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Abstract:

In the application of the hedonic quality adjustment method to the price index,
multicollinearity and omitted variable bias arise as practical issues. This paper proposes the
new hedonic quality adjustment method using "sparse estimation” in order to overcome
these problems. The new method deals with the problems by ensuring two properties: the
"Grouped Effect" that gives robustness for multicollinearity and the "Oracle Property" that
provides the appropriate variable selection and the asymptotically unbiased estimators. We
perform an empirical analysis applying the new method to the producer price index of
passenger cars in Japan. The result shows that, compared with the conventional standard
estimation method, the new method brings the following three benefits; 1) a significant
increase in the number of variables in the regression model, 2) an improvement in fit of the
model to actual prices, and 3) the reduction of the overestimation in quality improvements
due to the omitted variable bias. These points suggest that the proposed method is likely to
improve the accuracy of the price index while enhancing the usefulness of the hedonic
guality adjustment method. We expect that this method supports effective use of big data for
price statistics through automatically building a good performance model by extracting all
necessary information even with the large dataset.
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1. Introduction:

Given the price index indicates "pure” price changes of the product over time, it is essential
to adjust the price difference attributable to quality differences between old and new
products in response to the renewal of products in the market. The hedonic quality
adjustment method is one of the quality adjustment methods for the price index. It extracts a
guality change by using the regression model which estimates the relationship between
characteristics and prices while assuming the quality of a product can be represented by the
accumulation of individual characteristics.

The hedonic quality adjustment method has two main advantages; 1) it can objectively
evaluate the quality changes of products based on data and statistical methods rather than
on the subjective judgement, and 2) even if there are various changes in characteristics of
products, it can comprehensively evaluate the effects of these changes on the product
prices. Therefore, the hedonic approach has been applied in the compilation of the
consumer price index (CPI) and the producer price index (PPI) in many countries.

However, there are some issues for applying the hedonic quality adjustment method in
practice. First, if the characteristics of the products are highly correlated, the problem of
multicollinearity on the explanatory variables is likely to arise, and it may cause the omitted
variables bias through the variable selection based on the statistical significance.
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Furthermore, it is known that the problems of multicollinearity and omitted variable bias can
be more serious as the model has more complex functional form to deal with the non-linear
effects of price determining characteristics.

In this paper, we attempt to overcome these problems by introducing the new estimation
method employing "sparse estimation" in the estimation of the hedonic regression model.

2. Methodology:

Taking into account the non-linear relationship between the price and characteristics of a
product, the Bank of Japan (BOJ) previously employed the following hedonic regression
model with the Box-Cox transformed term?, and it was estimated by using the ordinary least
squares (OLS) method, in the compilation of the PPI and export/import price index.

Dc Pd
yi%) = By + Z ﬁcjxcj,i(lj) + 2 BaxXak,i » &y
j=1 k=1

where y;: theoretical price, x;;: continuous variable, x4, ;: dummy variable,
B,: constant term, ﬁcj: coefficient on a continuous variable,

B, coefficient on a dummy variable,

Ao: Box-Cox parameter for theoretical price,
A;: Box-Cox parameter for a continuous variable,

p,: number of continuous variables, p ,: number of dummy variables.

However, there are some issues with this method in that the parameters are not stable
due to multicollinearity and omitted variables, which can cause bias in the parameters when
the explanatory variables (characteristics in the hedonic regression model) are highly
correlated. In particular, it is known that the omitted variable bias becomes more severe on
complex functional forms, and it poses a risk of generating downward bias in the price index
because of an overestimation of the rate of quality improvement.

To deal with the aforementioned issues, we introduced the new estimation method with
"adaptive elastic net: AEN", a type of sparse estimation proposed in Zou and Zhang (2009).
Sparse estimation performs variable selection and coefficient estimation at the same time
under the property called "sparsity". This method has an advantage over the previous one
(equation (1)) in that it can automatically derive a more stable and fitted model. In addition,
the AEN incorporates the L; norm (sum of absolute values) and the L, norm (sum of
squares) of coefficients as regularization terms in the two-stage estimation of coefficients
(see equations (3)-(5) below). Then it enjoys two desirable properties: the "Grouped Effect"
that gives robustness for multicollinearity and the "Oracle Property" that ensures the
adequacy of variable selection and coefficients (Zou, 2006).

Given these properties, the new estimation method selects variables and a functional
form simultaneously by extracting variables from the quadratic multivariate regression model
with interaction terms, shown as equation (2), in the AEN estimation. Note that this
regression model is to incorporate interaction effects among characteristics of a product
while maintaining the non-linear relationship between price and characteristic in the
regression model.

Y =logy;,

1 The Box-Cox transformation of a variable x with the Box-Cox parameter (1) is as follows (Box

and Cox, 1964).

xt—1

W =177 1#0)
log x A=0)
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y;: theoretical price, x;;: explanatory variable, Ejk: coefficient on x;;xy ;,

p: humber of candidate explanatory variables, n: number of samples in dataset,
A1 > 0: Ly norm regularization parameter (1st stage),

A" > 0: Ly norm regularization parameter (2nd stage),

Az > 0: L, norm regularization parameter,

y > 0: adaptive parameter, w;, > 0: adaptive weight.

3. Result:
In this section, we apply new and previous hedonic regression models to passenger cars in
Japan and compare those results.

Chart 1 shows the rate of change in theoretical price due to one standard deviation
increase in continuous variables where a hypothetical data with all variables are set at the
mean value over the sample period. It is clear that the number of explanatory variables in the
regression models increases and this is accompanied by a reduction in dependence on just
a few specific variables. For instance, regarding the driving performance of passenger cars,
in addition to the maximum output, which is solely selected in the previous model, the new
estimation method enables the incorporation of characteristics related to the acceleration
performance into the model, such as humber of gears and maximum torque.
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Chart 1: Estimated Effects of Characteristics on Price of Passenger Cars

As for the estimation accuracy of these models, we calculate the mean squared errors
for both in-sample and out-of-sample period (Chart 2). We can find that the fit of regression
models to actual price generally improves in the new estimation method for both in-sample
and out-of-sample data. Since the quality adjustment is generally applied to products that is
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released after the estimation, the improvement in the out-of-sample fit implies an increase in
the usefulness of the hedonic quality adjustment method in practice.
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Chart 2: Fit of Hedonic Regression Models by Estimation Method

In fact, looking at the price index of "standard passenger cars (gasoline cars)" in the
PPI, it can be seen that the estimated index, which is retrospectively calculated by applying
the new hedonic estimation method to all quality adjustments, shows similar developments
to the published price index? (Chart 3). On the other hand, the estimated index by the
previous method highlights the risk of over-estimating the rate of quality improvement as it
shows an excessive decline in the price. These observations suggest that an increase in the
number of explanatory variables under the new method contributes to the accurate
estimation of quality improvement rates in practice.
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Chart 3: Estimated Price Index by New and Previous Methods

4. Discussion and Conclusion:

This paper introduces the new estimation method for the hedonic quality adjustment to
overcome the problems due to multicollinearity and omitted variables. The AEN, which is
employed in the new method, provides two desirable properties: the "Grouped Effect" that
gives robustness for multicollinearity and the "Oracle Property" that ensures the adequacy of
variable selection and asymptotic unbiasedness of coefficients.

2 In the compilation of the PPI, the BOJ choose the most appropriate one among various quality
adjustment methods including the hedonic quality adjustment method based mainly on review of
an estimated quality improvement with a respondent firm. If the estimates by the hedonic quality
adjustment method cannot pass this review, the BOJ applies other quality adjustment methods
such as the production cost method.
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The empirical analysis for passenger car prices in Japan suggests that the new method
using the AEN potentially offers following benefits: 1) a significant increase in the number of
variables incorporated in the model, 2) an improvement in fit especially for the out-of-sample
period, and 3) less omitted variable bias which reduces the risk of over-estimation of the
guality improvement rate. Therefore, the new method is expected to make the hedonic
guality adjustment more accurate and more applicable for various sample replacements.

As mentioned above, since the hedonic method is based on data and statistical
methods, it has strength in its objectiveness and applicability for a quality change
accompanied by developments in a wide range of product's characteristics. The increased
usability of the hedonic regression model will lead to the more accurate price index.
Moreover, the proposed estimation method is a highly efficient as it can automatically build a
good performance model by extracting all necessary information even with the large dataset.
We expect that this method supports effective use of big data for price statistics.
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