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ABSTRACT
Using a new dataset, we document a systematic pattern in the demographic
characteristics of car buyers over the model year: as vehicle prices fall over the model
year, so do buyer incomes. This pattern is consistent with price-insensitive buyers
purchasing early in the year, while others waiting until prices decline, and suggests price
skimming (i.e. intertemporal price discrimination). Such consumer heterogeneity over

the model year raises questions for measuring quality improvements in new goods.
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Prices for light vehicles tend to fall over their model year, and retrace those declines
when next year’s models are introduced. Using a new dataset, we document that the
characteristics of car buyers vary significantly over the model year as well: as average
prices of vehicles fall over the model year, so does the average income of the buyers.
Under the assumption that income is negatively correlated with price sensitivity, our
results show that price-insensitive consumers buy early in the model year, with more
price-sensitive consumers waiting until prices fall.

This empirical result suggests car dealers engage in price skimming (i.e.
intertemporal price discrimination), introducing new models at a high price, selling to
those willing to pay top dollar, and then lowering the price to sell to the remaining market
segments. A large theoretical literature explores various facets of this practice but there
is little empirical evidence (see Nair (2007)). However, there are other explanations for
price declines over the model year," and we do not attempt to test between these
competing stories. Rather, we point out that our findings have potentially important
implications for price measurement.® In particular, the heterogeneity in the data raises
questions about the ability of standard matched-model methods to value quality
improvements in new goods.

A description of the data and our main finding is provided in section 2, and the

implications for price measurement are discussed in section 3.

2. Stylized Fact

Data on transaction prices and unit sales of new light vehicles at the
make/model/model-year level (for example a 2001 Honda Accord) are from JDPower.?
The data cover virtually all make/model/model-year combinations (models for short) sold
in the U.S. in our sample period, from late 1999 to 2003. The price data gives average
transaction prices, net of cash rebates and financing incentives across all buyers in a

month (consumers, firms and government);* the unit counts are the number of consumers

! See Pashigian, Bowen and Gould (1995) and Copeland, Dunn and Hall (2006).

2 \We consider price indexes that aim to split out the effect of changes in quality on price, the appropriate
perspective for deflators in the national accounts and the perspective taken in Bils (2004); the alternative is
a cost-of-living perspective (See Pakes (2003)).

® These data are described more fully in Corrado et.al. (2006) and Copeland et.al. (2005).

* The data do not provide an estimate of the value of optional equipment.



reporting the purchase of a vehicle. We aggregate the monthly data to quarterly to match
timing with our buyer characteristics data.

Figure 1 shows the average price for all models in a given model year in each
quarter, for the 2000-2003 model years. The average price of these cars range from just
above $22,000 to a bit below $26,000, with an evident decline over the model year.
During our sample period, U.S. auto makers used incentives quite liberally; this trend was
especially apparent in 2003, and these incentives account for much of the steep price
decline seen that year. Figure 1 is not direct evidence that the prices of individual models
are falling, on average, over the model year: the price of individual models may be
constant, but more expensive models may be sold earlier in the model year. We consider
this possibility below.

Data on the characteristics of car buyers is from surveys compiled by market data
vendor NOPworld. Respondents to their questionnaire report whether they purchased a
new vehicle in the previous 90 days. About half of NOP's questionnaires are sent out in
the first month of the quarter; we assume respondents purchased their vehicles in the
prior quarter. This classification system is not perfect, as some of these respondents may
have purchased their vehicles in the same quarter they responded to the survey, rather
than the prior quarter. Figure 2 shows, for each model year, the number of NOP
transactions we attribute to each quarter, along with the sales counts from JDPower’s
database where the date of each sale is assigned accurately. The NOP data display
approximately the same hump-shaped pattern in sales over the model year as the
JDPower data, indicating our timing classifications are approximately accurate.

The make/model/model-year information in the NOP world data is self-reported
and some responses do not correspond exactly with a JDPower make/model/mode-year
category. In some cases we aggregate several NOP categories into a match with a
JDPower category, but in most cases we have a one-to-one match between the two
databases.

The annual household income of the buyer is reported by NOP in brackets, with
widths of $5,000 for most brackets (for example the $25,000-$29,999 bracket) expanding
to $50,000 at the top end of the distribution ($150,000-$199,999); we use the midpoint of



each category as a proxy for the buyer's income.®> To ensure that these midpoints produce
adequate proxies for income, we ran regressions of household income as measured by the
midpoints on other demographic variables in the data set (such as the age and educational
attainment of the household head), and found patterns quite similar to those exhibited in
more widely-used surveys such as the Current Population Survey Annual Demographic
Supplements and the Consumer Expenditure Surveys.

We assume that a household's income is an important determinant of its
willingness to pay for a vehicle. A household's permanent income or consumption is
probably better suited for this purpose. As a robustness check, we computed predicted
values for income based on household heads' age, educational attainment, and other
demographics. In the next section, we substituted these predicted values for the
midpoints and obtained similar empirical results.

Figure 3 shows the main stylized fact of the paper, plotting the quarterly mean
income of car buyers over each of the 2000-2003 model years, along with the
corresponding contours for prices; two-standard error bands for the income means are
also shown. Average buyer income falls substantially over the course of a model year
along with the average car price. Getting at this fact from a slightly different angle, we
computed cumulative distribution functions (CDFs) of car buyers by timing of purchase
over the model year, for each income bracket. The CDFs of buyers in the lower-income
brackets were generally below the CDFs of buyers in the higher-income brackets: lower-
income buyers tend wait longer to buy a new car, buying later in the model year. This
can be seen in Figure 4. The fall in average buyer income for buyers of a particular
model year occurs despite the fact that the overall average income of car buyers in our
sample trended up from late 1999 to the end of 2003 (shown in Figure 5).°

It is possible that more-expensive models are sold disproportionately earlier in the
model year, and since the rich tend to buy these models more than the poor, this could
explain the common fall in prices and buyers' incomes over the model year. To check

that this is not the whole story - i.e. that the prices of individual models are falling on

® The highest income category was over-$200,000; households in this category were assigned a proxy value
of $250,000; using a different proxy value for this top bracket did not affect our results.

® First two and last two points of the overall average income line include some buyers of 1999 model year
cars, and 2004 model year cars, respectively



average, and that the income of buyers conditional on model type is falling on average as
well — we ran regressions of average prices and incomes on a full set of
make/model/model-year fixed effects, then averaged the residuals over makes/models in
each model year. The resulting plot - Figure 6 - shows that eliminating the fixed effects
associated with each make/model/model-year does not remove the downward sloping
pattern that prices and income show over the model year. In other words, prices and
buyer incomes continue to decline over the model year, holding the type of vehicle fixed.
The changes in income from the fourth quarter of the year before the model year to the
fourth quarter of the model year, for the 2000-2003 model years, are about $7800, $3800,
$4400, and $5100, respectively, and these declines in average income are statistically
significant, with t-statistics of 5.4, 2.7, 3.2, and 3.5, respectively.

With regard to periods where the two models overlap, in 2000Q4, households
who bought 2001 model-year cars had about $6500 more income than households who
bought 2000 model-year cars, and the t-statistic for this difference is 4.9 (Figure 6). In
2001Q4, households who bought the newer model-year had about $3100 more income (t-
stat of 2.5), and in 2002Q4, newer model-year buyers had about $5000 more income (t-
stat of 3.4). In each case, buyers of the newer model year cars have significantly higher
income than buyers of the still-available older model year cars, after controlling for

composition.

3. Implications for Price Measurement

Matched-model methods often translate the observed price declines for cars over
the model year into rapid rates of quality improvement; the matched-model indexes of
Corrado, Dunn and Otoo (2006) show an average quality improvement of 8% per year.
An alternative method in Bils (2004) supports these magnitudes of quality improvements.
However, while the BLS uses matched model indexes for some components of the CPI, it
does not do so for cars. Instead, the BLS obtains estimates of quality improvements
directly from firms, and their resulting price indexes fall much less rapidly.

Numerically, matched-model indexes account for quality change in two ways.
Over the model year, the indexes control for quality change by tracking prices for
identical goods. Our finding does not in and of itself present problems for measuring



price change over the model year; as long as the goods may be considered identical, the
price declines represent “pure price change” that will be properly recorded as such by the
matched-model index. ’

The potential difficulty with buyer heterogeneity lies in the ability of matched-
model methods to value quality improvements in new goods. When new models with
potentially different characteristics are introduced, the matched-model method interprets
any gap in prices for old and new models at a point in time as the market’s valuation of
the quality differences—differences in characteristics across goods (Aizcorbe 2006).
This makes sense with a representative consumer that buys all goods every period; he
was willing to pay all prices so that the gaps between them could reflect his value of the
quality differences.

However, with heterogeneous consumers, this gap comingles differences in the
price that arise from the fact that the goods are different—differences in quality—with
those that arise because the buyers are different—differences in valuations across buyers.
In the simplest case with only two goods, where an old good exits at time t and is
replaced by a new good, the matched-model compares the prices of the new and old good
to value the quality improvement in the new good.? Literally, the gap in prices measures
the difference between what price-insensitive buyers paid for the new good and what a
price-sensitive buyers paid for the old good.

Suppose, instead, that one wanted a measure of the average valuation over all
buyers in the market in that period. Intuitively, buyers of the old model were not willing
to buy the new model at the market price, so the gap in prices probably overstates their
valuation of the quality differences. However, the new-model buyers similarly did not
want to buy the old model at the market price so the gap in market prices probably

understates their valuation of the quality differences.’ Hence, it is not clear how one can

" If the price declines over the model year reflect a deterioration of unobserved quality, matched-model
indexes will not track identical goods and will incorrectly attribute the price declines to “pure price change”
rather than declines in quality. See Erickson and Pakes (2008) on how the presence of unobserved product
characteristics affects price measurement.

® This is similar to what happens when the BLS substitutes in a new good for one that exited.

° This presumes that the dealer transparently offers both models at market prices to the relatively rich, new
model buyer. If buyers are ill-informed, dealers may try to manipulate them and steer them towards certain
models. For example, if buyers are not generally aware that both models are for sale, dealers may initially
offer only the new model at the market price. Relatively rich buyers with high reservation prices will buy
it, not aware of the alternative. Relatively poor buyers reject the new model, at which point the dealer



tie the usual matched-model valuation to the valuations of the underlying buyers. Year-
over-year price comparisons across model years may hold the characteristics of buyers
more constant, alleviating the problems of buyer heterogeneity we have documented. But
some alternative method for valuation of quality change must be employed in such

comparisons, possibly hedonic regression.

offers the old model at a lower price. If this or similar practices are widespread, the gap in market prices
likely overstates buyers’ average valuation of quality change.
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Figure 1: Price Contours, 2000-2003 Model Year Vehicles
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NOP Counts
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Figure 2: JDPower and NOP World Transaction Counts,

2000-2003 Model Year Vehicles

Dashed Lines are NOP World Transaction Counts

Solid Lines are JDPower Transaction Counts by Model Year,
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Figure 3: Price and Income Contours,
2000-2003 Model Year Vehicles
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Solid Thick Lines are Mean Buyer Incomes with 2 SE bands (thin solid lines)
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Figure 4: Cumulative Distribution Functions,
Cumulative Purchases Over Model Year,
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Figure 5: Income Contours with Standard Errors,
2000-2003 Model Year Vehicles
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Figure 6: De-Meaned Price and Income Contours, with Standard Errors for Income,

2000-2003 Model Year Vehicles .
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