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Abstract: A variant of the Geary Khamis (GK) index labelledea
“Quality Adjusted Unit Value Index” has been redgmiroposed (e.g.
Chessa (2016)) as a generic way for compiling pimckces from
scanner data. In this paper, we formally link thiateral GK index to
the Lehr index which can be seen as another exaofigleyeneralized
unit value index. This leads us to a multilatergtie@sion of the Lehr
index which is less complex to compile than theilggléx. However,
both approaches are likely to give similar resultge empirically
compare these multilateral indices to a monthlyiebd Jevons index
which is the standard approach currently adopte SBATEC for

working with scanner data.

1. Introduction

Scanner data will be increasingly available toistfigal agencies and consequently new
methods are needed to work with this new data soukdbilateral price index with a fixed
price reference period is likely not to capture Ivileé dynamic nature of a scanner data set,
with products continuously entering and leavingerket. At the same time it is known that
period-to-period chaining of a matched superlapwee index leads to chain drift (see de
Haan and van der Grient (2011)).

Multilateral methods that are typically used inemmational comparisons have been found to
be a solution to this problem. Initially, these hwals have been developed to make
comparisons in space, but they can also be usethke comparisons over time. On the one

hand, these methods are transitive, hence leadiolgain-drift free results. On the other hand,

! Statistics Luxembourg (STATEG}laude.lamboray@statec.etat Tthis paper was prepared for the Ottawa
Group meeting held on May 10-12, 2017, in Eltvdlm Rhein, Germany. | would like to thank Ludwig Von
Auer for helpful comments and discussions on tipgctpresented in this paper.
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they are well adapted to a dynamic universe byntaknto account price and quantity data

that refer to more than just two periods.

One such example is the (Rolling Year) GEKS indiar(cic et al (2011)). This method
combines into a transitive index the bilateral @riadices compiled between two periods
belonging to a given time window. Another prominerample is the Time Product Dummy
Method (de Haan and Krsinich (2014)). In this methmregression model is estimated on the

pooled data, assigning a dummy variable to eadbgand to each item.

Recently, a variant of the Geary Khamis (GK) indekelled as a “Quality Adjusted Unit

Value Index” (QU-method) has been proposed (Ché2846)) as a new generic way for
compiling price indices from scanner data. Thiyes another adaptation of a method that
comes from the field of international price comparnis (Geary, 1958; Khamis, 1972). This
method was also assessed by the Australian BuifeGtatistics (2016) as one of the options

to compile a CPI from transaction data.

The idea of a quality adjusted unit value index hlmsady been proposed by Dalén (2001)
and by de Haan (2002). A unit value price index paras the average price level change
between two periods. In a quality adjusted uniugahdex, transformation coefficients are
introduced that express how many quantities of itane equivalent to 1 quantity of itgmA
general framework was proposed by von Auer (2014d viormalized the concept of a

generalized unit value index.

Although empirical results of the GK index look prmsing, the implications of using this
method in a time series context are not entiredarclin order to get a better understanding of
this type of approach, we focus in this paper @nltbhr index (Lehr (1885)) which is another
example of a generalized unit value index. Thenitedn of the Lehr index is very similar to
the one of the GK index. However, the Lehr indexasier to compute because there is no

system of equations to be solved.

This paper is organized as follows. In sectionhz GK index is described in more detail
whereas section 3 focuses on the bilateral GK indlexsection 4, the Lehr index and its
relationships with the bilateral GK index are highted. An augmented version of the Lehr

index is introduced in section 5. The compilatidnreal-time indices will be discussed in



section 6. Some empirical results are providedeittisn 7. It is shown that the augmented

Lehr index and the GK index provide very similasuks.

2. The Geary Khamisindex

The QU-method described by Chessa (2016) forese®s stages. In a first stage,
homogeneous product groups are defined. Items pasisibly different GTIN codes but the
same characteristics are clustered together. Thevalne prices and total quantities defined

per product group will enter the compilations of tBK index in a second stage.

There are practical challenges to build these goufhe definition of the groups is
judgmental and in practice driven by data availghilf groups are defined too broadly, then
there is a risk of a unit value bias. If groups @escribed too tightly, then there is the problem
of not properly capturing price changes relateth&“same” product. In principle, such a pre-
processing step of grouping different items coullsb abe applied in other scanner data
methods and is not necessarily specific to the @€x. We focus in this paper on the second
stage of the QU-method that is related to the Giexn

We assume that prices and quantities are availablée different items over a time window
denoted byT. Using the notations introduced by Chessa (20hé)GK index can be defined

as follows:

pGK — YientPidi /Tieno PP a7 (1)
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This index can be understood as an implicit pnciek. In fact, a value index is divided by a
quantity indeX. The key parameter in the quality-adjusted unitues are thus the
transformation coefficients. In the GK method, thensformation coefficients are implicitly
defined by all the other prices data that span @édime horizonT. Moreover, they are
obtained by solving a system of equations as tleeativindex is included both in equations 1
and 2.

In order to better grasp how the GK index perforins of utmost importance to understand
how the transformation coefficients react to difetrdata situations. Technically, multiplying

all the transformation coefficients with a constamit not change the results of the quality-

adjusted unit value price index. What matters & ridtio of the adjustment coefficiet’;#ft of
]

one item compared to another item. This ratio eftdansformation coefficients between the

two itemsi andj indicates how many quantities of itgrare equivalent to 1 quantity of itam

3. Thebilateral Geary Khamisindex

To simplify the analysis, we now assume only twuetiperiods. We thus go back from a
multilateral to a bilateral situation. With only @wperiods, it is known that the GK index
reduces to the so called bilateral GK index forn{ake also Chessa (2016)):

0 ty.t
PtBGK _ ZieNonNth(qz'):qi)pi) )
ZiENoﬂNt h(q;,q;)p;

where h(q?, qf) is the harmonic mean of the quantities observeth@ntwo comparison
periods. This index is similar to the Walsh indekiethh uses a geometric mean and to the
Edgeworth index which uses an arithmetic mean &kt the harmonic mean used in the
bilateral GK index. Diewert (2005) notes thiaall three indexes will approximate each other
to the second order around an equal price and gtapbint. Thus while the Geary Khamis
bilateral index number formula is not superlativiewill approximate a superlative index to

the second order around an equal price and quaptiint.”

2 This index is part of the family of additive mettso According to Paragraph 16.62 of the ILO mariiés, type
of method must satisfy the additivity test whichtes that the implicit quantity price index hasfibven of a
Lowe quantity index.



The bilateral GK price index is based on a matctaedple. This means that an item which is
available in only one of the two comparison peridaés no impact on the result. The
numerator and the denominator of the bilateral Gdiek are denoted as follows:

8¢ = Yien,ow, R(q), 4) pf ands® = Yien,an, (a7, q}) 7

Applying equation 2 to the 2-period case, we thaveh(see also Peter von der Lippe (2007),
p. 542):
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The ratio of the transformation coefficients betwéae two items andj thus depends on the
average prices of these two items, but all theratems also play a role because prices of the

current period are deflated with the overall bilat&K index.

4. Thelehr index

The bilateral GK index can be seen as a generalizet value price index with the
transformation coefficients shown by equation 5fdat, there are many alternative options
how the transformation coefficients can be defifssk Von Auer (2014)). For instance, if the
coefficientsy; correspond to the prices of the base period, themuality-adjusted unit value
price index reduces to a Paasche index. If theficaafts v correspond to the prices of the

current period, then we have a Laspeyres index.

A simplification of the BGK coefficients consists iemoving the deflator part:

L
i
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With such a definition of the transformation coetnts, the generalized unit value index
reduces to the Lehr index (Lehr (1885)):
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It may be plausible under certain circumstancesdbality differences are derived from price
differences. The interpretation of the transformratcoefficients for the bilateral GK index
seems more complex because they take into acchemnrices of all the other items. From

this perspective, the Lehr index looks more traramahan the bilateral GK index.

We now compare the Lehr index to the bilateral Gi€eindex.

Cient0Eql /Xieno P q?) /
(ZiEvaiqu't/ZieNO viquQ)
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Using a Bortkiewicz decomposititinthis is equal to a weighted relative covaridneeith

Lo
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Zk”qu
P/ (”iB o q )
—— =1+ RelCov, | —— ; — (10)
R o

This decomposition helps to understand what drithes difference between these two

solutions. Recall that:

t t t t
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In the right-hand side of equation 11, the ovepalte changePZ¢X is identical for all items.

The ratio of the BGK and the Lehr coefficient diffeby item because of different item

% To apply this decomposition, we must assume treset of items remains constams:N.
Yiwi(ai-Yjwja;)(bi=Y.jwjb;)
Qiwia)Xiwib;)

* The weighted relative covariance is defined hertolows ‘RelCov,,(a,b) =
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expenditures. It follows that the Lehr index ahd bilateral GK index both lead to the same
results if the relative covariance is equal to z@tus happens if one of the two variables has
a zero variance. This means that at least oneedbtlowing two conditions is satisfied:
% = constant Vi
q—‘:z = constant Vi

The first condition states that the expenditureetud an item in the base period relative to
the total expenditure of that item in the base andent periods must be identical for all
items. The second condition covers the trivial aitn where all quantities change at the
same rate. Apart from these degenerated casesultiwe interesting to say something about

the sign of this covariance.

t
Let us for instance assume that all prices are gihgrby the same rag(-;\@ = A. It is known

that the bilateral GK index then also changes lgy ghme rate. The first variable of the

covariance (see equation 11) can thus be rewaienllows:

t t t t t
0.0, Pidi pi 1 gq; qi
Yg) + ==L 1+ 5% L 1+ 2
leGK _Pl q; PtBGK plp PtBGK qlp ~ qlp (12)
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L l L

Lo _ .
If A > 1, then this is a decreasing functiongnghls means the covariance between this term

and % will be negativé. In other words, if prices are increasing allta same rate, then we

4

must have thaP? < PESK. Similarly, if prices are decreasing € 1), then the covariance
will be positive and consequentBf > PESX. This indicates that the absolute value of the

price increase or decrease will be lower in therlietiex than in the bilateral GK index.

This discussion also highlights that the Lehr indeMates the proportionality axiom (see Von
Auer 2014). This axiom states that if all indivitlpaices change by the same facipithen
the price index must also change by that same lItaite known that the bilateral GK index
satisfies this axiom. However, the Lehr index wilher understate (if prices are increasing)

® Except for the trivial case in which the changejirantities is identical across all items. In sadituation, the
covariance collapses to zero.



or overstate (if prices are decreasing) this factarEmpirically, the difference between the
Lehr index and the bilateral GK index may not belame if the price change remains

“moderate” (see section 7).

Related to the proportionality axiom is the projmvality in current pricestest which is
referred to as T5 in the system of 20 tests thatattterizes the Fisher price index. Just as the
unit value price index, the Lehr index fails thist. The ILO manual states thahost index
number theorists regard this property as a verydamental one that the index number
formula should satisfy.”"Compilers that use the Lehr index must thus beraved the

theoretical properties of this index.

In a dynamic context, the items available in theebperiod are not necessarily the same as the
ones available in the current period. The bilat&idlis a matched index in the sense that only
items that are available in both periods impactrésailt (see equation 4). In the Lehr index
however, the impact of items that are only avadahlone of the two comparison periods is

not completely neutral.

In fact, the transformation coefficient for an itdhmat is only available in one of the two

comparison periods is simply equal to the pricthaf item:

vi =pi  if i €N\N (13)

vi =pi  if i €No\N, (14)

Consequently, the Lehr index can be defined asvi@llin a dynamic context:

(Zientonoviai + ieNt\NO piaf)/ (Zientonovial + ieNO\Nt pla?) (15)

Pl =
(ZieanNO viq; + DieNt\NO Pitql't)/(ZiEanNO viq) + ieNO\Nt P?qlp)

This can be decomposed into a “matched” Lehr iradek other factors:

® Symmetrically, there is also the test T6 on inegyeoportionality in base period prices.
"It is straightforward to check that “Proportiomglin current prices” (T5) plus “Identity test” (T 8nplies the
“Proportionality axiom” (PA). Because the Lehr ixdgatisfies (T3) but not (PA), it must also fails)T
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This formally shows how the Lehr index is affectgdnew or disappearing items. In general,
the factors in brackets do not cancel out. Conggtyethe Lehr index differs from a

“matched” Lehr index.

5. Theaugmented L ehr index

The bilateral GK index is a special case of the iGdex where the time window is restricted
to two periods only. In section 4, the bilaterahLéndex has been introduced. We are now
going to expand the definition of this index in tbentext of a larger time window. The
augmented Lehr index is a generalized unit valdexnwvhere the adjustment coefficients are

based on the average price over a time windd¢saee Von Auer (2016)):

leL _ ZZET plz(plz (17)

AL — Z .7
Uj Zzeij Pj

The augmented Lehr index is then defined as follows

t t 0.0
pAL — 2ientPi i/ Lieno Pi 4
t = AL AL 0

Yient Vit qi/Tieno vitq;

The underlying idea is that transforming units teimi into units of itemj is based on the

VteT (18)

difference in the average price over the time wimad itemi andj. This definition is clearly

a generalization of the bilateral case. With a @goetime window, this boils down to the
standard Lehr index. Compared to the GK index,aésdnot rely on a deflating factor
measuring the price change across all items. Beddwastransformation coefficients for each
item are fixed over the entire time winddwthe augmented Lehr index satisfies transitivity

over that same time window.

From an operational point of view, the augmentetrlteansformation coefficients are thus
more transparent and easier to compute. It is pbntance for compilers to be able to explain

the complexity of these methods in order to gagirthcceptability by users.



In fact, it can be argued that the augmented Ladiex is not a “true” multilateral price index.

It is merely a “bilateral” unit value index, adjadtby a factor that is based on the average
price level of each item. In fact, the item facbmly depends on the prices and quantities of
that same item whereas in the GK index, the itectofadepends on the prices and quantities

of all available items.

Similarly to equations 10 and 11, it is possibletonpare the augmented Lehr index and the

GK index using a Bortkiewicz decomposition. Thefelénce between both indices can be

AL (0
written as a weighted relative covariance, withghés corresponding w; = Z”‘v A‘i‘qo :
kVk Yk
it (24
—— =1+ RelCov,| — ; — (19)
" “\oft ' qp

In a stylized situation, let us assume that alktgwifor each item are changing by the same

t
rate’l = AL, It is known that if prices in all periods are peotional, then the GK index only

depends on these proportions (see ABS(2016)). ifsievariable of the relative covariance

can thus be rewritten as follows:

5 piaqi RS &
1 l
g Z2zel'pGK Yser— 3z - Y,erql g0 (20)
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This is a generalization of the 2 period case tha$ described in equation 12. Now the
comparison between the GK index and the augmengad ihdex depends on all the periods.

Equation 20 can be rewritten as follows:

z z t
Toerds  Teerdh+dh
ql' — z#t ql' ql' (21)
}\Zq_iz quZ t qlt
Yzer 0 XzerAM -G+ A%
a; z#t q; i

t
The derivative of the right hand side expressed fasction of% amounts to:

14
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Y.zeT (qu—lz — A q—lZ>

0
z#t q; q; i (22)
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In a stylized situation, we assume that periogrices exceed the prices from the other

period$:
Az <t VZET 23)

t
Then equation 22 is always negative Whate(%f,erThis means the relative covariance of

equation 19 will be negative and consequently,Lier index will understate the GK index.

If, on the contrary, we assume the oppdsite
A7 = vzeT (24)

t
Then equation 22 is always positive Whate'ggr This means the relative covariance of

equation 19 will be positive and consequently,ltblr index will overstate the GK index.
6. Real-timeindices

When applying a multilateral method developed fpat&l comparisons to a time series
context, there is always the issue of revisionsaAsew time period is added to the data, all
the previous time periods will be revised. In a @Bhtext, revisions are typically to be
avoided. There are practical workarounds to comipitBces that are not revised but they

imply giving up transitivity at some point.

In the QU-method proposed by Chessa (2016), the wndow is enlarged every month by
one month, starting with the December month ofghevious year as the first month. The
resulting price index compares current period grimethe prices of the previous December.
Such an approach seems to indicate some kind aistency with the price reference period

of the HICP which corresponds to the December maitthe previous yedl. However,

¥ Note thaf\® = 1 and consequently < A‘.
° Note thaf\® = 1 and consequently > A‘.

19 See Article 2(16) of Regulation (EU) 2016/792 be harmonised indices of consumer prices andhthese
price index.
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there is an imbalance during the year as indicélseabeginning of the year rely on a shorter

time window than indices at the end of the year.

An alternative strategy has been proposed in theegbof the Rolling Year GEKS (lvancic et
al (2011)). According to this approach, a fixeddinvindow length is consistently used. In
practice, one may use a window of 13 months butlehgth of the optimal time window
length remains an open issue. Once a new periotheéebmes available and is added to the
time window, the first period of the previous timéndow is removed. The price change

between t and t+1 is then linked onto the long tprice index.

Finally, a mix between both strategies could alsocbnsidered. A sequence of multilateral
indices is compiled on a rolling time window alwag@nsisting of 13 months. For each of

these indices, the last month of the time periatbimpared to the previous December month.
This is in line with option 1 where the Decembemtioplays a specific role. For instance, the
first time window spans from January t-1 to Janua# price change between January t and
December t-1 can be derived from this. The follapiime window spans from February t-1

to February t. This allows the compilation of acprichange between February t and

December t-1.

In this third approach, the price change in Januanmypared to the previous December is
identical to the price change obtained with theoedcapproach. At the same time, the price
change in December compared to the December gfrthgous year is identical to the one
obtained with the first approach. In the contexthe HICP, option 3 would be the preferred
choice. Each monthly compilation is based on a b8im time window, ensuring that
seasonal products are included at least in two hsbntAt the same time it explicitly

recognizes the use of the December month as tbe maierence period.

In order to compile real-time indices, both the (BHex and the augmented Lehr index can be

extended to any of these three options.

' Strictly speaking, an even longer period shoulddmsidered (e.g. a 14-month period) in order taeasjth
changing seasonal patterns.
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7. Simulations

The approach adopted by STATEC for working withreea data is to compile a monthly

chained Jevons price index. Each month, the iterasesampled within each retailer and

product category. A cutoff sampling based on awetaghover shares is run over the matched
sample of two consecutive months. In addition, edéht filters and imputation rules are

implemented. This should for instance prevent tesinbm being biased because of items
leaving the sample at reduced prices. This is thedard method (Van der Grient (2010))

currently used by some European countries thatidlecbcanner data in the production of their
CPI.

The advantage of such an approach is that it isisamt with the Jevons price index that is
also used elsewhere in the CPIl. The method isdhsg to explain to users. Unlike a chained
Tornqvist index, it does not suffer from chain td(dohansen (2011)). Its main limitation is
that quantities at the lower levels are only usethe cutoff procedure but they do not play an

explicit role in the index number formula.

We are going to compare the augmented Lehr inddxlan GK index to the chained Jevons
index. The scanner data set covers 13 months (Omef014 to December 2015) for a

selection of product categories of a retail chdibuxembourg.

First, we do not compile “real-time” indices buteuthe full time window to compile the
augmented Lehr index and the GK index. Becausenthiglateral indices are transitive, their
results are independent of the choice of the peéerence period. For comparison purposes,
they are both expressed using December 2014 astdiniéng point. In addition, we also
compile real-time indices for both the GK index d@hd augmented Lehr index using the three

strategies outlined in section 6.

The first option consists in successively incregsnery month the window length by one
month. The January to December real-time indexased only on these two months. The
February to December real-time index is based & month window (December 2014 —
February 2015). Finally, the December to Decemhdex is based on a 13 month time
window (December 2014 — December 2015).

The second option implements a rolling year apgrodbe short-term indices of the last two
periods of the time window are spliced together. iRstance, the January 2015 to December

2014 index is based on a time window that span® flanuary 2014 to January 2015. The

13



February 2015 to January 2015 index is based amewindow that spans from February
2014 to February 2015. The final real-time indexhgained by multiplying these two short-
term indices, taking December 2014 as a startimgtpo

Finally, in option 3, the same time window is usledn in option 2. However, the final result
is not obtained by linking the month-on-month iredidogether. Instead, the December 2014
month is always used as the price reference pe8og.for instance, the January 2015 to
December 2014 real-time index is based on a tirmelew that spans from January 2014 to
January 2015. The February 2015 to December 2@l4imee index is based on data ranging
from February 2014 to February 2015.

The results can be found in Table 1. Overall, tiifer@nt indices tested here are broadly
consistent. However, there are some lessons thatbealearned from this preliminary
empirical analysis. First, the chained Jevons pridex overstates all the other indices while
at the same time being less volatile. The Jevoite pndex is the only “equally weighted”
price index. By ignoring quantities, possible suibsbn effects may not be properly captured

which then has an upward impact on results.

The augmented Lehr index and the GK index proviely & similar result if the overall price
change is moderate. As theory has already shown¢ameeven say something about the
difference, if any, between both indices. If thésean increasing price trend, such as for
coffee, then the GK index lies above the augmehtdt index. If, on the contrary, prices
globally go down, then the GK index lies below tlehr index. This is for instance the case
for mineral water. If there prices are more or lstble, such as for soft drinks, then both
indices almost coincide. In all these circumstanitesay be acceptable to apply a simplified
formula and to remove the deflator part from thinestion of the transformation coefficients.

A larger difference between the Lehr index and@keindex can be seen for olive oil. The
December 2015 to December 2014 comparison consisas14.14% increase for the GK
index but only in a 12.45% increase for the Leldexn This means that more significant

differences can occur between both indices if tlaeedarger price changes.
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Coffee 201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510 201511 201512 Average
Chained Jevons 100,00 100,64 102,80 103,06 99,25 103,29 103,71 104,61 103,45 102,96 103,78 99,14 97,86 101,89
GK 100,00 100,21 101,76 101,58 98,85 103,15 102,68 103,74 102,88 102,23 102,79 98,83 98,52 101,32
Real time option 1 100,00 100,24 101,96 102,03 98,55 103,28 102,82 103,71 102,97 102,23 102,74 98,85 98,52 101,38
Real time option 2 100,00 100,76 101,68 102,10 99,03 104,01 103,63 104,62 103,92 103,20 103,83 99,83 99,52 102,01
Real time option 3 100,00 100,76 101,63 101,95 98,59 103,29 102,85 103,72 103,08 102,22 102,80 98,85 98,52 101,41
Lehr 100,00 100,19 101,61 101,47 98,87 103,01 102,54 103,50 102,73 102,13 102,68 98,84 98,55 101,24
Real time option 1 100,00 100,22 101,66 101,82 98,73 103,12 102,65 103,43 102,74 102,06 102,55 98,83 98,55 101,26
Real time option 2 100,00 100,71 101,24 101,67 98,78 103,60 103,22 104,02 103,46 102,78 103,40 99,53 99,24 101,66
Real time option 3 100,00 100,71 101,21 101,57 98,50 103,04 102,58 103,23 102,76 101,96 102,55 98,79 98,55 101,19

Tea 201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510 201511 201512 Average
Chained Jevons 100,00 99,84 98,86 100,04 100,53 100,74 100,64 100,46 100,00 100,42 98,73 99,97 97,45 99,82
GK 100,00 99,85 98,80 100,03 100,70 100,50 100,46 99,95 99,72 100,33 97,46 99,95 97,04 99,60

Real time option1 100,00 99,93 98,72 100,03 100,53 100,34 100,37 99,87 99,71 99,95 97,29 99,85 97,04 99,51
Real time option 2 100,00 100,59 98,78 100,22 100,86 100,08 100,05 99,83 99,88 100,16 97,35 99,97 97,05 99,60
Real time option 3 100,00 100,59 98,72 100,16 100,79 99,99 100,02 99,80 99,88 100,09 97,40 99,85 97,04 99,56
Lehr 100,00 99,85 98,82 100,03 100,70 100,49 100,45 99,95 99,70 100,35 97,55 99,99 97,14 99,62
Real time option1 100,00 99,94 98,80 100,03 100,51 100,34 100,37 99,88 99,72 99,96 97,40 99,88 97,14 99,54
Real time option 2 100,00 100,56 98,76 100,18 100,84 100,06 99,99 99,82 99,83 100,12 97,38 99,93 97,07 99,58
Real time option 3 100,00 100,56 98,73 100,16 100,80 99,99 99,98 99,84 99,87 100,12 97,54 99,91 97,14 99,59

Mineral Water 201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510 201511 201512 Average
Chained Jevons 100,00 99,20 99,35 97,74 102,01 93,96 97,93 98,36 96,33 100,44 99,12 97,71 99,71 98,60
GK 100,00 98,55 96,40 92,21 100,94 90,72 98,68 94,17 92,86 97,18 98,41 9506 99,42 96,51
Real time option1 100,00 99,00 97,78 93,43 101,26 91,86 98,99 94,59 92,96 97,22 98,64 9519 99,42 96,95
Real time option 2 100,00 99,64 99,04 92,48 103,76 93,79 101,47 96,77 9552 100,04 101,47 97,99 102,48 98,80
Real time option 3 100,00 99,64 98,31 91,09 101,92 92,08 99,68 94,39 93,32 97,68 9894 9535 99,42 97,06
Lehr 100,00 98,67 96,49 92,60 101,00 91,01 98,79 94,43 93,15 97,28 98,61 9516 99,50 96,67
Real time option1 100,00 99,08 97,97 93,99 101,26 92,28 99,05 94,83 93,28 97,33 98,83 9530 99,50 97,13
Real time option 2 100,00 99,76 99,02 92,95 103,65 93,99 101,43 96,91 9567 99,96 101,49 97,93 102,40 98,86
Real time option 3 100,00 99,76 98,27 91,52 101,84 92,32 99,67 94,61 93,55 97,70 99,07 9541 99,50 97,17

Soft drinks 201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510 201511 201512 Average
Chained Jevons 100,00 100,99 101,20 101,94 102,74 100,16 101,70 99,45 100,05 100,27 101,73 101,58 100,71 100,96
GK 100,00 100,39 99,41 99,70 101,70 98,86 101,06 97,17 99,49 98,45 100,89 101,08 98,97 99,78

Real time option 1 100,00 100,77 99,94 99,91 101,98 99,29 101,29 97,60 99,62 98,59 100,91 101,11 98,97 100,00
Real time option 2 100,00 100,79 99,66 100,16 102,66 99,58 101,72 98,18 100,17 99,21 101,61 101,81 99,68 100,40
Real time option 3 100,00 100,79 99,44 99,89 102,30 99,23 101,33 97,77 99,67 98,70 100,98 101,19 98,97 100,02
Lehr 100,00 100,30 99,42 99,73 101,54 98,87 101,01 97,26 99,52 98,51 100,89 101,07 99,00 99,78
Real time option 1 100,00 100,67 99,96 99,92 101,74 99,29 101,20 97,71 99,66 98,66 100,91 101,09 99,00 99,99
Real time option 2 100,00 100,73 99,58 100,12 102,48 99,50 101,63 98,18 100,11 99,19 101,53 101,71 99,62 100,34
Real time option 3 100,00 100,73 99,39 99,88 102,12 99,16 101,25 97,82 99,67 98,76 100,99 101,16 99,00 99,99

Olive Oil 201412 201501 201502 201503 201504 201505 201506 201507 201508 201509 201510 201511 201512 Average
Chained Jevons 100,00 100,89 103,17 98,81 105,46 109,52 106,56 111,93 108,50 109,48 112,85 112,34 114,19 107,21
GK 100,00 103,23 107,03 96,93 104,86 108,04 104,53 114,75 105,27 108,21 109,58 108,04 114,14 106,51

Real time option 1 100,00 101,71 104,92 96,85 105,22 108,54 104,90 114,39 105,26 109,96 109,37 108,35 114,14 106,43
Real time option 2 100,00 100,41 103,25 94,29 102,03 106,82 103,12 112,72 103,36 108,57 108,80 107,85 113,94 105,01
Real time option 3 100,00 100,41 103,49 94,97 101,56 106,48 102,91 111,95 105,15 110,24 109,30 108,08 114,14 105,28
Lehr 100,00 103,01 106,66 97,05 104,57 107,63 104,14 113,85 105,12 107,65 108,67 107,22 112,45 106,00
Real time option 1 100,00 101,33 104,08 97,61 104,59 107,85 104,20 112,93 104,59 109,14 108,47 107,46 112,45 105,75
Real time option 2 100,00 100,28 102,58 94,04 101,28 106,01 102,09 111,40 102,83 107,33 107,61 106,54 111,74 104,13
Real time option 3 100,00 100,28 102,79 94,98 101,24 106,02 101,93 110,49 104,50 109,19 108,40 107,08 112,45 104,57

Table 1: Price indices for coffee, tea, mineral &asoft drinks and olive oil (100=December
2014).
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Except for tea, option 1 (fixed base and extendimgdow) and option 3 (fixed base and
rolling window) are closer to the transitive ben@rknthan option 2 (rolling window and

splicing month-on month movements). This conclugeams to hold for both the GK index
and the Lehr index. For instance, the average Glexrfor coffee stands at 101.32. This
compares with an average real-time index of 10{op&on 1), 102.01 (option 2) and 101.41
(option 3). This comparison is by construction wofable to option 2 as both options 1 and 3

are designed to coincide with the transitive berethknmdex in December 2015.

These simulations also show that the sign of tfferdnce between the transitive indices and
their real-time counterparts is an empirical matk@r instance, for olive oil, the real-time

indices are lower than the transitive benchmarkcesl For coffee, the opposite conclusion
holds. At a more aggregate level, it may happen ttia positive and negative differences

compensate each other to a certain extent.

The differences between the real-time indices hpa transitive benchmark are in most cases
larger than the difference between the Lehr inded t#he GK index. In other words, the
choice of the method for compiling real-time indiamatters as much if not more than the

choice between the Lehr index and the GK indexdstailed (product) level.

In all these simulations the individual items ar&kéd at the GTIN level. There is a risk that
prices changes between “similar” items with diffar&TIN codes are not properly captured.
This relaunch problem can be solved by defining@dgenous product that consists of items
with different GTIN codes. While solving the relalmissues, this in turn can then lead to
some unit value bias. It cannot be excluded thatpealiminary grouping of GTIN codes can

have a significant impact on results.
8. Conclusions

The GK index is one of the different multilateraktinods that are seriously considered for
working with scanner data. In this paper, we haweestigated a simplification of this
approach which can be readily used in practice. Thar index and its multilateral
counterpart are more transparent and easier to wemy/e have formally shown that under
an increasing (decreasing) price trend the Lehexnghderstates (overstates) the GK index.
However, from an empirical point of view, resulte aery similar. Our simulations indicate

that at least at product level, the strategy adbfae compiling real-time indices can matter
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more than the choice between GK and Lehr. Theselusions will be further investigated on

alternative scanner data sets.
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