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Abstract

A deterministic view of price indices offers no measure of index
reliability, a shortcoming that can be overcome by using regression analysis.
Recognising that Seemingly Unrelated Regressions estimation (rather than
simple regression analysis) may be appropriate, more precise interval
estimates of price indices can be computed. We show that the regression
approach to price index construction has benefits beyond those previously
discussed in the literature. Within this framework one can determine the
appropriate estimation technique and test for significant changes in the price
level. The statistical sensitivity of an index to the composition of the
underlying "basket" of goods can also be tested.

Address for Correspondence: Professor D. Giles, Department of Economics,
University of Canterbury, Private Bag, Christchurch, NEW ZEALAND 800l1.




1. Introduction

The stochastic approach to index construction has been discussed by Allen
(1975), Bannerjee (1975), Clements and Izan (1987) and Selvanathan (1989,
1991), among others. It has the merit of allowing the measurement‘ of index
value variability - standard errors for indices can be computed by regression
methods. Interpreting a price index value as a regression coefficient also
provides the basis for testing several interesting hypotheses. This is not
possible if the index is viewed deterministically. We consider such issues
and illustrate the potential of constructing price indices by regression

methods.

2. Laspeyres and Paasche Indices

Let Py and Gy be the price and quantity of the i'th commodity
(group) at time t, with t = O denoting the base period. It can be shown
(e.g. Selvanathan (1991)) that the Laspeyres price index at time t is the

Weighted Least Squares (WLS) estimator of 7, in
Pitdio = %Pio%ip * €y ¢ 1= Leen
after allowing for heteroscedasticity of the form
var.(e )=o~2p q. .
Uit t7io"io
That is, Ordinary Least Squares (OLS) is applied to

(Py4%i0/"Pi0%i0) = 7:Pio%0 * Uit

R n n
W= [ =z pitin]/ [ z pio“io) :
i=1 i=1

The Paasche price index in period t is the WLS estimator of Bt in the
model

Pitdi = BPiodie * Vip i=1..n




var.(v,.) = a.zp- q
it t Ti07it

That is, OLS is applied to the model

[pitqit/ "pioqit] = BYPiody + €y -

yielding By = [Z,Pitqﬁ]/ [-xpi()qit] :
i=1 i

=1

This approach yields standard errofs for each pricé idex at time t, so
that conifiderice intervais and tests are readily constructed: in practice ;t
and §t ¢dn be compited if nominal and real expenditire data are available for
each commodity (g"roup‘i.l This is illustrated in Table 1 with Australian

data.z

Testing the Modéls® Formilation

interpretation of these indices facilitates tests of some
iteresting Hhypotheses.  First; the specification of thé undeflying modeis
themiseivés €aii be tested: Park’'s (1966) prcic':'edux‘é:j can be used to test if the
érrors ih (i) and (8) satisfy (2) and (6) respectively. Table 1 reports
ilistrative results with the AustFaliai data which support this form of
heteroscedasticity; and Herce thé inodéls underpinfiing the Laspejrés and
Paasche indices, for these data:. The standard érfors reported in that Table
also support thé models - the price indices ('re'g'reésion coefficients) are
sighificantly différent from zero in all cases. The iié valués are similar for

both indices; though the quality of the models varies over time:




4. Systems Estimation

The likely covariance between index values over time suggests treating
groups of equations of the form (3) (or (7)) as a Seemingly Unrelated
Regressions (SUR) model, and jointly estimating a full price index series. In
the Laspeyres case each equation has the same regressor (xio) so the SUR and
single equation results coincide.4 SUR estimation is still advantageous here
as it permits tests of cross-equation restrictions. In the Paasche case the
SUR and single equation results differ and there are efficiency gains with SUR
if the joint error covariance matrix is non-diagonal.

Table 2 reports SUR results relating to nine yea\rs5 of the Australian
data. The Bruesch-Pagan LM statistics, which are Chi Square distributed with
36 degrees of freedom, are 258.28 (257.32) for the Laspeyres (Paasche) cases.
Thislre_jection of a diagonal covariance matrix supports the SUR framework,
within which other interesting hypotheses can be tested. For example, the
Wald tests of HO: 7, = 7t-l(Bt=Bt-l) vs. HA: T * rt_l(Bt*Bt_l) are reported
in Table 2, where we see that generally the observed annual price movement is
statistically significant. The official Australian CPI is also reported6 in
Table 2. The Laspeyres and Paasche point estimates are all within one

standard error of the corresponding CPI values.

S. The Composition of the Basket

The regressions underlying the price indices use sample observations
across commodity groups, suggesting a simple way to test the sensitivity of
the indices to the composition of the "basket" of goods. Any test for

structural change in a regression model can be used to test if the indices

change significantly (at any point in time) with the deletion of commodities

from the "basket”. Table 3 reports the results of applying the Wald test for

such structural change, under SUR estimation, when one commodity group is




deleted from the basket at a time. We see, for example, that the absence of
one of the Food, Housing, Durables or Miscellaneous groups (groups 1,4,5,10)
from the basket would have significantly changed the index values in certain
of the years reported. Conversely, omitting any one of the other groups would
not have had a significant effect on the indices.

The same analysis can be used to.test sensitivity to the deletion of more
than one commodity group. For example, although not reported in Table 2, if
both of groups 3 and 7 (Clothing/Footwear, Transport) are deleted from the
basket the Wald statistics7 for structural change in the Laspeyres (Paasche)
index range from 0.08 to 2.1 (0.08 to 2.2), so this deletion has no

significant impact on the indices. The numerical impact is also slight. For

example, the Laspeyres index based on the remaining eight groups ranges from

1.0055 in 1960 to 1.8682 in 1969, as compared with the first column of results
in Table 2.
6. Conclusions

The benefits of a regression-based approach to price index construction
have been explored in this paper, with an emphasis on the appropriate choice
of estimator and tests of economic importance. Our results demonstrate the
richness of this approach and suggest that there are substantial advantages in

viewing price indices in a stochastic, rather than deterministic, framework.




Table 1

OLS Price Index Estimates and Related Statistics

(Base-Value = 1 in 1960)

Laspeyres Paasche

s.e.
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Park’s test statistic is t with 8 degrees of freedom (Two-sided 5% (1%)
critical values are * 2.306 (* 3.355).) Here, Park's test involves
regressing the logarithm of the squared OLS residuals from (1) or (5)
on the logarithm of the regressor and testing if the slope parameter is
unity.




Table 2

SUR Price Index Estimates and Related Statistics

Laspeyres ) Paasche

-~

7 .e. s.e.

.0070
.0106
.0141
.0530
.0954
.1201
. 1590
. 1873
.2226

.0018
.0170
.0218
.0532
.087S
.1191
. 1569
.1919
.2296

.0089 . 1987
0167 .7189
0174 .2904
0193 .3227
0241 .5553
0277 .5713
0324 .5692
.037S .2602
.0407 . 7364

.0052 .1161
.0093 .7841
.0073 .3604
.0064 .3518
.0071 .5844
.0072 201.4375
0085 200.0351
0091 170.9905
.0127 22.7748

1
1
1
1
1
1
1
1
1
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W = Wald Statistic for testing L P (or Bt = Bt-l)' It is xz

distributed with 1 degree of freedom. (5% (1%) critical values are
3.84 (6.63).)




Tabie 3

Wald Statistics for Structural Change

Laspeyres

Commodity Group. Omitted
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The Wald Statistics are 2 distributed with 1 degiee of freedom. (5%
(1%) critical valués are 3:.84 (6.63).) Commodity groips are numbered
according to the ordering in footnote 2.
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Footnotes

*We are grateful to Antony Selvanathan and Offer Lieberman for supplying the

data used in this paper and to Judith Giles for helpful comments.

From (4) and (8), these price indices can also be interpreted as
Instrumental Variables regression coefficient estimators, obtained by
regressing Py oM Py with 9 Or q, as the instrument. This
interpretation is only useful if individual price and quantity data are
available.

These data were also used by Selvanathan (1991). They relate to ten
commodity groups - Food, Beverages/Tobacco , Clothing/Footwear, Housing,
Durables, Medical, Transport/Communication, Recreation, Education,
Miscellaneous. The SHAZAM package (White et al. (1990)) was used for all
of our computations.

See, also, Gujarati (1988, 329-330).

For example, see Srivastava and Giles (1987, 17-18).

The number of years (equations) considered at once, is limited by the
number of commodity groups (i.e., observations per equation). In our
cases, n = 1l0. We have also considered other nine-year groups of
equations and the results are available on request.

These figures are those published by the Australian Bureau of Statistics,

" re-based for comparison with the other index estimates.

In this case the Wald Statistics are still distributed as xz(l).










