economy. Many
engineering studies suggest that there is a wide range of technological possibilities for improving
new vehicle fuel economy, which could more than pay for themselves in terms of discounted fuel
savings ovef vehicle lifetimes. For example, a thorough assessment by the National Research
Council (2002) considered a range of technologies to improve both engine and transmission
efficiency, reduce weight and aerodynamic drag and boost fuel economy in other ways. They
concluded that the marginal value of fuel saving benefits might exceed the marginal costs of
vehicle redesign for improvements in efficiency from anywhere between 0 and 50 percent above
current standards, across a wide range of vehicle classes. Do these examples of technologies not
offered to new vehicle buyers constitute a market failure, where more stringent government fuel

economy standards could produce net economic benefits, before even counting external beneﬁts?

Several hypotheses have been advanced to explain why vehicle rnanufacturers may not
adopt so-called “no-regrets” technologies that would seem to pay for themselves. For example,
‘consumers may undervalue future savings in gasoline purchases because they lack information,
have short horlzons or are uncertain about future fuel prices. In addition, the automobile
industry might be viewed as oligopolistic, in which case profit-maximizing manufacturers could

undersupply vehicle attributes even when potential buyers would value them.

Others, however, view the new vehicle market as efficient, aside from the externalities

described abbve (e.g-, Kleit 1990). According to this view, manufacturers have incentives to
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provide improvements in fuel economy that consumers are willing to pay for, and buyers are
reasonably well informed about fuel économy, thanks in part to stickers that must be displayed
- on all new cars. Moreover, consumers can already choose from a wide range of cars with
exceptionally good fuel economy—ten 2003 models get better than 45 mpg in combined city and
highway driving.

Engineering studies alone may give a very unreliable guide to the actual costs of
mandated increases in fuel economy. They may not capture many important costs of actually
implementing a new technology, such as marketing, maintenance, consumer unfamiliarity, and
retraining of mechanics. Moreover, auto manufacturers have for the past several decades devoted
their technologlcal skills principally to the introduction of technologies that improve vehicle
performance (e.g., acceleration and towing capacity) rather than fuel economy; therefore, the real
cost of devoting technology to improving fuel economy is the foregone performance
enhancements that might have resulted. Additionally, there is no guarantee that manufacturers
would respond td tighter CAFE standards by adopting new,.fuel-saving technologies. Instead, it
may make more sense for them to lower the relative price of existing cars with high fuel
economy to increase their market share, eliminate some of the performance enhancements that

have been so attractive, or reduce the weight of new vehicles.

Another potentially significant market failure arises from possibly inadequate incentives
for R&D into vehicle fuel economy. R&D will be sub-optimal if manufacturers cannot fully
appropriate spillover benefits to other firms from their own innovation; for example, even if they
obtain a patent, it may be easy for other firms to imitate around the patent by producing their
own modified versions of the original technology. A nuniber of empirical studies suggest that the
social return to R&D may greatly exceed the private return (e.g., Mansfield et al. 1977); if so,
this implies that innovation incentives are in fact sub-optimal. To the extent that tighter CAFE
standards spur new innovation, this could lead to an additional source of welfare gain; however
these gains may be limited if the added R&D effort in the vehicle sector comes at the expense of”

crowding out R&D efforts elsewhere in the economy.
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3. Unintended Consequences of CAFE and the Controversy over Highway Safety

3.1 Prior Fuel Taxes

It is important to recognize that the welfare effects of induced changes in the demand for
gasoline depend on the marginal external costs of gasoline, net of any pre-existing gasoline
taxes. If fuel taxes perfectly correct for externalities, then a reduction in gasoline demand does
not lead to any net welfare gain, as the source of market failure has effectively been eliminated;
and if taxes over-correct for externalities, a reduction in the demand for gasoline will actually
lower. soclal welfare. For example, if we assume combined oil dependency and carbon
externalities of 24 cents per gallon, then a reduction in gasoline demand by one gallon will save
24 cents in avoided externalities, but will cost federal and state governments the tax revenues on

one gallon, which on average amount to about 40 cents.?

3.2 The Rebound Effect

Another possibly perverse effect of mandated higher fuel economy is that, by lowering
the per-mile cost of- driving, it may induce people to drive their vehicles more. Gasoline
consumed is the product of gallons/mile times the number of miles traveled. While CAFE
standards reduce gallons/mile, they increase the number of miles traveled by making driving
cheaper. In fact, empirical estimates by Jones (1993) and Greene et al. (1999) suggest that this
“rebound effect” offsets 10~20% or more of the initial fuel reduction from tighter CAFE

standards. The significance of this rebound effect is its implications for the costs of other

externalities that vary with the amount of driving, namely congestion and traffic accidents.

Economists measure congestion costs by the extra time it takes to drive under congested
conditions, multiplied by the value of travel time (usually taken to be about half the market

wage). Detailed analyses by the Texas Transportation Institute suggest that travel delays and the
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resulting extra fuel combustion now cost the nation around $70 billion annually (Schrank and
Lomax 2002). A “best estimate” for the economy-wide marginal. congestion cost, one that
| reflects the shares of driving in both rural and urban areas and at peak- and off-peak periods, as
well as the smaller elasticity of demand for driving during congested periods, is 3.5 cents per

mile (Parry and Small 2001).

Even congestion costs might be swamped by the societal costs of road accidents
occasioned by increased driving, which are responsiblé for around 40,000 deaths each year; other
costs include non-fatal injuries, property damage, and traffic holdups.  Miller (1993) pegged
aggregate accident costs in 1988 at more than $300 billion. How¢ver, we need to be careful in
assessing what portion of accidént costs is actually external—pedestrian injuries, travel delays,
and a portion of property damage are probably external, but people presumably internalize injury
risks to themselves. Whether one person’s driving raises the accident risk to other drivers is
unclear: the frequency of collisions rises with more road traffic but, if people drive more slowly
in heavier trafﬁc; a given accident will be less deadly. Parry and Small (2001) put the average
accident externality at 3 cents per mile for the United States. Note that this accident effect is
separate from and in addition to the well-publicized controversy about accidents attributable to

CAFE’s effect on vehicle size, which we take up below.

To add up the negative externalities associated with the possible additional driving that
might result from tighter fuel economy standards, let’s assume a rebound effect of 15% and on-
road fuel efficiency of 20 miles per gallon. A “back-of-the-envelope” calculation would be that

the rebound effect results in added congestion and accident externalities of 19.5 cents for each

3 More generally, the resulting welfare cost per gallon of fuel reduction (ignoring externalities) equals the gasoline
tax rate times the marginal social value of fuel tax revenue. If the social value of a dollar of tax revenue is assumed
to be a dollar, the welfare loss is simply the tax rate. In practice, revenues finance highway maintenance and
expansion; in this more general case the welfare loss is higher (lower) than the tax rate if the marginal social value
of highway spending is greater (less) than a dollar.
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gallon of mandated fuel economy improvement (= 6.5 x 0.15 x 20), or perhaps 95% of the

carbon and oil dependency benefits.*

3.3 Fleet mix effects and its implications for safety

Opponents of fuel economy standards often assert that they force people into lighter
vehicles, and that more use of lighter vehicles will adversely affect road safety. We discuss each

assertion in turn, though based on current evidence it is hard to draw definitive conclusions.

Vehicle manufacturers could meet tighter CAFE standards by adopting fuel-saving
innovations, by lowering the relative price of small vehicles relative to big vehicles, or by
reducing weight and other vehicle attributes. The first strategy has no first-round implications for
vehicle safety, though the latter two do. However, economic studies on the likely choice of these
strategies have come to mixed conclusions (for example, Kwoka 1983, Kleit 1990, and Greene
1991), depending in part on how much time carmakers are given to meet more stringent

standards.

CAFE might also affect the average weight of the vehicle fleet by altering the sales mix
of cars versus light-duty trucks, though again the magnitude of this effect is unclear. The CAFE
standard is more stringent for cars than light trucks, though that may not greatly increase the
price of cars relative to light trucks if achieving a given level of fuel economy is less costly for
the former than the latter. The growth in demand for light trucks may-be more of a reflection of
changing consumer preferences than CAFE-induced price effects. Indeed the growth in the light
truck market began well before the onset of CAFE in the late 1970s, and the share of trucks in
new vehicle sales then declined sharply between 1978 ana 1981—after CAFE—before resuming

a steady upward climb (Davis 1999).

4 This calculation assumes carbon and oil dependency costs of 12 cents per gallon each, scaled back by 15% to
account for the rebound effect. The miles per gallon figure is obtained by splitting the mandated fuel efficiency for
cars and light trucks (27.5 and 20.7 respectively) 50-50, and scaling back by 15% because on-road fuel economy is
lower than recorded by EPA-required dynamometer testing.

Of course, the welfare cost of the rebound effect could be greatly diminished if other policies were to be
implemented to address mileage-related externalities, such as peak period congestion charges, and per mile
insurance reform. ‘

10
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Let us make the assumption that tightening fuel economy standards would result in at
least somewhat lighter vehicles. How would this affect safety? In single vehicle accidents,
which account for roughly half of vehicle occupant deaths, both vehicle size and weight are
important factors in determining injury risks; size determines the “crush space” (i.e., the ability
of vehicle components to absorb. the energy impact rather than transmitting it to vehicle
occupants). In multi-vehicle collisions it is not mass per se but rather the disparity in the masses
of the vehicles that determines ihjury risk. Recent work by the National Highway Traffic Safety
Adﬁxinistration (1997) shows that a 100-pound weight reduction increases fatalities by the same
amount for cars and trucks in accidents involving stationary objects. For collisions between cars
and light trucks, a 100-pound reduction in car weight increases the combined fatality risk for
both cars by 2.6 percent, while a comparable reduction in light-truck weight reduces the
combined fatality rate by 1.4 percent. Thus, if rﬁost of the downweighting occurred in cars,
fatality risks would tend to increase; but the converse could be true if most of the downweighting

instead occurred in light trucks.

From the perspective of pure economic efficiency, what matters is the implications of
lighter vehicles for the overall external costs of traffic accidents, which is quite different from the
effects on total highway deaths, not least because they exclude own-driver risk. Studies using
detailed data on highway crashes find that external accident costs per mile driven tend to be
about the same, or moderately lower, in most cases for lighter passenger vehicles (see Miller et
al. 1998 and Parry and Gruenspecht 2003), though more research on this is required before we

can draw conclusions with confidence.

3.4 Would Tighter CAFE Standards Increase or Decrease Social Welfare?

We would like to be able to sum up this discussion with a clear. message about CAFE
standards. Unfortunately, this is difficult to do with confidence until more consensus emerges on

some key issues about which there is great controversy and little solid evidence.

When we account for the existing taxes on gasoline and the likelihood of a rebound
effect, it appears that tightening CAFE could significantly reduce social welfare overall. Of
course, there is a lot of uncertainty and differences in opinion about the nature and value of

externalities. Moreover, assessments of marginal external damages may rise significantly in the
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future. For instance, the United States will become more dependent on oil imports over the next
25 years as world production becomes ever more concentrated in the Persian Gulf, where two-
thirds of the world’s reserves are located. Also, according to Nordhaus and Boyer (1999),
marginal damages from carbon emissions may also increase several-fold over the course of the
next century; climate change damages are a convex function of the atmospheric stock of
~ greenhouse gases so that, as gases accumulate in the atmosphere over time, the marginal damage

from further additions to the stock become progressively higher.

Nonetheless, at least based on curréntly available evidence, it appears difficult to make a
watertight case for tightening fuel economy standards now, based on éxternality grounds alone.
However, there are other important issues—particularly the possibility of suB—optimal incentives
for fuel economy innovation—that need to be resolved and incorporated in a broader cost/benefit
assessment. It seems plausible to us that tightening CAFE could still be welfare-improving
overall—despite the rebound effect and prior fuel taxes—if the market does in fact provide too

little incentive for fuel economy improvement.

4. Alternatives to the Current CAFE Policys

The current CAFE policy is only one of many policies that could reduce petroleum consumption.

4.1 Improvements within the existing CAFE structure

Even if CAFE were kept basicalIy intact, a number of modifications could be made to
the program to make it more cost effective. One problem with the existing ‘program is that the
same fue] economy standard for both car and light-duty truck fleets is imposed across vehicle
manufacturers, regardless of how costly it is for them to comply. Moreover, manufacturers who

do better than their target in a given year in one segment (say light-duty trucks) can only use the

5 For a more detailed discussion of some policy options related to fuel economy, see Congressional Budget Office
(2002) and National Research Council (2002).
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credits they earn to offset worse-than-required performance in that same vehicle segrhent, and

only then for the next three years, after which the credits expire.

If manufacturers were allowed to trade fuel economy credits both between their own car
and light-duty truck fleets, and also between one another, those with high marginal compliance
costs could purchase credits from those with low marginal costs. This would allow a given
(aggregate) target for fuel economy to be achieved at lower overall social cost. In the jargon of
eenvironmental economics, this is simply a replacement of fhe current “bubble” policy, which
allows averaging within a manufacturer’s own car and truck fleets, by a system of tradable
allowances between cars and trucks and among manufacturers. Creating a market price for

CAFE credits would also shed light on the real costs of improving fuel economy.

A system of tradable CAFE credits could also incorporate a cost cap. This could be
implemented via a standing government offer to provide unlimited additional CAFE credits at a
fixed price, providing an “escape valve” for manufacturers/consumers in the event that market or
technological conditions wouldotherwise result in excessive price or performance penalties.
Should the cap Be~ ﬁiggered, the program becomes a “price-type” instrument that fixes
compliance costs rather than a “quantity-type” instrument that sets average fuel economy

regardless of cost.

4.2 Other policies to increase fuel econom y

A variety of other approaches have been put forward that would have the effect of
promoting greater fuel economy. For instance, current and proposed programs encourage the
purchase of new fuel-efficient vehicles through federal tax deductions. Similarly, some have
called for the imposition of fees on gas guzzlers that would be rebated to those_ purchasing gas
“sippers.” Such “feebate” programs generally have the same advantages and drawbacks as
CAFE regulation. In particular, they do nothing to inﬂuenge how much vehicles are driven and

risks unintended consequences of additional driving.

4.3 Insurance Reform

It is worth mentioning one approach that could be both politically attractive, as well as

providing significant incentives for reducing fuel demand, though that is not its primary

13
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motivation. We are referring to pol_icfes tﬁat encourage the transition from an automobile
insurance system based on fixed annual charges to one where charges would be based on annual
.miles driven. Until recently, pay-as-you-drive (PAYD) insurance has been infeasible because
there has been no inexpensive, reliable and tamper-proof way to monitor vehicle use, but the
advent of global positioning systems (GPS) and on-board telemetering devices hés reduced if not
removed that obstacle. Political opposition to raising the cost of driving through pay-as-you-
drive insurance may be lower than opposition to raising the gasoline tax, since it would not raise
motoring costs for the average driver.6 Its limitation is that it provides no incentives to improve

fuel economy, as it penalizes miles driven rather than fuel use.

4.4 Gasoline taxes

On economic efficiency grounds alone, raising the gasoline tax would be a far better
approach to reducing gasoline consumption than tightening CAFE standards, because it ekploits
all potential behavioral responses for reducing fuel use (é.g., Thorpe 1997, Congressional Budget
Office 2002). Unlike CAFE, a fuel tax does not “work against itself” by encouraging people to
drive more; instead it raises the cost of driving--and does so for both existing as well as new
vehicles. Gasoline taxes encourage people to buy more fuel-efficient vehicles (and thus create
incentives for automakers to produce them), to use more efficient vehicles if they have more than

one, and to conserve fuel through their patterns of driving and maintenance.

The problem with gasoline taxes, of course, is not economic but political. In a country
with low fuel prices and high fuel demand there is a powerful conétituency lobbying against
higher taxes (Goel and Nelson 1999). Nivola and Crandall (1995) have identified numerous
obstacles to higher fuel taxes in the U.S. These include high levels of vehicle ownership, poorly

developcd mass transit systems, local land-use laws promoting low-density -development and the

6 Many motorists pay similar amounts for insurance each year as they do for gasoline. For example, the typical
motorist drives 12,000 miles each year. At 20 miles per gallon, she buys 600 gallons annually; at $1.40/gallon, total
expenditures are $840, just about the same as the $800 annual insurance premium that is typical. Suppose that only
half one’s annual insurance premium was based on miles traveled. Dividing $400 by 12,000 miles traveled gives an
Insurance cost per mile of $0.033. At 20 mpg, this is the same as a gasoline tax of nearly $0.67/gallon, or more than
one and a half times the current combined federal, state and local taxes! :
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lack of a constituency for higher taxes which are, unlike in Europe, earmarked for ground
transportation, primarily roadbuilding. | Notwithstanding the intrinsic merit of a policy instrument
‘that would simultaneously reduce oil use, global and local pollution, road congestion and
accidents, it is difficult to envision a major increase in the federal gasoline tax for the foreseeable
future. To the contfary, the federal tax has remained unchanged since 1993 even though the

consumer price index has increased more than 20 percent since then.

4.5 Policies Addressing Specific Externalities

If our feal concern is the externalities that attend gasoline consumption, such as
greenhouse gas emissions, a tax on the carbon content of gasoline and all other carbon-based.
fuels, or a system of tradable carbon permits, would be a far more efficient way to address it than
fuel economy standards. In addition to reducing gasoline consumption, a price-based or
quantity-based approach to carbon would exploit options for emissions reductions from fuel
substifution in electricity generation, adoption of electricity-saving technologies by firms and
households, fuel conservation in industry, and so on. Indeed according to Energy Information
Administration (1998), under an efficient policy to reduce carbon emissions, around two-thirds
of the emissions reductions would come from the electricity sector alone; vehicle transportation
does not appear to provide many low-cost options for reducing carbon emissions. Similarly,
gasoline accounts for only 43% of oil consumption in the United States (Energy Information
Administration 2002, Table 5.11). A broad-based oil tax would be a far more efficient policy
than fuel economy standards for reducing economy-wide oil dependency as it would also
encourage conservation of aviation fuel, diesel fuel, home heating oil, and other oil-based

products. : .

5. Conclusion

There are several strong conclusions we can draw from the extensive literature pertinent to
govemment-méndated fuel economy standards. First, there ‘is no doubt that far more efficient
tools exist for reducing oil consumption and greenhouse gas emissions. But the most efficient of

these—taxes on gasoline or the carbon content of fuéls, or tradable allowances for carbon
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emissions—face especially stiff opposition in the current political climate. Second, while it is a
less efficient approach, .the current fegulat‘ory edifice supporting CAFE standards would be
greatly improved by making fuel economy credits transferable between passenger car and light-
duty truck fleets and especially between different manufacturers. ‘Such a change would engender

much less political opposition than raising existing taxes or creating new ones.

However, if the only choice before us were tightening CAFE standards as they now exist or
doing nothing at all, thg: authors of this paper cquld not reach agreement on a recommendation.
More stringent standards would reduce oil consumption and carbon dioxide emissions, but not
quite as much as one might expect because of the rebound effect. The social costs of this
‘additional driving, moreover, could be about as large as the Béneﬁcia‘l effects of CAFE. Throw
in the pre-existing taxes on gasoline and it’s quite possible that tightening CAFE éould do more
harm than good. This conclusion may change if the marginal benefits of reduced oil
consumption and greenhouse gas emissions increase over time, or if technologies to improve fuel

economy turn out to be relatively inexpensive.
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Figure 1. Gasoline Prices, 1970-2001
(all grades in $1996 per gallon)
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Figure 2. Fuel Economy by Model Year
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IMPACTS OF LONG-RANGE INCREASES IN THE FUEL ECONOMY
(CAFE) STANDARD

ANDREW N. KLEIT*

This work models the impact of higher CAFE standards on producer and.consumer
welfare, gasoline consumption, externdlities from increased driving, and the emissions
of traditional pollutants. In particular, a long-run 3.0 MPG increase in the CAFE
standard is estimated to impose welfare losses of about 34 billion per year and save
about 5.2 billion gallons of gasoline per year, Jor a hidden tax of 30.78 per gallon
conserved. An 11-cent-per-gallon increase in the gasoline tax would save the same
amount of fuel at a welfare cost of about $290 million per year, or about one-fourteenth

the cost. (JEL L51, Q30)

l. INTRODUCTION AND BACKGROUND

In 1975 the U.S. government enacted legis-
lation regulating the fuel efficiency of new
motor vehicles. The apparent objective of this
law is to reduce American dependence on
foreign oil. After large increases in the price
of petroleum in the late 1990s, and with con-
tinued conflict in the Middle East, corporate
average fuel economy (CAFE) standards once
again became a topic of interest. A number of
proposals for changing the CAFE standards
were discussed in Congress in early 2002, cul-
minating in a defeat in the Senate of an amend-
ment that would have required a 50% increase
in the relevant CAFE standards. In place of
that increase, the Senate voted to require the
executive branch to examine the impact of
further increases in the CAFE standard.

This work evaluates the long-term economic
implications of raising the standard by 3.0 miles

per gallon (MPG) above current levels. In .

industry parlance, this approach is sometimes
referred to as “technology forcing.” I choose
3.0 MPG because it reflects the focus of a May
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2001 report by the vice president’s task force on
energy policy and because it reflects several
legislative proposals in Congress.! The long
term refers to a length of time such that
manufacturers can adjust vehicle technologies
and powertrain designs to reduce the amount
of fuel required to move a given amount of
mass or to achieve a given amount of perfor-
mance or acceleration per gallon of fuel con-
sumed. Previous work on CAFE standards,
such as Kleit (1990) and Thorpe (1997), focused
on short-term responses to higher CAFE stan-
dards, where technology forcing was not an’
option for manufacturers. .

The analysis is conducted under two differ-
ent scenarios. The first scenario is that CAFE
standards are not binding in the current mar-
ketplace. The second scenario takes account of
the current impact of CAFE standards and

"L See“National EnergyPolicy,” ReportoftheNational
Energy Policy Development Group (May 2001), available
online at www.whitehouse.gov/energy, at pp- 4-10.
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“then analyzes the costs and benefits of
increasing the standards. The costs of CAFE
standards are broken down into two areas: the
changes in consumer and producer surplus,
and the increase in externalities caused by the
increased driving that higher CAFE standards
induce. _

Theplan ofthisarticleis asfollows. Section I1
reviews the history of CAFE standards and
briefly discusses the rationale for the regula-
tion. Section III develops a model in which
the current CAFE standard is assumed to be
nonbinding. Section IV provides estimates of
the impacts for a long-term 3.0 MPG CAFE
increase under the assumption that the current
standard is not binding. Section V then revises
the model to take into account the arguably
more realistic assumption that the existing
CAFE standard was in fact binding. It then
reports estimates for a long-term 3.0 MPG
increase. Section VI provides a brief cost-
benefit analysis of CAFE increases, and sec-
_tion VII provides a summary and conclusion.

. BACKGROUND ON AUTOMOBILE FUEL
ECONOMY STANDARDS

A Brief History of the CAFE Program

The CAFE program, as enacted in 1975,
called for all manufacturers selling more than
10,000 autos per year in the United States to
reach the mandated CAFE levels. CAFE levels
rose from 19.0 MPG in 1978 to 27.5 MPG in
1985 and later years. A manufacturer’s domes-
tic and foreign cars are placed in separate
CAFE categories, based on the domestic
context of the vehicle. If a car has over 75%
American context, it is considered domestic
and placed in the domestic pool. Otherwise,
it is placed in the foreign car pool (see Kleit
1990 for a discussion).

Light trucks (pickup trucks, sport-utility
vehicles [SUVs], and minivans) were placed
in a different CAFE pool than cars. When
CAFE standards were originally passed,
these vehicles represented a small fraction of
the relevant market. By 2001, however, such
vehicles made up approximately one-half of
the sales of personal vehicles. In 2001, Light
trucks were required to reach 20.7 MPG.
(There is no domestic and foreign division in
the CAFE regulation for light trucks.)

: Ifa review process finds that a manufacturer
has not met the CAFE standard, that

manufacturer is subject to a civil fine. The level
of that fineis now set equal to $55 per car-MPG
for each manufacturer. For example, if 2 man-
ufacturer producers 1 million cars with an aver-
age MPG of 26.5, when the CAFE standard
equals 27.5 MPG, that firm could be subject
toa fine of $55 * 1,000,000 * (27.5-26.5) = $55
million. CAFE standards are calculated using
harmonic averaging, as described below.

One important aspect of the impact of
CAFE standards is that foreign firms appear
to view the CAFE fine as a mere tax. Thus,
several foreign firms, such as BMW and
Mercedes-Benz, have routinely paid CAFE
fines. In contrast, American firms have stated
that they view CAFE standards as binding.
Were they to violate the standards, American
firms claim that they would therefore be liable
for civil damages in stockholder suits. Even
Chrysler, now owned by Daimler-Benz, has
made it clear it is unwilling to pay CAFE
fines. CAFE standards thus impose a shadow
tax equal to the value of the relevant Lagrange
multiplier on constrained domestic producers.
Because the shadow tax of the CAFE con-
straint can be far higher than $55 per car-
MPG, this implies that CAFE standards are
not terribly binding on foreign firms and far
more binding on U.S. firms.

As stated, higher CAFE standards were
defeated in the U.S. Senate in early 2002. In
addition, in the summer of 2002 the state of
California passed legislation limiting the aver-
age output (by firm) from new automobiles
of carbon. dioxide per mile. Because the cur-
rent method of reducing carbon dioxide emis-
sions from vehicles is to raise fuel economy,
California’s law is effectively another form of
CAFE regulation.

In 2003, the National Highway Traffic
Safety Administration (NHTSA) issued rules-
raising CAFE standards for trucks by 1.5 MPG
by model year 2007. Congressional proposals
to raise CAFE standards continue to be dis-
cussed in both houses of Congress.

If CAFE Is the Answer, Exactly What Is
the Question?

At the margin, consumers equate the price of
gasoline (the “internal” cost) with the marginal
value of its consumption. In the absence of any
externality, the marginal value of the use of a
galion of gas equals its price, and there is no
public benefit from reducing the consumption
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of gasoline. Where externalities exist, economic
theory is clear that the optimal policyis to set a
level of stringency at which the marginal ben-
efit of consumption of a gallon of gasoline
equals the marginal cost plus the level of the
relevant externality.

Thus the question becomes one of determin-
ing what the relevant externality is. A recent
report of the National Research Council
(NRC) attempted to quantify this externality.?
The NRC concluded that the high level exter-
nality associated with the consumption of a
gallon of gasoline amounts to $0.26 per gallon.
(For the purposes of this work, I will assume
this amount is both an average and a marginal
benefit.)

The NRC divides the estimate into three
components: $0.12 per gallon for adverse
global climate effects, $0.12 per galion for oil
import effects, and $0.02 for changes in other
pollution emissions at the refining level. Each
estimate is subject to criticism. For example,
there is a wide range of uncertainty about
measuring the relevant externality for climate
change. Several previous estimates imply that
the climate change externality is between 1 and
4 cents a gallon, implying that the NRC may
have overestimated this externality by a factor
ofatleast three (see Toman and Shogren 2000).

"The $0.12 per gallon estimate for oil import
is also subject to criticism. The basis of this
estimate is that the United States has market
power in the purchasing of petroleum. Thus, if
the United States were to reduce its demand
for petroleum, the price of oil would decline.
This estimate assumes, however, that CAFE
changes can have amaterialinfluence on world-
wide energy supply and demand. Because the
United States only has about 26% of world oil
consumption,> however, and there seems to be
significant elasticity to the supply of oil, the
United States does not appear to have any sig-
nificant monopsony power in this market.
Finally, it is unclear how reducing domestic
consumption increases “oil security.” Oil is
traded in a world market, implying that it is
difficult to insulate the United States from
priceshocks originating anywhere in the world.
Reviewing such factors, Bohi and Toman
(1996) conclude that there is no discernible

2. See NRC, “Effectiveness and Impact of Corporate
Average Fuel Economy (CAFE) Standards,” July 2001,
online at http://books.nap.eduwhtmi/cafe. :

3. See Energy Information Administration, online at
www_eia.doe.goviemenfipsr/t24.txt.

oil import or energy security premium, though
this question is subject to serious debate.

The NRC also allocates an externality of
$0.02 per gallon for emissions of criteria pollut-
ants from refiners. To the extent refiners are
already under emission caps, it is unclear what
effect higher CAFE standards would have on
refinery emissions. CAFE standards, however,
are not likely to reduce the emissions of tradi-
tional pollutants, volatile organic compounds
(VOCGs), oxides of nitrogen (NOx), and carbon
monoxide (CO) from automobiles at the street
level. These traditional pollutants are regulated
by the Environmental Protection Agency on
a per-mile basis. Thus CAFE does nothing to
change the grams/mile emissions. However, if
CAFE standards increase miles driven, via
what is termed the rebound effect, they can
be expected to increase emissions of tradi-
tional pollutants (see Espey 1997). Indeed,
the results indicate that higher CAFE stan-
dards serve to increase the emissions of tradi-
tional pollutants.*

In addition, the gains to society from reduc-
ing the consumption of gasoline may be
reduced or eliminated because gasoline is
already a highly taxed good.®> The question
becomes one of how much of those funds are
recycled back into funds to build and support
roadways and therefore might better be viewed
as user fees rather than attempts to combat
externalities. '

Greene (1997) asserts that a further ratio-
nale for CAFE standards is that purchasers of
automobiles cannot truly estimate the fuel
costs of their vehicles, and this is the “market
failure” NHTSA altuded to in its 2003 truck
proceedings. Nivola and Crandall (1995, 27)
counter that fuel costs are prominently dis-
played for the consumer to read. Indeed, it is
difficult to think of an automobile attribute
that is better communicated to consumers.
Even if consumers do have trouble obtaining
and processing this information, however, it is
unclear why the level of fuel economy offered in
the market should be biased either above or
below the efficient level.

4. Imits 2003 rule-making procedure on CAFE stan-
dards, NHTSA calculated the relevant externality ata level
for below that of the NRC value. NHTSA (2003, 44) esti-
mated a total externality of 8.3 cents per gallon, with 4.8
cents attributed to monopsony power and 3.5 cents to
supply disruption. Of course, this is subject to the same
critiques made.

5. Fortheextent of such taxes, sec www.energy.ca.gov/
fuels/gasoline/gas_taxes_by_state html.
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TABLE 1
Initial Conditions—Prices and Quantities (Model Year 1999)
Initial Quantities by Firms Initial MPG by Firms
- Initial Totals by Class (millions of units) (miles per gallon)
Prices Quantity
Class  (3000) (million) MPG GM Ford Chrys.  Forgm. GM Ford Chrys.  Forgn.
i 14.336 2.057 33.53 0.589 0.313 0.096 1.059 3252 3361 31.92 34.26
2 18.508 2921 27.26 1255  0.640 0.395 0.631 27.15  26.15 27.29 2871
3 21.710 1.840 26.86 0.267  0.363 0.243 0.968 2605  24.65 25.46 28.46
4 21.607 0.506 26.03 0.104 0214 0.004 0.184 24.84 26.10 22.62 26.75
5 30.365 1.102 24.44 0240 0.117 0.000 0.746 2380 2278 — 24.94
6 17.345 1.718 22.68 0.328 0.783 0.257 0.350 2456 2261 19.25 23.59
7 23.424 156 ~ 18.83  0.845 0435 0316 0.000 1934 1843 17.60 —
8 26.284 1.463 20.24 0.352 0.429 0.254 0.428 21.36 19.78 20.85 23.17
9 31.296 1.474 18.30 0.331 0.340 0.300 0.503 16.91 16.36 18.53 20.20
10 25.157 1.074 23.49 0.245 0.258 0.328 0.242 2372 24 23.70 24.46
13! 20.611 0.969 18.90 0.320 0.202 0.437 0.000 19.78 17.77 18.04 —

ll. ASSUMPTIONS OF THE MODEL

Many of the theoretical details of this
model are similar to what I used in my previous
work on the impact of CAFE standards in
the short run,® and I will not repeat that
discussion here. The model begins with a set
of supply and demand elasticities and initial
conditions in prices and quantities. It assumes
that demand and supply curves are linear. It

then imposes a set of implicit CAFE taxes on -

each constrained firm such that in equilibrium
each constrained firm reaches the relevant
CAFE standard. I begin the analysis under
the assumption that CAFE is not currently
binding.

Base Year and Categories

Given the availability of data, model year
(MY) 1999 was chosen as the base year (all
dollar figures are’ therefore in 1999 dollars).
Light vehicles were broken down into 11 cate-
gories. Cars are broken into five categories
(1) small; (2) midsize; (3) large; (4) sports;
and (5) luxury. Trucks are broken down into
(6) small pickups; (7) large pickups; (8) small
SUVs; (9) large SUVs; (10) minivans; and
(11) vans. '

For convenience, the data are broken down
into four firms, General Motors (GM), Ford,
Daimler-Chrysler (domestic production), and
Other. The other firms consist of several foreign

6. See Kleit (1990). For a similar model, see Thorpe
(1997). .

concerns, such as BMW, Honda, Mercedes-
Benz, and Toyota. The relevant numbers
and the MPGs for each firm/category, are
presented in Table 1.7

Transaction prices are generated by taking
the average price for each category in the GM
model supplied by GM economists. Data on
MPGs was also supplied by GM.

Demand Side

Elasticities and cross-elasticities between
categories are calculated using the internal
GM demand model. The GM model starts by
using conjoint analysis (similar to, for example,
Roeet al. 1996) of different vehicle attributes,
based on the responses of about 4,000 “clinic”
participants. These results are combined with
estimates from market data and other clinics
of the interactions between new and used
vehicles in different segments to estimate
the own-price elasticity for each nameplate.
Thus one of the outputs of the model is an
estimate of the change in sales for each vehicle
nameplate (e.g., Chevrolet Cavalier) as its price
changes.

This information is, in turn, combined with
survey data on the second choices of about
90,000 new vehicle buyers from all manufac-
turers to estimate the cross-elasticities among
nameplates in a method similar to' Bordley

7. Categories are taken largely from internal GM
documents, but most vehicle types fit easily nto particular
categories based on size, price, and whether the vehicle is a
truck or a car.
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- (1993). These results are then aggregated into
own- and cross-price elasticities for all vehicles

in a given market segment. The estimates are

updated every year.
The model given to me starts with base

quantities and prices for MY 1999. In response’

to a new vector of auto prices, it will calculate a
new vector of quantities sold. I therefore cal-
culate elasticities and cross-elasticities by
raising the price of all vehicles in a particular
category by 1% and determining the resulting
percentage change in demand, not only in that
category but for all other categories as well.
Because 10.0% of cars are placed in a category
designated as Other in the GM model, all elas-
ticities are multiplied by 0.90. (The calculated
elasticities are presented in Table 14.)

Supply Side

Consistent with my previous work, I assume
that the supply side is competitive with an elas-
ticity of supply in the short run of 2.5 In the
longer run, supply is generally more elastic, as
firms have a longer time to adjust to new con-
ditions. Therefore, for the long-run model, I
assume an elasticity of supply of 4. Because
CAFE standards divide cars into domestic and
foreign fleets, this essentially implies for the
purpose of this model that (Daimler) Chrysler
is two firms, one domestic and one foreign. -

A competitive modelis used for two reasons.
First, the market is becoming more competitive
over time. For example, in 1999 the Big 3
American firms had less than 50% of the
small car market. Although the truck market
in 1999 was apparently less competitive, all
indications are that Asian firms will be entering
these segments aggressively. Second, in the
context of the 1999 market, where firms own
both domestic and foreign production under
the CAFE law, creating an Cournot-Nash
equilibrium is more difficult. A Cournot equi-
librium in this case is usually calculated by
assuming that each firm has a fixed marginal
cost and solving backward. In this case, how-
ever, that is unrealistic. Ford, for example,
produces both Lincoln Continentals (domes-
tic) and Jaguars (foreign). With the typical

8. LaterIwillattempt to account for the likelihood that
CAFE standards were already binding. I do this by first
running the model “backward,” employing the estimated
tax as a subsidy and using short-run elasticities of supply.
1 then take the results as the free-market equilibrivm and
then run the model “forward” nsing the long-run elasticity
of supply.

Cournot assumption and CAFE shadow
taxes on Lincolns, Ford would simply shift
all production out of Lincolns into Jaguars.
Thedifferences between the results assuming
a competitive model and using an oligopolistic
model depend on the relative demand elastici-
ties between larger and smaller cars (see Kleit
1990, 166-70). CAFE shadow taxes result in an
increase in small car production and a decrease
in large car production. When the demand for
large cars is more elastic than the demand for
small cars, this can reduce or even eliminate the
deadweight loss associated with CAFE stan-
dards. The reason for this is that in such a
market, relative to the production of large cars,
there are too few small cars produced. In the
demand structure employed here, however, the
demand for large vehicles is generally less
elastic than the demand for small vehicles.’

Treatment of Foreign Firms

As discussed in section I, CAFE standards
callfor a fine of $55 per car-MPG to be assessed
to firms that do not meet the standard. Domes-
tic firms have always asserted that for corpo-
rate policy and legal reasons, paying a fine is
not an option. Therefore, the standard is mod-
eled as binding on them. Foreign firms, how-
ever, appear to view the fine as equivalent to a -
tax. Several foreign firms with relatively small
volumes over the years have paid this tax to the
federal government. The larger foreign firms,
however, have traditionally sold a mix of smal-
ler, more fuel-efficient vehicle mixes and have
not been bound by CAFE standards. This
model therefore treats the foreign sector as
unbound by standards.

The Technology Forcing Model

Inmy previous work (Kleit 1990), I assumed
that manufacturers could not change the tech-
nology of their vehicles. This was done because
the time period in question was short run,
where technology innovation could not reach
the market in time. In such circumstances,
manufacturers must “mix shift” (sell fewer
large cars and more small cars) to meet
CAFE standards.

. There are some caveats to this, as a review of
Table 14 willmake apparent. The own demand for medium
and large cars is relatively elastic, but this is due to the high
cross-elasticity of demand between the two segments. In
addition, the own elasticity of demand for vans is very
similar to the own demand elasticity for minivans.
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The circumstances evaluated here, however,
relate to the long run. In this case, firms can
meet higher CAFE standards by either mix
shifting or improving their fuel-efficiency tech-
nology. Therefore, in this section I present a
model of technology forcing, in which firms
increase the fuel efficiency of particular vehi-
cles in response to CAFE standards.!®

According to the method by which the sta-
tute defines a firm’s average MPG, a firm that
does not meet the CAFE standard has total
CAFE fine equal to

(1) F=2.<i Q;) (S— MPG), S>MPG,

=] -

where A is the shadow cost of compliance, S is
the CAFE standard, and Q; is the quantity of
each model type i sold by the firm. Under the
CAFE standard, a firm’s MPG is defined as a
harmonic average,

T T
2) MPG=> 0 Z(Q,-/MPG;),

i=] i=1

where MPG;is the mileage for each type of car
sold by the relevant firm.
In this model, the firm faces total cost

(3) TC=) C(0:,MPG)+F,

where C;represents the costs of one model and i
is anindex of models. Here the cost for MPG,;is
net of consumer demand for MPG. Thus I
assume that a firm will invest in fuel efficiency
in a world without CAFE standards as long as
the firm finds it profitable to do so, that is, con-
sumers are willing to pay for fuel economy
increases. Under this assumption, the free mar-
ket net marginal cost of fuel economy is 0, as
the marginal cost of fuel economy will equal

10. Inote that my use of the phrase technology forcing
may be slightly different than that generally used in the
environmental literatore. Here, by technology Sforcing }
refer to manufacturers using technologies that they would
otherwise not find profitable, rather than the standards
actually inducing the creation of new technologies.

I1. Allof the costs of fuel efficicncy used in this section
and applied to subsequent sections refer to nef costs, that is,
the costs of fuel efficicncy minus the benefits. The benefits
are, of course, the reduced per mile cost of driving. Thus
these represent economic rather than engineering costs.

the marginal return’ of fuel economy to the
consumer.
I define the cost function for any vehicle

type i as

(4) TC; = Gi(@i) + Q:D{(MPG)),

where D; represents the cost of fuel economy.
Note that here and in following references D,
refers to the net cost of fuel economy. I will dis-
cuss how the marginal cost of fuel economy
relates to the CAFE standard. Inserting the
impact of fuel economy standards, total cost
becomes

T T
(5) TC=3(Clo)+ Q,-D.-[MPG])+(2~ZQ:)
=1

i=}

T
<(s- [0/ Lemra)).
i=1
Minimizing total (net) costs with respect to
MPG; yields

(6) dTC/dMPG;
=Q,(dD;/[dMPG)—~AMPG* Q;/MPG?
=0.

If the constraint is binding, MPG =Sand

(7): dD;/dMPG; = AS* /| MPG?.

This defines the level of technology forcing
undergone by the firm.

Given this and MPG;, a firm has marginal
cost of production in type i of

(8) dTC/d0i=dC/dQ:+DiMPG,)
+1 [(S~MPG)
-3 Qi(l /> PGy
~ (Z o/ (Z[Q:/MPG,-])Z)

x (1 /MPG,-))J
" =dC/dQ;+ Di(MPG))
+A[S—2MPG+(MPG*/MPG))].
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TABLE 2
Gross Cost of Fuel Economy
Improvement from Greene and Hopson

(2003)

Data Source Cars Trucks
Sierra gross a=1097, b=7480 a=2102, b=6183
Greene-Hopson-  a=16,b=9025 a=219, 5=8772
Duleep-Gross

NRChighcost a=4211,b=1430 a=3917, b=1020
NRC average a=2461, b=2359 a=2529, b=1588
NRClow a=:1337,b=2404 a=1559, b=1689

In equilibrium, S= MPG, which implies

(9) dTC/dQ; =dC/dQ; + D(MPG;)
+AS([S/MPG}] - 1).

This equation defines the CAFE-induced mar-
ginal cost of production, which is set equal to
price in the next model. It also implies that an
important element of the model is an estimate
of A, the shadow CAFE tax.

The model requires for both cars and trucks
an estimated function

(10) dD:/dMPG = aAMPG + b(AMPGY?,

where AMPG equals the change in MPG above
the unconstrained market level. I expected both
coefficients  and  to be positive. Consistent
with the discussion, in this model, D=0 at the
MY 1999 equilibrium level (AMPG = 0), mak-
ing the assumption that at this point CAFE
standards were just nonbinding. Without bind-
ing CAFE standards, firms shouldinvest in fuel
economy up to the point where consumers are
willing to pay for it.

For estimates of the cost of fuel economy
(the coefficient b above) I take up the results in
from Table 1 of Greene and Hopson (2003),
here presented as Table 2. Greene and Hopson
assume a formula Total Gross Costs—=
a(AMPGIMPG,) + (AMPGIMPG,)?, where
MPG, is the initial MPG. Of relevance are
two curves Greene and Hopson estimated for
the gross cost of fuel improvements. The curves
are estimated from data from the Sierra

Research Report and from 2002 data supplied °

by K. G. Duleep.!? In addition, I take three

12. See www.tc.gc.calenvaffairs/subgroupsl/vehicle%
SFtechnology%SFold/stady2/Final_report/Fi inal_Report.
htm.

curves estimated from NRC results, as pre-

- sented in Greene and Hopson, although

these have been subject to significant criticisms
in the 2003 NHTSA truck proceedings.

To break these results down into net (of fuel
economy) costs I assume MPGyis 27.5 for cars
and 20.7 for trucks, and 1 assume gasoline costs
$1.25 per gallon. Assuming a discount rate for
fuel economy is more difficult. As Orazio et al.
(2000) show, many automobile purchasers are
liquidity constrained and therefore face impli-
cit discount rates much higher than the market
level. Following along this, Sutherland (2000)
suggests that discount rates for these types of
purchases should be raised far above market
levels. The basic rationale for this is that
auto purchases represent irrevocable commit-
ments. Real options analysis, along the lines of
Dixit and Pindyck (1994), implies that such
commitments should attain higher interest
rates. Given this line in the literature, I will
take the medium point in Train’s (1985)
analysis and use a discount rate of 20% for
consumer purchases. '

Given a discount rate of 20%, I derive that
drivers drive about 55,000 net present miles
(this is taken from NHTSA’s estimate of sur-
vival rates and miles driven for trucks) and
gasoline costs $1.25 per gallon.'® Therefore,
the cost of gasoline to truck purchasers is
1.25 + 55,000/MPG. The initial cost of gasoline
istherefore 1.25+ 55,000 M PG, and the change
m gasoline costs is (1.25% 55,000/ M PGy~
(1.25 55,000MPG;). (Of course, a similar
formula applies for cars.)

Consistent with the discussion, I then elim-
inate all the data where the net marginal cost
(changes in the cost of innovation plus changes
in the fuel cost of driving) of fuel improvement
is negative. I then estimate the net cost of fuel
economy as a function of (AMPG)?. The
coefficients I derived are in Table 3. For my
base analysis, I take the median result from
Table 3. However, I will. also estimate the
costs using the low and high cost scenarios
from that table.

It should be noted that the long-term model
implicitly assumes that the vehicle manufac-
turers have perfect foresight with respect to

13. Of course, many consumers will eventually- sell
their cars in the used car market. But the same reasons
why the market for new cars should value fuel economy
apply to the market for used cars.

14. The cost of fuel economy in Table 3 is not greatly
dependent on the choice of interest rate used. ’
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TABLE 3 is used to analyze the net effect of gasoline
Cost of Innovation Results - savings in later years.
Cars Tracks  Pollution Impacts
Sierra adjusted net 12.2 19.5 To model pollution emissions, one must
* Greene-Hopson- 142 21.93 know the emissions per mile by model year
Duleep adjusted net and vintage. The difficulty hereis that although -
NRC high cost 129 119 regulators set the standards at one level, ernis-
NRC average 3.81 1535 sions over time are generally larger because
NRClow 525 752 on-board emission systems deteriorate and
Median 10.07 1524 automobile users fail to maintain and. repair
Low 5.28 752 them. Data on emission rates by model year
High 14.2 2193 and vintage were obtained from Air Improve-

the demand for fuel economy several years
into the future. With this perfect foresight,
firms can reach all of the CAFE-mandated
increases in fuel economy through technology
forcing without the need to resort to far more
expensive short-run mix shifting. Given the
uncertainties inherent in the market for energy,
which is crucial to the demand for fuel econ-
omy, the perfect foresight assumption would
appear to result in a conservative estimate
of the long-run cost of CAFE standards (see
Kleit 1992).

The Gasoline Consumption Model

Once the relevant market equilibrium has
been calculated, the impact of that market
equilibrium on gasoline consumption must
be estimated. Two important factors must be
considered here. First, CAFE standards put
some or most new car buyers in more fuel-
efficient vehicles. This lowers their marginal
cost of driving and causes them to drive more,
a phenomenon referred to as the rebound
effect. A recent study Greene et al. (1999),
accepted by NHTSA in its 2003 proceedings
and whose results I employ, finds that for
every 10% that fuel economy is increased,
driving increases 2%.

Inaddition, several studies imply thatchang-
ing conditions in the new car market changes
the actions of market participants in the used
car market. Higher prices in new car markets
makes used cars more attractive, reducing the
scrappage rates of such cars. Here I adopt
the empirical estimates I used in my 1990 arti-
cle. (Because these estimates are in percentage
terms, they are not obviously affected by the
improvements in automobile durability.) As in
my previous work, a (real) discount rate of 4%

ment Resources.’®

Unlike the rest of the model, I use 2004 pol-
lution characteristics for the base year and
years 1990-2003 for the stockage years. This
is because these levels are set by government
regulation, and we can have some confidence at
this point in time that this will be the actual
emissions from MY 2004 and later vehicles.

IV. RESULTS OF THE MODEL WHERE THE
CURRENT CAFE STANDARD IS NONBINDING

Tables 4 and 5 present the results of raising
the CAFE standard by 3.0 MPG for a one-year
period far enough in the future so that it can
be considered long run. U.S. manufacturers
between them would lose about $463 million,
and U.S. consumers would lose approximately
$953 million. (Consumer welfare losses are cal-
culated along the lines of Braeutigam and Noll
1984.) Totallosses to producers and consumers
therefore amount to $1.415 billion.

It is also necessary to calculate the increase
in externalities caused by higher CAFE stan-
dards, along the lines of Table 6 CAFE stan-
dards lead to more miles driven, which leads
to increased accidents and congestion. Edlin
(1999, 4) estimates that accidents cost about
8 cents per additional mile driven. Lutter finds
that the average congestion cost per mile of
vehicle use is about 2.4 cents per mile. This is
likely a conservative estimate of the congestion
cost of extra driving, because the marginal
cost of congestion is expected to be higher
than the average cost.'® On the other hand,

15. The emissions measured here are solely from tail-
pipes. As discussed, there are some questions about
whether reduced gasoline consumption would imply
reduced refinery pollution.

16. This is the average cost calculated as the cost of
congestion-related delaysand fuel costs, $78 billion, divided
by aggregate vehicle miles traveled by light duty vehicles.
See Lutter (2002). :
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TABLE 4
Price and Output Effects of CAFE Increase of 3.0 MPG for Both Cars and Trucks
Totals by Change from Output by Firms Change of Output by Firms
Class Initial {millions of units) {millions of units)
, Prices” Quantity Prices Quantity GM Ford Chrys, Forgn. GM  Ford Chrys. Forgn.
Class  (3000) (million) ($000) (million)
1 14290 2079 —0.046 0.022 0606 0329 0099 1.046 0.017 0016 0.003 -0.014
2 18.555  2.898 0047 —-0.023 1.237 0631 0393 0638 -0.018 —~0.009 —0.003 0.006
3 21.766 1.829 0056 —0.011 0261 0353 0237 0978 —0.006 -0.010 —0.006 0.010
4 21.680 0.503 0073 -0.003 0.101 0.213 0003 0.187 —0.003 -0.002 0000 0.002
5 30.463 1.101 0098 -0.001 0233 0.113 0000 0.755 ~0.007 —0.003 0.000 0.010
6 17.330 1.705 -0.015 0.013 0340 0.794 0.248 0349 0.012 0.011 -0.009 -—0.001
7 23.592 1.701 0.168 —0.017 0.840 0429 0310 0.000 —-0.005 —0.006 —0.006 0.000
8 26.335 1.596 0.051 0.000 0.353 0424 0256 0.431 0.001 —0.005 0.002  0.003
9 31478 1.452 0.182 —0.011 0320 0329 029 0515 -0.011 —0.011 —0.001 0.012
10 25.105 1.082 —0.052 0.008 0248 0260 0335 0240 0.003 0.001 0.007 -0.002
I 20755 0953 . 0.144 0016 0319 0196 0426 0.000 —0.001 —~0.006 —0.008 0.000
: TABLE 5
Producer and Consumer Welfare Impacts of CAFE Increase of 3.0 MPG for Cars and Trucks
) GM Ford Chrysler Foreign U.S. Total
Change in Producers —0.163 -0.199 —-0.101 0.220 —0.463
Surplus ($ billion)
Change in Consumer —0.953 Total U.S. Change in. —-1415
Surplus ($ billion) Surplus ($ billion)
TABLE 6 .
The Impact of Standards on Externalities
Pollution Impacts (million kgs)
Miles Driven (millions) VOCs NOx CO
Original MY level 1,652,362 578,722 453,814 4,855,112
CAFE-induced change in 26,304 9383 7684 81,621
MY level .
Change in stockage levels 468 628 717 9748
Total change 26,772 10,011 8401 91,369
Percent change 1.62 1.73 1.85 1.88
External cost per unit $0.104/mile 31.43/kg $1.43/kge —
Total external cost $2.214 billion $0.014 billion $0.012 billion - Total externality
cost: $2.240 billion
Total cost:

$3.665 billion

NHTSA used a figure of 6.15 cents per mile.
Here I will an average of the more conservative
figures in the literature with an externality
per mile of 10.4 cents (the Edlin estimate for
accidents plus the Lutter estimate for conges-
tion) with the NHTSA estimate (6:15 cents),

yielding an externality cost of 827 cents
per mile.!”

17. "The externality costs are a linear function of the
costs per mile, so interested readers can choose their own
externality cost level for analysis.
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TABLE 7
Impact of Higher Standards on Gasoline Consumption
MY pre-CAFE gas. cons. (billion gall) 75.045  Average cost of gasoline externality saved  $0.264/30.700
. without and with externalities
Change in MY gas. cons. (billion gall.) —5.425 -
Change in stockage consumption (billion gall.) 0.033
Net change in consumption (billion gall.) —5.392 Marginal cost of gasoline externality saved  $0.582/$0.934
(inferred) without and with externalities
Percentage change in consumption . ~7.19
TABLE 8

Welfare Effects-3.0 MPG Increase, Low- and High-Cost Scenarios
CAFE Nonbinding Binding Model

Low-Cost Scenario High-Cost Scenario
Changes in Producer and Consumer Surplus (§ billion) ’
Foreign firms 0.118 0.335
U.S. firms total -0.253 —0.693
Change in consumer surplus {8 billion) -0.513 —1.454
Change in U.S. tota) surplus (§ billion) —0.766 —2.147
Change in gasoline consumption (billion gallons) —5.345 ~5.449
Externalities costs
Change in miles driven 28.100 24982
Total externality costs ($ billion) $2.372 $2.092
Total costs ($ billion) $3.138 $4.239
Average cost of reducing gasoline externality $0.143/$0.587 $0.394/30.778

without and with externalities )
Marginal cost of reducing gasoline externality
(inferred) without and with externalities

$0.329/$0.761 $0.854/81.119

In contrast, the economic value of the
increases in pollution are relatively small.
The federal Office of Management and Budget
(OMB) values VOCs at approximately $0.51 to
$2.36 per kg, and NOx at the same level. CO, at
least according to the OMB, appears to have
nomarginal cost impact on the economy.'® For
purposes of this work, I choose an externality
cost-of $1.43 per kg for both VOCs and NOX.

As Table 6 indicates, miles driven increase
26.3 billion, or 1.62% of MY 1999 fleet levels.
Pollution impactsare also presented in Table 6.
Emissions of all three traditional pollutants
tise between 1.73% and 1.88%. This increase
is due in large part to the rebound effect,
which causes more driving and more pollution.

The net externality cost of higher CAFE
standards, using the estimates presented m
the preceding paragraphs, is $2.24 billion. As
Table 6 indicates, almost 99% of the increased
externality costs come from accidents and
congestion.

18. See www.whitehouse.gov/omb/inforeg/
costbenefitreport1998.pdf.

In this model, gasoline consumption
declines by 5.392 billion gallons, or 7.21% of
total fleet consumption. As Table 7 mdicates,
the average cost of gasoline saved is $0.264
when using only consumer and producer
welfare effects and $0.700 per gallon when
externality effects are included.

The model does not explicitly generate a
marginal cost per gallon saved. To generate
such a figure, I ran the model 50 times, for
MPG increases of 0.10 MPG at-a time, for
MPG increases ranging from 0.1 MPG to
5.0 MPG. 1 then ran a regression of total
cost on gallons saved, gallons saved squared,
and gallons saved cubed (costs in billion dol-
lars, gallons saved in billions). Taking the rele-
vant derivatives and solving for the amount
of gasoline saved with a CAFE increase of
3.0 MPG yields a marginal cost per gallon
saved of $0.582 when only producer and con-
sumer effects are considered. The total mar-
ginal cost, including externalities, is $0.934.

Table 8 presents the simulations with
both the low cost and the high cost of fuel
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improvement are used. Under the low-cost
assumption, the marginal cost of a gallon of
gasoline save is $0.761, and with the high-
Cost scenario it is $1.119. One of the factors
these scenarios reveal is that the higher the wel-
fare cost of imposing CAFE standards, the
lower the externality effects. This is because
as CAFE standards become more expensive
for consumers, fewer cars are bought, and
fewer automobile miles are driven.

All of the results of sections III and TV
assume that the current CAFE standard is
not binding at today’s standard but would be
binding for any increases. The NRC study,
however, concludes that the existing standards

. are in fact binding, and this is consistent with
my discussions with industry engineers and
economists. I next turn to the case of binding
current constraints. :

V. THE EFFECT OF RAISING CAFE
STANDARDS ASSUMING THE STANDARDS
ARE ALREADY BINDING

It is conceptually possible to calculate the
" impact of increasing CAFE standards given
that they are already binding. This is an impor-
tant consideration. It is a well-known result of
public finance economics that the losses due to
taxation are a function of the taxes squared,
rather than simply a linear function of the
taxes. IFCAFE standards were already binding
In MY 1999, it implies that the approach used
underestimates the true loss to the economy of
raising CAFE standards. The first part of this
section outlines the several-step process for
estimating this loss. The second part applies
the methodology of the first parttothis market.

Modeling the Existing CAFE Shadow Tax

To make the estimation of the losses to
increasing an already-binding CAFE standard,
Itake the following steps. First, I assume that
U.S: firms in MY 1999 engaged in mix shifting
but fiot technology forcing as a result of CAFE
standards. Second, I obtained input ratios by
car type for General Motors (GM) cars (witha
Chevrolet Malibu having an input ratio of 1.0).
I assume that the marginal costs of production
for cars are a linear function of these: input
ratios. Third, I assume that marketing and
other costs (including goodwill) constitute a
Constant fraction R of marginal costs. (Recall
that because a competitive model is being used
here, price equals [total} marginal cost.) In this

context, assume that the shadow CAFE tax per
MPG on vehicles is L. Also assume that the PT
equals the pass-through rate, the rate at which
changes in taxes are passed through to the final

consumer. This implies the equation i

(11} (1+R)MC,+PT

* L(S{(S/MPG;) — 1) =p;,

where P; equals price of car i, M C; equals mar-
ginal cost of car 7, Sis the implicit CAFE stan-
dard (here it would be the fleet MPG that
actually occurred in MY 1999), MPG, is the
miles per gallon achieved by car 7, and L(S[S/
MPG] - 1) is the formula for per-car MPG,
derived from CAFE harmonic averaging.
Because I only have data on GM models (and
only sufficient data on GM car models) I esti-
mate the value of L using least squares across
GM car models.

Fourth, the implicit tax L calculated here
appliesdirectly only to GM cars. ] assumed that
Ford and Chrysler have similar CAFE taxes on
their cars. Because they currently have CAFE
levels roughly equivalent to GM’s, their impli-
cit taxes may be similar to GM’s. (In fact, Ford
and Chrysler had slightly lower fleet MPGs
than GM in MY 1999.) I also assume that the
CAFE tax on trucks is equal to the tax on ¢ars,
Because there is substantial evidence that U.S.
manufacturers have had more difficulty reach-
ing their CAFE standards for trucks rather
than cars, this assumption serves to underesti-.
mate the relevant loss to society.

Fifth, given an estimated CAFE shadow tax
L, 1 ran the 1999 model (the one presented
already) backward, setting the CAFE tax at
L, generating a new equilibrium in prices
and quantities. '

Sixth, the supply curves calculated for the
initial model will have the relevant values sub-
tracted from its intercept terms to recalibrate
the model for the unconstrained scenario.

At this point I have a new initial no-CAFE
or free market equilibrium with demand and
supply curves. The model can then be run for
firms to reach a particular CAFE standard.
Changes in welfare from this equilibrium to
the higher CAFE standard equilibrium can
then be calculated.

An additional problem comes from the
multiproduct nature of the market. This
implies that taxes on one type of vehicle will
mmpact prices of other types of vehicle. Given
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TABLE 9 TABLE 11
Pass-Through Rates by Car Type Welfare Effects-3.0 MPG Increase
Type Description MPG aPlds CAFE Already-Binding Model
. Change from Change from
! small car 32.5 ; 3'839 Changes in Producer MY 1999 No-CAFE
2 midsize car 27.1 040 Surplus (5 billion) Equilibrion ~ Equilibrium
3 large car 26.05 0.228
4 sports car 24.84 0.783 Genergl Motors -0.309 -0.337
5 luxury car 23.80 0876  Ford —0.346 —0.385
6 small truck 24.56 ~1.168 Chly.slcr —-0.148 ~0.154
7 large truck 19.34 024  Forcign firms 0.152 0.16
8 small say 21.36 —0.300 U.S. firms total —0.8038 -0.876
9 large suv 16.91 LiT1 'Changc in consumer —1.097 -1.07
10 minivan 3.7 ~12s3  Suplus (§ billion)
11 van 19.78 0.007 Change in U.S. total —~1.901 —-1.946
- - surplus ($ billion) '
TABLE 10 $1,652/MPG, and this1 9is the level used in the
Estimating the 1999 CAFE Tax simulations to follow.
(¢-Statistics in Parentheses)
Model 1 Model 2 Welfare Implications of Raising CAFE
Constant 0.725 (0.39) - i;and;zrdg .Gar:en that Standards Are -
Input ratio 15271 (1.48)  15.835 (49.36) ready Linding
CAFE tax 1.986 (1.12)  1.652(2.32) Tables 11 and 12 present the welfare changes
R? 0.951 0.950 as a result of raising the long-run CAFE stan-
Number of observations 25 25 dard 3.0 MPG above the 1999 level, assuming a

this, it takes some work through maanipu-
lation of supply and demand matrices to deter-
mine the pass-through rates for each type of
vehicles. This work is available on request.

For this model, the results of the impact of
a CAFE tax by vehicle type for GM cars are
presented in Table 9. For every dollar of CAFE
shadow tax, dP/dt represents the pass-through
rate for GM. For example, every dollar of
-CAFE tax reduces the price of small cars by

“about $0.84, and increases the price of luxury
cars by about $0.88.

Table 10 presents the estimation results
for the level of the CAFE tax in MY 1999.
The dependent variable is the pricein thousand
dollars of GM cars. The two mmdependent vari-
ables are the input ratios and the coefficient
on the CAFE tax, as implied by Table 9. The
model is run with and without a constant term.
However, the estimated constant term in
model 1 has a very low z-statistic. Model 2,
which is run without a constant, has large
t-statistics and a high R® (0.950). The
estimated shadow tax from this estimation is

short-run tax of $1,652 was binding in MY
1999 and using the median cost of fuel technol-
0gy scenario. As expected, the harm to the
economy is greater than that in the previous
long-term model.

Total producer and consumer welfare losses
to society from the MY 1999 equilibrium of
raising the long-run CAFE standard 3.0 MPG
are §1.901 billion. Miles driven rise 26.151
billion from the MY 1999 equilibrium. Emis-
sions of VOCs, NOx, and, CO rise between
1.74%t01.91% from the MY 1999 equilibrium,
Total externality costs are 3$4.089 billion. Con-
sumption of gasoline is reduced 5.240 billion
gallons. The average cost of reducing a gasoline
externality is $0.363 from the M'Y 1999 equilib-
rium including only producer and consumer
welfare terms. Including externalities, the aver-
age cost of reducing a gasoline externality
is $0.780. i

Total U.S. producer and consumer losses
from the no-CAFE equilibrium of raising

19. The resulting changes in MPG because of this
negative tax of $1,652 per MPG are -1.05, -1.42, and
-0.55 MPG for GM, Ford, and Chrysler cars, and —0.59,
~0.50, and -0.40 MPG for GM, Ford, and Chrysler trucks.
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TABLE 12
Externality and Gasoline Consumption Effects—3.0 MPG Increase
CAFE Already-Binding Model :

Change from MY Change from No-CAFE

1999 Equilibrium Equilibrium
% Change in VOC emissions 1.74 212
% Change in NOx emissions 1.87 i 2.23
% Change in CO emissions 191 226
Change in gasoline consumption (billion gallons) 5.240 6.600
Change in miles driven (billions) 26.151 32.792
Total externality costs (3 billion) 2.188 2.743
Total costs ($ billion) 4.089 4.689
Average cost of reducing gasoline externality without $0.363/$0.780 $0.295/30.710

and with externalities

Marginal cost of reducing gasoline externality $0.695/$1.050
(inferred) without and with externalities :
the long-run CAFE standard 3.0 MPG are FIGURE 1

$1.946 billion. Miles driven rise 32.792 billion
miles from the no-CAFE equilibrium. Emis-
sions of VOCs, NOx, and, CO dse from
2.12% to 2.26% from the no-CAFE equili-
brium. The total cost of CAFE related exter-
nalitiesis $2.743 billion. Gasoline consumption
falls 6.6 billion gallons from the no-CAFE
equilibrium. The average cost of reducing a
gasolineexternality from theno-CAFE equilib-
rium is $0.295, including only producer and
consumer welfare losses, and $0.710 when
including all losses.

Similar to before, Iuse the results of Table 11
to estimate the marginal cost of saving a gallon
of gasoline. I generate 50 data points, increas-
ing the required fuel economy 0.1 MPG each

time. I then regress gallons saved, linear, quad-

ratic, and cubic terms on total cost. I then can
estimate the derivative of total cost with respect
to gallon saved. Given this, the marginal cost of
reducing a gasoline consumption externality is
$0.695 in producer and consumer welfare
terins, and $1.050 when including externalities.

Figure 1 graphs out the marginal cost per
gallon saved as a function of the increase in
MPG. When the CAFE increase is 0.0 MPG
(form current levels), the marginal welfare cost
per gallon saved is estimated to be $0.10, with
the externality cost estimated to be $0.440,fora
total welfare cost per gallon saved of $0.54. As
the CAFE standard increase, total marginal
cost increases. However, the marginal external
cost decreases. As discussed, this results
because as the cost to consumers of CAFE
standards increases, fewer automobiles are

The Marginal Cost of a Gallon Saved
Base-Case Scenario (Standards Already
Binding)

becreane bm CAFE Stasdard (MPG)

purchased, and therefore fewer miles are
driven. o

Results for low and high cost scenarios are
laid out in Table 13. In the low-cost scenario the
marginal cost of fuel economy is estimated to
be $0.827 per gallon, whereas that marginal
cost is estimated to be $1.283 in the high-cost
scenario. i .

VI. COST-EFFECTIVENESS AND
COST-BENEFIT ANALYSIS

This section asks two questions. First, do
the benefits of CAFE standards exceed the
costs? For benefits, I use the NRC figure of
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TABLE 13
Low- and High-Cost Scenarios, CAFE Binding Model, Changes from No-CAFE
Equilibrium
Changes in Produicer and Consumer Sorplus (5 billion) Low-Cost Scenario High-Cost Scenario
Foreign firms 0.084 0.2478
U.S. firms total —0.480 -1.3096
Change in consumer surplus ($ billion) ~-0.574 —1.6360
Change in U.S. total surplus (8 billion) ~1.053 —-2.946
Change in gasoline consumption (billion gallons) 6.568 6.638
Externalities costs
Change in miles driven 34.098 31.290
Total externality costs ($ billion) 2.820 2.618
Total costs ($ billion) 33873 5.564
Average cost of reducing gasoline externality without and $0.160/$0.429 $0.444/$O.838
with externalities
Marginal cost of reducing gasoline externality (inferred) $0.388/80.827 $1.013/81.283

without and with externalities

$0.26 per gallon of externality, although
one could use NHTSA’s far lower figure of
8.3 cents.”® Second, are CAFE standards cost-
effective? In this context, this means comparing
the cost of CAFE standards to the cost ofa
gasoline tax that would generate equivalent
gasoline savings. )

The discussion so far indicates the impact
of a CAFE increase of 3.0 MPG. For cost-
effectiveness measures, I need to know the
level of the tax that would generate equivalent
gasoline savings. Pindyck ( 1979) indicates that
theelasticity of demand for gasoline over a five-
year period is approximately 0.49, a number
that is roughly halfway between short-run
and long-run estimates by Dahl and Sterner
(1991). I will also assume a base gasoline con-
sumption in the United States of 120 billion
gallons at an initial price of $1.25 per gallon
and that the demand curve for gasolineislinear
in shape. Using these assumptions, it is
straightforward to determine the gasoline tax
needed to reach the desired level of gasoline
savings.

Economic theory indicates under these
assumptions that the total loss to society from
such a tax equals one-half the tax times the
reduction in the number of gallons of gasoline

20. Note that in performing a cost-benefit analysis of
CAFEstandards, thepriceof gasoline will equalthemarginal
benefit of consumption. Thus the value of the externality
associated with the consumption of gasoline will constitute
the net benefit to society from reductions in gasoline
consumption.

consumption, and the marginal loss equals the
level of the relevant tax. 2! Thus the comparison
here is between the gasoline savings of a one-
year CAFE. standard increase of 3.0 MPG
(announced credibly several years in advance
so that new technologies could be introduced)
and an increase in the gasoline tax years in
advance that has long-run impacts in the
Same year as the hypothetical CAFE standard
increase. :

Assuming that CAFE standards were not
binding in 1999, the median cost scenario
implies that an increase in the CAFE standard
of 3.0 MPG decreased gasoline consumption
by 5.392 billion gallons, for an average cost per
gallon in the base scenario of $0.70. This is
about 2.7 times the $0.26 per gallon benefit
estimated by the NRC.

Using estimates for the long-run elasticity of
gasoline demand, a tax of $0.115 per gallon
would be required to induce savings of 5.392
billion gallons of gasoline. Thus a tax would
impose an average cost on society ofhalf of that
amount, or $0.05775 per gallon. In otherwords,
the 3.0 MPG increase in the CAFE mandate
would cost society 12 times more than a gaso-
line tax increase saving the same amount of
fuel. At the margin, saving a gallon of gasoline
costs the economy $0.93 in this scenario, far
higher than the $0.26 benefit estimated by
the NRC.

21. Idomnotsubtract from the cost of a gasoline tax the
economic impact on accidents and congestion resulting
from the decrease in miles driven.
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TABLE 14
Initial Conditions—Demand Elasticities
Parameters Used in CAFE Simulation
- Demand Elasticity Table

Class 1 2 3 4 s 6 7 8 9 10 11
1 small car —2.808 0.423 0.063 0.018 0.000 0.036 0.027 0.009 0.009 0.009  0.000
2medium car ' 0.684 -—3.528 1.107 0.027 0.018 0.018 0.018 0.036 0.045 0.054 0.009
3 large cars 0.270 1.926 —4.500 0.027 0.216 0.009 0.054 0.018 0.063 0.054 0.009
4 sport car 0.549 0.423 0.324 -2.250 0.009 0.090 0.198 0.045 ~ 0.108 0.018 0.000
5 huxury car 0.045 0.405 1.062 0.009 -1.737 0.000 0.027 0.045 0.189 0.072 0.009
6 small truck 0.162 0.099 0.000 0.009 0.000 -2.938 0.702 0.045 0.054 0.009 0.009
7 large truck 0.063 0.072 0.018 0.009 0.000 0.234 -1.548 0.027 0.050 0.018 0.036
8 small SUV 0216 0279 0.099 0.027 0.009 0.050 0.351 - —3.645 0.747 0,108 0.072
9 large SUV 0.117 0.243 0.171 0.018 0.018 0.054 0.387 0414 -2043 0234 0108
10 minivan 0.081 0.171 0.063 0.000 0.009 0.009 0.045 0.027 0.135 —-2.286 0.180
11 van 0.027 0.036 0.009 0.009 0.000 0.009 0.054 0.036 0.387 -2.385

0.072

Perhaps the more appropriate scenario is
the one that compares a mandated CAFE
increase to a binding CAFE constraintin 1999,
In that scendrio, gasoline consumption falls by
5.240 billion gallons per year, for an average
cost in the base scenario of $0.78 per gallon.
This is three times the NRC estimated benefits.

This same reduction in gasoline consump-
tion could be achieved by a gasoline tax
increase of $0.111 cents per gallon, implying
social costs of 0.05505 per gallon. Thus, the
$0.78 cost per gallon of CAFE standards
would be approximately 14 times more costly
tosociety than the tax that would save the same
amount of gasoline. At the margin, a gallon of
gasoline saved by CAFE standards costs $1.05,
four times the NRC estimated benefits.

Vil. CONCLUSION

Increases in CAFE standards above current
levels are neither cost-effective nor cost-
beneficial. Assuming that current CAFE
standards are already binding, in the long-
runmedian cost scenario, increasing the CAFE
standard by more than 3.0 MPG would impose
additional costs of over $4 billion per year
and reduce gasoline consumption by about
5.2 billion gallons per year. This amounts to
about 12 times the cost of a gas tax increase that
would save the same amount of fuel. The long-
term marginal costs of the 3.0 MPG mandate
would exceed the additional benefits of avoided

gasoline consumption externalities by a factor
of four to one.

CAFE standards suffer from a wealth of dif-
ficulties. They discriminate against American

. production, they encourage people to drive

more, and retain their used vehicles longer,
increase automobile accidents and congestion,
the emissions of several pollutants, and they
have the potential for serious consumer injury.
If policy makers desire to reduce energy con-
sumption, it would seem they should focus their
attention on raising energy taxes.
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Executive Sumniary

, The National Highway Transportation Safety Administration (NHTSA) recently
proposed increasing the fuel economy of new light trucks by 1.5 miles per. gallon for
vehicles produced in model year 2007. NHTSA’s analysis of its proposal implausibly
concludes that the benefits to consumers are more than twice the costs to manufacturers,
ignoring effects on the environment or dependence on foreign oil. "

NHTSA’s proposal has several serious flaws. It wrongly presumes that -

manufacturers cannot produce items that consumers are willing to buy, even though they
could make money by doing so. Its analysis uses overly optimistic measures of net
benefits. ' In addition, NHTSA neglects the adverse effects from the increased driving
induced by the proposal. By lowering the cost of driving, NHTSA’s proposal increases
vehicle miles traveled, thereby boosting traffic accidents and congestion. The increase in
. the costs of accidents and congestion fully offsets and probably outweighs the social
benefits resulting from greater fuel economy. :

If NHTSA is interested in a cost-effective way of reducing gasoline use, it should
consider giving consumers better information about fuel economy of new vehicles, or
suggest a modest gasoline tax. A penny per gallon levy would conserve more fuel in
2007 than NHTSA’s proposal, while lowering, rather than increasing, traffic congestion
and accidents.



Do Regulations Requiring Light Trucks To Be More Fuel Efficient
Make Economic Sense?
An Evaluation of NHTSA’s Proposed Standards

Randall Lutter and Troy Krayitz

Introduction
. The National Highway Transportation Safety Administration (NHTSA) recently
proposed more stringent fuel efficiency standards for light trucks—tﬁe mini,vans, sports
utility v;:hicleé, and pickup trucks that now make up about half of the new vehicle
market. In its proposal to increase the ﬁxei economy of new light trucks by 1.5 miles per
gallon by 2007, NHTSA tentatively concludes >such a standard is “within the
technological feasibility and ecoﬁomic practicability of the primary contributors to the -
light truck market, is capable of being met without substantial product restrictions;
vehicle weight reductions or adverse effects on air quality, and will enhance the ablhty of
the nation to conserve fuel consumptlon and reduce its dependence on foreign oil.”* To
justify its proposal, NHTSA presents estimates that the proposed rule would cost
manufacturers $370 million for vehicles produced fn model year 2007 while saving
- consumers $790 million in fuel costs.? In fact, NHTSA’s proposed rule is likely to
impose signiﬁcént costs on vehicle manufacturers and buyers without bringing net
benefits to society at large. |
| - NHTSA’s justification for its proposal has three key deficiencies. First, NHTSA
implausibly concludes that the benefits to consumers from more fuel-efficient vehicles
are twice the costs to producers, even before estimating any effects on the environment or

energy dependence. This conclusion is a red flag event for economists: It implies that -

See U.S. Department of Transportation (2002c, p. 77019).
% See Department of Transportation (20022, Executive Summary).
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manufacturers cannot produce items that consumers are willing and able to bﬁy, even
>though they could make mo-ney by doing so! If true, it means that NHTSA should prefer
better labeling and i_ni'ormation dis?losure insteaa of mandatory new fuel economy
standards.

Second, NHTSA’s analysis inappropriately overstates net benefits. It ignores the
valu’c to consumers of reduced performance associated with better fuel economy. It
assumes consumers can finance new vehicle purchases at interest rates lower than those
available.in the market. In addition, it entirely neglects the increased risk of highwaj'
fatalities that_would ensue from reductions in vehicle weight.

Third, aﬁd most importantly, NHTSA ignores the adverse effects of the increased _
driving that will result from mandating more fuel-efficient vehicles. The greater ‘fuel
efficiency will increase driving by reducing its cost, and additional driving will contribute

-to additional risk of traffic accidents and greater traffic congestion. These two adverse
effects fully offset and probably outweigh the social value of reduced gasoline
consvump’cion.3

NHTSA has authority — and an obligation' — to consider the full economic
implications- of alternative standards.  Congress hés directed the Secretary of
Transportation to set fuel economy étandards that are “the maximum feasible average fuel
econemy level that the Secretary decides the manufacturers can achieve in [a] model
year.”* But NHTSA, in view of the legislative history, has interpreted its mandate to
mean it must consider manufacturers’ “asserted capabilities, product plans and economic

conditions against their projected cépabilities, the need for the nation to conserve energy

? Emission of nitrogen oxides, which the Environmental Protection Agency regulates on a per-mile basis,
would also rise as a result of increased vehicle use, but this effect is too small to matter for our analysis.
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and thc. effect of othc;r regulations (inbluding motor vehicle saféty and emissidns
regulations) and pther public policy objectives.” Thus, NHTSA sets corporate average
fuel economy (CAFE) standards at the “maximum feasible level” based upon “technical
fea.sibility,_ economic practicability,A the effecf of government motor vehicle standards on
fuel economy and the need of the U.S. té conserve energy.f’6
To the exfent that NHTSA has discretion under this legal standard, it has to adopt
the least burdensome regulation consistent with meeting its regulatory objectives and
must design regulations in the most cost-effective manner, according to President
| Clinton’s Executiv'é Ordér 12866 on Regulatory Planning and Review — which is still in
force.” Yet our economic anélysis indicates that NHTSA’s proposed new fuel economy
standard is unnecessarily burdensome and far from cost-effective.

To feduce gasoline consumption 1n the U.S. cost-effectively, NHTSA should
pursue the plain implication of its own analysis and consider improved fuel economy
labels on light trucks for sale. Ifit seeks greater cuts in gas consumption, NHTSA should

- ask Congress to raise taxes on gasoline.® Taxes would be more cost-effective than more
stringent CAFE standards because they. would decrease traffic accidents and congestion,
while more stringent CAFE would raise them. |

- After describing the existing program regulating fuel efficiency standards, we
describe three problems with NHTSA’S economic analysis. We show that mandatory
standards Will not benefit consumers, we then demonstrate that NHTSA’s analysis

overstates net benefits, and finally we show that the unintended adverse effects of

&

* See 49 United States Code 32902.

*See U.S. Department of Transportation (2002c, p. 77019).
¢ See Department of Transportation (2002b, Abstract).

7 See Clinton (1993). -
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additional drivir;g will fully optweigh and probably exceed the social benefit of reduced
fuel consumption. We conclude with some policy recommendations.
Background
After the Arab oil embargo of 1973 caused a sharp increase in the price of oil, the-
federal government — in 1975 — bggan mandating minimum levels of fuel efficiency for
new motor vehicles.” It set'CA'FE standards for light trucks (pickups, vans and sport
utiiity vehicles with gross vehicle weight fatings of 8,500 pourids or less) of 17.2 miles
per gallbn (mpg) for model year -(MY) 1979. Over time the standards have slowly
increased, with thg @:ur'rent level for lighi trucks.of 20.7 mpg in place sincé MY 1996.1°
Different CAFE standards fér light trucks and passenger cars have been
responsible for important changes in the vehicle flect over the years. Minivans and sport-
utiiity vehicles (SUVSs) have become rhore popular partly becaus¢ they are subject to the
- light truck standard, which is significantly less stringent than the one applied to passenger
cars: 20.7 instead of 27.5 mpg.I:1 In 1999 light trucks constituted approximately 48
percent of new vehicle sales,'? and in 2000 light trucks were estimated to be 45 percent of
the Vehicle fleet.”® Manufacturers have virttially discontinued making traditional big
station wagons m part because they are classified as passenger cars subject to the higher
standard. |
- During the 1990s, Congress prevented NHTSA from issuing more stringent

CAFE standards. Through a rider to the Department of Transportation’s annual

¥ See Appendix A for a comparison of taxes and CAFE standards. An increase in gasoline taxes need not
increase the size of government if coupled with decreases in other taxes.

? Firms that did not comply paid a fine. In years 1983-1998 these fines amounted to roughly $475 miltion.
See Congressional Research Service (CRS) (2002a, pp- CRS-2).

'* See Department of Transportation (2002a, Section D.

' See CRS (2002a, Summary).

2 See CRS (2002b, pp. CRS-2).
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appropriations bill for ﬁsc.al'year 1996, Congress stipulated that funds could not be spent
for preparing, proposing, or promulgating any increased CAFE standards.!* In legislation
for fiscal year 2001, Congress requested tfxgt the National Academy of Sciences and the
Department of Transportation examine the effectiveness of CAFE standards.® |

NHTSA has de{feloped a proposed new CAFE standard for "light trucks increasing
gradually to 222 fnpg foi' MY 2007 using data from the NRC and vehicle
mantfacturers.'® While an increase of 1.5 mpg from thg cﬁrrent standard does not seem
large, the CAFE standard has risen so much so fast only once—for MY 1983, when a
long period of high gasoline prices sustained consumers’ interest in more fuel efficient
vehicles.!” |

Despite fairly broad academic criticism of CAFE standards,”® lawmakers have
supported CAFE as a politically attractive means to limit U.S. dependence on foreign oil,
to conserve fuel, and increasingly, to reduce emissions of carbon dioxide, a greenhouse
gas. Senators Feinstein (D-CA) and Snowe (R-ME) recently proposeci requiring light-
duty trucks to meet the same fuel economy standards as passenger cars by 2011: 27.5

mpg.”” This latest proposal is similar to legislation introduced by Sens. Kerry (D-MA),

© See CRS (20024, pp. CRS-7).

" See Department of Transportation (1995, Section 330). o

1% See National Academy of Sciences (2002, p. 1). The National Research Council (NRC) examined the
* effectiveness and impact of CAFE standards for the National Academy of Sciences (NAS). See NAS
(2002, Executive Summary). _ .

'® The estimated laboratory fleet averages under the two alternatives exceed the baselines since some
manufacturers® plans for future models already exceed both 20.7 and 222 mpg. The estimated laboratory
baseline with a 20.7 mpg minimum is 21.83 wpg for MY 2007; the estimated laboratory level after the
proposed minimum of 22.2 mpg is 22.35 mpg for MY 2007. See Department of Transportation (2002a,
Executive Summary). On-road fuel economy is assumed to be 85 percent of the laboratory test level. See
Department of Transportation (2002b, Appendix A).

Y The current high prices in the U.S. are expected to fall to long-term average levels when tension in the
Persian Gulf and Venemela subside.

I See, for example, Crandall and Graham (1989), Coate and VanDerHoff (2001), Dunham (1997), Kleit
(2002), and Winston and Shirley (1998). .

¥ See Washington Post (2003).
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Hollings (D-SC) and McCain (R-AZ) less than a year ago. The Kerry-Hollings-McCain

bill sought to increase the CAFE standard to 36 mpg by 2015 for most passenger-

vehicles, including light-dﬁty trucks.”® While the NHTSA proposed rule is less stringent,
requiring 22.2 mpg by 2007, it is silent about what CAFE standard will be required in
subsequent years. . .
Economic Analysis

We describe in turn tﬁree problems with NHTSA’S proposal.

1. Mandatory fuel economy standards f:annot benefit informed consumers.

A threshold question is whetber more .siringent regulations can offer net benefits
to consumers, ignoring any environmental or energy security concerns. According to the
Preliminary A-Econognlic Assessment of NHTSA, “The benefits [of improved fuel
economy] are determined mainly from fuel sa?ings over the lifetime of the vehicle.”?! In
particul'ar, NHTSA estimated that the benefits are $794 million for model year 2007
while the costs to vehicle Iﬁanufacturers are only $373 million” By themselves, these
estimates imply there is a fundamental Shoncoming;a.failurefin.the motor vehicle
bmarket, because these net benefits occur even in the absence of any environmental effects
or dependence on foreign oil. |

The only plausible cause of the market failure implied by NHTSA’§ anaiysis is

inadequate consumer information about vehicle quality, and, in particular, the value of

% See Holly (2002).

! See Department of Transportation (2002a, Executive Summary).

% Using the data contained in the Preliminary Economic Assessment, we were unable to exactly reproduce
NHTSA’s caloulations. We assumed that NHTSA employed a rebound effect of -.15 and on-road fuel
economy 15 percent below fuel economy measured in laboratory tests. Under these assumptions, we were
able to replicate NHTSA’s analysis to within 2 percent. See Department of Transportation (2002a, Section
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fuel economy.” Although NHTSA- cites “the difﬁcuity and time involved in calculating
the total savings associated with purchasing a more fuel-efficient vehicle”?4 a.% a possible
reason why consumers have not demanded greater fuel efficiency, such difficulties are
insﬁfﬁcient to cause a market failure from inadequate information. Consumers are
already well .informed about the costs of fueling new vehicles. All new vehicles must
display federally mandated stickers with government estimates of city and highway miles
.per gallon on their windov-/s.zs Furthermore, these stickers, as illustrated in Appendix B,
already provide estimates of the annual fuel costs, so that differences in fuel costs among
different vehicles can be easily compared with differences in loan payments. The stickers
even recommend comparing the fuel economy and fuel cost of different vehicles in the
“FREE FUEL ECONOMY GUIDE available at the dealer.”%

: Moreove_r, there is little reason to believe that consumers systematically
underestimate the price of gasoline. Consumers are likely to know the price of gas better
than the price of,‘ say, eggs, milk or other commodities. Among cénsumer products
bought 6n a weekly basis, only gasoline is advertised on big street signs. This practice
has arisen because drivers can fill up at one gas station pretty much as easily as at another
and because drivers choose gas stations largely on the basis of price. Gasoline of a given
octane is a homogeneoué cdmmodity sold by specialized reﬁil outlets that do not bundle

it with other goods. As a result, the returns to advertising are relatively, large and service

stations post prices prominently.

2 See, for example, OMB (2003) and OMB (1996, Section 1.A) for explanations of market faflure. The
other types of market failure (monopoly and externalities) are inapplicable. :

* See Department of Transportation (2002c, p. 77023).

* See 40 CFR § 600.306-86.

% See Appendix B.
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In addition, spending on g-asoliné is large enough to get the full attention of
consumers when they buy new vehicles. The average household spent $1,055 on gasoline
and motor oil in 1999, when gasoline prices were relatively low.?” This figure represents
nearly 3 percent of total out-of-pocket expenditures ($37,027), an amount roughly
coméarable to total spending on meat, fish, poultry, eggs and dairy products combined,
which was $1,071.%® Yet gasoline is different than these items. If the price of beef or
turkey or salmon rises, consumers can switch to pork, chicken, catfish, or even beans to
avoid bearing the full burden of the higher prices. On the other hand, to avoid higher
gasoline prices, consumers must curtail car trips, use public transit, or join carpools, all of
which are inconvenient or time-consuming options. Thus, consumers can shift to less
expensive alternatives to gasoline only with considerable difficulty. As a result, they
have additional incentives to buy fuel-efficient cars if they are at all concerned about
minimizing unnecessary spending.

NHTSA effectively concludes that a market failure exists without direct evidence
or other information of such a failure. Although economists have long recognized the
possibility that markets fail because of inadequate information about the attributes of
products,”® NHTSA cites no surveys indicating that consumers fail to understand the
implications of greater fuel economy for lifetime operating costs. Moreover, NHTSA
ignores the considerable indirect evidence summarized above that no such failure exists.

If, contrary to the preceding empirical evidence, consumers were in fact ignorant
about the fuel economy of vehicles they are considering purchasing, then the appropriate

policy response would not be to mandate greater fuel economy, but, rather, to supply

2 See U.S. Census Bureau (2001, No. 659).
2 See U.S. Census Bureau (2001, No. 659).




consumers with the information they lack. ‘New guidance on economic analysis recently
proposed by the Ofﬁce of Management and Budget (OMB) makes this point. It states,
“If intervention is contemplated to address a market failure that arises from inadequate or
asymmetric information, informatiohal remedies will often be the preferred approach.”*
The guidance document goes on to explain, “A regulatory measure to improve the
availability of information (particularly about the concealed characteristics of products)
provides consumers a greater choice than a mandatory product standard or ban.”! In
cssence, mandatory standards deny consumers access to vehicles they would prefer to
buy. The superiority of providing information, instead of mandating standards has been
broadly accepted for years. For example, in 1996 OMB advised, “If intervention is
necessary to address a market failure arising from inadequate or asymmetric information,
informational remedies will often be the preferred approaches.”? It then elaborated, “As
an alternative to a mandatory product standard or ban, a regulatory measure to improve
the availability of information (particularly about the concealed characteristics of
products) gives consumers a greater c:hoice._”33 Thus, a plain reading of NHTSA’s own
evidence.about the costs and benefits of more stringent CAFE standards — if it were
adequately supported by facts — would point to a regulatory approach very different from
its prbposed mandatory standards. NHTSA should follow the implications of its own
economic analysis and consider measures to improve consumer information, instead of

"

mandating new fuel economy standards.

2 See Akerlof (1971).

* See OMB (2003, p. 5516).

>! See OMB (2003, p. 5516).

*2 See OMB (1996, Section IL6).
% See OMB (1996, Section 1L.6).
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Of course another possible interpretatior; of NHTSA’s economic analysis is that it
contains errors.

2. NHTSA’s measures of net benefits are too optimistic.

NHTSA uses measures of social cost that are optimistic in three respects. First, it
~ uses engineering-based estimates that exclude the foregone value to the consumer of the
declines in performance associated with better fuel economy. NHTSA acknowledges
“There is often a trade-off between performance and fuel economy” and that “All
[such] tradeoffs necessarily involve costs to the extent that reduced engine size or
performance reduces the value of the vehicle to the consumer.”’ But NHTSA “has not
attempted to value these performance reductions,”>® although it does “plan to do so in the
event (and to the extent) that such tradeoffs will result from the final rule.”?’ NHTSA’s
neglect of the value ‘of performance reductions is one key reason that it has
underestimated the costs and overestimated the net benefits of its proposal. NHTSA
should analyze the cost of forgone performance. |

Second, NHTSA may have underestimated how much consumers discount future
fuel savings. While NHTSA estimated that the improved. fuel economy will raise vehicle
costs by only $47 per vehicle,?® some buyers may be unable to borrow this much at the 7
percent interest rate (net of inflation) assumed by NHTSA.*® The Consumer_Expenditure

Survey indicates that annual interest rates from 1984-1995 were 10 percent on used cars

* See Department of Transportation (20022, Section IV).

* See Department of Transportation (2002a, Section IV).

% See Department of Transportation (2002a, Section Iv).

*7 Sec Department of Transportation (2002a, Section IV),

* See Department of Transportation (2002a, Table VI-3).

» Although recent data indicate vehicle loan interest rates are currently less than 7 percent, we feel that
current economic conditions do not represent expected future interest rates.
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and 7.6 percent on new cars.* Using an interest rate of 10 percent to discount future fuel
savings would reduce NHTSA’s calculated fuel savings by $15 per vehicle.

There is some evidence that consumers use much higher discount rates in
evaluating future energy savings. Train (1985) cites evidence from national surveys
suggesting consumers require rates of return as high as 26 and 32 percent before
investing in improvements in thermal integrity of their homes. The key rationale for such
high discount rates 'is that investments in energy efficiency are irreversible and
uncertain."! ‘While we have no direct evidence about the appropriateness of these rates to
vehicle fuel economy, we do note that the irreversibility and uncertainty associated with
such investments suggests that consumers may impose rates of return significantly above
more typical discount rates such as 7 or even 10 percent. NHTSA should discount future
fuel savings at the rate appropriate for vehicle buyers.

Third, NHTSA’s analysis fails to address the possibility that manufacturers will
use lighter, less crashworthy vehicles, saying simply “We believe that manufacturers will
meet the proposed CAFE levels without any meaningful deviation from the planned
performance and weight of their vehicles.”™ Yet a recent National Research Council
committee concluded: “The downweighting and downsizing that occurred in the later
1970s and early 1.9805, some of which was due to CAFE standards, probably resulted in
an additional 1,300 to 2,600 traffic fatalities in 19'93.”43 Although the NRC did not
ascribe a particular portion of these deaths to CAFE, Crandall and Graham’s earlier

analysis suggested that CAFE standards led to “several thousand additional fatalities over

* These interest rates are net of inflation. See Attanasio, Goldberg, and Kyriazidou (2000). Atianasio and
co-authors find that credit constraints are binding for some groups in the population, particularly young and
low-income households, but the implications of this finding for our purposes are complicated and unclear.
*! See Dixit and Pindyck ( 1994) for a discussion.
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the life of each model-year’s cars.”* Similarly, Coate and VanderHoff found that the
greater weight of light trucks were a significant cause of lower fatality rates in single-
vehicle accidents associated with light truck use.* In multiple vehicle accidents they
found that the protective effects of light trucks to their occupants outweighed any
increase in fatalities to occupants of other vehicles.*® Their results indicate that increased
use of light trucks prevented approximately 2,000 highway fatalities between 1994 and
1997.4
| Use of lighter materials is the only important fuel economy measure that NHTSA
does not carefully analyze in its proposal. NHTSA’s neglect of these costs (and vehicle
buyers’ aversion to lighter vehicles) may help explain how it is able to conclude
(w'rong!y) that the benefits to consumers of more stringent CAFE exceed the costs to
prpducers. NHTSA should include the possible use of lighter materials in its analysis of
costs.
Given the lack of credible estimates about the adverse effects of more stringent
CAFE on manufacturers and consumers, it is useful to pursue an alternative analytical
approach that sidesteps this issue éntirely. In the following section we ignore costs to
producers associated with making vehicles more fuel-efficient and the benefits to
consumers of greater fuel economy. Instead we focus only on the externalities of the
proposed regulation. This approach works provided we stick only to external benefits
and costs and exclude those already internal to the decision-making of vehicle purchasers

or manufacturers. In particular we address whether the social costs of additional driving

“2 See Department of Transportation (2002a, Section v).

* See NAS (2002, p. 111). Two committee members dissented.
* See Crandall and Graham (1989, p. 98).

* See Coate and VanderHoff (2001, p. 24).
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resulting from the improved fuel economy are large relativé to the social value of the fuel
savings that the proposed standard might provide.

3. Net social effects of NHTSA’s proposal are nil or even detrimental.

NHTSA acknowledges that more stringent CAFE standards will reduce the cost
of driving and thereby increase the annual miles driven per vehicle.® Further, its
economic analysis concedes that the increased driving is likely to worsen congestion and
traffic accidents. Without any empirical justification, however, NHTSA simply asserts
that the increases in the social costs associated with congestion and traffic accidents will
be “slight.”* In fact, this effect appears sufficiently large to outweigh the social value of
reduced gasoline consumption.

Econometric studies suggest that a 10 percent reduction in the price of fuel
increases miles driven by 1 percent to 3 percent.”® The NRC and NHTSA useé these
estimates to infer that a 10 percent reduction in fuel cost attributable to mandatory fuel
economy standards would increase miles driven in the range of 1 percent to 2 percent.>!
The Congressional Budget Office recently stated that potential gasoline savings from a
rise in fuel economy would probably be offset by increases in driving of about 2
percent.52

Estimates of the social costs of additional vehicle miles traveled — especially

increased traffic accidents and congestion — permit calculations of the social costs of the

* See Coate and VanderHoff (2001, p. 24).

*7 See Coate and VanderHoff (2001, p. 24).

** See Department of Transportation (20022, Section VII).

* See Department of Transportation (20022, Section VII, endnote 4).

%® See CBO (2002, Chapter 2, footnote 11), Greene (1992), Greene, et al, (1999), and Goldberg (1998).

3! See Department of Transportation (2002a, Section VII, endnote 5), and NAS (2002, p. 96).

%2 See CBO (2002, p- 19). The different estimates between NHTSA and CBO appear to be more a result of
differing emphasis and/or interpretation of surveyed studies and less a product of surveying different
studies.
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additional driving induced by the higher CAFE standard. f‘frst note that the relative .
change in VMT, (that is, AVMT / VMTO), can be calculaied as the product of the
percentage change in fuel costs per mile and the rebound effect:

(1)  AVMT/VMT’=r ((GPM' - GPM%)/ GPM®)
where GPM? is the gallons per mile in the baseline, GMP' is the gallons per mile after the
change in policy, and r is the elasticity of vehicle miles driven with respect to the cost of
gaso}ine per mile.”

The proposed change in the CAFE standard from 20.7 to 22.2 mpg for MY 2007
would increase the estimated fuel economy level for a representative MY 2007 light truck
from 21.83 to 22.35 mpg as measured in laboratory tests.> Since NHTSA and NRC
assume on-road fue] economy to be 85 percent of laboratory fuel economy, on-road miles
per gallon will rise from 18.56 to 19.0 mpg, an increase in fuel economy of 2.3 percent.”
Assuming a rebound effect of -0.15, equation (1) implies an increase in VMT of 0.35
percent. For trucks that would have been driven 10,000 miles per year in the absence of a
new CAFE standard, the increase in mileage, AVMT, would be about 35 miles per year.*
This increased mileage results from a CAFE standard that saves 10.6 gallons of
gasoline.”” If the rebound effect were --2, annual mileage would increase by 46 miles and

fuel savings would be 10.0 gallons.

* This equation is consistent with NHTSA’s approach. See Department of Transportation (2002a, Section
VII).

* Estimated laboratory fuel economy levels exceed the standards since some manufacturers’ plans for
future models already exceed the proposed baseline.

* [100 x (((1 / 19.00) — (1/ 18.56)) / (1 / 18.56)) =2.38]. EPA’s assumption of a 15 percent fuel economy
“gap” may be understated given recent research. The Department of Energy, for example, assumes a fuel
economy gap of 24.5 percent for light trucks and large SUVs. See Department of Energy (2000).

% As shown in Appendix C, the annual mileage that light trucks are driven is irrelevant for our conclusions;

our assumption that mileage is 10,000 is solely for convenience.
*T The gallons saved are VMT" x GPM' — VMT® x GPM® = 10035 x (1/19.00) — 10000 x (1/18.56) = 10.63.
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To assess the external social costs of this increase in driving v;/e focus on the cost
of accidents and the cost of congestion.®

Extra driving boosts traffic accidents. A key question is how much of these costs
drivers take into account in their decisions about how and how much to drive. Aaron
Edlin of the University of Califomia_at Berkeley estimates the marginal cost of accidents
to be about 8 cents per additional mile driven,* and the insured cost of accidents to be
approximately 4 cents per mile driven. Edlin shows insurance premiums are (virtually)
invariant with respect to miles driven, although .the accident costs vary nearly
proportionately with mileage.** Thus, in deciding how much to drive, drivers have no
incentive to take into account the additional accident costs covered by insurance
companies.

Cliff Winston and Chad Shirley present a higher estimate of marginal accident
costs — about 20 cents per mile in 2000 dollars — but suggest that the only cost that
travelers do not bear are the delays they cause other travelers.®! They do not distinguish,

- however, between drivers and other travelers (for example, those that may not be
responsible for an accident). They also do not address the lack of a direct relationship

between miles driven and insurance premiums. These estimates and others in the

literature are summarized in Table 1.

*® NHTSA also considers the increased emissions of Jocal air pollutants but finds these to be so small as to
be negligible. See Department of Transportation (2002a, Section VII). Some analysts have suggested that
we need also to consider the benefits of the increased driving induced by more fuel-efficient vehicles, but
these are much too small to matter, as we show in Appendix E.

% See Edlin (1999, p. 4). Costs are calculated in fiscal year 2000 dollars.

% Researchers have found that fatalities are ‘positively related to vehicle miles traveled. See Coate and
VanderHoff (2001, p. 24).

¢! See Winston and Shirley (1998, p. 64.)
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Table 1
- Accident Cost Estimates

Author Cost per mile | Comment

(2000%)

Marginal | Average

Cost Cost
Edlin 7.8¢ National cost. (The insured cost of 4¢ per
(1999, p.4) mile is external to decision to drive.)
Levinson 6.3¢ 5.6¢ Costs estimated by combining an accident
et al (1996) rate model with costs per accident.
MacKenzie 3.6¢ Social cost not borne by drivers for the
etal (1992) United States.
Parry and | 3¢ External accident cost for the U.S.
Small
(2002,

.19)
Winston 20¢ Analysis of the largest 116 urbanized
and Shirley areas (with pop. >200,000).
(1998,
.64)

Extra driving also exacerbates delays on crowded roads. Accordin;-g to a
commonly cited source, traffic delays cost Americans nearly $70 billion per year in lost
time and extra fuel.®> Researchers have estimated incremental conges:cion costs between
a penny and a quarter per vehicle per mile in key U.S. cities and significantly more on
important arteries.®> To calculate congestion costs in urban areas, we use data from the
Texas Transportation Institute (TTT). Its 2002 Urban Mobility Report implies that the

congestion cost among the 75 urban areas studied is about 15 cents per vehicle mile

* Congestion costs for 2001—$78 billion—are in Table A-9, 200/ Urban Mobility Report, Texas
Transportation Institute. For 2002, an updated version of the same report gave only $67.5 billion due to a
slightly different sample size, an improved speed estimating procedure, and the California recession, which
lessened increased congestion. The studies conclude that congestion is increasing.

& See, for example, Winston and Shirley (1998, p. 58). California Environmental Protection Agency
(1996, p. 6-14) reports values as high as $0.99 per mile on some peak corridors and as low as 12 to 30 cents
per mile throughout the Bay Area morning peak (20008).
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traveled during workdays.** The average congestion cost per mile of vehicle use. isa
low-ball estimate of the marginal congestion cost of extra driving.

Congestion costs may be lower because some research suggests that the disutility
of congestion, that ié, the hassle of traffic jams, is less than assumed by the 2002 Urban ‘
Mobility Report, which figures the cost of travelers’ time to be $12.85 per hour.%
Congestion costs may be lower than these estimates becausé people choose the location
of home and work according to their willingness to put up with traffic jams. In particular,
Calfee and Winston estimate that the average willingness to pay to avoid an hour of
congestion ranges from 14 to 26 percent of the gross hourly wage, with an average of 19
percent.66 In 1998, the average gross wage in 64 metropolitan areas was $33,381 per
year, or about $16.70 per hour, assuming 2000 hours of work each year.®’ Using this
estimate of the hourly wage, Calfee and Winston’s estimate of the willingness to pay to
avoid congestion suggests that the per hour costs of congestion delays in the TTI sample
should be about a fifth of $16.70, or $3.30. This lower estimate of the value of time
suggests the average congestion costs in the 2002 Urban Mobility Report would fall to
about 5 cents per mile.%

To estimate the marginal costs of congestion, we use data from the Urban

Mobility Report, which reports, in addition to congestion costs (delays and fuel), data on

* To derive this, note that the total annual cost of congestion-related delays averaged across the 75 cities is
900 million. See Schrank and Lomax {2002, p. A-61). The total daily vehicle miles traveled on freeways,
expressways and principal arteries is 24.6 million. See Schrank and Lomax (2002, p. A-71). Since the
report assumes 250 working days per year, the average cost of congestion-related delays among these 75
cities is $0.146 per mile: 900 / (24.6 x 250) = $.146 per mile.

% See Schrank and Lomax (2002, p.B-1).

% See Calfee and Winston (1988, p.91).

7 See U.S. Census Bureau (2001, p-436).

% It is important to note that in the Urban Mobility Report congestion cost is composed of lost time and lost
fuel. Adjustments to the wage rate only affect the former. Total congestion costs averaged $900 million in
the 75 urban areas: $780 million delay cost and $120 million fuel cost. [(780 x .25 + 120) / (24.6 x 250) =
$.05 per mile]. See earlier footnote.
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vehicle miles traveled (VMT) and lane miles available on freeways and principal ar.terial
roads for select urban areas with populations over 100,000. In particular, we consider
data for the years 1994 though 2000 that TTI staff believes are most reliable.”® After
adjusting these data to be consistent with Calfee and Winston and also Winston and
Shirley, we estimate marginal costs of congestion of about 23 cents in 2000. We describe
the derivation of these estimates in Appendix D.

This estimate is high but close to the range of the published literature contained in
Table 2, given the disparate geographic regions, peak periods being considered and
methods. Our estimate of 23 cents per mile is different from other results because it
represents the increase in congestion costs during the peak period from an additional mile
driven during the day. Thus it may significantly understate the incremental congestion
costs resulting from additional vehicle miles during the peak period. Other studies have
focused on this measure of incremental congestion costs.

Our estimate is closest to Winston and Shirley’s finding of 26 cents per mile. Our
treatment of the value of reduced travel time is consistent with theirs. Their estimates of
the value of travel time range from 8 to 49 percent of average hourly earnings depending
on the length of the commute and whether it occurred during peak or off-peak periods,
and they state that their findings appear to be consistent with those of Calfee and
Winston.”” Winston and Shirley examined the largest 116 urbanized areas—those with
populations over 200,000, and found optimal tolls of 26 cents per mile for the most

congested cities during peak periods, although some cities and times reach almost 60

% We are grateful to David Schrank, who sent us a file for these data and advised us to choose these years.
7® See Winston and Shirley (1998, p.38).
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' Estimates from the TTI database should be lower because it includes

cents per mile.
smaller cities—75 urban areas with populations over 100,000—such as Boulder,
Colorado and Brownsville, Texas. Théy should be higher, however, because they
represent the increase in peak congestion costs associated with an increase in driving at
any time of the day. In addition, they include the costs of commercial vehicle delays,
which amount to about a fifth of the total congestion costs.”? F inally, about 5 cents of
this estimate reflects fuel costs, an item excluded from the other marginal cost estimates.
To derive an estimate of nationally representative congestion costs, we make
several adjustments. The 2002 Urban Mobility Report studied areas with 50 percent of
the U.S. population, but only 18 percent of national VMT occurred in the areas and days
assessed by the Report.”? Assuming conservatively that marginal congestion costs
elsewhere and on non-business days are a fifth of those that we estimate using data from

the Report, a marginal estimate of national congestion cost would be 8.0¢ per mile.

These estimates and others from the published literature appear in Table 2.

7! In 2000 dollars. See Winston and Shirley (1998, pp. 59-61).

7 Private communication from David Schrank.

” The average population in year 2000 for the 75 urban areas studied in the 2002 Urban Mobility Report
was 1,770,000, implying a total sample population of 132,750,000. See Schrank and Lomax (2002, p-55).
According to the Census Bureau, United States civilian population was 273,936,000 in 2000. See Census
Bureau (2001, No. 1). Total vehicle miles traveled in year 2000 for the 75 urban areas during the days and
times used in the study were over 461 billion miles. See Schrank and Lomax (2002, p. 71). This figure is
about 18 percent of total U.S. VMT in 2000, which was 2,523 billion miles. See Department of
Transportation (2001, Table VM-1).



T n

<y
Table 2
‘Congestion Cost Estimates

Author Cost per mile Comment

(2000%)
California Bay Area moming | Examined congestion costs in
Environmental | peak = 12¢ California metropolitan areas.
Protection As high as 99¢ on
Agency, p.6- | some main
14 corridors in Calif.
Calfec  and | 12¢ Surveyed the 10 most populous urban
Winston areas in the mid-1990s; estimate
(1998, pp.93- assumes cost of traffic delays is 20
94) percent of gross wage.
Parry and | 3.5¢ Marginal congestion cost averaged
Small (2002, across the United States.
p-17)
Schrank and | Avg. cost=19¢" | Estimated congestion costs for 68
Lomax (TTI) urban areas. Assumes cost of travelers’

2001, p.44) time is $12.43 per hour.

Schrank and | Avg. cost= 15¢ Estimated congestion costs for 75
Lomax (TTI) urban areas. Assumes cost of travelers’
(2002, p.61) time is $12.85 per hour.
Winston and | 26¢, although For the most congested cities during
Shirley (1998, | individual cities peak travel times. Analysis was
p-59) and times range performed for the largest 116 urbanized

from 1¢ to 59¢ areas (those with pop. >200,000).

*Note: costs per mile are optimal tolls, except for the Schrank and Lomax estimates.

To estimate the additional societal cost (AS) from the additional driving we use
(2)  AS=AVMTx (accident costs + congestion costs)

‘Given the range of uncertainty in congestion and accident costs, we assume first

that the marginal costs of accidents and congestion are 3¢ and 8¢ per mile, respectively.

™ The 200! Urban Mobility Report found total congestion costs to be $77,790 million and total annual
VMT of 433,160 million miles (assuming 250.working days) for the 68 urban areas. . This works out to an
average congestion cost of 17.96¢ in 1999 (18.56¢ in 2000 dollars). See Schrank and Lomax (2001, pp-
44-52).
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In this case AS would be $3.85 for a vehicle driven 10,000 miles.”” Since the
improvement in fuel economy would save about 10.6 gallons for the year, the social cost
of the extra dnvmg 1s 36¢ per gallon of gasoline saved.” With lower estimates, say 2¢
and 6¢ respectively, the social cost of the extra driving is about 26¢ per gallon of gas
saved. In a recent study Parry and Small report marginal congestion cost averaged across
the United States to be 3.5¢ per mile, and external accident costs to be 3¢ per mile.”
Given their rebound effect of -.22,”® the social cost per gallon saved is 34¢. Thus, we
estimate that the external social costs from the additional driving induced by NHTSA’s
proposal to range from 26¢ to 36¢ per mile.

To judge whether these are high or low requires an assessment of the social value
of saving fuel. Both NHTSA and NRC have provided estimates, which appear in Table

3.

75 $5.25 =35 miles (5¢ + 10¢).

7 $ 50 per gallon = 5.25 / 10.6.
"7 See Parry and Small (2002, pp. 17-19).
™ See Parry and Small (2002, p. 20).
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Table 3
Estimates of the Social Benefits of Reducing Gasoline Consumption
(cents per gallon)

NHTSA I NRC | Comments

Lower world oil prices | 4.8¢ 12¢ | NHTSA and NRC both
believe U.S. influence over
oil price is small or limited.”
Reduced risk of oil 3.5¢ NRC estimate represents
supply disruptions and combined effects of the
| security component monopsony, supply and
: security components.

Reduced environmental | Emission of “some 2¢
damages from refinery | pollutants may
and distribution decline ... while
emissions others may

increase.”* :
Reduced greenhouse NHTSA presented no | 12¢ According to NRC, “This
gas emissions .| quantitative estimate figure is significantly hi§her

of the reductions in than typical estimates.”

greenhouse gas

emissions resulting

from its proposal.®!
Total 8.3¢ 26¢

According to NHTSA, the value of externalities per gallon of gasoline is 8.3¢, of
which 4.8¢ represents savings because rgduced U.S. demand lowers world oil prices.
Another 3;5¢ is for the decreased exposure to oil supply disruptions. Our estimates of
external social costs from more driving, 26¢ to 36¢ per mile, are much greater than
NHTSA'’s estimate of the value of fuel saving,

Considering a different set of effects than those quantified by NHTSA, the NRC

arrives at a societal benefit of 26¢ per gallon saved. The social costs of the additional

 See Department of Transportation (2002a, Section VII} and NAS (2002, p. 86).

¥ See Department of Transportation (20022, Section VII).

¥ See Department of Transportation (2002a, Section VII, Environmental Costs of Oil Refining and
Consumption).
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driving are as large or larger than this estimate, which includes an estimate of the benefits
of controlling greenhouse gas emissions that the NRC describes as “high.”

- The social cost of the additional driving induced by more fuel-efficient vehicles
thus fully offsets and probably outweighs the societal benefit of saving fuel. Importantly,
this result l.ldlds for any level of driving, as shown in Appendix C. Thus, taking into
account the external benefits i;.nd the most significant external costs of NHTSA’s
proposal — including global warming, disruptions to U.S. oil supply, traffic accidents, and
congestion — the proposed CAFE revision provides no net benefits and is in fact likely to
have detrimental effects.

Policy Choice

NHTSA’s proposed rule is inconsistént ‘with Executive Order 12866 on
Regulatory Planning and Review. The 1993 E.O. stipulates that

Each agency shall tailor its regulations to impose the least burden on society,

including individuals, businesses of differing sizes, and other entities (including

small communities and governmental entities), consistent with obtaining the
regulatory objectives, taking into account, among other things and to the extent
practicable, the cumulative costs of regulations.®?

Since NHTSA is justifying. its proposal by an alleged inefficiency in vehicle
markets, rather thaﬁ concerns about the environment, or dependence on foreign oil, it
needs to consider the plain implications of its view. A regulation mandating greater
information disclosure would surely be less burdensome than one requiring more fuel-
efficient vehicles. Printing more detailed fuel economy labels and allowing consumers to

choose what vehicles to drive would be less expensive than mandating a fuel economy

standard. Even a gasoline tax, by reducing instead of increasing driving and the

*2 See NAS (2002, p. 85).
* See Clinton (1993, Section 1(b)(11)).
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associated traffic accidents and congestion, is likely to reduce gasoline use at lower social
cost than CAFE. To comply with E.O. 12866, NHTSA should consider proposing better
fuel economy labels, and, if it seeks greater reductions in gasoline use, a modest gas tax.
Conclusion

To conserve gasoline, the National Highway Transportation Safety
Administration recently proposed to increase the stringency of corporate average fuel
economy standards for light trucks by 1.5 miles per gallon for'rﬁodel year 2007. While
the proposal does not seem very stringent, in fact it is the biggest increase since the early
1980s. More importantly, it is a very inefficient way of achieving the stated regulatory
goal of reducing fuel use.

To defend its proposal, NHTSA points to the fuel savings that consumers would
experience as a result of more stringent CAFE; claiming this benefit alone outweighs
costs to producers. This argument presumes that vehicle manufacturers interested in
making money are unable to build vehicles that consumers are willing and able to pay
for, even though they could profit by doing so. This presumption — which is unsupported
by any direct evidence — is the cornerstone of NHTSA’s proposal.

NHTSA reached its concluéions that consumer benefits outweigh costs to vehicle
manufacturers by using an analytic approach that overstates benefits to. consumers and
understates costs to manufacturers. If NHTSA’s analysis were correct it would mean—
according to- OMB’s own guidelines — that NHTSA should prefer regulations that give
consumers better information about fuel economy, an approach that NHTSA has not even

considered.
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While NHTSA’s pr:oposai will reduce gasoline consumption, it will also increase
driving. The social costs of the increased driving — accidents and traffic jams — wfll fully
offset the social benefits of reduced fuel consumption and will probably duiweigh them.

If NHTSA is interested in a cost-effective way of reducing gasoline use, it should
consider improving the fuel economy stickers on new vehicles to give consumers more
information. It could also suggest a modest gasoline tax, which would provide incentives
to all drivers to conserve fuel—the purported goal of NHTSA’s proposal. Indeed, a tax
of a penny per gallon effective in 2007 would reduce gasoline use by about as much as
NHTSA’s proposed standard“——\.zvhile reducing instead of increasing driving and the

associated risks.

# See Appendix A.
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Appendix A
The Effect (;tf a Modest Gasoline Tax on Fuel Consumption

A very modest gasoline tax is as effective.in reducing gasoline consumption as
NHTSA'’s proposed CAFE standard. A tax .of 1 cent——per-éallon of gasoline would save
as much fuel as the NHTSA proposal iﬁ 2007; a mere 3 cents would save almost 150
million additional gallons in 2010. The effectiveness of a gasoline tax results from its
applicability to all vehicles, not just new light trucks. The gallons saved from the change
in price are:

()  AG=G’r ((P'-P% /PY
where G° equals the total gallons of gasoline consumed by motor vehicles in a given year,
r equals the rebound effect, P® is the initial price of a gallon of gasoline, and P.l is the
price per gallon with the added tax. Thus, P'-P° represents the amount of the tax per
gallon.

To show the effects of a modest gasoline tax in 2007, we use Department of
Energy forecasts of the Annual Energy Outlook 2003 with Projections to 2025 (AEO
2003).% The AEO 2003 estimates motor vehicle energy consumption to be 18.59
quadrillion British Thermal Units (Btu) in 2007.%6 Givén that one quadrillion Btu is
equivalent to 7.75 billion gallons of motor gasoline,”’” fuel consumption by motor
vehicles is 144 billion gallons. The AEO 2003 forecasts gasoline to cost. $1.41 per gallon

in 20075 Assuming a long-run rebound effect of ~.2 and a gasoline tax of just 1 penny

* See U.S. Department of Energy (2003).

% See U.S. Department of Energy (2003, Table 2). .

¥ See U.S. Department of Transportation (2002d, Human and Natural Environment, p. 3).

% See U.S. Department of Energy (2003, Table 12). Although this estimate is slightly lower than the
NHTSA forecast, we adopt it here to ensure internal consistency in our calculations.
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per gallon, equation (1) yields decreased motor vehicle fuel consumption of 200 million
gallons.¥

The total gallons saved in a given year under the NHTSA proposal is the sum of
the gallons saved by each affected model year during the year ‘in qucstion’. The gallons
saved for a model year, i, in a given year are:

@  AG=LTS; (VMT}x GPM' - VMT{ x GPM?)
where LTS; is the light truck sales projection, VMT_ and GPM° are the vehicle miles
traveled and the gallons per mile before the tightened standard, and VMT;' and GPM! are
the vehicle miles traveled and the gallons per mile after the CAFE increase.

NHTSA projects light truck sales to be 7.65 million vehicles in 2005, 7.80 million
in 2006, and 7.92 million in 2007.°° NHTSA further estimates vehicle miles traveled to
be 12,885 miles in the first year of a vehicle’s life, 12,444 miles in the second, and
12,007 in the third.”' NHTSA’s CAFE proposal would increase on-road fuel economy
for MY 2005 light trucks from 18.03 to 18.15 mpg, from 18.27 to 18.55 mpg for MY
2006 light trucks, and from 18.56 to 19.06 mpg for MY 2007.” Tightehed CAFE
standards increase VMT according to:

()  VMT'=VMT? (1 +r (GPM! — GPM®) / GPMY
Employing a rebound effect of -.15, in 2007 NHTSA’s proposal would l_ead_ to VMT of
12,019 for MY 2005 (in their third year), 12,472 for MY 2006 (in their second year), and

12,930 for MY 2007 (in their first year). Given model year fuel savings derived in

** The change in fuel demand is 144,072,500,000 (-.2) (.01/1.41). We use -.2, because it is a better estimate
of the long-run response to changes in fuel prices than -.15.

% See Department of Transportation (20022, Section VII).

. *! See Department of Transportation (2002a, Section Vi),

*2 Note that on-road fuel economy is estimated as 85 percent of laboratory fuel economy. See Department
of Transportation (2002a, Section VII).
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equation (2), the NHTSA proposal results in total fuel savings of approximately 200

million gallons in 2007, about equal to the 1 cent-per-gallon tax. |
We repeated this analysis in 2010 to derive the effects of a 3 cents-per-gallon tax

using predicted motor gasoline consumption of 156 billion gallons at a price of $1.43 per

% A tax of 3 cents per gallon of gasoline would reduce éonsumption by 650

gallon.
million gallons. The NHTSA proposal would save only 500 million gallons in 2010.%
One could calculate the tax burden associated with this idea, however,

comparisons of it with the costs of CAFE are premature until NHTSA presents estimates

of the full costs to producers and consumers of its proposal.

% See U.S. Department of Energy (2003, Tables 2 and 12). ]

* We used a linear regression of the logs of sales projections to estimate light truck sales for MY’s 2008-
2010. We assumed that on-road fuel economy would remain at 19.00 mpg in these years. See Department
of Transportation (20022, Section VII). :
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Appendix B

New Vehicle Fuel Economy Window Sticker’

Compare this vahicie to others in the EREE FUEL ECONORY GUIDE available ot the daaler.
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% See 40 CFR § 600.Appendix.
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Appendix C
Irrelevance of Annual Mileage

While we have assumed for simplicity of presentation that all new light trucks
would be driven 10,000 miles per year, our analysis and conclusions are completely
independent of this assumption. In particular, the social cost per gallon saved is
independent of initial miles driven, because both the social cost from additional driving
and the gallons saved are proportional to the initial miles driven. To see this, first nofe
that

(1)  AVMT/VMT’ =t (GPM' - GPM®) / GPM®),
which implies

(2)  AVMT=VMT’ (r (GPM' - GPM®) / GPM?), and

(3) VMT' = VMT® (1 +1 (GPM! ~ GPM®) / GPM®),
where VMT! = VMT® + AVMT. Given a social cost, s, associated with an additional
mile of driving, the total social cost from the extra driving is simply

(4)  sAVMT =s VMT’ (1 (GPM' - GPM®) / GPMY).
The gallons saved from more fuel-efficient standards can be computed as

®) AG = (VMT°GPM®) — (VMT'GPM"),
or using (3)

r(GPM' — GPM?)

GPM° ) GPMO)]

| (6)  AG=VMT® [GPM"° — (1 +

Thus, social cost per gallon saved (sSAVMT / AG), is independent of initial miles driven

since both (4) and (6) are proportional to VMTY.
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Incremental Congesﬁoh Costs In Urban Areas With Populations
Greater Than 100,000

We received, c<;urtesy of David Schrank of the Texas Transportation Institute,
data on fhe congestion costs, vehicle miles traveled and lane miles of freeways, and
principal and arterial roéds for 75 U.S. cities for the years 1994 to 2000. TTI staff
suggested that these 525 observations were the ones most likely to be fully comparable

over time and space. Summary statistics for these data appear below.

Variable Obs Mean Std. Dev Min Max

Year 525 1997 2.00197 1999 2000

Cost (20008) | 525 7.48x10° [1.74x10° |0 1.46 x 10°
VMT 525 575x10° [7.58x10° 1.90x10° [4.97x10%
Lane Miles | 525 2305.8 2633.9 140 16350

Cost is the sﬁm of congestion costs, that is, both fuel and traveler time. VMT denotes
vehicle miles traveled, in miles.

Inspection of the cost data revealed that it was fairly highly skewed, with 26
observations with no reported congestion costs. The 5% percentile cost was $5,000,000,
the 10" was $2.0 x 107, and the 90™ was $1.64 x 10°.

Further examination of these data suggest that they are lumpy, in that city-years
with congestion costs less than or equal to $10 million consist of the 26 observations of
zero, 7 observations with congestion costs of $5 million, and 14 ob.serw}ations with
conge;stion costs of $10 million.

To make these data consistent with the results of Calfee and Winston (1998) and
Winston and Shirley (1998) we adjust these cost estimates. In particular, for each year,
we adjust total cost to equal

(-12) total cost + (.88) total cost (x)
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where x, the ratio of 19 percent of gross wages in selected major cities to the time cost of
travel used in the TTI study, varies. from .24 to .27 among the different years.’

The Cook-Weisberg test indicates substantial heteroskedasticity in the errors of a
fixed effect regression of congestion costs on VMT, lane miles and dummy variables for
years. The chi-squared statistic for this test is statistically significant at better than the 0.1
percent level.

A linear OLS fixed effects regression of total cost on vehicle miles traveled and
total lane miles suggests marginal costs of 18 cents.

A nonlinear Box-Cox regression procedure yields®’

Variable Value Std. Error Z P>jz| [95% C.1.]
Lambda 4338 .03164 13.71 0.00 .3719-.4959
Theta 2377 .01366 17.40 0.00 .2109-.2645

Lambda and theta are the Box-Cox transformations for VMT and congestion cost,
respectively. The confidence intervals suggest that the data reject both linear and
logarithmic models. In this model the coefficient on the transformed VMT, which is
statistically- significant at better than the 99 percent confidence level, is .01706. These

data imply that the marginal cost of an additional mile of driving is $.23.

* The TTI data set use McFarland and Chui’s (1987) value of travel time of $8.03 in 1985 adjusted to the
appropriate year. See Schrank and Lomax (2002, Appendix B, p.1). The Statistical Abstract of the United
States reports average annual pay by select metropolitan areas for the years in question.in the Labor Force,
Employment, and Eamings section. See U.S. Census Bureau (Average Annual Pay by Selected
Metropolitan Area). These 71 metropolitan areas are not the same as the 75 cities in the TTI dataset. The
TTI values range from 69 to 79 percent of the average annual pay, assuming 2000 working hours per year,
and correspond to values of x between .27 and .24.

%7 The Box-Cox transformation requires strictly positive values, so we experiment with replacing the
congestion costs reported to be zero with congestion values of $1 million and $2.5 million. We find that
the marginal cost estimate is little affected by these assumptions. David Schrank confirms that the
estimates of congestion costs close to zero involve significant rounding so these alternatives to zero
congestion costs appear reasonable.

% The STATA 7.0 software that we used for this regression does not compute standard errors for non-linear
functions of the relevant parameters, so we do not have a confidence interval for this estimate, although
each of the relevant parameters is statistically significant at better than the 99 percent confidence level.
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' Althopgh the model rejects a logarithmic transformation, we note that the log
model implies a marginal cost of 16¢ to 17¢ (depending on whether the zeros are rounded
to $2.5 million of $1 million before our adjustments) with a 95 percent confidence
interval of 14¢ to 18¢ for the former case, and 14¢ to 18¢ for the latter.

We also estimate this regression after subtracting the fuel costs of congestion. In
this case we find that the marginal delay costs are 18¢ per mile, suggesting that the fuel

costs of congestion rise by 5¢ with every additional vehicle mile traveled.




Appendix E

The Benefits of Additional Driving From Mandated Fuel
Efficiency are Small”

While consumers find that additional driving induced by greater fuel economy has
value, this benefit is too small to matter for our analysis. To show this, it is useful to
distinguish between two different scenarios. First, more stringent CAFE standards may
induce a consumer to buy a different vehicle. But, the consumer’s utility of purchasing
and operating one vehicle versus another is already subsumed in the demand curves for
new vehicles. Tﬁus, there is no reason in this scenario to account (in welfare terms) for
the increase in miles driven.

Second, with more stringent CAFE standards a consumer may continue to buy the
same vehicle he would have bought without the standards. In this scenario, there is an
added consumer surplus to driving more miles, but it is so small as to be negligible. To

see this consider a simple graphical model of demand for vehicle travel.

A
Demand
Dollars Per Mile
Original Price
Py
A :
P, \ New Price
M, M, :
Miles Driven

Given that the price of driving is initially Pg, the consumer will choose to drive

Mo miles. If more stringent CAFE standards lower the price of driving to Py, driving

* Thanks £0 to Andrew Kleit for help with this appendix.
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increases to M. The consumer gains are the rectangle A plus the familiar triangle, which
we call B. The area A is what NHTSA refers to as the benefit of CAFE standards.

It is straightforward to show that the triangle B ié small in relation to the area A.
The area A is Mo(Pg-P;). The area of B is % (M;-Mo)(Po-P1). Thus, the ratio of B to A is
simply Y2 (M;-Mg)/M.

To calculate this ratio, we have to solve for M;-Mp in term of My. Let AM=M;-
M. We have already discussed the “rebound effect,” r, which is the elasticity of miles
driven with respect to fuel economy. Thus we estimate (M;-Mo)/M, using

(1) MMy My =1 ((GPM' - GPM®) / GPMY)
where GPM' and GPM? are the gallons per mile under the current and the proposed
CAFE standards.

The proposed change in the CAFE standard from 20.7 to 22.2 mpg for MY 2007
will increase the estimated on-road fuel economy level for a representative MY 2007
light truck from 18.56 to 19.00 mpg, an increase in fuel economy (measured in gallons
per mile) of 2.3 percent.'” Assuming a rebound effect of -0.15, the increase in VMT is
0.35 percent. The ratio of the area B to the rectangle A is about .17 percent.

The consumer surplus benefits of additional driving are also too small to matter
for our conclusion that the social costs of additional driving are large relative to the value
of the gallons saved. The consumer surplus per mile over the range from My-M; can be
calculated as one half of the difference in the price of driving, Pp-P;. Using NHTSA’s

assumed price of gasoline ($1.50/gallon), Po-P; = $1.50 (GPM' — GPMY), so the average

1% These estimates are 85 percent of the MPG that NHTSA expects the new fleet to deliver in laboratory
settings. See Department of Transportation (20022, Section VID) for a discussion of its projections of MPG
of the new fleet and see Department of Transportation (2002b, Appendix A) for the difference between
laboratory and on-road performance.



LN Y

consumer surplus per mile is about 0.08¢ = (%4)($1.50) (-:00107). This consumer surplus,
which applies only to the households that did not change their choice of vehicle as a

result of the more stringent fuel economy standards, is inconsequential.



