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Abstract

This study analyzes the effects of product turnover for price measurements. In addition to variety
effects, we consider the effects of the price differentials between new and incumbent products.
The decomposition of a unit value price index (UVPI) into price change effects, substitution
effects, and turnover/new product effects reveals the magnitude and sources of differences
between the UVPI and the Cost of Living Indexes with variety effects. Using a large-scale
scanner data, we find that the product turnover effects that reflect the price gap between new and
old goods are quantitatively important when constructing a general price level index.
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Introduction

Establishing how the entry and exit of commodities affect consumer price indexes
(CP1Is) as well as cost of living indexes (COLIS) is a serious econometric problem. New
products are introduced into markets almost daily, and, accordingly, a number of goods
disappear on an almost daily basis. However, most economic indicators of prices,
including official CPIs, are based on fixed bundles of commodities. Therefore, many
newly introduced goods are neglected by the official statistics unless the new products

account for a significant market share.
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Figure 1: Product Appearance Rate

Notes: We define new goods as those goods for sale in the current period that were not available
during the same week one year before. “Share of New Goods (Sales)” is the share of sales of new
goods in total sales at a store in a week. “Share of New Goods (Number of Items)” is the share of new
goods in the total number of items at a store in a week. When constructing shares, we calculate the

shares at store level and then aggregate them over stores.



Figure 1 shows the weekly appearance rate of new products at supermarkets from our
point-of-sales (POS) data.® More precisely, it shows the share, within total products, of
the products that did not exist during the same week in the previous year, in terms of both
the number of items and the proportion of sales. Measured by sales, new products
account for about 35% of all products, whereas, in terms of the number of items, new
products occupy more than 40% of the total sales.? Accordingly, by limiting the product
bundle to products that have been available in the market for more than one year, a
significant quantity of sales information is neglected.

Although official CPIs are based on a limited number of products, most economic
data, including consumer expenditure and company sales data, cover all products that are
traded. In other words, the price index is based largely on continuing goods, whereas
expenditure and sales data include new goods that have just entered markets. This
divergence in the product space between expenditure and the price index could cause
serious inconsistency when constructing “real” economic variables if new goods are

priced differently to incumbent goods.

The treatment of new products has been one of the most important issues in
constructing price indexes. In the long history of price index theory, commencing with
the seminal works of Fisher (1922), almost all of the index formula considered require at
least two or more price data at distinct times or places so that we can calculate the price
relatives, the ratio of the prices for the same commodity at two different times or places.
Quite obviously, without multiple observations of prices, it is impossible to construct
most of the well-known price indexes, including the Laspeyres and Fisher indexes. One
of the commonly adopted approaches for handling newly appeared or disappeared goods

is to create hypothetical price data.® If we have a complete set of information about

1 Section 4 describes the POS data in detail.

2 Figure 1 treats goods with identical commodity codes (the Japanese Article Number) sold at
different stores as different commodities. Therefore, the product appearance rate does not
necessarily correspond to the appearance rate of newly released products from manufacturers.

3 See Consumer Price Index Manual: Theory and Practice (2004, Chapter 8) by the
International Labor Organization, the Organisation for Economic Co-operation and



commodity characteristics that affect consumers’ welfare, it is possible to employ a
hedonic approach to construct hypothetical price data. However, in most cases, the
available information on product characteristics is far from complete. In practice, simpler
methods such as the overlap approach are adopted for most product categories when
calculating price indexes. Although the overlap approach is easy to implement, we need
to assume that newly appeared goods have the same price dynamics as incumbent goods.

Unfortunately, this is not the case.

Figure 2 compares the changes in prices of new and incumbent products. The line
shows the relative (unit) price of newly introduced cup noodles compared with the
average price of incumbent cup noodles. Soon after their introduction, the price of the
new cup noodles tends to be about 20% higher than the price of the incumbent goods.*
That is, as this example indicates, prices of new goods often exceed prices of incumbent

goods.

From Figure 2, we can observe that: (1) new goods are priced differently from
incumbent goods; and (2) the dynamic price paths for new goods are different from those
of the incumbent goods. These two observations, together with the quantitative
importance of new goods depicted in Figure 1, strongly suggest that entry and exit of
commodities should be considered seriously when constructing a general price index.

This study addresses this issue.®

Development, the Statistical Office of the European Communities, the United Nations, the
International Bank for Reconstruction and Development, and the World Bank.

4 Pricing patterns over product life cycles and their relationships to price indexes are an active
research area. For example, see Balk (2000), Klenow (2003), Bils (2009), and Melser and
Syed (2013).
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Figure 2: Differences in Unit VValue Prices of New and Incumbent Cup Noodles

Notes: The relative price of items is based on cup noodles traded from September 2012 to December
2014. The horizontal axis shows the number of weeks that have passed since the introduction of the
items. The vertical axis is the relative price of the items. The average price normalizes at unity.

Relatively low prices in week zero might reflect bargain sales to promote new goods.

Another approach to considering goods that have recently appeared or disappeared
when constructing price indexes is to use economic theory. Based on a constant elasticity
of substitution (CES) aggregator function, Feenstra (1994) and Feenstra and Shapiro
(2003) derive a formula for a COLI that captures the welfare effects of variety expansion.
Broda and Weinstein (2010), also using the CES aggregator function, find that new goods
cause significant “bias” in the price index. Variety expansion effects have become of
increasing interest in many fields of economics, including international trade, economic
growth, and business cycle research.® In the analyses by the authors mentioned above, the

appearance of new goods affects consumers’ welfare through a change in the total

6 See Bernard, Redding, and Schott (2010), Bilbiie, Ghironi, and Melitz (2012), and

Hamano (2013) for recent developments.



number of product varieties, not through price differentials between new and incumbent
goods. Although the variety channel is certainly important, other effects, including the
introduction of commodities with higher/lower prices or qualities, can have a major
impact on consumer welfare and the general price level. For example, assume that a firm
replaces its old product with a new product of the same quality but with a higher price.
Ceteris paribus, consumers’ welfare will decrecase and the true COLIs will increase.
However, as the total number of product varieties is unchanged, the COLIs constructed
by Feenstra (1994) will remain unchanged, despite the fact that consumers’ welfare

decreases.

Rather than focusing on the variety expansion effects, the present study considers the
effects on the price index of the price differentials between new products and incumbent
products. More precisely, we construct a unit value price index (UVPI) that covers all
products, including new goods. The change in the UVPI is decomposed into: (1) standard
price change effects that are identical to the changes in the Laspeyres price indexes; (2)
substitution effects within the continuing goods category that reflect changes in the share
of commodities; and (3) turnover/new product effects that capture the contribution of the
price differentials between new and incumbent goods. This decomposition is an extension
of the previous studies by Silver (2009, 2010) and Diewert and Von der Lippe (2010),
which consider continuing goods, but exclude our third effects, the turnover/new product

effects.

If the differences in quality between new and existing goods are negligible, the price
differentials between new and incumbent goods affect COLIs in a straightforward
manner. On the other hand, if there are substantial changes in quality between the new
and incumbent goods, the price differences will mainly be a reflection of the quality
differences. In such a case, the third effects (the turnover/new product effects) can be
offset by the differences in quality in terms of their impact on consumers’ welfare.
Unfortunately, without detailed information on product characteristics, it is impossible to
identify the importance of quality differences. That is, the third effects tell us the two

extreme cases. If price differences between new and incumbent goods are very small after



controlling for quality differences, the sum of the first and second effects can be regarded
as the unbiased estimates of the true CPI. On the other hand, if the newly appeared goods
are of the same quality as the old goods, but have higher/lower prices, the third effects
contain very important information on consumers’ welfare that is not captured by the
conventional price indexes based on continuing goods, or by the COLIs based on variety
expansion effects. We suspect that the effects of the quality differentials between the new
and incumbent goods lie between the two extreme cases. That is, our estimates of the
UVPI with the turnover/new product effects provide upper limit estimates of the true CPI

if the quality of the new goods is no worse than that of the incumbent goods.’

In the empirical part of this study, which is based on weekly scanner data collected in
4,000 retail stores across Japan, we show that a decomposition of the data into these three
effects above reveals that the turnover/new product effects are generally nonnegligible.
The effects became very large during 2007, 2008, and the period after 2014, so that the
discrepancies between the UVPI and other price indexes and COLIs became significant.
During these periods, input prices for companies increased because of the depreciation of
the currency and the surge in material prices. Rather than increasing the tag price of
incumbent goods, it is possible that companies introduced new goods of a similar quality
and price to the old but of a smaller size or quantity to obscure the price increase. Section
6 discusses the relation between quality and price changes during those periods in detail.

The rest of the paper proceeds as follows. In Section 2, we review the COLIs with
product turnover developed by Feenstra (1994) and Broda and Weinstein (2010) to
inform our calculation of COLIs based on the POS data in a later section. Section 3
explains our UVPI and the decomposition of the UVPI into the three price change effects.
Section 4 describes the scanner data used in this study. In Section 5, we compare and
discuss the results of the UVPI and COLIs with product turnover and conventional price
indexes. Section 6 discusses some cases of actual product turnover to illustrate the

possible effects of quality differences. The final section concludes the paper.

1t is also possible that new goods are lower quality and have higher prices than incumbent
goods. In such a case, the turnover/new goods effect is lower than the true price effects.



I. Cost of Living Index with Product Turnover

The seminal work of Feenstra (1994) develops the concept of the COLI with product
variety, based on the CES-type utility function. Broda and Weinstein (2010) extend the
COLI to include the effects of brand variety. In this section, we review the COLIs
developed by Feenstra (1994) and Broda and Weinstein (2010).

A. Feenstra’s Cost of Living Index

We start by describing the CES utility function of the representative consumer. The

upper level utility function, U,, at time t is specified as follows:

_g_
o—1

o-1
ve={ Y BT )
gt€G
where Cg"t is the aggregate consumption of product group g, € G, S, is the weight of
category g, in the CES utility function, and G is the set of all product groups. Note that
we allow the elements of each product group set, g;, to vary over time. That is, in each
group, new commodities could emerge and other goods disappear, so that the total
number of commodities in the set g, is not constant over time. o is the CES across

product groups for demand. The lower level of the utility function is:

=Y ala)y e |

where g} is the consumption quantity of the individual goods index i € g,, and a; is the

weight of goods i in the CES aggregator. g, is the CES within product group g, for



demand.® Solving the optimization problem of the consumer, we obtain the unit cost

function of ¢7* as follows:

1
E(: g¢) 104 \1 7%
tgt == Z af (pt) % )
Ct i€Eg:

where p, is the vector of individual prices and p; is the price of the individual goods

index, i € g;. The COLI of product group g, can be written as:

E(pe 9t)

COLI(pt; Pt-y, 9t gt—y) - m

Sato (1976) and Vartia (1976) show that the above COLI can be calculated without

estimating the values of a; and oy, if the sets of individual product groups are the same
between the current and base period: that is, if g. = g,_,, = g. The exact price index,

Plsy(pe Pe—y, g), can be formulated as follows:
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where
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Y. we(g) —wi,(9) ieg Ptqt
9\ 1n (Wt‘ (g)) —1In (Wti—y(g))

It is possible to obtain the aggregate-level Sato—Vartia-type COLI, as follows:

g
|
gea

8 To be precise, g, should be denoted as a,, because the goods category varies over time. To
keep the expression simple, we omit the subscript t from gy, .



where
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Based on Sato (1976) and Vartia (1976), Feenstra (1994) develops the concept of the
COLI for the case in which sets of individual products are not the same between the

current period and the base period: that is, g; # g;—,. Feenstra’s COLI is defined as

follows:

1
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The term Ag; denotes the sales share of the surviving goods between the current and
base periods in the current period t, whereas AB? is the sales share of surviving goods

between the current and base periods in the base period, t-y. When the set of product

groups changes, Feenstra’s COLI becomes the product of the exact price index based on

1

gri—y and the term (AS5/A5)%=1, which is known as the group-level lambda ratio,
adjusted by a,. Note that, unlike the Sato—Vartia-type COLI, to obtain the lambda ratio,

we require information on the elasticity of substitution for demand within a group.

The aggregate-level COLI based on Feenstra (1994), PIf, is given by the following

expression:

10
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B. Broda—Weinstein’s Cost of Living Index

Based on Feenstra (1994), Broda and Weinstein (2010) extend the COLI by taking
account of within-brand and across-brand variety. In other words, in addition to product
variety effects, Broda and Weinstein (2010) consider brand expansion effects. Their
COLI has three layers: brand-level, product group-level, and aggregate-level COLIs. The
brands are the lower layer in the product groups. The set of brands that change over time
is denoted as b, which is a subset of g,.

The aggregate-level COLI based on Broda and Weinstein (2010), PIZY, is defined as

follows:

1 PP (b)

A5\ owp () -1
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where PISV(pt,pt_y, bt,t—y) is the brand-level Sato—Vartia-type COLI. a,,,(b) is the

substitution elasticity of demand within brands in brand b, and o, (b) is the substitution
1
elasticity of demand across brands in product group g,. (A5;/A5%)owe® " is the brand-

1
level lambda ratio adjusted by a,,,(b), whereas (A;i/lgi)“ab(g)-l is the group-level

lambda ratio adjusted by o,;,(g). The parameters, ASL, ADS, gt» and /12?, are defined,

respectively, as follows:

- i i
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wb(b) and ¢ (g) are defined, respectively, as follows:
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To calculate the Broda—Weinstein COLI, we need to estimate the elasticities of

substitution for demand both within and across brands in a category from the data.

I1. Decomposition of the Unit Value Price Index

In this section, we define the UVPI and demonstrate the procedure for decomposing
changes in the rate of the UVPI into the effects of a standard product-level price change
within continuing goods, the substitution effects within continuing goods, and the
turnover/new product effects. That is, this section presents and discusses a formula that
describes the inflation rate of the UVPI as the weighted sum of the three effects, as
follows:

Inflation Rate of Unit Value Price Index
= a; XPrice Change Effects + a, XSubstitution Effects

+ a3 XTurnover Effects + a4 XCross Term.
A. Unit Value Price Index as a Cost of Living Index

Assume that the representative consumer obtains utility from the total sum of

consumption volume, that is, all the consumption goods are perfect substitutes in each

12



category. For example, although a 500 ml orange juice package and a 1000 ml orange
juice package of the same brand are distinguished from the perspective of their Universal
Product Codes, their contents are virtually the same. We assume that the consumption of
these two orange juice packages gives the same utility level to a consumer as does the
consumption of a 1500 ml package of orange juice of the same brand. Under the
assumption of perfect substitution within the category, we can measure the price level of

one category as the UVPI.

More concretely, we assume that the utility function of the representative consumer

has the following two layers:

g

a_—_lo'
Ur = Zﬁg(cigt)a )

gt€G
cte = vid,
i€ge
where v! is the volume of product i.

Then, the unit cost of product group PV (g) can be written as:

PY(g) = E(pt, 90, v, 9¢) _ Z < vigt )P_%

gt . il i’
Ct i€ge Zlegtv qt v
where v is a vector of vi,i € g.

The UVPI is defined as:

P/ (gs)

PIU(pt: Pt—y, 4t Qt—y, Gt gt—y) = pU (G
t-y\Jdt=-y

The aggregate-level COLI is given by the following expression:

gu
o = [Tttt
gea

where

13
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B. New Goods, Old Goods, and Continuing Goods

To capture the effects of the changes in the product space, first, we classify all
products in category g, into three groups: (1) new goods, (2) old goods, and (3)
continuing goods. Consider two periods, the current period t and the base period t - y,
where vy is a fixed time interval, such as one year. An individual product i is defined as a
“new good” in period t if the product exists in period t but not in period t - y. Similarly,
an individual product i is defined as an “old good” in period t if the product does not
exist in period t but exists in period t - y. An individual product i is defined as a
“continuing good” in period t if the product exists in both period ¢ and period t - y. gV,
g2, and Jrt—y denote the set of new goods, the set of old goods, and the set of continuing
goods, respectively, in category g in period t. By construction, the set of available goods
at time t in category g, g; is a union of the new goods and continuing goods: that is,
9:=9¢ U gp—y. Similarly, the continuing goods can be defined as the intersection of g,
and g;_: that is, g.,—, = g¢ N ge—y. It is straightforward to derive the following

relations:
gt = 9:\gee—y,
g? = gt—y\gt,t—y-
C. Unit Value Price Indexes for New Goods, Old Goods, and Continuing Goods

Let us denote the quantity and price of item i sold in period t as qi and pf,
respectively. v denotes the volume of product i. The total unit value price of category g
in period t, PY(g), can be expressed as the weighted sum of the unit value price of

continuing goods, PY¢(g), and that of new goods, P’V (g).

14
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Similarly, we can construct the UVPI in period t - v, P, (g), as the weighted sum of

the unit value prices of continuing goods, PY¢ y(9), and of old goods, prYe v (9).

viqiy  \Pi

U — Yy Yy

PL@= ) <2~ " ) -
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. i i i
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where
c Ziegt't_yvlqé—y 0 Zlegt v qt -y
wi,(g) = WO (g) = et
ZiEgt_y v CIt—y ZiEgt_y vt qt—y
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D. Decomposition into Price Change, Substitution, and Turnover/New Goods Effects

The inflation rate of the UVPI can be written as follows:

PY(9) — PL,(9)
PY,(9)

(Pt”_cy (g)> wi (9P (g) —wi, (OPS,(9)
PY,(9) PYS,(9)

<PtU—Oy (g)> wi (@DPIN (9) — wiy (9 PES, (9)
PY,(9) PYS,(9) '

Using the formula for the Laspeyres price index, ¢ (g), the substitution effect among

continuing goods, ¢ (g),° and the effects of product turnover, we can express the rate

of change of the UVPI as the weighted sum of the three price effects and the cross-term:1°

P/ (9) — PL,(9)

PY,(9)
PY5(9) PS5, (9)
= ( P&;(g) Wy ()i (9) + ( pﬁzj@) wiy ()6 (9)
N w, (9 (PY€(9) — PES, () + wi (9) (PPN (9) — PPC(9))
PY,(9)
PtU—Cy(g)
<m> wi_y, (@)L (9l (9),

where 7€ = (PY¢(g) — PY5,(9))/PYS5 (), and

9 We follow the definition of Diewert and Von der Lippe (2010) in relation to the substitution
effect. This substitution effect can be written as the covariance between the change in the
volume share and relative prices. See A2 in Appendix A for details.

10 See Appendix A for the derivation.
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The first term on the right-hand side (RHS) of (5) is the standard price change effect
measured by the Laspeyres formula. Note that if there were no product turnover, we
would obtain P?S,(g) = P2, (g) and w{_,(g) = 1. Thus, the first term would be equal
to the standard rate of price change, m2¢(g). The second term represents the substitution
effects within the continuing goods category. If this term were negative, a product with a
relatively lower unit value price would increase its volume share. That is, the substitution
effect captures the degree to which demand shifts in response to the differences in relative
prices. The third term shows the contribution of product turnover to the UVPI. The
numerator of the third term is the weighted sum of the price differential between (1) new
goods and continuing goods, and (2) continuing goods and disappearing goods. Note that
wto_y(g) is the ratio of disappearing goods within the total volume of goods sold in
period ¢ — y, and PY¢(g) — PtU_Oy (g) shows the differences between the unit value prices
of continuing goods and old goods. In addition, note that wY (g) is the ratio of new goods
to the total volume of goods sold in period ¢, and that PN (g) — PY¢(g) shows the
difference between the unit value prices of new and continuing goods. The third term is
interpreted as showing the substitution effects that occur through product turnover. The
final term represents the cross-effect of the substitution effects and price change effects

that are supposed to be quite small.

I11. Point-of-Sales Data

In our empirical analyses, we use Japanese store-level weekly POS data, known as the
SR, collected by INTAGE Inc. The data set contains information on weekly store-level

sales of processed foods, daily necessities, and cosmetics that have commodity codes and

11 SR is the abbreviation for the Japanese “Syakaichosa-kenkyujo Retail Index,” which means
the “Retail Index by The Institute of Social Research.”
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a Japanese Article Number.* The sample period is between January 2006 and February
2016, which enables us to calculate the yearly rate of price changes that occur between
January 2007 and February 2016. The data set covers various types of stores, general
merchandise stores (GMSs), supermarkets, convenience stores, drug stores, and
specialized stores, including liquor shops, located across Japan. The data set contains
detailed information on the volume content of products, such as the number of washing
loads for which each box of laundry detergent can be used, as well as standard
information, including weight (milliliters or grams), the number of items, and the number
of meals for food products. Table 1 provides a detailed description of the data set used to
calculate the aggregated UVPI and the COLIs in the next section. The sales records
provide pretax price information. Our data set has 84,958 individual products and, on

average, more than five million observations per week.!3

One noteworthy characteristic of the data set is its detailed commaodity classification.
In the SRI data, commodities that have volume information are classified into more than
1,000 categories, which is about seven times more than the number of classifications
adopted by the Japanese official statistics. As Diewert and Von der Lippe (2010)
emphasize, when constructing a UVPI, aggregation over heterogeneous goods must be
avoided wherever possible. We expect that the highly detailed classification of our data
set will help to mitigate the aggregation bias indicated by Diewert and Von der Lippe
(2010). When calculating a UVPI, we take the average unit value price for each brand

and category, so that brand-level differences in quality are taken into account.'*

12 Fresh foods are excluded from the data set because they lack commodity codes.

13 This summary table uses the same data that are used to calculate the Feenstra and Broda—
Weinstein COLIs.

14 To avoid the sample selection effect when calculating the rate of change of

individual product prices, we limit the store and category space to a range, such that
stores and product categories exist in both the current week and the same week of the

previous year.
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Table 1: Summary of Weekly POS Data

Statistics # of stores  # of catgories  # of makers # of products # of obs Sum of sales
Store Type .
(thousand) (mil. yen)
Total average 3,438 804 14,439 84,958 5,459 11,089
standard deviation 182 5 395 5,199 540 851
min 3,114 789 13,590 78,307 4,484 8,643
max 3,768 813 15,128 95,910 6,671 14,733
General average 203 790 10,891 51,606 1,029 2,974
. standard deviation 9 4 286 2,782 121 234
Merchandise ™
Store min 175 778 10,306 47,499 829 2,470
max 218 803 11,461 57,536 1,262 3,938
average 980 792 12,535 61,584 2,348 4,529
standard deviation 24 5 317 3,060 166 309
Supermarket "
min 929 779 11,870 57,067 1,976 3,359
max 1,042 804 13,122 68,048 2,802 5,528
average 992 708 7,219 36,491 998 1,442
standard deviation 26 14 357 3,064 137 144
Drugstore X
min 837 666 6,502 31,263 693 916
max 1,044 734 7,794 42,709 1,292 2,314
average 737 388 2,039 8,440 459 551
Convenience standard deviation 31 17 69 289 22 64
Store min 648 359 1,899 7,843 393 391
max 790 435 2,296 9,527 504 760
average 526 753 7,830 43,853 625 1,593
Other standard deviation 152 10 485 5,049 119 281
min 387 734 7,261 37,828 463 1,089
max 793 776 8,821 54,573 922 2,982

IV. Empirical Results

Figure 3 shows the results of the UVPIs based on Equation (4) and the official CPI
over the same categories.'® As we limit the number of product categories, the official CPI
in Figure 3 covers about 10% of the expenditure of representative households.® In
addition, for the purpose of comparison, the figure shows the UVPI calculated from only
continuing goods and the Sato—Vartia COLI, both of which are based on the POS data.
The four indexes have very similar movements; in particular, the Sato—Vartia COLI and
the UVPI (continuing goods) are very similar. However, wide discrepancies between the
official CPI and the UVPI occur in 2007—2008 and from the latter half of 2013 to 2016.

15 The UVPI and Sato-Vartia COLI are constructed using all store types. We calculate these
indexes for each store type and then aggregate them using actual sales weights estimated by
INTAGE Inc.

16 In order to compare the UVPI and the official CPI with a broad base, we use an extended
number of categories (1,057) in the SRI data rather than the categories shown in Table 1.
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Figure 3: The Unit Value Price Index and the Official Consumer Price Index

Figure 4 shows the UVPI and conventional price indexes: the Laspeyres and Paasche
price indexes and the Sato—Vartia COLI, based on the transaction records in supermarket-
type stores.!’ Clearly, all indexes have similar up-and-down movements over time,
although the UVPI is occasionally slightly higher than the Sato-Vartia COLI. As the
standard index theory predicts, the Laspeyres index has a higher inflation rate, whereas
the Paasche index has a lower inflation rate than the Sato—Vartia COLI. The average
difference between the Laspeyres index and the Paasche index is large, around five
percentage points, probably reflecting frequent bargain sales by supermarkets.® The
Sato—Vartia COLI, which is a composite index of price change rates using weights of the
logarithmic average of the base period and the current period sales, has an almost mean

value between the Laspeyres index and the Paasche index.

1" These indexes are calculated from the same categories used by the Feenstra and Broda—
Weinstein COLIs for the purpose of comparison.

18 When bargain sales are implemented in the current period, the prices decline compared with
the base period and the quantities sold increase remarkably in the current period. Then, the
Paasche index, which is a composite index of price change rates using sales weights for the
current period, reflects a price decrease. On the other hand, when bargain sales are
implemented in the base period, the prices increase compared with the base period and the
quantities decrease. Then, the Laspeyres index, which is a composite index of price change
rates using sales weights for the base period, has a strong tendency to show a higher inflation
rate with frequent bargain sales.
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Figure 4: Unit Value Price Index and Traditional Price Indexes

A. Cost of Living Indexes with Product Variety and Unit Value Price Index

As the Laspeyres and Paasche price indexes and the Sato—Vartia COLI are calculated
from the set of continuing goods, g,.—,, the product variety effect is not included. To
consider the effects of the change in the product space, we need to construct other price
indexes, including the Feenstra COLI, the Broda-Weinstein COLI, and the UVPI. We
calculate the Feenstra and Broda—Weinstein COLIs based on the POS data using
equations (2) and (3), respectively. To calculate these COLIs, we need to estimate the
elasticities of substitution for demand based on the POS data. In this study, we adopt the
estimation method of Feenstra (1994).1° The estimation results for the demand and supply
elasticities of substitution are summarized in Table 2. To avoid measurement errors, we
adopt the brands that have estimates for the within-brand elasticity of demand with values
that are lower than the 95th percentile. In addition, for the calculation of the COLIs, we
adopt the product groups that have estimates for the across-brand elasticity of demand

with values that are lower than the 95th percentile.

1% The detailed estimation procedure is shown in Appendix B.
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Table 2: Estimated Elasticities of Substitution for Demand and Supply

Within Brand Across Brand
Demand Supply Demand Supply
Percentiles
0.01 2.842 0.699 1.325 -0.810
0.05 4.336 2.180 2.136 -0.103
0.10 5.344 3.372 2.566 0.470
0.25 7.485 6.238 4.138 2.666
0.50 11.670 11.690 8.769 13.082
0.75 24.596 25.431 32.455 42.874
0.90 74.102 72.531 96.117 104.307
0.95 177.241 167.347 166.129 181.368
0.99 1,749.787  1,928.260 894.507 582.915
Number of Estimates 22,841 22,833 862 862

The results of the Feenstra and Broda—Weinstein COLIs based on the POS data are
shown in Figure 5. Whereas the Feenstra COLI reflects only the product variety effects
in each brand, the Broda—Weinstein COLI reflects both the effects of product variety in
each brand and brand variety in each product group. In addition, we show the results of
the Sato—Vartia COLI as a basis for comparison in this figure. As the Sato—Vartia COLI
is calculated from the set of continuing goods, the differences of the other indexes from
the Sato—Vartia COLI reveal the effects of product variety change and brand variety
change. We find that the Feenstra COLI and the Broda—Weinstein COLI have lower
inflation rates than those calculated by the Sato—Vartia COLI. Thus, the variety change
has negative effects on the general inflation rate. However, the difference between the

Feenstra and Broda—Weinstein COLIs is very small.
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Figure 5: Sato—Vartia, Feenstra, and Broda—\Weinstein COLIs and the Unit Value
Price Index

Figure 6 shows the aggregated within-brand and across-brand lambda ratios that are
adjusted by within-brand and across-brand substitution elasticities, respectively. Whereas
the within-brand lambda ratios adjusted by substitution elasticities are significantly lower
than unity, the across-brand lambda ratios adjusted by substitution elasticities have very
small fluctuations away from unity. Here, we use manufacturer information to identify
brands because of the difficulty of identifying within-brand variety in a manufacturer’s

products. Thus, the effects of brand variety changes are small.?

20 We use only the estimates of within-brand elasticities to calculate Feenstra’s COLI in which
brands are considered as product groups.
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Figure 6: Aggregated Lambda Ratios for Within Brands and Across Brands

As Figure 5 shows, the UVPI is generally higher than the Sato—Vartia, Feenstra, and
Broda—Weinstein COLIs. The remarkable advantage of the UVPI is that, when the total
number of products is unchanged, if newly introduced but virtually identical goods are
relatively more expensive than the old goods that they replace, the UVPI exhibits higher
inflation. In contrast, the Feenstra and Broda—Weinstein COLIs show no inflation. The
distance between the UVPI and the other COLIs widens after the increase in the
consumption tax rate that occurred in April 2014. During that period, many producers
released new products that had virtually identical contents to their old products and were
sold at the same prices, but had reduced volumes. The introduction of such “new” goods

was observed frequently in Japan during this period.

B. Decomposition of the Unit Value Price Index

Figure 7 shows the results of the decomposition of our UVPI into the three
components outlined earlier. We observe positive contributions from the product turnover
effect during 2007, 2008, and the period after 2014. We suspect that many producers
effectively raised prices through product turnover and volume change in these periods,
with limited changes in product quality. The substitution effects are generally negative,
implying a negative correlation between the change of volume shares and prices. The

substitution effects strengthened just before the tax revision, probably reflecting

24



consumers’ stockpiling behavior, which significantly reduced the inflation rate of the
UVPI.
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Figure 7: Decomposition of the Unit Value Price Index

C. Unit Value Price Index by Store Type

Figure 8 shows the results of decomposition of the UVPIs by store type. We observe
that the decomposition graphs for the GMSs and supermarkets are very similar. In
addition, it is clear that the price change and substitution effects for drugstores are smaller
than those for supermarkets and GMSs. In the decomposition for convenience stores, the
price change effects are small and the substitution effects are almost zero. We suspect
that the prices of goods sold in convenience stores are adjusted mainly via product
turnover. Figure 9 compares the UVPI and COLIs with product variety effects in each
store type. We find that the distance between the UVPI and COLIs with product variety is
largely the result of the product turnover effects for each store type.
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Figure 8: Decomposition of the Unit Value Price Index by Store Type
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V1. Quality Issues

As already pointed out, the turnover/new product effects are composed of two
different effects, changes in prices and changes in quality. It is virtually impossible to
quantify the contribution of the changes in quality within the turnover/new product
effects. However, by examining some cases of product turnover, we can gain some

insight into the relative importance of changes in quality.

Between April 2014 and March 2015, the turnover/new product effect in supermarkets is
about 1.5 percentage points. About two-thirds of the increase came from changes in the
following six product categories: yogurt drinks, Vienna sausage, soft plain yogurt,
processed cheese, sake (rice wine), and ice cream. Figure 10 shows the movements in the
average price and sales volume of these product categories, based on the products with
the largest market shares for each of these six categories. Three products underwent
volume changes when the new products were introduced, without any statement about
quality improvements being made in their advertisements. For example, one processed
cheese product was reduced from eight slices of cheese to seven slices, with each slice
having the same volume and ingredients as the old product. Three commodities claimed
improvements in quality; for instance, a new yogurt drink that appeared in September
2013 came in a new container that was supposed to be easier to open, and it was claimed
that a new Vienna sausage introduced in early 2014 was tastier. Sake, Japanese rice wine,
is different from the other product categories. There was no major sake product that
contributed to the commaodity-level turnover effects, implying that the increase in the
turnover/new product effects came from a number of different commodities with minor

market shares.

27



Yogurt Drink Sausage Vienna

(yen/milliliter) (share) (yen/milliliter) (share)
0.30 0.20 250 0.20
mmm share (old package) mmm share (new package) 0.18 mmmm share (old package) i share (new package) 018
0.25 ——unit price (old package) = unit price (new package) : ——unit price (old package) == unit price (new package) |
) 0.16 2.00 0.16
0.20 | 0.14 0.14
012 150 M 0.12
0.15 \ I i 0.10 0.10
0.08 1.00 0.08
0.10 I I I 0.06 0.06
0.05 I I I 0.04 050 0.04
0.02 0.02
0.00  MIIMMHRIHRLINI 1 0.00 0.00 ; 0.00
MOS0 - DO NTON0VD— —~NON~D0O A n © ML DO~ DOMT O~ 0D ©~ 0o o wn ©
S99 sdSsd9 YTl Q g4 §9338395383388985% JNg8B 3 og
LY 2IdIdIILIRScocwlIn R 9o sLYm2sddsILIX QI pT X d
e amSeSNSSNSSSSevsn2ew i) S R I R R T e BB OB 6 i
S9ESua3dIsIIs IS ISR R ] a9 SUESa IS SS S95499 R
N o o No OO NOONOO NOoOOoOdNOoOo o o N O o dNOo OO NOONOO oo dNOoOQo o o
SRYK] &RTVRRITRSK {ITVRK &R S]] KITVRIKITRSR {ITVRK &R
Yogurt Plain (Soft) Cheese Processed
(yen/milliliter) (share) (yen/milliliter) (share)
0.45 0.20 250 0.20
mmmm share (old package) s share (new package) 0.18 mmm share (old package) mm== share (new package) 0.18
0.40 ——unit price (old package) == unit price (new package) : ——unit price (old package) = unit price (new package) .
0.35 016 2.00 0.16
S NN
0.30 0.14 0.14
0.12 150 0.12
0.25
0.10 0.10
020 0.08 1.00 0.08
0.15 0.06 0.06
0.10 0.04 0.50 | e | 0.04
0.05 0.02 m ‘ ‘ 0.02
0.00 0.00 0.00 0.00
$ S
0\@“ 5 \'5\“% \&)\\ \\\' & v\“ &Qb h\m‘b u\\ o \\w\\m" 6\° L}\m‘b n \(_;\'1'\\&* 0\0 \,\}\Q S 5 4}\\"' &@' s o8 V\S" u\\ v\\"' b}@"' b}@“ 6\° 5\@ b}\\ b}\\"' &
R O AT T T
Sake Icecream
(yen/milliliter) (share) (yen/milliliter) (share)
3.50 0.01 3.00 0.05
mmm share (old package) i share (new package) mmm share (old package) s share (new package)
3.00 ——unit price (old package) == unit price (new package) 001 250 ——unit price (old package) == unit price (new package) 004
2.50
0.01  2.00
2.00 0.08
0.01 150
1.50 0.02
0.00 1.00
1.00
oco RN bRV, ., T Wl
S ,‘)\Q%\,\}\\Q O\\'\'\Q@' & &Q‘*’\&\Q\h\(\' S "\Qb RN @\O\b\@ O\Qb‘\,\)\%b O\Q% oS 0\0\\6\'\\@‘ \Qb N b‘\\ \0’ \6\' 5@“\% S \\\“\ x’"\ &
» PR DA D TS DT S S S

Figure 10: Some Cases of Product Turnovera

Notes: The right axes show the market share of the item within the commodity group and

the left axes indicate the unit value price.

VI1I. Conclusion

This study has investigated UVPIs and COLIs with product variety based on large-
scale retail scanner data. The scanner data cover the product categories of processed food,
daily necessities, and cosmetics. By extending the technique developed by Silver (2009,
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2010) and Diewert and Von der Lippe (2010), we decomposed changes in the UVPI into
three contributions: (1) price change effects (Laspeyres price index), (2) substitution
effects, and (3) turnover/new goods effects. The aggregate UVPI shows a higher rate of
inflation than do COLlIs, including the Sato—Vartia, Feenstra, and Broda—Weinstein
COLlIs. Product turnover effects are generally positive, implying that new products are
priced higher than are disappearing or continuing goods. Substitution effects are
generally negative, implying a negative correlation between volume shares and prices.
Substitution effects strengthened just prior to Japan’s consumption tax revision in 2014,
probably reflecting consumers’ stockpiling behavior, which significantly reduced the
inflation rate of the UVPI. After the tax rate increased, the turnover/new product effects

increased by one percentage point, contributing to the increase in unit value prices.

Analyses at the store-type level revealed that the influence of the three effects on the
UVPI varied greatly across store types. We observed that the contributions of the price
change and substitution effects in drugstores are smaller than those in supermarkets and
GMSs. The decomposition of the UVPI for convenience stores shows an even smaller

price change effect, while the substitution effect is virtually zero.

There are a number of tasks relating to our work that remain a subject for future
research. The increasing share of new goods in total sales after Japan’s tax revision
implies that the introduction of new goods is used as an instrument for price adjustment
to a certain extent. The increase in the UVPI after the tax revision was caused largely by
the introduction of more highly priced new goods. If factors such as potential damage to
product brands prevent producers from changing prices, the introduction of new, slightly
different (e.g., reduced volume) goods could be a means of avoiding price increases while
reducing costs for producers. Microanalyses of price and product adjustments merit

further investigation.

The UVPI did not capture changes in product quality, such as taste or durability. In
general, the quality of processed foods and daily necessities is very difficult to measure.
The Statistics Bureau of Japan does not adjust for the quality of processed foods and

daily necessities, except for volume (changes in grams or milliliters), when constructing

29



its CPI. As there is scarce information about the characteristics of processed food and
daily necessities, except for volume, it is difficult to employ a hedonic approach. As
Section 6 discusses, we suspect the contribution of changes in quality is minor in our
UVPIs. However, more detailed categorical-level investigations are needed to address the

quality issue further.

Other tasks remaining for future research include analyses of: (1) the effects of the tax
rate on the cycle of products introduced just before the tax reform; (2) other possible
measures for the COLI, including the multilateral chained index proposed by De Haan
and Van der Grient (2011); and (3) the impact on commodity prices of the large
depreciation in the Japanese yen in 2012.%

2L Recent works including Shioji (2015) and Hara et al. (2015) show that the exchange rate
pass-through into the Japanese price index increased after 2010.
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Appendix A

A.1l. Rate of Inflation of the Unit VValue Price Index

pY-pY _
—7—2), can be written as follows:??
t-y

The inflation rate of the UVPI, ! (=

UcC CpUC Cc UcC Uo NpUN o Uo
U — (Pt_y) Wi P “ =Wy, Pr, (Pt_y) wp PP =wi_y P,
£ =

U UcC U o
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We rewrite this equation as:

PtUC PtUO
U _ -y cC aUC -y 0 AUT
Ty = ( )Wt_yﬂ,'t + <PU )Wt_yT[t ,

U
Pt—y t-y
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where #Y¢ = Y Yand 2T = o 2,

Pt—y Pt—y

A.2. Price Change Effects and Substitution Effects

We define the Laspeyres price index of the continuing goods (r£¢) as follows:?3

a at
—-y i -y i
ZiEgt‘t_y 5y T XDt _Ziect » 7 Xpt—yl
TLC — LEgtt—y qt—y LEJtt—y de-y
t = i
iy i
ZiECt 1 Xpt—y
Ziegt,t_y qt—y

_ Ziegt,t_y [CI%—ypé] _
Ziegt‘t_y [qg—ypti—y]

As t€ captures the effects of price changes of the continuing goods, we refer to it as the

price change effects.

The substitution effect of continuing goods (¢{¢) is defined as:

22 In the appendix, we omit the indicator of product category g. Thus, here, we denote PU as
P (9). ‘ o _ o
2% In the appendix, p; denotes p;/v* in the main text and g;_,, denotes v'q;_,, in the main text.

31



UC _ pUC
UC_Pf — P

t = ucC )
F

i
di-y i
T XPt

pUC _
where P = Yieg,,_, IZiEgtt_y P l

Diewert and VVon der Lippe (2010) define covariance such that:
Cov(x,y) = = Xilx; = x ) = ¥ = 2 T (i — ¥,
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where T;: #(0;) is the number of products sold at time t.

The substitution effects (¢¢) can be transformed as follows:
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Because s} and s,fl_y are the volume shares of good i in times t and t—y, respectively, their

averages are the same. That is, ¥;ec,[si — si_,] = 0.

Thus, we obtain:

Z pé[stl' - Sé_y] == TtCOV(pt, St - St—y)'

iECt

Therefore, the substitution effects can be written by the following covariance:
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t

The RHS of the above equation is equivalent to the formula derived by Diewert and VVon
der Lippe (2010). The interpretation of the covariance term is straightforward. If the price
of good i were to exceed the average price, its volume share would be expected to

decline. This substitution effect captures the degree of the negative correlation.

A.3. Decomposition of 7&¢

To interpret the term with 7¢, we introduce variable 7C, as follows:

~UC — /aUC LC
T[t = T[t - T[t

PUC PtUC PUC PUC
= (Wt /Wt -y 1) Puc pUC  pUC
-y

= (wf/wiy, —1)A + ) + ¢f (1 + nl©),

PUC—PtliC
where n/¢ = 7~
Pt—y

Therefore, Y€ can be expressed as:
l¢ = i< + o/ + (wf /wiy, — 1) + [(wf /wf, — DrfC + ¢ nlc].

UC can be decomposed into four effects: (1) the price change effects of continuing
goods k¢, (2) the substitution effects within continuing goods, ¢Y¢; (3) the changes in
the weights of continuing goods between periods t and t-y, (wtc /Wt—y - 1); and (4) the

cross-terms.

A.4. Decomposition of {7

#lT can be decomposed into three effects: (1) the changes in the weights of new and
disappearing goods, (w,ﬁV /Wt—y — 1); (2) the price differential between new and

disappearing goods, w¥9; and (3) the cross-term, as follows:

33



#lT = (wd/wl, —1)+al + (Wl /wl, — 1)al°,

A.5. Unit Value Price Decomposition

m¢ can be expressed as:
PYS, PYS,
nf = (PU wi_, ¢ + 50 Wi, ¢ we,m'?
t-y t—y
Pt
+<P9 >(Wt — We_ y)n ( ) Wt — Wi y)n

Pt— P U—Cy Uc UC
+ PtU (Wt _Wt y) + PU Wt yd) .

t-y

The third, fourth, fifth, and sixth terms on the RHS of the above equation can be

simplified significantly, as follows:

P{S, Pt PYS,
(PU )Wt S0 +<P@ >(Wt —wi y)n +<PU )(Wt —wl y)n
t-y

_ we, (PP — PLS) + wi (PPN — PYC)
RZ, '
Note that wf —wf , =1—-wl —(1-wl,) = —-w{ —w,).

Thus, we obtain:

_ PtUC)

PYS, PYS, Wto_y(PtUC - PL5) + w (PPN
= (2wt + (72w
y

U
Pz,
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Appendix B

Feenstra (1994) estimates the substitution elasticity for demand and supply
simultaneously based on continuing goods transaction data. In Subsection 2.1, we assume

composite consumption, as follows:

a
-1

(o}
ag—l g

cf =D ala)

iegt

Then, the consumption share of product i in category g is given by the following

expression:

where wi = piqi/(Qieg,,., Pqt)-
Taking the log in the first difference of this expression yields:

Alnw} =y, — ((rg - 1)Alnp£' + &,

where y,=(o; — 1)AIn(E,/C7) and & = oylna;.

The supply curve of product i in category g is specified in the following log difference

form:

Alnpf = wgAlngf + &,
where w, is the inverse supply elasticity and & is a supply shock, which is assumed

independent to . From equations (A1) and (A2), we obtain the following expression:

. p . .
Alnp; =¢ + ——¢& + 6,

np; =, ag—lgt t
@g

where Y, =

(ye +AInE) , 6i=¢/(1+0,w5), and p=wy(o, —1)/(1+

1+agwg

OgWyg).
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If we were to subtract the same functions for product k in category g from equations

(Al) and (A3), we could eliminate y, and ¥, and obtain the following expression:

&l = (Alnw — Alnwf) + (g, — 1)(AIn p} — Alnpk)
5t = (1 - p)(Alnpf — Alnpf) — (ﬁ) (Alnw{ — Alnw}),
g

where & = g} — &f and §} = 6} — 6k. Multiplying these two equations and dividing the
result by (1 — p)(g, — 1), we obtain the following equation:
Yti - 91X£ + 92Z£ + ué,
where
Y{ = (Alnp{ — Aln pf)Z,Xti = (Alnw{ — Aln W{‘)Z,
Zt = (Alnw{ — Alnwf)(Alnp} — Alnpf),

_ £t6¢ o — p _ @p-1)
A=p)og =" (1-p)(a,—1)"  A=p)og—1)

u

To obtain consistent estimators, we take the average of equation (A4) for all ¢:
Yi = 91)?1' + sz_i +ﬁl
From the assumption of demand and supply shocks, E(ﬁ") = 0. We estimate g, and w

using equation (A5) by GMM.

When we perform the within-brand estimation, we denote the individual price and share

in the brand as p! and w/, respectively. When we estimate the within-brand estimation,

1

lCI‘ Tn—1
we adopt Plgy (pe, Pe—y brt—y) (Tg%) ’" and

Ziebt‘t_y péqé

— as p! and w, respectively, in this estimation procedure.

b
wy =
t Ybeg Ziebm_y Dtdt
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