Instability of the Hedonic Model and Its
Effect on the Quality Adjustment of
Price Index

-- The case of desktop PCs —
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1.Purposes of this research

 How is instable over time the hedonic
model for desktop PC?

 How do these instabilities effect on the
quality adjustment?

» Are these influences on quality adjustment
different between the functional forms?



2.Framework for Measuring the
Hedonic Function Depreciation

2.1 Quality Adjustment Using the
Hedonic Method

ﬁ: pnewé pold *100-100

where,
Prey - Priceof new product
Pyq - Priceof old product
g :quality ratio between old and new product

_ quality of new product _ predicted priceof new product
quality of old product  predicted priceof old product




2.2 Quality Adjustment Using the
Hedonic Method

t—n t—m t
Date of price Date of Estimating Date of price
replacement. hedonic function

Creating hedonic
function: f (e |t—m)

replacement. X_, = X
1

Date of quality evaluation.
Calculating quality ratio.

g(t,m,n)

=Mx100_100
f (%o [t=m)

2.3 Definition of instability
measure in hedonic function

d(t,m,n) =|g(t,mn)-g"(t,n) |

where

gtmny=— =M 160100
f (% [t-m)

g’(t,n)=g(t,0,n)

d(t,m,n): theextent of instability in hedonic function.
f (o |t —m) : hedonic pricefunction estimated at datet — m.
f(x |t—m): predicted priceof product with characteristic x,.

g(t,m,n) : hedonic quality index.

X, : characteristic vector of aproduct at datet.



3. Data and Estimation
Methods

3.1 Characteristic and price data

— The samples are the release-month prices of
products placed on sale between 1999 and 2003.

— The prices of each product appears in our data
set only once even if it continues to be sold in the
market.

— 1,539 samples
— Monthly data
— Data source : Nikkei PC (published by Nikkei BP)

mail-order price samples.
— Prices are at the retail level.



3.2 Explanatory variables of
Characteristic and price data

»CPU clock frequency

»RAM capacity

»Hard Disk Drive (HDD) capacity
»TFT monitor dummy X monitor size
»Time dummy (date of release)

3.3 Functional form in hedonic
regression

Linear
Log-Linear
Log-Log
Box-Cox Linear
Double Box-Cox



3.4 Sample period

* 12 months is adopted as the sample
period in estimating each hedonic
regression.

» To capture the time-series changes in the
parameters, we conduct rolling regression
with twelve months data.

3.5 Product set for virtual
price replacement

» Assume that the prices and characteristics
of the representative product is backward
moving averages over 6 months.

» Simulate the virtual price replacements
using the representative products at each
point.
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5. Characteristic of sample data
(the representative products at each point)
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6. Hedonic Function Estimation
Results : Linear form
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6. Hedonic Function Estimation
Results : Semi-log form
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6. Hedonic Function Estimation

6. Hedonic Function Estimation
Results : Semi Box-Cox form
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6. Hedonic Function Estimation
Results : Double Box-Cox form

6. Estimation Results of Hedonic
functions

» For the linear and semi-log functional
forms, the CPU clock frequency, RAM
capacity and HDD capacity parameters
decline overall.

* The Double Box-Cox functional form
shows changes in the parameter in certain
periods.

» the Double Box-Cox functional form
indicates that the extend of non-linearity
changes greatly depending on the
estimation period.



7.Influence of the Outdated
Parameters

. d__differential <M = P(@dm >0IM.N)

approach dd,,, =y, A
m=1...,M,
n=1...,N

* Regression d_ =ay +Bam+e
approach m=1... M
n=1...,N
where

M : upper limit of m(interval of updating hedonicfunction)
N : upper limit of n(interval of pricereplacement)

Example of setting (M, N)

e Incaseof M =12, N=6
»when the hedonic function is updated once
per year
»>the price replacement from the old products to
the new products every three months on
average.




d,., Differential Approach

Rwn =Pr(dd!  >0|M,N)
m=1...,M,
n=1...,N
dd;,, = d,,, - dom>>
i e (linear, semi -log, double-log, semi Box - Cox)
dbbox : double Box - Cox

7-1 the distribution of dd,
Linear form, M=12, N=12

LLLLLL

Rirer _ pr(dd!™ > 0]12,12) = 0.569
m=1... 12,
n=1..12

linear __ ~ylinear dbbox
ddmn _dmn _dmn

uuuuu



7-2. the distribution of dd .,
semi-log form

Semi Log

Ry = Pr(dds™® > 0]12,12)
=0.661

g m=1... 12,

n=1..12

semi-log __ A semi-log dbbox
ddrm - dmn - dmn

=

7-3. the distribution of dd_,,
double log form

Double Log

RIWelo, = Pr(dd P > 0]12,12)
=0.310
m=1,... 12,
n=1...,12

double-log __ 4 double-log dbbox
ddrm - dmn - dmn




Density

7-4. the distribution of dd .,
Semi Box-Cox form

Semi Box-Cox

- RMsa;‘ql Bo-Co _ pr(qq ::"i BoxCox 5 0]1212)

=0.570
m=1,... 12,
n=1..12
8 dd semi Box-Cox — dsemi Box-Cox __ d dbbox

Caleulation result of &y,
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7.5 Result of d ., differential
approach

For the linear and Semi Box-Cox functional
forms, Ry, generally exceeds 0.5 with some
exceptions. Moreover, under these functional
forms, R,y approaches 0.5 as the value of M
increases.

For the semi-log functional form, all the
calculated values of Ry, exceed 0.5. For this
functional form, the value of Ry rises along with
the value of M.

For the double-log functional form, all the
calculated values of R,,, don’t exceed 0.5. And
the value of R,,\ declines as the value of M rises.

8.1 Regression approach

d:nn :ali\/IN "':Bli\ANm"'g
m=1..., M,
n=1...,N

d : theextent of hedonicfunction instability.
m: the time- lag between the timeof hedonic model estimation
and that of application to actual pricereplacements.

i € (linear, semi -log, double-log, semi Box - Cox, double Box - Cox)
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8.3 Example:CGPI case

The “personal computers" item in CGPI

- the average monthly rate of change in the “personal computers"
item in the Bank of Japan's Corporate Goods Price Index (CGPI)
from January 2000 through December 2003 was approximately -
3.1%.

Price index compiling Conditions

* M=6,N=6:s,=0.5616 (double Box-Cox)

» The hedonic function is updated once per 6 month

» double Box-Cox form is adopted for hedonic function

» the price replacement from the old products to the new products every
3-4 months on average.

« the prices of one-third of the surveyed prices used are marked down
(an approach used when the quality of the new products exceeds
the quality of the old products) in every month.

Estimated error from instability

« The error from the instability of the function is approximately 0.2%
per month.

8.4 The results of regression
approach

» For all of the functional forms other than lineatr,
the value of B, increases as N grows larger.

» For the semi-log hedonic function the error in the
evaluation of the quality ratio increases
conspicuously along with the lag in the
estimation period.

» For the double-log functional form, the error
caused by the lag in the estimation period is
small. This is because the elasticity of
characteristics does not depend on the level of
the characteristic values in this functional form.



9. Summary in Influence of the
Outdated Parameters

 the extent of instability under the Double
Box-Cox functional form is comparatively
smaller than that under the linear, semi-log
and Semi Box-Cox functional forms

* the extent of the instability under the
Double Box-Cox functional form is but
greater than that under the double-log
functional form.

Concluding remarks(1)

» As the time-lag between the time of
hedonic model estimation and that of
application to actual price replacements
becomes longer, the evaluation of quality
by the hedonic regression method tends to
diverge from the ideal value.

* In particular, when characteristics between
the old and new products change greatly,
the estimation error increases.



Concluding remarks(2)

» The selection of functional form should depend
not only on the criterion of the sample fit when
the hedonic function is estimated but also on the
increase in error caused by the time lag from the
original estimation to the update.

* When the improvement in product quality is
rapid and the interval of function updating is
extremely long, it is desirable to select double-
log and other simple functional forms.



