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In 1975 the U.S. Congress responded to the “energy crisis” by passing the Energy
Policy and Conservation Act. One of its provisions was to impose mandatory
average fuel economy standards on the automobiles produced by each manu-
facturer. These standards began in 1978 (at 18 miles per gallon) and became
progressively tighter, reaching 27.5 mpg in 1985. Failure to meet the standard
renders a manufactuer liable to a non-tax-deductible civil penalty of $50 for
each mpg by which the average fuel economy of his fleet falls short of that
mandated. The fine is levied on the total number of automobiles produced by
the manufacturer during the model year.!

This paper examines the effects of these fuel economy standards on new
automobile prices in the 1978, 1979 and 1980 model years. Producers faced
essentially two options in meeting the standards. First, they could maintain the
same model line, but adjust relative prices so as to sell a higher proportion of their
more fuel-efficient models. Alternatively, they could maintain the same pricing
strategy, but adjust their model line so as to raise the average fuel efficiency of
the models sold. Presumably each producer might also have used a combination
of both options. This paper seeks to determine how far the first option (relative
price adjustment) was used by the four largest U.S. automobile producers.?

To this end, Part II develops a simple representation of the likely effects of
the mileage standard on relative automobile prices for given model characteristics.
Part III then uses the predictions of Part II to test for the extent to which each of
the four largest U.S. automobile producers changed its pricing strategy (in add-
ition to any changes in fuel-economy characteristics of its models) to meet the
standard. Hedonic price equations estimated for 1977 are used to adjust prices for
the changes made in model characteristics. Our tests suggest that the mandatory
fuel economy requirements did affect the pricing policies of some producers in
1978 and 1979, but by 1980 these effects were no longer significant.
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For a description of recent government involvement with automobile fuel economy, see
John, Coonley, Ricci and Rubinger (1980).

2 Other aspects of the CAFE standard have been examined. In particular Kwoka (1983)
analyses its effects in saving fuel, and Atkinson and Halvorsen (1982) estimate its impact on the
demand for automobile attributes and fuel efficiency.
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II. THE MILEAGE STANDARD

Suppose there are in production n clearly defined automobile models, which we
assume have characteristics that are fixed for the model year. Our tests in the next
section will allow for changes in characteristics across model years, but at this
point our objective is to predict the structure of any supplementary changes in
relative prices undertaken to fulfil the standard in this model year.? We begin
from an initial equilibrium in which prices equate demand with supply of each
model. For convenience, we analyse a “representative firm” that produces all
models, simply noting that conversion can readily be made to an actual producer
with only a limited range of models. The government now imposes on this rep-
resentative producer a ‘“‘corporate average fuel efficiency” (CAFE) standard,
requiring that the average mileage of cars produced by this firm must meet or
exceed this mandatory standard (7).

The law uses the harmonic mean (shown by m below) rather than a simple
arithmetic mean to measure average fuel efficiency. That is,

n q; 1
m= 1/ El 7 m;
where

q; is the number of model i autos produced by this firm out of its total
of g cars, and
m; is the mileage (mpg) of modeli, i=1,...n.
Behind this specification lies the assumption that cars differ less in total distances
driven than in the total fuel they use, so that the harmonic mean is a more accur-
ate measure of average fuel economy.

For the sake of brevity, we assume that producers adjust their pricing policies
so as to meet the CAFE standard exactly, rather than deliberately incur the legal
penalties. It is clear that this is the behaviour Congress intended, and failure to be
seen attempting to comply could bring forth stricter penalties in the future.
Furthermore, no producer failed to meet the standard in any of the three years
we examine below.* Since initially the representative firm’s average mileage is
below 7, its first reaction to the imposition of the standard is to reduce produc-
tion of models with mileage falling short of the standard (“large cars”). This
creates an excess demand for these models and a tendency for their prices to rise,
yielding increased profits on each large car sold. But, to take advantage of these
increased profits, the firm must sell enough cars with a mileage exceeding the
standard (“‘small cars”) to remain within the mandatory average. To increase sales
of small cars requires a reduction in small car prices.

3 Stucker, Burright and Mooz (1980) specifically model the producer’s decision in terms of
selecting both relative prices and fuel economy.

4 Sweeney (1979) and Jacobs and Linden (1977) discuss the producer’s decision problem if
he were to treat these fines as taxes. However, both Sweeney (1979) and Stucker et al, (1980)
indicate that the incentives for meeting the standards are sufficiently strong for producers to
regard them as binding. All four auto makers announced that they would meet the standards,
and have done so, but clearly there is no a priori reason to believe that relative price adjust-
ments were not part of the successful strategies they adopted.
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The net outcome for model prices is best illustrated through the constrained
profit maximisation problem of the representative firm:

n
max {pmfit = _ElPiqi - C@qy, ..., Q)+ Nm— ﬁ’t')}
q; 1=
where
A=0 is a Lagrange multiplier associated with the CAFE constraint, and
C() represents the total costs of producing the given fleet.

The first order conditions with respect to the output of each model imply that in
equilibrium:

m—m]’
Pi[1+¢]=MC +\ o

; (1)
where
MG is the marginal cost of model j and
» |4 OP;] Pq; is the sum of cross and partial elasticities
€ _i§1 17 5?11- E‘;]— of prices with respect to quantities

weighted by relative revenue shares.

Under the plausible assumption that the n models are substitutes in demand, ¢;
will be negative for all j.° In addition, profit maximisation will lead to an equil-
ibrium in which 0 = ¢; > —1 for each j,6 with €; = 0 in the perfectly competitive
case.

We now make two further simplifying assumptions — that ¢; and MC; ( = 1,

. ., n) are little, if at all, changed as a result of the imposition of the standard.
For the cost term, this essentially amounts to assuming that economies of scale
have been exhausted with respect to the models in production, so that each model
can be effectively treated as having constant average costs.” Using these simplify-
ing assumptions, and observing that in the absence of the mileage standard, or if
the standard is not binding (A = 0), the price of model j (P]f) will equal

_MCj/(l +€j), we can rewrite (1) as

P—P'= A (m—m]) j=1,"'9n (2)

(1+e) my

5 In this maximisation each producer is implicitly assuming that other producers’ outputs are
held constant. An increase in q; then requires a decline in P] and, if models i and j are sub-
stitutes in demand, a corresponding decline in P; if sales of model i are to be held constant.
Thus € is negative.

6 This restriction corresponds to the monopolist’s equilibrium always lying on the elastic
portion of the demand curve.

7 For estimates of economies of scale in automobile manufacture see McGee (1973) and White
(1971, 1977). Given actual annual model sales over the 1978—80 period, and the fact that
many models use common components, our assumption of constant marginal costs does not
seem inappropriate for the vast majority of models.
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If the standard is binding, the prices of large (mj < m) cars rise, yielding higher
unit profits, while the prices of small (m; > m) cars fall, yielding reduced unit
profits. The mileage standard is therefore equivalent to a “gas guzzler” tax/small
car subsidy programme, but one that is non-linear in fuel efficiency. Similar
results are found in Sweeney (1979).

II. TESTS

In this section we make an empirical examination of the implications of the
mileage standard for relative automobile prices. The object is to test whether the
pricing relationship for automobiles has been significantly altered, in the manner
predicted by equation (2), since the imposition of the standard. The main prob-
lem in conducting these tests is to separate price changes attributable to the
standard from those due to modifications in the models. The separation is
crucial, since, as noted above, producers may respond to the CAFE standard by
adjusting either relative prices or the fuel economy characteristics of the models
they offer. Evidence that average characteristics have indeed changed over our
testing period is given in Table 1. Of particular interest is the rise in the propor-
tion of four-cylinder engines, which seems to have occurred largely at the expense
of those with eight cylinders. There is a corresponding overall decline in average
engine displacement. However, average passenger space and automatic trans-
missions do not appear to have been sacrificed in this ‘“‘downsizing” process.

Our strategy to separate these effects is to use an hedonic pricing equation,
estimated before the standard was introduced, to predict automobile prices in
the absence of the standard, and then to compare these predictions with actual
prices. By using this hedonic relationship, which relates the price of automobiles
to their characteristics,® we obtain predicted prices which take account of the
effects on prices of all changes in model characteristics. A comparison between
actual and predicted prices then shows only the effects of the standard. If pro-
ducers changed relative prices as a means of meeting the standard, the difference
between the actual and predicted prices of each model should be closely related
to the mpg of the model relative to the standard, (7% — m;)/m;, as indicated by
(2). This approach is based on the assumption that the tastes of car buyers across
characteristics and the relative costs of different characteristics have remained
reasonably stable over the period under consideration (1977—-1980).° However,
we do allow for general cost increases.! ©

8 See Dhrymes (1971), Griliches (1971) and Cowling and Cubbin (1972) for examples of
hedonic pricing relationships for automobiles. One must, however, be cautious in interpreting
these relationships, since they reflect the influence of both demand and supply side variables —
see Rosen (1974).

9 This technique therefore becomes less reliable as one moves further from 1977. Any new
automotive technology introduced since 1977 cannot be captured by our hedonics.

10 Note that this procedure does not require that the standard was binding on producers.
If the standard was not binding — that is, if relative price adjustment was unnecessary — any
difference between actual and predicted prices should be unrelated to a model’s mpg relative to
the standard. As will become clear, the basis of our test for the existence of relative price
adjustment is whether or not we obtain a statistically significant coefficient on a model’s mpg
relative to the standard. See equation (3).
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TABLE 1

Changes in Characteristics

Sample Mean*  Mean* Mean*
Size mpg  distance Passenger
AUT  Space FI 4CYL 6CYL 8CYL

% % % % %
Market
1977 219 18.9 285 0.71 93 0.01 0.11 0.33 0.56
1978 2217 194 281 0.69 92 0.02 0.09 0.37 0.54
1979 229 20.0 264 0.67 92 0.04 0.12 0.36 0.52
1980 178 21.6 248 0.76 95 0.08 0.19 0.36 0.45
GM
1977 107 20.0 275 0.70 93 0.03 0.17 0.28 0.55
1978 115 19.9 275 0.64 93 0.03 0.08 0.40 0.52
1979 121 20.4 271 0.66 93 0.08 0.07 0.37 0.56
1980 95 21.9 254 0.78 96 0.14 0.15 0.37 0.48
Ford
1977 49 19.6 276 0.69 89 - 0.12 0.37 0.51
1978 50 19.9 276 0.74 90 - 0.20 0.24 0.56
1979 51 19.7 245 0.65 90 - 0.24 0.27 0.49
1980 46 22.2 238 0.74 93 0.04 0.26 0.26 048
Chrysler
1977 47 159 326 0.79 97 - 0 0.26 0.74
1978 45 17.5 313 0.78 92 — 0 0.31 0.69
1979 39 19.1 280 0.79 94 — 0.11 0.33 0.56
1980 29 19.8 251 0.79 96 - 0.14 0.45 041
AMC
1977 16 18.8 260 0.63 90 — 0 0.81 0.19
1978 17 19.7 244 0.59 86 - © 0.11 0.71 0.18
1979 18 20.1 232 0.56 84 - 0.22 0.56 0.22
1980 8 22.1 205 0.50 83 — 0.50 0.50 0

*These are the arithmetic means.

Columns expressed in percentages show the proportions of models with automatic transmission,
with fuel injection engines, and with four, six and eight cylinders.
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The data used in this study were taken from the relevant Consumers Reports
“Auto Buying Guide” issues (dimensions), E.P.A. Gas Mileage Guides (interior
space, displacement and fuel economy) and Edmund’s New Car Prices (base price
and standard features). Data were obtained on all body and engine combinations
offered. The manufacturer’s base price of each model (that is, the price of that
model to the retailer), rather than the retail or “list” price, was used in the
hedonic estimation. Edmund’s issues these prices on three separate occasions
during each model year. It was discovered by experiment that the variation in
prices during 1977 was too small to alter significantly the structure of the
corresponding hedonic relationship. The relationships used below were therefore
estimated for prices at the beginning of the model year only.

Estimation of a reliable hedonic relationship between car prices and character-
istics for 1977, the year before the enforcement of the standard, turned out to
be a complex task, for two reasons. The first is that automobiles are multi-
dimensional, with many characteristics that can be represented only in dummy
variable form, if at all. Thus to explain an adequate proportion of the total
variation in auto prices requires that the hedonic equation include some dummy
variables representing unspecified characteristics.!! The second difficulty is that
many of these characteristics are highly collinear; this implies the existence of
a wide range of alternative hedonic relationships which explain approximately
the same proportion of total variation in prices.

Our solution to this problem of collinearity followed the example of Dhrymes
(1971), and replaced the continuous characteristics by their estimated principal
components.! 2 The substitution obscures the interpretation of the estimated
coefficient on these variables in the hedonic equations; but, since our purpose
is entirely predictive, this interpretation is irrelevant. The first six components,
which account for 98.5 per cent of the total variation in these characteristics,
were then used in estimating the hedonic pricing relationships described below.
But only components with estimated coefficients significantly d1fferent from
zero were retained in the final predicting equations.

Hedonic equations were estimated on the assumption of two alternative market
structures. The first regards the U.S. automobile market as essentially unified,
with its prices adequately captured by a single market hedonic equation. This
hedonic was estimated over the full sample of 1977 automobiles, except that
those with fuel injection engines were excluded. The 1977 sample contains only
three such models, all Cadillacs; that would be a small and possibly a biased
sample to work from, particularly since the substitution of fuel-injected diesel

11 This refers particularly to the producer division dummies. Presumably they reflect the rep-
utation, styling and quality of dealer service, etc., associated with the division — see Crow and
Ratchford (1977).

12 The ten continuous variables are overall mpg, city mpg, highway mpg, engine displacement,
passenger volume, trunk volume, length, width, wheelbase and fuel tank volume. From our
perspective, the estimated principal components are best viewed as simply providing approp-
riate (orthogonal) linear combinations of these highly collinear characteristics. These linear
combinations of characteristics are then used to help explain prices in 1977, and to predict
prices in subsequent years.
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engines appears to have been a popular strategy for raising the fuel economy of
“large” automobiles.!3

The second market structure assumes that GM performs the role of ‘“‘price
leader” in the U.S. market (see White, 1971, chapter 8), so that, in the absence
of the standard, the other producers would price their models in conformity with
GM'’s estimated hedonic pricing relationship. This relationship was then estimated
over the sample of 1977 General Motors automobiles only, excluding fuel injec-
tion models as stated above. Because our list of characteristics is not exhaustive,
however, our actual predicting equations for each of the other producers were
obtained by regressing the prices of its 1977 models on the estimated prices from
the GM equation for models with the same characteristics, a constant term,
plus, where applicable, dummy variables for all but one of the different divisions
of the producer.!* The resulting hedonic equations for both market structures
are given in Table 2.

To test the hypothesis that producers altered their pricing relationships to meet
the CAFE standards, the following modified version of equation (2) was
estimated over the relevant sample of vehicles for each of the two alternative
1977 predicting hedonic equations:

(m, — my;) (3)
Pit =4y +a1Pi77 +a, mit(l + ei) + U,
where

p;, is the actual price of model i in year ¢,

P;qy is the estimate of the pre-standard (1977) price of model i accord-
ing to the hedonic currently under consideration,

my, is the fuel economy of model i,

m, is the CAFE standard in year ¢ (18 mpg in 1978, 19 in 1979 and
20 in 1980), and

€; is the quantity elasticity term defined above.

The main statistical difficulty in these tests was the lack of an adequate set of
estimates of quantity elasticities.! 5 For this reason equation (3) was estimated

13 See Table 1. The producer’s ability to use “dieselisation” as a means of raising average fuel
efficiency may be limited by increasingly restrictive EPA standards on particulate pollution
from diesel engines.

14 This should take account of unspecified producer and division related characteristics which
cannot, of course, be included in the GM equation. It should be noted, however, that the
technique failed to produce an equation for AMC with acceptable predictive ability, and
AMC was therefore omitted from these tests.

15 Stucker et al. (1980) provide a survey of existing estimates of demand elasticities for
automobile classes. Unfortunately, few sets of estimates involving both own and cross price
elasticities appear to exist, and those that do turn out to violate the conditions for a profit-
maximising equilibrium (i.e., in our case, they do not imply 0 > € > —1). We therefore
followed Stucker et al. in reluctantly using only own price elasticity estimates, of which those
given by Carlson (1978) appear to be the most disaggregated. That is, € is approximated by
the inverse of Carlson’s estimates of (Pj/q~) (@ qj/ ] pj) below. We are, theref’ore, implicitly assum-
ing that the cross-price effects are negligible. Fortunately, our results do not appear to be
particularly sensitive to the estimates used.
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TABLE 2

Hedonic Equations*

The Total Sample

P = 3126 +131PCy —60.3PC, +27.1 PC¢+182AUT
35) (13) (3.5) Q7

+ 1248 CAD + 304 PS + 184 PB + 1049 ARC
(18) 37y (10 (20)

+ 1308 PWD + 1949 FDB + 426 CHR + 199 FRD
(137) (67) 22) (16)

+224 MRC + 997 LNC + 233 BUK + 194 OLD
(51) (11) (12) (13)

+ 122 CHV + 261 PON
(5) (24)

R?=095 F(18,197) =229

AUT = automatic transmission dummy

PC; = the ith principal component (see footnote 12)
i=1,...,6.

PS = power steering standard

PB = power brakes standard

ARC = air-conditioning standard dummy

PWD = power windows standard

FDB = disk brakes on all wheels standard

DOD = Dodge division dummy

CHR = Chrysler division dummy

CHV = Chevrolet division dummy

FRD = Ford division dummy

LNC = Lincoln division dummy

MRC = Mercury division dummy

BUK = Buick division dummy

CAD = Cadillac division dummy

PON = Pontiac division dummy

OLD = Oldsmobile division dummy

GM = General Motors

FOR = Ford Motor Company

CRY = Chrysler Corporation

* Standard errors are given in parentheses. All coefficients are significant at the 5% level.
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TABLE 2 (continued)
GM as a Price Leader
General Motors
Peum = 3206 +78.8PC; —133PC,+133PC3 — 88.5PC;4
(21.7) (25) (31.8) (22.4)
+216 PCg +226 AUT + 1024 CAD + 429 PS
(63) (37) (220) (63.2)
+ 225 PB+ 1071 ARC + 1256 PWD + 1215 FDB
(73.3) (175) (86.4) (22.5)
+ 138 PON
(36.7)
R?=0.97 F(13,88)=230
Market
P = 579+ 0.83Pgp + 173 MRC + 1667 LNC
(0.03) (77.4) (329)
R?=0.80 F(3,210)=289
Chrysler

Pcry = 1722+0.50 Pgp + 509 CHR + 120 DOD
(0.04) (74.9) (45.5)

R?=088 F(3,43)=108

Ford
Pror = 1342+ 0.64 Pgp +2049 LNC
(0.07) (316)

R?=0.87 F(2,46)=152

under two alternative elasticity assumptions. The first (E;) groups automobiles
into size classess, and adopts the estimates of demand elasticity for compact,
midsize, standard and luxury classes given in Carlson (1978).16 The second (E,)
assumes that these elasticities are equal across models. Though a more complete
and disaggregated set of elasticity estimates would clearly be desirable, the results
(Table 3) do suggest that our tests for a significant effect of the standard on
relative prices are not particularly sensitive to these elasticities.

Equation (3) was estimated separately for each of the three price observations
(P;;) for each model prevailing at different times during the year (beginning,

16 Carlson’s price elasticity estimates are: compact = 1.21, midsize = 1.30, standard = 1.54,
luxury = 2.07. Carlson also estimates an elasticity for subcompacts, but this estimate violates
our condition that 0 > € > —1. See footnote 5. Subcompacts were therefore aggregated into
the compact class.
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TABLE 3

Test Results, 1978—1980

1978
Beginning Middle End
MK PL MK PL MK PL

Market

E,; 48 92 76 119 68 108

E, — 519 248 628 220 580
AMC

El - - -

E, - - -
Chrysler

E,; — - — - - -

E, - - — - - -
Ford

E, 95 241 144 291 137 284

E, 631 1435 823 1637 790 1598
GM

E; 108 147 108 147 102 142

E, - 630 - 630 — 605

1979
Beginning Middle End
MK PL MK PL MK PL

Market

E; 85 184 99 201 — 161

E, 475 1124 517 1187 - 1045
AMC

E, - - -

E, - — —
Chrysler

E, - 213 - 218 — 250

E, 860 1440 869 1470 1029 1604
Ford

E,; 169 213 188 231 168 213

E, 943 1066 1040 1164 970 1086
GM

El - - - - - -

E, - — - — — -
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TABLE 3 (continued)

Test Results, 1978—1980

1980

Beginning Middle End

MK PL MK PL MK PL

Market
E, 186 - 181 — — -
E, 1298 707 1271 685 968 -

E, - 749 - 749 - -

MK
PL

tests using the market hedonic equation.

tests using the GM price leader hedonic equation.

the coefficient on the CAFE standard is insignificant at the 5% level according to a
one-tailed test.

specification using demand elasticity estimates.

specification assuming demand elasticities are equal.

E,
E,

The numbers in this table indicate the estimates of ¢, (under assumption E;) and a5 /(1 + €)
(under assumption E,) for those tests in which the hypothesis that the standard had significant
price effects cannot be rejected. Since 1 + € < 1, the estimates under E, are larger than those
under E;.

middle and end). The rationale underlying this test is that the difference between
the actual price of a model and its predicted 1977 price can be attributed either
to cost increases (the ao and a; terms) or to a response to the mileage standard
(the a, term). The results are reported in Table 3.

Tests were conducted for the market as a whole as well as for each producer
individually. In Table 3, those tests for which the hypothesis that the standard
had a significant effect on relative prices cannot be rejected are indicated by the
corresponding estimate of a, (in the case of assumption E,) or a, /(1 + &) (in the
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TABLE 4

1978 Sample Price Effects ($)

Class Compact Intermediate Standard Luxury
Mean
mileage 20.7 18.7 17.6 15.0
MK PL MK PL MK PL MK PL

Market

E, -57 -89 -12 -19 +5 +8 +29 +46

E, -32 -82 -9 -23 +6 +14 +50 +126
Ford

E; -108 -219 -23 —-47 +9 +19 +56 +113

E, -107 -213 -31 —61 +19 +37 +165 +327
GM

E, —81 —-110 -17 —-24 +7 +10 +42 +57

E, - -82 - —24 - +14 - +126

MK and PL refer to the market and price leader hedonics, respectively.

case of assumption E,). Those tests for which this hypothesis can be rejected are
marked with a dash (—).!7 These results are best discussed on a yearly basis.

1978. Table 3 indicates that the CAFE standard influenced relative automobile
prices in 1978 in the market as a whole, and for Ford and GM in particular. AMC
and Chrysler do not appear to have been affected. To illustrate the possible extent
of these effects on prices, we estimate in Table 4 the corresponding price changes
for automobiles with mileages equal to the means of our four size classes in 1978,
using the middle-of-the-year estimates of a, and a,/1 + €). The tests of signific-
ance do not seem particularly sensitive to our assumptions on elasticities, but
these estimated price effects clearly are. However, the rough orders of magnitude
should be apparent.

1979. Overall market prices in 1979 still appear to be affected by the standard.
This time the individual producers adjusting their relative prices are Ford and
Chrysler. Table 5 follows the same basis as Table 4, but uses 1979 mean mileages
in each class. Further evidence of the changes in model characteristics between
1978 and 1979 is givn by the changes in average mileages, especially in the luxury
class.

1980. Table 3 gives little evidence that any of the four producers resorted to
relative price adjustment as a means of meeting the CAFE standard in 1980.
Paradoxically, however, it appears that overall ‘““‘market™ prices may have changed

17 The test used is a one-tailed ¢ test that a, > 0, at the 5% significance level.
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TABLE 5

1979 Sample Price Effects ($)

Class Compact Intermediate Standard Luxury
Mean
mileage 21 19.6 18.2 18.5
MK PL MK PL MK PL MK PL

Market

E,; —54 -110 -14 —28 +12 +25 +5 +10

E, —49 —113 -16 -38 +23 +52 +14 +32
Chrysler

E,; - -120 - -30 — +27 - +11

E, —83 —140 —27 —46 +38 +65 +23 +40
Ford .

E, -103 —127 -26 -32 +24 +29 +10 +12

E; -99 —111 -33 -37 +46 +51 +28 +31

MK and PL refer to the market and price leader hedonics, respectively.

in a manner consistent with such behaviour. This puzzling phenomenon presum-
ably results from the fact that the market is a combination of four individual
producers, with different average price increases and different mixes of large and
small models. In particular, this outcome is consistent with the hypothesis that
producers whose model mixes are biased towards large cars have higher average
price increases. In any event, this result shows how potentially misleading a con-
centration on overall market prices may be for a policy which applies at the level
of the individual producer.

As a final exercise, we examined adjustments in prices during the model year.
Even if model prices were not initially affected by the standard, it is possible that
minor adjustments were made over the model year as a means of ensuring com-
pliance. To this end, we repeated the test above, substituting beginning
and middle of year base prices as predictors of middle and end of year prices
respectively. Table 6 contains the results. Here significant coefficients of either
sign are reported, while insignificant coefficients are denoted by a dash (—). As
one might expect, there is no obvious pattern, but the use of minor price vari-
ations to meet the standard cannot be ruled out. Thus, for example, Ford in 1979
appears to have adjusted relative prices in the middle of the model year to raise
the probability of meeting the standard. This adjustment was then reversed in
end-of-year prices — perhaps an indication that the middle-of-year adjustment
“overshot” what was necessary. Similar interpretations apply to other years and
other producers.
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TABLE 6

Intra-Year Price Changes ($), 1978—1980

1978 1979 1980
Mid End Mid End Mid End
AMC
E, - — — - - —
s — - — - _ _
Chrysler
E,; 41 31 - 48 - —-162
E, 195 179 - 258 — —-805
Ford
E, 51 - 19 -40 - -
E, 211 - 107 —-207 - -
GM
E; - -5.5 27 —-132 - —83
E, - -21.8 143 —607 - —-471

the coefficient on the CAFE standard is insignificant according to a two-tailed test.
specification using demand elasticity estimates.
specification constraining demand elasticities to be equal.

L
oo

IV. CONCLUSION

In summary, we find that three U.S. automobile producers adopted a strategy
of adjusting relative automobile prices in order to meet the CAFE standard at
some time during the period 1978 to 1980 (Ford and GM in 1978, Ford and
Chrysler in 1979). However, by the end of the period it appears that the standards
were being met partly by producers adapting the characteristics of their auto-
mobiles to enhance their fuel economy, and partly by shifts in demand (towards
smaller models) as a result of events in the oil market.

Finally, a few comments can be made on the implications of these results for
other applications of this type of policy. First, applying a standard ‘“‘on average”
rather than specifically to every variety of product has obvious advantages in
allowing for greater product diversity. Because the U.S. auto market is highly
concentrated and dominated by manufacturers of a full line of products, average
standards can be applied on a product basis. But other industries, where most
producers specialise in a few models, would not have the same scope for intra-
firm adjustment. There a system of marketable ‘“fuel economy entitlements”
might be necessary to avoid the bankruptcies, or unwelcome increases in con-
centration, that might occur as above- and below-average model producers merged
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to internalise the externality created by the standard. Second, increased compet-
ition from Japanese imports was an important feature during the period of our
tests, and it has been argued that the CAFE standard contributed to some
domestic producers’ difficulties. But, from the results in this paper, it would
appear that the standard in itself did not place domestic producers at a disadvant-
age. The smaller-sized, more fuel efficient Japanese imports were not directly
affected by the standard, but the results of the standard for domestic producers
included lower prices for the models most directly in competition with imports.
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