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l. INTRODUCTION

1. For the composing of the Consumer Price Index (CPI), Statistics Netherlands uses different
kinds of surveys at this moment. Monthly, more than 200 interviewers visit shops al over the country
collecting prices. Furthermore, written surveys are sent out, prices are collected from price lisssand
from the Internet In total, Statistics Netherlands monthly collects about 90,000 prices.

2. In the past decade, alot of Dutch retailers introduced the use of scannersin their shops. Articles
are coded according to the European Article Number (EAN) system. For retallers, this devel opment
has led to more efficiency, because it offers afully automized administration of both turnover and
supplies. Statistics Netherlands recognized the potentia of this development for improving both the
collection of data and the overal quality of the CPI. Last year, Statistics Netherlands reached an
agreement on the ddivery of scanner data on aregular basis with two large supermarket chainsin The
Netherlands. This paper describes the nature of the data and the way in which these data can be used in
de CPI. A lot has been written dready about the use of scanner datain the caculation of price index
numbers. Most of these papers contain research results on the use of various formulas, sampling
designs, or methods for quality adjustment (e.g. Daén, 1997, Hawkes, 1997, Reinsdorf, 1995, Silver,
1995, Silver and Heravi, 1999). The aim of this paper is not to add any new theoretica indgghtsto al
these papers, but it will sketch the difficulties of using scanner data of supermarkets on alarge scae at
the calculation of the CPI. The difficulties we met were partly of practica nature and had partly to do
with the chained Fisher method we chose for cadculating index numbers from of the data.

3. In section 2, we describe the nature of the data and the way in which the data are obtained. In
section 3, we outline the method for caculating index numbers from scannerdata. In section 4, we
describe some issues about implementing the method in a production system. In section 5, we give some
empirical results.

. SCANNERDATA FROM SUPERMARKETS

4. This section gives a description of the way in which the scanner data are obtained. Subsection
2.1 describes some higtory of the procurement process. In subsection 2.2 a brief description of the
nature of the dataiis given.

Obtaining scannerdata from super mar kets

5. In the past years, Statistics Netherlands followed the implementation of EAN-systemsin
different branches. In particular, large supermarketchains introduced the use of scannerdata on alarge
scale. Both supermarkets and producers of commodities experience big advantages from the fully
automated supply- and demand systems. On a continuous bas's, the number of sold commodities can
be controlled, so the provisioning can be done just in time. Moreover, scanner data provide lots of
interesting marketing information. Companies like GfK and A.C.Nielsen collect these information from
different companies, and use them for market research. In the past years, Statistics Netherlands did
some research on smal sets of scannerdata which were bought from market research firms (De Haan
and Opperdoes (1997), De Haan and Boon (1998) and De Haan, Opperdoes and Schut (1999)). The
studies concerned specific topics like sampling issues and the possible range of biases. Inthe
meanwhile, we developed ideas for usng scannerdatain the actua compilation of the CPl. The
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advantages of using large sets of scannerdata were clear: compared to the current limited samplethat is
used for the CPI, dl transactions and their prices would be measured, prices would be redl transaction
prices and the turnover shares for each commodity would be known.

6. Therefore, Statistics Netherlands asked a large supermarketchain in The Netherlands for
admisson to their scannerdata for compilation of the CPI. At first, the company had some reservations,
mainly because of the danger of disclosure of the information to competitors. In the end, Statistics
Netherlands succeeded in getting an agreement with two different supermarketchains for the supply of
scannerdata on aregular basis.

7. For the continuation of the monthly CPI production, it isimportant that the timely ddlivery of the
scannerdata is secured. For this reason, we formulated a written agreement with both chainsin which
the delivery of the data was settled precisdly.

Description of the data

8. Statistics Netherlands receives from both supermarkets scannerdata of about 70 different
outlets on aweekly basis. For each outlet, the tota amount of scanned unitsin aweek and the
corresponding turnover is registered per EAN-code. Besides, a short product description of each EAN
is provided. For one of the supermarketchains, data were ddivered from July 1999 onwards, the other
supermarketchain provides data from April 2000.

0. During the period from July 1999 until today, there were about 29,000 different EAN codes
present in the database. Per month, we have the disposa of about 2,000,000 records. In the current
CPl-sample, we have about 450 representative items that are priced in supermarkets. Monthly, we
collect about 14,500 prices for these items in outlets of the two supermarketchains.

1. FROM DATA TO PRICE INDEXES

10. De Haan, Van Poppd and Spaanderman (2000), gives a comprehensive description of the way
in which Statistics Netherlands would use the supermarket scanner dataiin practice. This paper was
presented in 1999 by Jan de Haan at the Joint ECE/ILO meeting on Consumer Price Indices. In this
section we describe the proposed method in generd terms.

Calculation method

11.  Thebasc principle of the proposed method isto divide the total sample of outlets into different
drata: strata B, and B, that contain the data of the supermarkets | and Il for which we have scanner

data at our proposal and astratum B,, which contains al other outlets. For each stratum, commodity
group indexes are calculated separately. These index numbers are weighed together by using the market
shares. Note that the market shares can be quite different per commodity group.

12. For stratum B, , we can calculate commodity group index numbersin the traditiona way, i.e,
by caculating the ratio of unweighted arithmetic average prices in the observation month and the base
period O for dl goods that are representative items in a commodity group and weighing these indexes
together to a commodity group index number.
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13.  To compute the commodity group index numbersfor the drata B, and B, , we start with
computing transaction prices (unit vaues) for dl EAN codes, by aggregating the quantities and
corresponding turnover over dl outlets. In principle, the sample of outletsin the received dataiis fixed,
but in practice it occurs that outlets close, or that there is no information from some outletsin a certain
month. Therefore, we choose to base the computation of the transaction prices on monthly matched
outlets. The second step is to caculate month-to-month unit vaue indexes for dl EANswhich are
present in both months. There were three main reasons for using the unit value index for individua
goods. Firgt, in our view, agood bought in a certain outlet of supermarket X does not differ essentialy
from the same good bought in another outlet of the same supermarket X. For the supermarkets of which
we receive scanner data, this assumption is a quite reasonable one. Supermarkets use nationwide
advertisng campains and the same standard service levels and quality programsfor their outlets. They
a0 use the same company logo al over the country. Besides, from the scannerdata we see that most
goods have the same price in each outlet. It is clear that if agood that is sold in different outlets cannot
be seen asidenticd, another index formula should be chosen. The other reasons for chosing the unit
vaueindex formulaat thisleve are of more practica nature: the formulais easy to compute and thereis
no need for imputations.

14.  Thelast gep inthe cadculation procedure is to aggregate the month-to-month unit value indexes
per EAN to commodity group price index numbers. For this step, we decided to calculate chained
Fisher indexes. The use of the (chained) Fisher priceindex can dso be judtified with reference to micro-
economic index number theory. The Fisher index belongs to the class of what Diewert (1976) cdls
superlative indexes. To account for subgtitution, the choice of the Fisher index (or any other superlative
formula) is agood one. Furthermore, month-to-month chaining is necessary to incorporate (almost)
immediate introduction of new goods in the calculation of the commodity group price index numbers.

Classfication of goods

15.  Thegoodsin the Dutch CPl are grouped according to the Classification Of Individua
Consumption by Purpose (COICOP). Thus, it is necessary to group the EAN codes accordingly.
Classfying dl 29,000 EAN by hand is a seemingly endlesstask and initidly, we fdt thiswasabig
obstacle in implementing the use of scannerdata on alarge scale. Fortunately, the Dutch Centraal
Bureau Levensmiddednhandel (CBL) — a branche organisation of supermarkets— classfies EAN codes
according to its own CBL classfication system. This classification is more refined than COICOP.
Statistics Netherlands reached an agreement with CBL about receiving the CBL-classfication data. The
classfication method we use conssts of two stages. In the first stage, Statistics Netherlands sends all
EAN codes concerned dectronicaly to the CBL. The CBL sends the file back, enlarged with the CBL
classfication numbers for each EAN. In the second stage, we linked the CBL categoriesto the
COICORP groups.

16.  Inpractice, CBL isnot ableto classfy al EAN codes a once. About 20% of the EAN codes
was not classified. The most important EANS (in terms of turnover share) are still coded by hand at
Stetistics Netherlands.
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V. I mplementation of the method

17. In the summer of 2000, Statistics Netherlands started to build a computer system that could
process the scannerdata into price indexes on commodity group level as described earlier. The am was
to build a system which cdculated monthly indices on the basis of scannerdata that could be used in the
regular CPI calculation. One of the main conditions for implementation of the use of scannerdatain the
regular CPl process was that the current publication dates had to be maintained. At present, the Dutch
CPI of month tis published in the first or second week of month t+1. To ensure having enough time for
qudity checks and preparing the dissemination, this means that the find cdculation for month t has to be
ready on the last day of month t at the latest.

18.  The scannerdata of a certain week are sent to our bureau within 3 or 4 days after the end of the
week. Thismeansthat it isimpaossible to process the dataset which contains the information about the
lagt (part of the) week of the month in time. Another restriction comes from HICP regulation
2601/2000. Article 2 of this regulation states that “ Prices for goods shall be entered into the HICP
for the month in which they are observed.” .

19.  Inpractice, these redtrictionsimply that per calendar-month, only data of 2 or sometimes 3
weeks can be used. Because quantity data are used in the chained Fisher index, there will be some
problems with using quantities that cover 2 weeks in one month and 3 weeks in the next month. So, we
findly decided to use only the first two full weeks per month. This means that more than hdf of the data
isnot used in practice. Currently, we have not investigated the consequences of this redtriction
thoroughly, but some quick andysis learnt that the effect of using dl avallable data leads to amost the
same results”.

V. EMPIRICAL RESULTSAND DISCUSS ON

20.  After theman part of the system was built, it was possible to calculate the first results based on
al available data. The results contained index numbers for over 50 relevant commodity groups for the
period of May 2000 until July 2001 for both supermarketchains”. For this period, we also recalcul ated
al CPl commodity group index numbers, without using the prices collected by the interviewersin the
two supermarkets for which scannerdata were available. Then, it was possible to weight the
scannerdata results together with the results based on prices collected in other stores in the way
described in section 3°. The weight of the supermarketscannerdataiin the total CPI was about 4%.
Because of the limited amount of weight, we expected the influence of introducing the scannerdata on
thetotal CPI to be rather small. However, in practice we experienced that this was not the case. Soon,
we recognized that the month-to-month chaining gave problems with seasonal goods. In section 5.1.
We give some empirical results of commodity groups with alot of seasona goods. Nevertheless, there
were more “strange’ developments in the scannerdata indexes in comparison with the traditional CPI
Laspeyresindex. From the data, it was not directly clear what caused this big difference. We could
think of the following three possible causes:

@ The effect of usng transaction prices. In particular, the discounts given to customer card
holders, which are incorporated in the measured turnover figuresin the scannerdata, could
possibly have large effects.
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()] The effect of extending the amount of representative items in supermarkets from about 450 in
the current CPI to about 20,000 different EAN codes.

3 The effect of usng achained Fisher index formula.

21.  Theéffect of using transaction prices was large in some cases. It turned out that discounts of up
to 30% were offered and dmost al customers make use of a customer card. Because transaction prices
arered pricesthat are paid by customers, measuring transaction prices gives a better CPI estimation.

22.  The second effect isaso amgor improvement of the quality of the index. Unfortunately, we
found some problems in the use of the chained Fisher index formula. In the next section, we show
different problems that arise when using a chained Fisher index. In section 5.1 we discuss the problem
of seasonal goods and in section 5.2 we show some problems which have to do with enormous
fluctuations in the deta

Seasonal goods

23. For seasonal goods such as vegetables, fruit, potatoes but also sweets that are only available a
Eadter or at Chrigmas' time, month-to-month chaining leads to severe biases. In the proposed chained
Fisher index, seasond goods are treated as disappearing and (newly) appearing goods, but never as
regppearing goods. However, this trestment is not quite legitimate: seasona goods are goods that just
disappear temporarily and come back again after some time. Empirica results showed that using the
chained Fisher index leads to large biases of commodity group indices.

24. In Figure 1, the chained Fisher index based on scannerdata from one of the two supermarkets
for the commodity group fresh fruit is shown together with the CPI index for the same commodity
group. For the scannerdata, there was only information available from July 1997 onwards. Therefore,
we put both indices on 100 for July 1999. From this picture, it is clear that the scannerdataindex is
upward biased. The range and the direction of the bias which is caused by seasond goods, of course
depends on the average price movements in the beginning an a the end of the period in which seasond
goods are available.

Fresh fruit
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Figure 1: Chained Fisher index and the CPI for fresh fruit

25.  Toded with this problem, we experimented with an imputation method. The idea behind the
proposed method is that it is necessary that the price of a seasona good in the last month it occurs,
somehow has to be linked to its next occurrence, which is some months later.

26.  Toexplain the method, let’s suppose agood islast sold in month t. In the next 3 months, the
good is not available, but in month t+4 it gppears again in the shops. In month t+1, the good is just
treated as a disgppearing good in the chained Fisher index. In month t+4, when the good appears again,
we used the last known price from period t asa“virtua price” in period t+3. Because the good was not
availablein period t+3, we supposed that there was sold only one piece of the good in period t+3. In
this method, the price of the good that occurred in period t could be linked to the measured pricein
period t+4 by making an artificid imputation for both the price and the quantity of the good in period
t+3. For fresh fruit, fresh vegetables and potatoes, we tested this method on the data. Unfortunately, the
results were very smilar to the norma chained Fisher. To the present day, we have not solved the
problem of seasond scannerdata.

Behaviour of the chained Fisher index in special cases

27.  To check the behaviour of the chained Fisher index, we decided to carry out some additional
research. For certain commodity groups, we selected only those EANs which were present in all
months form April 2000 until May 2001 for certain commodity groups. For those set of EANS, which
contained no appearing nor disappearing EANS, we calculated a fixed base Laspeyresindex, a direct
Fisher index and a chained Fisher index. We expected that the direct Fisher index would be very near
to the chained Fisher index. Furthermore, we expected (hoped) that the chained Fisher index based on
al EANSs of the corresponding commodity groups would give very smilar results. In other words, we
expected that the influence of new and disgppearing goods would be smdll.

28. Infigure 2, 3 and 4, results are shown for the commodity groups milk, coffee and sweets.

29. For milk, the different indexes are dmogt the same. This means that there is hardly any
subgtitution effect (because the Lagpeyresindex is not very different from the direct Fisher index).
Besides, when comparing the chained Fisher index - which is based on the EANSs that were available
during the whole considered period - with the dl-EAN chained Fisher index, we see no influence of
new and disappearing goods. These results depend on the nature of the commodity group; for milk,
there were hardly any new or disgppearing EANs and the monthly amount of sold items was quite
gable. As can be seen in figures 3 and 4, for coffee and sweetsthisistotally different.
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Faure 2: Different indices for the commodity group milk
Milk
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30. For coffee, we see large differences between the Laspeyres and the direct Fisher index.
Another, more surprising result, is the discrepancy of the direct Fisher and the chained Fisher index,
even in the case of no new or disgppearing goods. The reason for these results is that there were some
product offers for very popular types of coffee, which led to an increase of the turnover with 1000 or
even 1500% in one month! Apparently, the chained Fisher index is not proof againgt thiskind of Dutch

panic-buying.
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Figure 3: Different indices for the commodity group coffee
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31.  Forswests, just like for coffee, again there can be seen some substitution effects when
comparing the Lagpeyres with the direct Fisher indexes. Here, the direct Fisher and the chained Fisher
index give very much the same results in the first months considered. However, the chained Fisher -
whichiscdculated on dl EANs - is quite different from the Fisher indexes based on the EANs that
were present during the whole period considered. This effect is caused by the fact that there are quite a
lot of new and disappearing EANs in this commodity group®. The question here is whether new EANs
are really new goods or that new EANSs refer to goods that dready existed. In the latter case, the old
and the new EAN-codes have to be linked together in such away that the prices are compared in the
index. In the next section, we describe thisin more detall.
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Figure 4: Different indices for the commodity group swegts
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32. For Statistics Netherlands, the empirical results that are shown above, led to the decision of not
using the chained Fisher index formulafor scannerdatain the CHl a dl. In section 6, some dternatives
that we are currently investigating are described.

Linking disappearing goods to successors

33. In De Haan, Van Poppd and Spaanderman (2000), it was already mentioned that it is
guestionable whether or not each separate EAN code should be treated as a separate good. Different
codes may refer to the same good, either physically or from a consumer’ s perspective. When changing
EAN codes are accompanied by price changes, these price changes are missed in the proposed
chained Fisher index. For these cases, adjustments should be made.

34, In the data we tried to find some cases in which different EANSs referred to the same or amost
the same goods. As described in section 2.2, for each EAN code, a short product descriptionis
available. Finding the same or nearly the same goods with the help of only this short product description
turned out to be very difficult in alot of cases. In practice, it will be necessary to have some specididts
available that follow new product introductions carefully. From our experiences with the data, we saw
that in some specific commodity groups, like sweets, detergents and washing powder, there are more
new or renewed products than in other commodity groups. Furthermore, there are some “ specia
cases’. Firdt, when the excise duties on cigarettes are changed in the Netherlands, this automatically
means that EAN codes are also change. Second, there were two well-known brands (crisps and
detergent) that changed their name in the Netherlands recently because producers wanted to harmonise
brand names internationally. For &l product varieties from these brands, the EAN codes were kept the
same. Thiskind of genera information about the use of scannerdata by producers and supermarkets can
help in the process of finding EANS that need to be linked together. Until now, we do not have red
experience with thislinking in practice.
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VI.  NEW RESEARCH

35.  Sidics Netherlands iswilling to use the available scannerdata for supermarketsin the
(hopefully near) future. We adjusted our ambitions of using an index formula that takes the subgtitution
effect into account. At this moment, we focus on afixed base Laspeyresindex in which EAN codes are
represented as much as possible. To incorporate new goods, we propose a yearly change of the
weights. Research topics include: how to congtruct aweighing scheme, which EAN codes are selected,
what to do with EAN codes that disappear and how to ded with seasona goods? From our
experiences described in this paper, it will be clear that before implementing any new ideas, we have to
be sure that the method |leads to reliable results. The advantage of using asmple Laspeyresindex isthe
relaively smple way in which results can be interpreted and calculated. Nevertheless, one can ask why
not use adirect Fisher index instead?

NOTES

! During the research on which the choice of the method was based, only data of one week per month
were used (De Haan, Van Poppel and Spaanderman, 2000).

? For one of the two supermarkets involved in this project, there were also data available from July
1999 until May 2000. Theindex numbersfor this supermarket were also used for research, but the total
CPI was not recaculated for this period.

®To link the partiad commodity group scannerdata indexes into the CPI in May 2000, we set them in
April 2000 to the leve of the corresponding CPI commodity group indexes of April 2000.

* De Haan, Van Poppel and Spaanderman (2000) showed that “the turnover share of new EAN codes
istypicaly low”. In practice, it turned out that the amount of new EAN codes differs from commodity
group to commodity group.
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