estimated coefficients y°® !, is the coefficient on the measure of a firm’s credits or debts,

i
and is the parameter of interest. It indicates how firm prices are related to CAFE state, after
controlling for car characteristics and make and year fixed effects. Finally, ! captures

unobserved heterogeneity in vehicles and is assumed to be uncorrelated with &, , .

A second specification relaxes the assumption that firms only consider credits or debts
expiring in the current period, and instead uses a measure based on optimal behavior given the
expiration dates for all three vintages of credits or debts it may possess. I again assume
convexity of compliance costs, causing the firm to repay a debt evenly over three years, or,
analogously, to use a credit evenly over its three year life.>’ This measure of aggregate firm

state (as its optimal deviation from the constraint) is then given by:

max[a()’,,%(ao’t o, )} if (3, +2,,)> %(aoy, +a,,+d,,)
S =

t

1
max[aoyt,g(aoq, +0d,,+0,, )} otherwise

in the case that a firm has credits. For the case of debts, the sign of S; and the inequalities are
reversed. Intuitively, S; simply spreads the use of credits or debts evenly over three years,
with the nonlinearities arising because of the constraints imposed by the expiration dates.

Model (II) replaces the firm state in (18) with this aggregate measure:**
) InP)=o,+o;+y-X,+B,-S, +¢ (19)
The results from estimating models (I) and (II) are presented in Table 4. The point

estimates are the change in vehicle price (for the class given in the column heading) in years

when a firm has an extra one-mile-per-gallon credit that it may use. For example, the top left

2 The vehicle characteristics controlled for include weight, fuel economy, horsepower, wheelbase,
height, and width.

%7 Note that the assumed foresight here is with respect to the use of credits or payment of debts, and
not to random fluctuations in demand that cause the initial accumulation of such credits or debts. In
other words, the firm now realizes it has three years in which to use a credit, but it still acts according
to a constant expectation over future demands.

** In principle, a more complex model could be estimated with all of the & variables entering
separately. The short time series in the case of CAFE (since regulation is on annual averages),
however, presents insufficient variation in the individual state variables to make this approach
feasible.
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estimate indicates that, controlling for make and year fixed effects and car characteristics,
Ford prices compact cars 4.5% higher in years when it can freely deviate one mile per gallon
below the standard.

The pattern of estimates across vehicle classes presented in Table 4 strongly supports
the model of firm behavior in Section 4b: the latter model asserts that vehicles with high fuel
economy have a negative shadow cost from regulation, and should therefore be priced higher
in years when the regulation is less binding. The positive coefficients in the first column of
Table 4 bear this out. Similarly, vehicles with the lowest fuel economy (in the right-most
column of Table 4) should have the highest shadow costs, and thus the lowest prices in years
when regulation is less binding. This is also supported. Finally, the price of midsize vehicles
is found to be relatively unaffected by the stringency of regulation, which again fits the
behavioral model since midsize fuel economies tend to be close to the mean and therefore
have near zero shadow costs associated with regulation.

When this same model is repeated for the light duty truck fleet, however, a clear
pattern no longer emerges. Why might this be? While the five classes of cars are well
defined over time and have a stable ranking in terms of fuel economy, the same is not true for
trucks. The rise of two broad classes of light truck — the minivan in the late 80’s and SUV in
the 90’s — causes the demands and characteristics of vehicles in the truck fleet to change
dramatically. Fuel economy, and in particular the rankings of the various classes by fuel
economy, changes over the sample period. The reduced form model of pricing behavior in
this section assumes a fixed effect of regulation within a class and is not able to adjust for the
shifting demands and fuel economies of the light truck classes.

The estimates in Section 4b, on the other hand, base the shadow costs and implicit
pricing effects on relative fuel economy and demand elasticities. They can therefore capture
the effects as the truck market changes over time. Furthermore, since the full model of firm
behavior also incorporates information from cross-sectional variation, I am able to use the
shorter time period beginning in 1997 after much of the rearrangement in the truck market is

complete.
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6. Simulation Model and Results

The simulation model combines household and producer decisions in the automobile
market, using the parameter estimates in Section 4 to calibrate the consumer and producer
optimization problems. Equilibrium in car markets is solved numerically at 1 year intervals
for 10 years. The results capture the effects of CAFE standards on both new and used car
markets as the fleet turns over. The model is solved sequentially, with agents optimizing in
each period according to the household utility function and producer problem described
above.” The quantities and attributes of vehicles available in the used car market are updated

through time, and evolve according to the full history of demands.

a. Structure of Numerical Model

Aggregate Demand

Aggregate demand for new and used cars comes from maximizing the household
utility function described in equations (7) and (9). Households simultaneously make the
discrete choice of vehicle and the continuous choice of miles. Since the estimated utility
parameters in (7) and (9) vary with household characteristics, the 20,429 households in the
dataset are considered individually. The resulting household level demands are combined to
arrive at an aggregate demand for each of the 284 discrete vehicles.® Note that 225 of the
vehicles comprise demands in the used car market, with 59 in the brand-differentiated new car
market. Aggregate demand for miles driven, and therefore gasoline, is calculated directly

from the solutions to the household utility maximization problems.

Supply of New Cars

The supply of new cars is computed by solving the producer problem given in

equation (2) for each of the seven firms considered. This requires the use of the cost

** The period by period solution of the model means that while the fleet evolves endogenously with
policy, the agents are not forward looking in that future demand conditions are not predicted. This
limitation follows from the static models of consumer and producer behavior, and is needed to make
the model computationally tractable.

3% Each household in the data is assumed to be representative of a group of households proportional to
its sampling weight. The choice probabilities given in (7) are therefore combined using the weights
provided in the NHTS to yield aggregate demands.
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estimates described in Section 4b, and the derivatives of the automobile demand function, D,.
Numerically, the simulation addresses the special cases in (2) by solving the first order
conditions given in (4), (5), and (6), for each of the three cases, and finding the maximum
where all conditions are satisfied.’’ This solution procedure must be iterated to find an

equilibrium, since the solution for any one firm depends on the prices set by all of the others.

Supply of Used Cars

The supply of used cars available of a particular class, make, and age category
depends on the stock (given by historical demand for new cars) and the rate at which vehicles
of that type are scrapped. At any given time ¢ it is calculated by adding the previous period’s
production of new cars to the previous supply of used cars, and deducting the number of

vehicles which are scrapped. Specifically:
qgﬁl =(1- 9( )qzt + q/f\,[t

where qgt and qév . are the quantity of used and new cars of make and class / available in year

t, and 6, represents the average probability that used cars of type ¢ are scrapped. The

expression above is a slight simplification of the model, in that it actually contains four
different age categories of used vehicles. The computation is performed separately for the
transitions between each of the different age categories.

The probability that a car is scrapped in any given year is determined endogenously.
It is specified as a probability since each discrete vehicle of the 284 considered includes a
large number of vehicle of varying condition. The lowest value cars of each type will be
scrapped, and the total number scrapped will depend on the resale value of the vehicle if
maintained in working condition. Higher resale value implies lower scrap rates, captured

simply in the model as:

0,=b, (p)" (20)

*! The simulated producer problem is subject to the restriction that constrained firms have a
sufficiently high value for A that they do not choose to violate the standard.
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where b, is a scale parameter used for calibration and 7, is the elasticity controlling the

change in scrap probability as the price of the car changes. Baseline scrap rates increase with

car age.

Equilibrium

The solution to the numerical model is a set of new car prices, used car prices, and
transfers to the household that simultaneously clear the used car market, solve the producers’
problems subject to CAFE, and balance the government budget. Supply in the used car
market adjusts according to the elasticity given in (20), with aggregate demand derived from
the solution to the households utility maximization problems. The solution to the second
condition, equilibrium in the oligopoly problem faced by producers, is a set of new car prices
that maximizes profits for each firm conditional on the decisions of the others. The model
solves for the new car market equilibrium, holding used car prices fixed, and then solves the
used car market. Because of the interdependence of demands in the two markets, this
procedure is iterated to convergence.’>

The third condition, balance of the government budget, is reached by adjusting the
level of the transfer to the household. In the simulation, the government receives revenue
from pre-existing gasoline taxes and from the fines levied on violators of the CAFE standard.
It returns the revenue in a flat lump-sum payment to households. Revenue changes resulting
from the CAFE standard are typically fairly small (the increase in fines and the decrease in
gasoline tax revenue act in opposite directions) so that relatively little adjustment is needed in
the payments.” The solution to the system is found using Broyden’s method, a derivative-

based quasi-Newton search algorithm.

*? Substitution patterns between new and used vehicles have the potential to make this problem very
difficult computationally. In the application here, however, convergence between the two markets is
reached in relatively few steps.

*3 This is not true for increments to the gasoline tax, which have substantial revenue implications. The
method in which the revenue is returned is therefore of first-order importance; this issue is considered
in detail in Bento, Goulder, Jacobsen, and von Haefen (2005).
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b. Simulation Results

My central policy simulation involves an increment of one mile per gallon to the
CAFE standard. I divide the numerical results from this simulation into three parts. First, I
present the effects of the policy on equilibrium gasoline consumption and welfare, with the
latter broken down into effects on consumer and producer surplus. Second, I compare the
effects of the policy on fuel economy and profits across the different producers. Third, I
evaluate the distribution of welfare effects across household income groups.

I also perform a set of simulations that allows comparison of the gasoline tax with the
CAFE standard. The utility consistent welfare analysis allows me to measure the efficiency
improvements of a gasoline tax relative to the CAFE standard. I also present an extension
that allows for endogenous technological improvements in fuel efficiency in response to the

CAFE standard.
Overall Change in Gasoline Consumption and Welfare

The first panel of Table 5 displays the change in gasoline use and fuel economy from a
one mile per gallon increase in the CAFE standard. Notice that gasoline use declines in the
first year by only 0.8 percent since the standard has not yet had time to affect used cars. By
year 10, however, gasoline use has declined 3.4 percent from the baseline. The gradual effect
of the standard on the used car fleet can be seen in the decomposition of fuel economy
improvements among new and used cars. Interestingly, the used fleet will never fully reflect
improvements in new car fleet fuel economy due to changing scrap rates. This is because
higher prices for large vehicles, induced by their relative shortage under CAFE, result in
lower scrap rates over time. This creates a used car fleet weighted more heavily toward large
vehicles, and with a correspondingly low average fuel economy relative to new cars.

The second panel of Table 5 displays the overall welfare effect and decomposes it into
changes in consumer and producer surplus.’® Notice first that the welfare loss rises through
time, which reflects the increasing incidence of the policy on used car markets in the later
years. Intuitively, much of the welfare loss comes from the shift in composition of the vehicle

fleet toward small vehicles: in the early years households with a strong preference for large

** The welfare loss is measured as the weighted sum of equivalent variation for each of the households
in the model. This includes effects on producer profits, since households are assumed to own the
firms. The decomposition separates the effect on producers from the total welfare costs.

25



vehicles can shift demand to the used markets and so suffer smaller welfare losses. Over
time, however, the number of large vehicles in the used market is also diminished, resulting in
the increasing pattern of welfare losses.

This point also appears clearly in the decomposition of welfare effects into producer
and consumer surplus. Loss in producer surplus remains relatively stable over time, declining
slightly as competition from large vehicles in the used market declines. Loss in consumer
surplus, however, rises sharply over time as the effects of CAFE standards enter the used car

market.
Distribution of Incidence among Producers

Table 6 shows the equilibrium effects on the seven simulated producers and displays
stark contrasts between producers of different types. First consider the effects on fuel
economy: the constrained domestic firms comply with the simulated policy and increase fuel
economy by one mile per gallon. The foreign producers, however, actually reduce average
fuel economy in response to the increased stringency. This reaction is of interest as it points
to an important source of inefficiency that is captured only in a model with heterogeneous
firms. Intuitively, CAFE standards cause the constrained domestic makers to sell a more fuel
efficient — lighter or less powerful — mix of vehicles.”> This moves the residual demand
curves for vehicles with high weight and horsepower to the right for all other producers.

Consider the effect of this demand shift on unconstrained firms: they can freely
substitute into a less fuel efficient fleet, up to the amount of slack in the standard, taking over
the demand for larger vehicles.”® The effect on the fine-paying European producers can be
divided into two competing components: the first effect is the increased marginal cost of the
fine, which acts as an incentive to improve fleet fuel economy. The second is the outward
movement of residual demand for large vehicles, which acts in the opposite direction. Table 6
shows that this latter effect dominates: the violating European producers, like the
unconstrained firms, move in the direction of a less fuel efficient fleet.

The distribution of incidence among firms appears at the bottom of Table 6: The

constrained domestic producers suffer equilibrium profit losses ranging from 4 to 21 percent,

** Reductions in engine size are captured as shifts from luxury to non-luxury models. Reductions in
weight and wheelbase appear as shifts toward midsize or compact vehicles.

%% The slack in the standard is about 4 miles per gallon for Honda and Toyota in 2001.
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while the foreign producers are actually able to increase profits. The profit increases are
realized by taking advantage of the increased demand for large and luxury vehicles, with
Honda posting the largest gain of nearly 3 percent. While the simulation model does not
specifically distinguish car lines, the evidence suggests that Honda’s luxury Acura line would

be responsible for the majority of its gains.
Distribution of Welfare Effects across Income Groups

Finally, I show the distribution of welfare effects across households by income group.
My analysis is well suited to addressing the debate over the progressivity of CAFE standards
since it fully models interactions with the used car market. I show that low-income
consumers, who tend to purchase used vehicles, are affected significantly by CAFE and that
this effect varies importantly over time.

The second column of Table 7 displays the total welfare loss as a percentage of
income, with the top and bottom panels respectively representing the first and tenth year of
the simulation. In year 1, the welfare loss is similar in proportion across income groups due
to the larger absolute impact of distortions in new car markets on wealthy households.”” This
is an argument that is commonly made to support progressivity of CAFE standards, and I
confirm that in the first year of regulation it works as expected. In contrast, the welfare
effects in the tenth year become sharply regressive, with low-income households suffering
welfare losses (as a fraction of income) more than three times as large as those of the high-
income group. This result has been overlooked in prior studies since it appears only when
considering longer run effects of CAFE in used car markets. The intuition is simply that
CAFE will, over time, drive up the price of used vehicles and shift the composition of the
used vehicle fleet toward smaller vehicles. Given the strong preferences for large vehicles
estimated using the household data, the welfare effects in the used market rapidly become

important.

37 Producers are assumed to be owned by the households in proportion to income -- meaning a loss in
profits affects high-income households more than low-income households. High income households
also buy a larger share of new vehicles, meaning loss in consumer surplus is similarly distributed.
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Comparison of the CAFE Standard and Gasoline Taxes

Table 8 offers a comparison of the CAFE standard with a gasoline tax. In the first
year fuel economy standards are a far more costly way to reduce gasoline use since their
effects have not yet entered the used fleet. The year 10 costs of CAFE are correspondingly
lower, as fuel economy improvements spread through the used fleet, but still more than 6
times as large as those associated with the gasoline tax. It has been established in the
literature that gasoline taxes are typically more efficient than CAFE regulation since they
operate both through changes in miles driven and changes in vehicle choice; CAFE standards
act primarily through the latter channel. The magnitude of the difference in costs I find
therefore reflects the key elasticities estimated in the demand model: consumers adjust driving
patterns (i.e. miles traveled) far more easily than they alter their choice of vehicle. Not
surprisingly, then, as shown on the second row of the table, the effects of the gasoline tax
enter almost exclusively through the more efficient miles-traveled channel.

Table 8 also offers an extension of the producer model that allows endogenous
technological improvement in fuel economy in response to CAFE. Producers now have two
instruments to comply with CAFE: they may alter the mix of vehicles sold using prices as
before, and they can also improve the fuel economy of individual models. The exogenous
function relating improvement in fuel economy to costs of production is taken from the
National Research Council assessment of CAFE, NRC (2002), as in Austin and Dinan (2005).
The costs per gallon of gasoline saved under CAFE are considerably lower as a result of this
extension, but remain more than twice as large as those of the gasoline tax.

Finally, the bottom row of Table 8§ indicates the fraction of the welfare loss borne by
producers. It is generally higher in the case of CAFE, as can be expected given that fuel
economy regulation constrains firm decisions directly. In the case of endogenous
technological change, however, the cost borne by firms falls considerably. This is in
accordance with the cost estimates made by the NRC (2002), which allow relatively

inexpensive improvements in fuel economy.

7. Conclusions

I have developed a new approach to studying the effects of CAFE standards, allowing

heterogeneous firm response and considering equilibrium impacts in the interrelated new and
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used car markets. My approach differs from earlier studies of CAFE in its treatment of both
the supply and demand sides of the market: in modeling the supply of new cars I develop an
oligopoly model that allows for differences in incentives and market conditions to explain
heterogeneous firm response to CAFE regulation. I demonstrate the existence of three types
of firms, show the importance of this distinction for the effectiveness and incidence of policy,
and provide two empirical analyses of firm behavior to support my model. In considering the
demand side of the market, I incorporate a household model that includes the interactions in
demand for new cars, used cars, and gasoline. The demand model also, and of particular
importance for policy analysis, provides empirically based and utility consistent welfare
analyses over a heterogeneous population of households. I divide my main findings from the
combination of the producer and household models into three parts:

First, I find that a one mile per gallon increment in the standard reduces U.S. gasoline
consumption by about 3 percent. In the first year of this policy 44 percent of $20 billion in
aggregate welfare costs are borne by producers, with this share falling to less than 20 percent
by the tenth year. The costs in later years come primarily from losses in consumer surplus as
the effects of the policy enter the used car fleet. The large magnitude of the welfare costs is
driven by estimates of particularly strong preferences for large or more powerful (high
horsepower) vehicles: an increase in CAFE causes firms to provide fewer of these vehicles in
order to improve fleet fuel economy.

Second, I find that heterogeneity among firms causes the profit impacts of an
increment in CAFE to fall almost exclusively on domestic firms. I also find that equilibrium
responses, driven by firm heterogeneity, are responsible for the relatively small effects of the
policy on final gasoline consumption. The policy impacts are divided along the lines I
established in Section 2. Ford, GM, and Chrysler were shown to be constrained by the
regulation: when the stringency of the standard is increased they alter prices to remain in
compliance and bear substantial losses in profit. The group of firms who are unconstrained
by the standard, which includes Honda and Toyota, are able to increase profits 3 percent by
increasing their market share in classes of vehicles that are larger, heavier, or more powerful.
A set of competing effects enters for the group of high-end European firms that pay fines for

violation. These are discussed in more detail above, but I find that they, too, experience slight
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increases in profit by taking advantage of increased residual demand for low fuel economy
vehicles.

Third, I conclude that the long run effects of increments in fuel economy standards are
not progressively distributed among income groups as might be expected. A common
argument maintains that since CAFE affects new car producers, it will have a greater impact
on wealthier households who purchase a disproportionate share of new vehicles. By
including used car markets and simulating effects through time, however, I find that increased
prices and changes in fleet composition for used cars lead to substantial welfare losses for low
income households. Specifically, in the tenth year of the policy low income households bear
about three times more burden, relative to income, than the wealthiest group.

Taken together, the findings suggest that a gasoline tax is preferred to a simple
increment in CAFE standards on both efficiency and distributional grounds: I find that
increasing the stringency of CAFE will be much more costly relative to the amount of
gasoline conserved and will fall disproportionately on domestic firms and low-income
households. This remains the case in an extension allowing for endogenous technological
improvements in fuel efficiency. If, however, fuel economy standards continue to be a
politically attractive policy to address the externalities associated with gasoline consumption,
my model can be used to inform improvements in their design. For example, consideration of
firm heterogeneity suggests that incentives should be provided across all firms in order to
prevent the market for less efficient vehicles from shifting to less constrained manufacturers.

A number of important caveats in the model and points for future research remain.
Principle among them is consideration of induced technological change prompted by fuel
economy regulation. Firm heterogeneity, along the lines described in this paper, may
potentially be used to identify differences in incentives to develop fuel efficiency enhancing
technology. A deeper understanding of the demand-side tradeoffs between fuel economy and
vehicle attributes like weight and horsepower is also essential in approaching this issue. My
findings here provide a starting point for this ongoing research and present a base of empirical

conclusions about firm behavior and efficiency costs under CAFE regulation.
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Table 1: Average deviation from CAFE standard by firm 1990-2001

Car Fleet

Average

deviation

(volume

Firm name weighted)
Fiat -7.34
Porsche -4.10
Mercedes -3.30
BMW -2.48
Volvo -1.84
Ford 0.02
GM 0.08
Chrysler 0.19
Subaru 0.74
Daewoo 1.16
vw 1.28
Nissan 2.09
Mitsubishi 2.28
Toyota 2.46
Kia 3.03
Mazda 3.45
Honda 3.96
Hyundai 4.07
Isuzu 7.20

Suzuki 12.07

Fraction of
years under
standard

1.00
1.00
1.00
1.00
1.00

0.33
0.42
0.25

0.00
0.00
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Light Duty Truck Fleet

Average

deviation

(volume

Firm name weighted)
BMW -1.66
vw -0.07
GM 0.00
Ford 0.08
Chrysler 0.17
Isuzu 0.47
Mitsubishi 1.45
Toyota 1.84
Nissan 1.86
Kia 2.99
Mazda 3.21
Honda 5.00
Suzuki 5.86
Subaru 9.42

Fraction of
years under
standard

1.00
0.67

0.50
0.23
0.42

0.21
0.15
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Table 2: Estimates of Ac and A;

Model
Time Period
Controls

Ford

A passenger car

A light truck
Chrysler

A passenger car

A light truck
GM
A passenger car
A light truck
N

R-squared

Ia
1997-2001
None

-3.71
(6.06)
21.16
(7.35)

19.65
(7.72)
2.18
(5.8)

28.87
(8.99)
18.15
(7.47)

287
0.10

Ib
1997-2001
Make, Fleet

0.54
(5.72)
22.05
(6.29)

20.26
(6.82)
7.93
(5.2)

28.55
(8.47)
19.65
(6.67)

287
0.93

IIa
1997-2001
None

-3.65
(4.41)
26.01
(6.28)

33.76
(14.52)
1.88
(5.36)

36.19
(7.03)
22.86
(5.42)

287
0.37

IIb
1997-2001
Make, Fleet

4.02
(3.63)
23.48
(5.68)

27.49
(12.04)
10.60
(3.9)

35.50
(8.82)
20.80
(5.01)

287
0.91



Table 3: Firm and Fleet Marginal Effects (Model IIb)

$ (Millions)

Ford

Passenger cars 117.59

Light duty trucks 693.48
Chrysler

Passenger cars 485.01

Light duty trucks 283.18
GM

Passenger cars 1410.26

Light duty trucks 684.78

Marginal cost of a one mile-per-gallon increment to the standard.



Table 4: Price and State of CAFE Credits and Debits

Model 1
B Ford

B Chrysler

B GM

Model II
B Ford

B Chrysler

B GM

Observations
R-squared (I)
R-squared (II)

Compact

0.045%*
(0.017)

0.016
(0.016)

0.026
(0.016)

0.054*
(0.015)

0.015
(0.016)

0.031%*
(0.015)

140
0.86
0.86

Robust standard errors in parentheses

* significant at 5%

Midsize

0.001
(0.013)

-0.007
(0.018)

-0.020
(0.013)

0.002
(0.013)

-0.012
(0.017)

-0.015
(0.011)

136
0.89
0.89

Fullsize

-0.064*
(0.020)

-0.026
(0.019)

-0.062%*
(0.021)

-0.060*
(0.030)

-0.014
(0.019)

-0.040
(0.030)

107
0.95
0.94

Lux-small

-0.023
(0.065)

-0.148
(0.104)

0.008
(0.069)

-0.068
(0.086)

81
0.73
0.73

Lux-large

-0.099*
(0.040)

-0.091%*
(0.043)

-0.093*
(0.045)

-0.113%
(0.041)

-0.053
(0.043)

-0.098*
(0.046)

98
0.89
0.88



Table 5: Effect on Gasoline Consumption and Welfare of 1 MPG Increment in the

CAFE Standard

Effect on gasoline consumption

Baseline gasoline use (gallons per household)
Change

Baseline fleet fuel economy (mpg)
Change

All

New cars

Used cars

Baseline miles traveled (000's per household)
Change
Welfare effect

Welfare effect ($billion)
Loss in producer surplus
Loss in consumer surplus

Year 1

775.18
-0.84%

25.07

0.19%
2.51%
0.00%

18.80
-0.60%

-20.04
-8.83
-11.21

Year 5

801.59
-2.62%

25.50

0.77%
2.41%
0.64%

19.72
-1.73%

-28.02
-7.15
-20.87

Year 10

828.89
-3.37%

26.60

1.19%
2.27%
1.08%

21.23
-2.11%

-29.62
-5.52
-24.10



Table 6: Effects on Producers of a 1 MPG Increment in the CAFE Standard

Year 1
Manufacturer

Change in fuel economy (mpg)
Cars
Light Trucks
Overall

Change in sales volume (%)
Cars
Light Trucks
Overall

Change in profit (%)

Ford

1.00
1.00
1.22

2.37%
-10.20%
-3.16%

-4.29%

Chrysler

1.00
1.00
0.66

-23.83%
-7.80%
-14.76%

-14.67%

GM

1.00
1.00
0.65

-30.23%
-13.83%
-23.27%

-21.27%

Honda

-0.04
-0.01
-0.01

3.17%
1.69%
2.73%

2.73%

Toyota

-0.07
-0.01
-0.04

2.93%
2.60%
2.78%

2.84%

Other
Asian

-0.02
-0.02
-0.02

1.50%
1.54%
1.52%

1.57%

European

-0.10
-0.01
-0.08

2.58%
2.69%
2.60%

2.04%



Table 7: Distribution of Welfare Effects of 1 MPG Increment in CAFE Standard

Year 1

Income

<25
25-50
50-75
>75
All

Year 10

Income

<25
25-50
50-75
>75
All

Welfare Impact

EV

-60.45
-195.38
-292.64
-444.29
-176.65

EV as % of
Income

-0.37%
-0.55%
-0.50%
-0.47%
-0.47%

Welfare Impact

EV

-187.16
-269.59
-329.30
-404.09
-263.96

EV as % of
Income

-1.34%
-0.76%
-0.56%
-0.41%
-0.89%

Producer
Profit

-33.56
-77.22
-127.61
-205.25
-77.52

Producer
Profit

-19.54
-44.84
-74.10
-123.85
-48.50

Decomposition

New Car
Consumer
Surplus
-2.28
-64.70
-116.65
-184.20
-54.01

Decomposition

New Car
Consumer
Surplus
-19.10
-100.93
-164.69
-217.63
-94.48

Used Car
Markets

-24.61
-53.46
-48.39
-54.84
-45.11

Used Car
Markets

-148.52
-123.82
-90.51
-62.61
-120.98



Table 8: Comparison of Increase in CAFE and Increase in Gasoline Tax

Year 1

Year 10

Gasoline CAFE
Tax Standard

EV per Gallon of Avoided
Gasoline Consumption 0.82 22.85

Fraction of Gasoline Savings
from Improved Fuel Economy
(from fleet composition changes) 0.02 0.66

Fraction of Welfare Loss
Falling on Producers 0.37 0.62

Gasoline CAFE CAFE Standard
Tax Standard w/ Technology

0.82 5.47 1.97
0.02 0.84 1.02
0.35 0.47 0.15



Miles per gallon (harmonic mean)

Figure 1: Ford, Toyota, and BMW: Fleet Fuel Economies
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