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bin. Aggregation allows us to include more data by combining different
tax regimes.14

In the absence of tax incentives, we might expect this decimal dis-
tribution to be uniform. The actual distribution shows a marked de-
parture from uniformity, with far more observations just at, or just
to the right of .5.15 This difference is highly unlikely to be due to
chance. Comparing either the number of vehicle configurations in
the .4 bin to the .5 bin, or comparing the sum of the .3 and .4 bins
to the sum of the .5 and .6 bins, yields a p-value less than .0001 on
a test that they are drawn from a uniform distribution.16 Fig. 5 pro-
vides a sales-weighted histogram of the ratings' decimals. Here, the
gap between sales around the notch is even more pronounced,
though the distribution shows greater variation overall.17

The statistical tests cited above are based on the assumption that,
in the absence of notch responses, the occurrence of .4 and .5 deci-
mals would be the same. This assumption may not be precisely cor-
rect if the overall fuel economy distribution has a positive slope, in
which case there might be more .5 decimals for reasons unrelated
to the notches. If this were driving our results, we would expect
Figs. 4 and 5 to show a tilt across all decimals, i.e., there would be
more .1 than .0, more .2 than .1, etc. We do not see this pattern.

To further dispel such concerns, we redid our statistical tests after
accounting for the overall shape of the fuel economy distribution, the
results of which we report in Table 2. First, we estimate a polynomial
through the frequency distribution in Fig. 2, omitting observations at
the .4 and .5 decimals. We then use the predicted values from these
polynomials to predict the relative number of .4 and .5 decimals

that should occur, given the shape of the distribution. Combining
these estimates yields the predicted probability that a vehicle would
have a .5 decimal, conditional on the observation being either .4 or
.5, under the null hypothesis that the polynomial predicts the relative
prevalence correctly. We then use this new predicted probability to
ask how likely it is that we would have observed 150 observations
at .5 out of 249 that were either .4 or .5. Rather than simply doing a
single t-test with the adjusted probabilities, however, we bootstrap
this entire procedure (starting by resampling our microdata) so as
to incorporate the variance that arises from the estimation of the
polynomial.

Table 2 shows that this adjustment has very little impact on the
estimated probabilities. The first row of the table shows what we
label the binomial model, which is our original assumption that the
counterfactual probabilities of ratings ending in .4 and .5 are equal.
We observe 150 out of 249 above the notch. Under the binomial
model assumption, the expected number of observations above the
notch is 124.5, and the standard deviation is 7.89. The second row
of Table 2 shows the expectation and standard deviation when only
a linear control is used, and the third row shows a fifth-order polyno-
mial. The expected number of observations above the notch and the
standard deviation change only slightly. This is not surprising because
the overall shape of the distribution in Fig. 2 does not exhibit a dra-
matic slope. The probability of observing 150 observations above

14 As shown in Table 1, the value of the Gas Guzzler Tax changes at each .5 in fuel
economy ratings, except for 1980, 1981, 1983 and 1985, for which years we adjust
the data to match the .5 notch point in the figure.
15 Results are qualitatively similar if we restrict the sample to unique observations by
dropping all vehicles with the same manufacturer, cylinders, displacement, transmis-
sion and fuel economy rating as some other vehicle, either within or across years. This
restriction is intended to drop repeated observations of the same engine, which may be
installed on several different models. All results in the paper are robust to dropping
such cases.
16 This significance test comes from treating the observations in the restricted distri-
bution just around the notch as a binomial distribution, with points above the notch
treated as a successful trial. We calculate the p-values reported here using the normal
approximation to the binomial distribution.
17 Results are even more dramatic for the Big Three automakers, for whom there is
even more pronounced bunching, though the sample size is small – less than 7% of ve-
hicles that pay the Gas Guzzler Tax were made by the Big Three.
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Fig. 5. Gas Guzzler Tax decimal distribution, sales weighted: all vehicles, 1988–2007.
Note: IRS and NHTSA data; sample size is 945.

Table 2
Statistical tests of bunching above Gas Guzzler Tax notches.

Observed
number above
notch (out of
249 within
.1 mpg)

Expected
number above
notch under
null hypothesis

Standard deviation
of number above
notch under null
hypothesis

p-value

Binomial model 150 124.5 7.89 0.0007
Linear control
function

150 125.4 7.89 0.0009

Quintic control
function

150 124.8 7.97 0.0008

Note: The binomial model assumes that the probabilities that a vehicle has a fuel
economy rating ending in .4 and .5 are the same. The linear model modifies this
assumption by adjusting for the overall shape of the distribution using a linear fit,
excluding observations within .1 mpg of a notch. The quintic model extends this by
using a fifth order polynomial to estimate the distribution's shape. Statistics for the
linear and quintic models are derived via bootstrap to account for sampling variation
in the estimated polynomial.
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Fig. 4. Gas Guzzler Tax decimal distribution, unweighted: all vehicles, 1980–2009. Note: IRS
data; sample size is 1476. In several years, the notch is at whole integers (the .0 bin). For
those years, we shift decimals by .5, so the notch is always represented by the .5 bin.
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is further evidence that the bunching in the vehicles subject to the tax
is due to a strategic response to notches.

For an additional false experiment, we examine a closely related
fuel economy measure, individual vehicle CAFE ratings, which do
not have a notch at .5. Each vehicle in a manufacturer's fleet is given
a CAFE rating based on a weighted average of the vehicle's city and
highway fuel economies. These combined ratings, which are calculat-
ed to the tenth of an mpg (e.g., 27.5 mpg), are used to calculate a
sales-weighted average for all vehicles made by a given manufac-
turer. This sales-weighted average is then rounded to a tenth of a

mile-per-gallon for use in determining compliance with CAFE. Be-
cause the individual fuel economy ratings are not rounded to integers
prior to averaging, there is no incentive for manufacturers to push in-
dividual vehicle CAFE ratings above any particular decimal.20 Fig. 7
shows the combined CAFE rating decimal distribution. The ratings
are roughly uniform, as expected. There are slightly more observa-
tions in the .5 bin than the .4 bin, but this difference is not statistically
significant.21 This is further evidence of our main conclusion.

4.4. Bunching above the top gas guzzler notch

Looking only at the fuel economy ratings used in the IRS data does
not reveal what is arguably the most striking evidence of bunching,
which is found at mpgs just over the final Gas Guzzler Tax notch,
above which no tax is due. Getting fuel economy above this final
notch allows a vehicle to not only lower its tax burden, but also
avoid being negatively branded as a “guzzler.” The IRS does not pub-
lish ratings for vehicles that are not subject to tax. Thus, to examine
bunching at the value that allows vehicles to escape the tax altogeth-
er, we are limited to our EPA data, available from 1978 to 1983 and
1998 to 2007.

Between 1978 and 1983, the Gas Guzzler Tax schedule was chang-
ing (see Table 1). In 1978 and 1979, there was no tax. The tax began in
1980, at which time it had a “top” notch of 15.0. This changed to 17.0
in 1981, and then to 18.5 in 1982, and finally to 19.0 in 1983. Fig. 8
shows the distribution of fuel economy ratings for passenger cars in
each of these six years. In each diagram, the dashed blue vertical
lines indicate the location of future top notches. The unbroken red
vertical lines indicate the top notch effective for the year shown.

These six figures suggest a precise response to the top notch.
Before the policy, a large fraction of vehicles lay to the left of the
blue lines, so they would be subject to a tax in future years. When
the tax is introduced for cars below 15.0 mpg in 1980, a majority of
the vehicles that were previously below this level are gone. The
same adjustments occur in 1981, 1982 and 1983; in each year, most
of the vehicles that would have been just below the notch have
moved. The entire distribution shifted rightward, not just vehicles

20 Manipulation of the Gas Guzzler Tax rating will translate into manipulation of the
CAFE rating, because the two numbers are identical in early years and extremely close
to each other in later years. Thus, we omit passenger cars with combined fuel economy
ratings below 23, which would be subject to the Gas Guzzler Tax.
21 A test of the difference between the .4 and .5 bins yields a one-sided p-value of
.092, and a test of the difference between the .3 and .4 bins from the .5 and .6 bins
yields a one-sided p-value of .400. Overall, a chi-squared test statistic of the null hy-
pothesis that the data are distributed multinomially with equal probability on each
bin cannot be rejected (p-value of .994).
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Fig. 7. Distribution of CAFE combined rating: 1978–2005. Note: NHTSA data; sample
size is 18,045.

(a) Passenger Cars Subject to Tax

(b) Passenger Cars Not Subject to Tax

(c) Light Trucks with Fuel Economy in Taxed Range
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Fig. 6. Gas Guzzler Tax rating decimals for several vehicle groups: 1999–2007. Note:
Total sample sizes are (a) 608, (b) 5422 and (c) 3236. Vehicles in parts (b) and
(c) are not subject to the tax and not expected to exhibit bunching.
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