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Abstract

The increased acquisition of transaction data sets from retail chains encourages national
statistical institutes to study multilateral methods in order to better exploit the detailed
sales data and product dynamics when compiling the Consumer Price Index (CPI). In
addition, multilateral methods have the advantage of producing time series of aggregate
price change that are transitive. Such time series are free of “chain drift”, which means
that direct and indirect price comparisons between two periods give the same result.

Unfortunately, transitivity no longer holds when an initial index series is extended over
time after including data from future periods. Index series compiled on successive time
windows can be linked to previously calculated index series in numerous ways. This paper
characterises and formalises these splicing or extension methods, which are compared in
a study that includes transaction data sets on a broad range of product types.

The results show that linking on the most recently updated or recalculated index of a
half year ago produces drift-free indices and 12-month rates of change (inflation) at all-
items level for 25-month windows, while also 13-month windows give very good results.
These methods also produce accurate results at more detailed product aggregate levels, in
particular for 25-month windows. The mean splice method, which averages over all linking
periods, also gives good results but may suffer from window censoring effects. Linking
on published indices of one year ago produces accurate 12-month rates of change, but
monthly rates of change can be inaccurate. The choice of linking period can be optimised
each month, but improvements over the aforementioned methods are rather small.
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1 Introduction

National statistical institutes (NSIs) compile and publish figures on a wide range of eco-
nomic and other indicators that are used as instruments for policy making and indexation
purposes. Examples are Gross Domestic Product (GDP), which is used as a measure of
economic growth, and the Consumer Price Index (CPI), which is considered as the most
important indicator of inflation. Most NSIs compile and publish their CPI each month,
so the process from data collection and processing to index compilation and publication
follows a tight schedule.

Data acquisition primarily consists of collecting prices for physical goods and services
(“products”) offered to or actually purchased by consumers for sets of products that fit
within the international COICOP classification system.! Most countries still collect prices
in traditional ways, which consists of recording prices for relatively small sets of products
in physical outlets by pencil and paper or with electronic devices.

Over the past 20 years, data collection has started to gradually shift from traditional
price collection to automated collection of large amounts of electronic data. Web scraping
of consumer prices emerged about 10 years ago, which became increasingly popular during
the COVID-19 pandemic as NSIs were not allowed to visit physical outlets in periods of
lockdown. The surge of web scraping was preceded by efforts of acquiring product sales
data from retail chains, which were pioneered by the statistical offices of Norway and the
Netherlands more than 20 years ago.

This paper only focuses on sales data, which are widely known as transaction data or
by the more restrictive term scanner data, which specifically refers to goods and services
that are uniquely identified by a bar code. A growing number of NSIs are trying to
acquire transaction data, which are now used by more than 10 countries in their CPI
compilation. The share of transaction data used in the CPI of Statistics Netherlands,
measured in terms of COICOP weights, will surpass 40 per cent in the course of 2023.

Transaction data constitute a very attractive data source for replacing traditionally
collected prices for different reasons. Sample sizes in traditional price collection are typi-
cally in the order of several tens or hundreds of products per retail chain, while transaction
data sets may easily contain several tens or hundreds of thousands of sold products at the
article code or bar code level, which is officially known as the Global Trade Item Number
(GTIN). In this paper, products at this level will be referred to as items, while the term
product is more generic and may be broader than the item level, for instance, in order
to capture price increases associated with product relaunches that are assigned new bar
codes [9].

A second important feature of transaction data is the inclusion of expenditures and
numbers of products sold at the GTIN or item level, which are usually specified by week,
aggregated over consumers. This allows the derivation of transaction prices, which are
the prices paid by an average consumer for each sold item in different time periods.
Traditionally collected prices and web scraped prices are offer or shelf prices. Expenditures

1See https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:
COICOP_HICP
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and numbers of sold items are not collected in these forms of data collection.

A major benefit of transaction data is the possibility of defining expenditure based
product weights. This is very important, since the price development of each product
will be reflected in the price index of the corresponding product aggregate in accordance
with the composition of consumers’ baskets and changes in basket composition over time.
Price index formulas that make use of both product prices and sold quantities are therefore
obvious options to consider when processing transaction data compared to index formulas
that only make use of prices.

The class of index formulas that include both prices and quantities is quite broad. An
important distinctive feature is the number of periods used when computing aggregate
price change between two periods. Bilateral formulas make use of data from two periods,
while multilateral index formulas incorporate data from more than two periods ([3], [12],
[16]).

Index formulas have to be applied in each successive period in order to compile index
numbers with newly collected data. An important question is how to link the indices
calculated in each period to index values in past periods. There are different ways of
linking, which follow from the different choices that can be made for the reference period
in an index formula. The term “reference period” denotes the period from which prices
and quantities are compared with the values in the second period, which is typically the
current period in practice. Index formulas that yield the same result for each linking
choice are called transitive and are said to be “free of chain drift” [25]. Transitive index
series are independent of the choice of reference period, which is a desirable property. The
problem of linking subsequent indices to past index values becomes irrelevant for index
formulas that are transitive.

Unfortunately, bilateral index formulas that make use of both product prices and
quantities are sensitive to chain drift. These methods also include the Fisher index (see
e.g. [26]), which is the only index formula that satisfies all 20 “axioms” or “tests” for
bilateral indices listed in the CPI manual (|25], pp. 292-297). The problem of chain drift
can be resolved to a certain extent with multilateral methods. However, although these
methods produce transitive index series on fixed time intervals, transitivity will be lost
once the initial transitive index series is extended when linking index series compiled with
data from successive periods (|7], [8], [30]). The problem of chain drift is illustrated in
Section 2.

Since multilateral methods make use of data from multiple periods and the number
of periods (window length) can be varied, these methods offer a wider range of choices
for linking successive index series than bilateral methods. In theory, this means that
multilateral methods are better equipped for controlling chain drift. For this reason, the
focus in the remainder of this paper will be on multilateral methods, with the objective
to identify index extension methods that are capable of controlling chain drift.

Section 3 starts with a characterisation of the index extension problem. The identi-
fication of the choice variables serves as a basis for defining extension methods. Some
well-known methods and more sophisticated optimisation methods are described after-
wards.



Section 4 summarises the transaction data sets and extension methods that have been
included in a large comparative study. The results of this study are presented and dis-
cussed in sections 5 and 6. Section 7 concludes.

2 The index extension problem and chain drift

2.1 Bilateral methods

This section serves as an introduction to the index extension problem and related issues,
before giving a comprehensive characterisation and formalisation of the problem in the
next section. In mathematical terms, a price index can be conceived of as a function of
prices and quantities (if available) for a set of products in different periods ([3], [25]). A
price index provides a measure for the composite or aggregate price change of a set of
products between two periods. An index is a dimensionless ratio number, which is used
to express aggregate price change between two periods as a percentage.

In practice, one of the two periods is the current or reporting period and the other
period can be any period in the past, which is referred to as “reference period”. When
data from only two periods are available, it is clear that any index formula can be applied
in only one way and will give a unique result. This may change as soon as data from a
third period becomes available. The new data must be used in order to compile an index
for the next reporting period. One of the two periods in an index formula is the new
reporting period, while different choices can now be made for the reference period.

The reference period also serves as the linking period on which the newly compiled
index is linked. The linking results in an extension of an index series to the current
reporting period. Although different choices for the reference period can be made, there
are two methods for extending series of bilateral indices that price statisticians are familiar
with:

« The fized base or direct approach, which uses the same reference period in each
reporting period. If Fy; denotes an index in period ¢ with 0 as reference period,
then the direct or fixed base method yields a sequence Fy g, Fy 1, ..., o of index
numbers, where Py = 1, which denotes ‘no change’.

« Period to period chaining computes an index in period ¢ with respect to period 0 by
combining all intermediate price comparisons for two successive periods as follows:

Hizl Pz—l,z~

An important question is whether the two linking or extension methods give the same
result. Equality is achieved for index formulas that are transitive. An index formula is
said to be transitive when each indirect comparison between any two periods z and ¢
through some period s yields the same result as the direct comparison between 2z and ¢,
which can be formalised as P, ,FP;; = P, for every s and any pair of periods z and ¢.
Transitivity is equivalent with the property that fixed base and chained indices are equal.
This means that transitivity can alternatively be formulated as the Multi-Period Identity



Test, which is satisfied when

t
P. [ Pors=1 (2.1)
s=2+1
for all z and t. This test states that if we return to the initial point z, after moving from
z to t through a sequence of intermediate points s in time, then a price index is expected
to return the value 1. If this does not happen, then an index formula is said to suffer from
chain drift (|25], p. 283).

The class of bilateral index formulas can roughly be subdivided between formulas
that only make use of prices and formulas that also include product quantities. This
distinction is sometimes referred to as “unweighted” and “weighted” methods by price
statisticians. The Jevons index, which calculates a price index as a geometric mean of
the price ratios of each product between two periods, is a broadly supported example of
an unweighted method. It is able to deal with sets of products that differ in quality and
produces transitive index series, subject to the condition that prices must be available for
each product in every period.

Although NSIs are showing greater interest in multilateral methods, the Jevons index
formula is still used by numerous NSIs for processing supermarket transaction data. FEu-
rostat set up guidelines on how the Jevons can be applied to transaction data [21], which
is particularly useful for NSIs that want to start using transaction data in the production
of their CPI. A downside of the Jevons is that each product has the same weight so that
shifts in expenditures among products are not reflected in a Jevons index. For example,
consumers may switch to products with smaller price changes, in which case Jevons in-
dices will overstate aggregate price change. It may be possible to limit such distortions
in an index series by setting a threshold on expenditure share (“low-sales filter”), which is
used by NSIs to exclude products that remain below the threshold [21].

It is therefore important to include both prices and quantities in an index formula.
Unfortunately, it will be harder to achieve transitivity when additional dynamics beside
price changes over time are included (see also the discussion in CPI manual [25] on page
282). The bilateral index formulas known to date that allow variations in quantities over
time are not transitive. Fixed base indices only depend on the prices and quantities of
the current and fixed reference period, while chained indices also depend on the prices
and quantities of intermediate periods.

The above discussion emphasises the problems with bilateral index formulas in reflect-
ing consumers’ changes in expenditure patterns and meeting the transitivity property
at the same time. The importance and sensitivity of the choice of product weights and
linking method is highlighted by several examples in [12], where different bilateral and
multilateral methods are applied and compared on transaction data sets. Examples can
also be found in [15] and [26].



2.2 Multilateral methods

Multilateral methods were originally developed for international and inter-regional price
comparisons. An important feature of these methods is that the resulting Purchasing
Power Parities are independent of the choice of reference country or region. Well-known
examples of multilateral methods are the GEKS method ([19], [24], [32]), the Country
Product Dummy method [31], and the Geary-Khamis method (23], [27]). The reader
may also consult Balk’s book on details about these and other multilateral methods [3].

Although multilateral methods have a long history with regard to applications in a
geographical setting, their potential for index calculation with transaction data was only
studied at the beginning of the previous decade ([15], [26]) after a first application in the
time domain in the 1980s [2]. The cited initial studies on transaction data were followed
by numerous contributions from the academic world and statistical offices in recent years
(1], 14, 5], [6], [13], [17], [28], [29], [30], [34], [35], [36]).

Sets of countries or regions are replaced by months when applying multilateral methods
in the CPI. A set of months or periods with different time units will be referred to as a “time
window” in this paper. Multilateral methods generate a sequence of index numbers in
each period of a time window after a single computational procedure. The independence
of reference period in multilateral indices can be achieved in different ways depending
on method. The GEKS method calculates an average of bilateral indices over a time
window ([15], [26]), while the Geary-Khamis [6] and the Time Product Dummy method
[28] compare product prices in different periods with average (deflated) prices over a time
window.

The transitivity property resolves the problems and dilemma encountered with bilat-
eral methods discussed at the end of the previous subsection. At least, this applies to each
separate time window since index series are transitive on every window. Unfortunately,
transitivity will also be lost for multilateral index series when successive transitive index
series are combined, which has to be done in order to derive an index in each reporting
period. This issue is discussed and illustrated in greater detail below.

Figure 2.1 gives an example of a typical application of multilateral methods in practice.
A window length is first chosen, which is equal to 13 periods in the example. The initial
time window starts in period 0 and ends in period 12, which in the CPI typically refer to
December of the previous and current year, respectively. December acts as a base month
in the CPI, the month in which a new index series is started for each calendar year. A
window length of 13 months is recommended as a (minimum) length in order to allow
prices of seasonal items to be compared between seasons of two successive years ([26], p.
33).

The first step is to compute an index series on the initial time window. Next, an index
has to be compiled in period 13, which in practice would be January of the new year. In
order to include the data of this month in the index calculations, the initial time window
has to be adjusted in some way. One way of doing this is to shift the initial window by one
month, so that the next time window will include the new month while the first month
of the initial window is dropped. Applying a multilateral method to the data of periods



1,2,...,13 results in an index series for time window 2.
COMPUTE ncices || RSY | R | pYT | R | U | AU | 1| A | REY| pIAT | REL| PISL| AL,
ooy | R R
PXTEND index || I | pI4T | 1Y | pI4T | LY | pUT | LY | pIAT | AU | pT| LU I pIEL| RO 9

The

indices on time windows 1 and 2 are denoted by P(g}g and Pl[?g, with 0 and 1 as the respective
initial periods of the two 13-period windows.

Figure 2.1: Illustration of the index extension problem for multilateral methods.

The question now is how the initial index series on time window 1 can be extended
with an index in the new month. In order to achieve this, the index series obtained
on the two time windows have to be linked. Multilateral methods offer different linking
possibilities by making use of the indices generated in each period of the time window.
For 13-month windows there are 12 months to choose from in order to link the two index
series, which in the example of Figure 2.1 are months 1,2, ..., 12.

The results for two linking methods are illustrated with a numerical example in Table
2.1. Series 1 and 2 are two transitive index series calculated on two time windows, which
are defined as in Figure 2.1. The two index series “Link on 1”7 and “Link on 12”7 are equal
to series 1 until period 12. “Link on 1”7 produces an index in period 13 by linking the
change in period 13 with respect to period 1 according to series 2 on the index of series
1 in period 1. The index in period 13 for “Link on 12” is obtained by linking the change
of series 2 in period 13 with respect to 12 on the index of series 1 in period 12.

Period 0 1 2 3 4 5 6 7 8 9 10 11 12 13
Series 1 1 0905 0.993 0996 0.846 0.930 1.038 1.038 0.991 0.936 1.092 1.099 1.095

Series 2 1 1.097 1.100 0.933 1.029 1.147 1.148 1.094 1.035 1.208 1.216 1.212 1.290
Linkonl |1 0.905 0.993 0.996 0.846 0.930 1.038 1.038 0.991 0.936 1.092 1.099 1.095 1.168
Linkon 12 | 1 0.905 0.993 0.996 0.846 0.930 1.038 1.038 0.991 0.936 1.092 1.099 1.095 1.166

Table 2.1: Results for two methods that link two index series obtained on two 13-period time windows
to produce an index in period 13. Link on 1 and 12 means linking on periods 1 and 12.

“Link on 12”7 is a method known as “movement splice” and was the first extension
method to be proposed for multilateral methods [26]. “Link on 1”7 is known as “window
splice” [28|. Table 2.1 shows that the two linking methods give different indices in period
13, with a rounded difference of 0.2 percentage point. Different linking methods thus yield
different results in spite of linking two transitive index series. The difference between the
two linking methods is caused by the inclusion of new data in period 13, which of course
could not be included in the first time window. The inclusion of new data in subsequent
time windows may lead to different index values in past periods compared to the indices
calculated on preceding time windows.

10



Compared with bilateral methods, the problem of chain drift remains and is in fact
postponed when using multilateral methods. A question that logically comes to mind is
whether there is still anything to be gained with multilateral methods when trying to
control chain drift. The answer is affirmative for a number of reasons:

+ Transitivity of multilateral index series on subsequent time windows is still a very
useful property in this respect, which is lacking in weighted bilateral methods.

« In contrast with bilateral methods, the length of the time window can be treated as
a variable with different values to choose from.

+ Multilateral methods have other important advantages compared with bilateral
methods, such as the timely inclusion of new products without compromising tran-
sitivity on fixed time windows. The same holds for the possibility to specify varying
product weights, both across products and over time.

The transitivity property on separate time windows can be used to control drift. This
property is exploited in different ways in the remainder of this study. For instance, Section
3.3 presents a procedure for determining window length and linking period by minimising
a specific objective function that is related to chain drift. The results of a comparative
study in Section 5 offer extensive material that quantifies the extent of drift in different
extension methods and provides insight into different choices that can be made to limit

drift.

3 Multilateral index extension methods

3.1 Characterisation

The discussion and examples presented in the previous section serve as a starting point
towards a comprehensive characterisation of the extension problem and for defining index
extension methods. The present section starts with an identification of the variables that
can be used to define extension methods. Examples of well-known methods are given in
Section 3.2. Figure 2.1 and Table 2.1 already reveal several variables, which are completed
and listed below:

« Extension methods are traditionally applied with choices that are kept fixed over
time for each variable. It is also possible to allow variables to vary over time. This
aspect is referred to as splicing flexibility in this paper, which can be either static
or adaptive. The two extension methods in Table 2.1 can be considered as examples
of static splicing, since window length and linking period are fixed over time.

+ In order to calculate a multilateral index series, it is necessary to specify a window
length. The windows in Section 2.2 consist of 13 periods.

« A second choice that concerns the time window is how to adapt a window over time
in order to include data from successive periods, which is referred to as window
adaptation in this paper. Two specific choices can be distinguished based on studies

11



on this topic: a fixed-length rolling window, which is shifted by one period when
new data become available, and an expanding window. The examples in Section 2.2
make use of a rolling window.

» The example in Table 2.1 contains two methods that link on different periods. The
choice of linking period thus constitutes the fourth variable. Instead of linking
period it may be more convenient to use the length of the linking interval when
formalising extension methods. The (length of the) linking interval is defined as the
number of periods between the current or reporting period and the linking period.
The linking interval is equal to 12 when linking on period 1 in the example of Table
2.1 and is equal to one period when linking on period 12.

« Different choices can also be made for the index in the linking period, which is
referred to as the linking index. Suppose that period 14 were added to the example
of Table 2.1. If we would link the index series obtained on the third time window
to one of the periods between 2 to 12, then we can choose between the indices of
the first two series. The indices of series 2 are recalculated indices, while the first
calculated index series will result in a set of published indices. There is only one
index to link on in previous period 13, which will always be a published index.

The variables listed above can be used to parametrise and organise extension methods
according to a tree structure, which is shown in Figure 3.1. The red boxes at the lowest
level of the tree contain extension methods. The static splicing methods that make use of
a rolling window with a fixed length W and linking interval L are denoted by S(W, L, r)
and S(W, L,p), where r and p indicate whether the linking index is a recalculated or a
published index. The abbreviation MS stands for mean splice. Linking interval is omitted,
since mean splice calculates an average index over all linking intervals.

Splicing flexibility

static adaptive
Window adaptation Linking index

rolling expanding recalculated published

X

Linking index

recalculated published

Figure 3.1: Characterisation of extension methods (red boxes) and variables in a tree structure.

12



An expanding window was originally designed with the CPI practice of compiling
annual series in mind. December of the previous year is the first month of the time window,
which contains two months in January, three in February and reaches its maximum length
of 13 months in December of the running year. Window length is thus increased by one
month when data of the next month become available, and is denoted as W in Figure 3.1
for this type of method. The index published in December serves as the linking index in
every reporting month. Index series are extended by linking fixed base indices calculated
on each expanding window on the index in December of the previous year. This extension
method is known as Fixed Base Expanding Window (FBEW) method [6] and is denoted
in Figure 3.1 as S(W™, L™ p). The linking interval L™ also increases each month and is
equal to W+ — 1.

A method similar to FBEW is the Fixed Base Rolling Window (FBRW) method, with
the only difference that FBRW uses a rolling window instead of an expanding window
[29]. The FBRW method also links on the published December indices. Since the linking
period is fixed, the linking interval increases each next period as in FBEW, so that the
FBRW class of methods can be denoted as S(W, L, p). This method can be found in the
second red box from the left in Figure 3.1.

Although window length and/or linking interval are not constant over time in FBEW
and FBRW, these methods are not considered forms of adaptive splicing since the linking
period is fixed. Window length and linking interval are left free in adaptive splicing and
may thus take any value, which are respectively denoted as W* and L* in Figure 3.1. The
values of these variables are determined by solving an optimisation problem. More details
will be given in Section 3.3. In theory, it is also possible to let the linking index vary across
periods, but this option was not considered in this study. The adaptive splicing methods
constitute a new class of methods on the topic of index extension. For this reason, it was
decided to limit the complexity of these methods in this study.

3.2 Static splicing methods

The extension methods presented in Figure 3.1 will be formalised in the remainder of this
section. The present subsection starts with the static splicing methods, which continues
with adaptive splicing in Section 3.3. Well-known methods belonging to the class of static
splicing methods emerge as special cases from the formal expressions and will be discussed
separately.

The following notation is introduced. A published index in period ¢ is denoted by Fy,
where 0 stands for the first period of an index series. The initial time window is denoted
as [0, 7], which consists of T'+ 1 periods 0,1, ...,7. The number of periods 7"+ 1 is the
length W of the time window, which is fixed for rolling windows.

Indices obtained on a specific time window are denoted in the same way as published
indices, with an additional reference to the time window. For instance, Pt[t__lj‘:’t] denotes the
index in period t with respect to reference period ¢ — 1 that results from the index series
computed on time window [t — T’ t]. An exception is made for indices calculated on the
initial time window [0, 7'], which are denoted by P, ; without referring to the time window.

13



This is done for reasons of convenience when formalising expressions for extended indices.

The description of the static splicing methods starts with methods that link on pub-
lished indices, which have a simpler construction than methods that link on recalculated
indices.

3.2.1 Linking on published indices
3.2.1.1 Fixed linking interval

A number of well-known extension methods make use of a rolling window and a fixed
linking interval. For windows with T+ 1 periods and linking interval L, extension methods
that link on published indices can be denoted by the class S(T'+ 1, L, p) according to the
notation in Figure 3.1.

The extension method for L = 1 is known as movement splice. This is basically the
multilateral version of period to period chaining. It is the first extension method that was
proposed, in studies where index series calculated with the GEKS method are extended
by period to period chaining ([15], [26]). For 13-month windows (7" = 12) the method is
known as Rolling Year GEKS (RYGEKS).

Extension methods belonging to the class S(T + 1, L, p) can be formalised as follows.
Suppose that indices are published until period ¢ — 1 and that an index F; has to be
calculated and published in period ¢t. The time window is shifted in order to include the
data of period ¢, which results in the window [t — T',¢]. The index Pt[t:gt’t] in period ¢ with
respect to t — L of the current window is linked to the published index in period ¢ — L.
The published index in period ¢ > T can thus be calculated according to the following
expression:

Poy = Po,thPt[t:Lj,;’t] (3.1)

Movement splice is sensitive to drift because of its short-term chaining nature ([7], [8]).
The cited studies support linking on published indices, but with longer linking intervals in
order to better control for drift over longer periods. Linking on published indices allows to
preserve drift-free properties of the transitive index series calculated on subsequent time
windows in the eventually published indices.

An extension method that uses a longer linking interval is the method known as Half
Splice on Published indices (HASP). The method HASP takes the central period as linking
period for windows with odd numbers of periods, which means that the linking interval
is equal to % The linking interval can be set at TTﬂ for windows with even numbers of
periods. Figure 3.2 gives an illustration of the method HASP.

A 25-month rolling window is recommended in practical applications, which is partic-
ularly convenient for products that may be temporarily unavailable, like seasonal items.
Longer windows compensate for a higher sparseness in the data ([7], [8]).

Setting L = T results in the method known as Window Splice on Published indices
(WISP), in which the first period of each time window is the linking period. This method
was proposed in the same two aforementioned studies in order to avoid or reduce drift

in the original window splice method, which links on recalculated indices (see Section

14



COMPUTE indices [1] | pl1] | pl1] | plal | plal | plal | plal | plal | plal | plal | pla] | pla] | pl1l
timewindow1 || fo0 |fox |Foz | Foz | Foa | Fos | Foe | Fo7 | Fos | Fos | Foro| Fora| Forz

COMPUTE indices :> [21 | pl2l | pl2l | pl2] | pl2] | pl2] (I pl2] | pl2] | pl2] | pl2] | pl2] [Fpl2]
time window 2 Pl,l Pl,Z P1,3 P1,4 Pl,S Pl,6 P1,7 P1,8 P1,9 P1,10 P1,11 P1,12 P1,13

T—| Index change used for linking ’j
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Figure 3.2: Illustration of the method HASP for one index extension using 13-period windows. The
dark green coloured cell in the extended series denotes the linking period and index.

3.2.2.1).

3.2.1.2 Fixed linking period

The linking periods in movement splice, HASP and WISP are shifted one period when
a time window is shifted. Some extension methods make use of a fixed linking period.
December of the previous year is used in the CPI as linking month in order to link annual
index series and extend these series to longer term series of higher aggregates. The
same choice is made in the fixed base window methods for multilateral methods, which,
according to EU regulations, can be applied to the lowest aggregate of publication in the
CPI (COICOP 5-digit level).

Two fixed base methods are known in the literature on index methodology: the
Fixed Base Expanding Window (FBEW) method [6] and the Fixed Base Rolling Window
(FBRW) method, which was proposed in response to the FBEW method [29]. Both meth-
ods link fixed base indices computed on each subsequent time window to the published
index in a fixed reference or base period.

Some additional notation is required to formalise this type of methods because of the
role of the base period. For notational convenience, let the base period be updated every
T periods, which means that 0 and T represent the first two base periods. Let bT denote
the base period after b updates, where b is a non-negative integer. The published index
in base period b1 is P pr.

The FBRW method uses a rolling window and variable linking interval since the linking
period is fixed. The linking interval in period ¢t € [bT + 1, (b+1)T] is equal to t —bT. The
FBRW method can thus be denoted as a method of type S(T'+ 1,t — b7, p). An index to
be published in period t € [bT + 1, (b+ 1)T] can be calculated as follows:

Poy = PoyrPy,"" (3.2)

where Pb[;tT’t] denotes the fixed base index in period ¢ with respect to the fixed reference
period 0T, which results from the index series calculated on time window [t — T',¢].

The FBEW method only differs from the FBRW method in the use of an expanding
window instead of a rolling window. The base period b1 is the first period of the expanding
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window, which has length ¢ — b7 + 1 in period t € [bT + 1, (b + 1)T]. The time window
reaches its maximum length in the next base period (b + 1)T, in which case the length
equals 7'+ 1 and will thus coincide with the window length of the FBRW method.

3.2.1.3 Mean splice

The methods described so far use one linking period or interval in order to extend index
series from one period to the next. It is also possible to choose different linking periods
and combine the results into one index. The method mean splice uses all possible linking
periods in a time window and calculates an average from the resulting indices. This
method was proposed by Diewert and Fox [17].

The version of mean splice that links on published indices can be formalised as follows.
Since the method uses each linking interval, the indices that would be published in period
t for each choice L = 1,2,...,T are given by expression (3.1). The index published in
period t according to mean splice is calculated as a geometric average of these indices:

i ;
Py = ( H Po,t—LRf[t__L:;’t]> (3.3)
L=1

Every linking interval is considered to be of equal importance in mean splice [17].
Mean spliced indices can therefore be interpreted as solutions of an ordinary least squares

problem, where In Fy; minimises the sum of squared differences with In (Po,t— L]%[t__;;’t])
over L =1,2,....,T.

3.2.2 Linking on recalculated indices

This subsection continues with a formalisation of extension methods that link on recal-
culated indices. The term ‘recalculated” refers to the last recalculated index in a past
period, which is obtained on the previous time window. Fixed base methods are not
included in this description, since these methods link on published indices.

3.2.2.1 Fixed linking interval

Linking on the last recalculated index of a past period is equivalent with a period to
period extension for which only the index series computed on the last two time windows
are used. Such methods can thus be implemented conveniently as a period to period index
chaining method.

The period to period index used for extending an index series from period t — 1 to ¢ is
denoted by P,_;;. This index can be obtained as follows when using a linking interval L.
First, the index in period ¢ with respect to linking period ¢t — L is derived from the index

t—Tt]
ras

series on the current window [t — 7', t], which yields the index Pt[f . . Next, the index in

period t — 1 with respect to linking period ¢ — L is derived from the preceding window

[t —1—T,t— 1], which gives the index Pt[t__Ll,t__Tl’t_l]. The period to period index that will
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be linked to the published index in period ¢ — 1 is equal to the ratio of these two indices:

P
Pire = [—1-T.—1] (3.4)
t—Lt—1

The index to be published in period ¢t can thus be obtained as follows:
Por = Por-1b-14 (3.5)

with P,_;, given by (3.4).

Index series constructed according to this expression belong to the class of methods
S(T + 1, L,r), which appear in the leftmost branch of Figure 3.1. Well-known methods
of this class are window splice, for which the linking interval L = T. In other words,
window splice takes the first period of each time window as linking period. This method
was proposed by Krsinich in order to overcome problems with movement splice. She
argued that “the revised movement for back periods is not being incorporated into the
longer-term index movement” when using movement splice ([28], p. 16). For the same
reason, Krsinich states that movement splice does not properly handle contributions of
new products to an index.

Revision of published indices is not allowed in the CPI. However, revised or recalcu-
lated indices in past periods can be used to link index changes, which will consequently
have an effect on the index values that will be published in the present reporting period.
Window splice takes the effects of these index revisions into account. However, de Haan
notes that “a potential problem with Krsinich’s (2014) method is that it does not revise
for items that are only observed in the first month of the estimation window” and suggests
to “extend the estimation window by 12 months prior to the linking month” in Krsinich’s
13-month window ([14], p. 26).

Chessa found that window splice is very sensitive to downward index drift, which
typically arises in situations where items leave an assortment at extremely reduced prices
during clearance sales after the first period of a time window (|7], pp. 12-13). In a follow-
up study, the same author states that this downward index behaviour can be resolved by
shifting the linking period towards the middle of the time window. Items that leave an
assortment under clearance prices soon after the linking period result in an index that
will be less sensitive to downward drift since such items will contain regular prices before
the linking period ([8], p. 29). This will be explained further in Section 6.1.

Chessa’s observations and suggestions motivated the method HASP, while de Haan’s
adjustment of the window splice method led to the half splice method, which links on the
last recalculated index of L = % periods ago for windows with odd numbers of periods.
This method is illustrated in Figure 3.3, which visualises expressions (3.4) and (3.5) that
yield published indices.

Note that setting L = 1 results in movement splice, which is identical to the method
mentioned in Section 3.2.1.1. There is only one index to link on in the previous period,
which is always a published index.
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Figure 3.3: Illustration of the half splice method, which links on the last recalculated index, for one index
extension using 13-period windows. The dark green coloured index of the extended series in previous
period 12 is used to link the period to period index that is derived from index changes 1 and 2.

3.2.2.2 Mean splice

Compared with the version of mean splice that links on published indices described in
Section 3.2.1.3, it is easier to compute indices when linking on the last recalculated index.
In this case it is not necessary to store the indices that would have been published for
different linking intervals.

An index to be published according to mean splice when linking on the last recalculated
index for each linking interval can be obtained by linking a geometric mean of the period
to period indices given by expression (3.4) on the published index of the previous period:

T plt-Td] T
t—Lt
Poy = Fos ( H P[t—l-T,t—l]) (3.6)

L=1411-r+1

3.3 Adaptive splicing and drift

The extension methods that are described in Section 3.2 use a set of fixed choices over time
for the variables that characterise these methods, like the same window length, linking
interval and linking index in each time period. The main question to be answered in this
study is how the index series produced by different extension methods will behave, in
particular with regard to chain drift. In Section 2.2 it was argued that multilateral index
series will generally no longer be transitive as soon as index series that are transitive on
an initial time window are extended after adapting the time window in order to include
data from future periods (see also Table 2.1).

The Multi-Period Identity Test (MPIT), formalised as expression (2.1), can also be
applied to multilateral methods. The question then is whether indices between two periods
produced by an extension method are equal to the index that is obtained with the same
multilateral method by directly comparing the prices and quantities between the same
two periods.

For example, the linking of year on year indices on the published indices of 12 months
ago with the method HASP (Section 3.2.1.1) results in drift-free year on year indices.
However, the MPIT does not hold when linking on recalculated indices. Chaining the

18



period to period indices given by expression (3.4) between periods t — L and ¢ does
generally not result in the direct index Pt[i_L%;’t], since the period to period indices are
calculated on different time windows.

The aforementioned examples keep the window length fixed, as is normally done in
classical applications of the MPIT. However, the length of the time window is unknown
and should be treated as a variable, as was suggested in Section 3.1. Following the original
formulation of the MPIT as in expression (2.1) is consequently not trivial; a relaxation of
the strict equality in (2.1) makes more sense.

The above considerations motivate a new class of index extension methods, which are
referred to as adaptive splicing in this paper (Figure 3.1). Window length and linking
interval are not fixed in adaptive splicing, but may vary over time. Adaptive splicing
methods solve an optimisation problem in order to find values for the window length
and linking interval in each period. The indices calculated with mean splice can also be
viewed as solutions to an optimisation problem (Section 3.2.1.3), but the length of the
time window is fixed and also the set of linking intervals is the same in each period.

A suitable objective function has to be found for adaptive splicing. The objective
function underlying mean splice is formulated in terms of the published indices F;. The
level of the index with respect to a fixed reference period is important, as it is used for
indexation purposes, but other valid choices can be made as well. A choice that naturally
comes to mind is the year on year index, that is, the index with respect to the same
period in the previous year. This index is generally accepted as measure of inflation. Also
inflation is used for indexation, but it also serves as a very important measure for policy
making (e.g. monetary policy, price stability).

The optimisation procedure described below takes months as time units since the CPI
is a monthly statistic in almost all countries, but the description can be applied to any
choice of time unit. Window length is included in the procedure by comparing the year
on year index to be published in a reporting period ¢ with the year on year index on a
longer time window. Let T; + 1 denote the window length in ¢ for some extension method
and let 77 > T;. Let L; denote the linking interval in period ¢ and Pt(_L&t the index in
t compared with 12 months ago that would be published using linking interval L; and
window length T; + 1.

The idea behind adaptive splicing is to find a value L; for the linking interval that
minimises the absolute difference between Pt(_L{%J and the index R[t__lg;’t] that results from
a longer window. The first index results from an extended index series, while the second
index is the result of directly comparing the product prices and quantities in periods ¢ —12
and . An extended index is thus compared with a direct index, which is how a relaxed
version of the MPIT is incorporated into adaptive splicing in order to control chain drift.

A relaxation of the MPIT is introduced in the following way. The optimal linking
interval L; is determined in a stepwise manner by gradually increasing the values of T"
and T;. It has to be decided whether a value of T; at any stage is satisfactory in a certain
sense. This could be established by applying a threshold, say €, to the objective function
which is added as a constraint to the procedure.

An adaptive splicing procedure can be set up according to the following steps for
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reporting periods ¢:

1. Choose a window with initial length 7; + 1 periods. Also set a maximum window
length Wi,.x and a step size 7. Proceed with step 2.

2. Set a length 7"+ 1 for a second window such that 7" = T; + 7. The procedure stops
if 7"+ 1 > Wiax. Otherwise, proceed with step 3.

3. Determine a linking interval L; that minimises Pt[izg:;’t]—Pt(fi;’t over L; € {1,2,...., T;}.
Proceed with step 4.

4. If |Pt[t__1§ltt] — Pt(_L{%t‘ < ¢, then accept T; and L;, in which case Po(,?) will be the
published index in ¢. Otherwise, set T; = T” and return to step 2.

Below some remarks are made with regard to this procedure:

« The procedure needs to be initialised by setting values for T; and 77. A commonly
accepted minimum window length is 13 months, as was also stated on page 9. This
means that 7T, = 12 could be taken as an initial value in step 1.

» The length of the time window could be increased in different ways, in case 13
months does not satisfy the constraint in step 4. Steps of 7 = 1 month could be
used, but also more pragmatic choices like 7 = 6 or 12 months could be made. These
considerations can be used to assign a value to 7" in step 2.

« Another question to be answered is how to assign a value to the threshold € in
step 4. Some guidance could be found in EU Regulation 2016/792. Margins are
defined at different aggregate COICOP levels, which are used by statistical institutes
to indicate whether a change in method has a ‘significant impact’ on the year on
year index in any month compared with the previous method (|20], Article 2 (21)).
For instance, the margin at all-items level is set at 0.1 percentage point, while 0.5
percentage point is used at the 4-digit COICOP level. The value of 0.5 was used
for € at the lowest COICOP level in this study (Section 4.3).

« It may happen that the constraint in step 4 is not necessarily satisfied after the
second window length 7”7 + 1 has reached the maximum length W,,.,. The values
found for 7T; and L, are then selected.

The next sections present an extensive comparative study with a summary of the data
and methods used, followed by an overview and discussion of the results. Main findings
about extension methods derived from the results and discussion are summarised in the
final section.

4 Comparative study

4.1 Data sets

This section gives an overview of the data sets and the index extension methods that were
included in a study that aims to compare the performances of different extension methods
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on key indicators for a wide range of product types. This comparative study has been
extended considerably with respect to the two previous studies carried out at Statistics
Netherlands ([7], [8]), in terms of data sets and extension methods.

Transaction data sets from 14 Dutch retail chains were selected, which contain sales
data of products classified in 27 COICOPs at the 4-digit level (Table 4.1).2 The selected
data sets cover a broad range of products: food, non-alcoholic and alcoholic beverages,
garments and footwear, products for maintenance and furnishing of the dwelling, equip-
ment, household products and textiles, medical products, spare parts and accessories for
personal transport, plants and flowers, products for pets and personal care products.

Store type Nr of chains | COICOP (4-digit)
Supermarkets 3 0111-0119, 0121, 0122, 0212, 0213
0312, 0321

0312, 0511, 0520, 0540, 1213
0431, 0511, 0520, 0551, 0552, 0721
0511

0511, 0933, 0934

0611, 0612, 1213

Clothing and footwear stores
Department stores
Do-it-yourself stores
Furniture stores

Garden centres

_ = =W W N

Pharmacy stores

Table 4.1: Types of retail chain and products covered by the selected transaction data sets.

The data sets contain at least 5 years of data, most of which cover the period running
from December 2017 until and including December 2022. One additional year of data was
available for three retail chains, with December 2016 being the first month in these data
sets. All data sets are used in the compilation of the Dutch CPI and cover more than 15
per cent of the CPI in terms of COICOP weights.

Statistics Netherlands makes use of transaction data in its CPI since 2002. Data of
longer periods are available for a part of the selected retail chains. Parts of these data are
archived, while a smaller part is available in the production environment. The data sets
in Table 4.1 are selected from the production database, which only contains data from
recent years that are classified according to the current COICOP system.

The time frames covered by the data sets contain some noteworthy events. The year
2022 was characterised by rapidly increasing prices, with the war in Ukraine as a main
driver, which led to the highest inflation figures in the Netherlands in almost 50 years’
time (10 per cent averaged over 2022). The COVID-19 pandemic also had a big impact on
world economies between March 2020 and the first months of 2022, among others because
governments imposed different measures like lockdowns. These events may constitute
stress tests for index extension methods. The question is how different methods react to
rapidly increasing prices and sudden changes in expenditures.

2For a description and details of these COICOPs, see https://ec.europa.eu/eurostat/ramon/
nomenclatures/index.cfm?TargetUrl=LST_NOM_DTL&StrNom=HICP_2000&StrLanguageCode=EN&
IntPcKey=&StrLayoutCode=HIERARCHIC
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4.2 Index method

As was stated at the beginning of Section 2.2, multilateral methods were originally de-
veloped for price comparisons between countries or regions. Multilateral methods were
considered as potentially promising methods for price comparisons over time only since
the beginning of the previous decade. These methods are now being studied on a large
scale as more and more countries are trying to acquire transaction data.

In Section 2.2 reference was also made to the three most widely studied multilateral
methods concerning the CPI: the GEKS method, the Geary-Khamis method and the
Time Product Dummy method. Index extension methods can be applied in combination
with any multilateral method. A multilateral method is used to generate index series on
each time window, which can be linked with each of the extension methods described in
Section 3.

The multilateral method used in the present study is the Geary-Khamis (GK) method,
which was introduced in the Dutch CPI in January 2016 [6]. The GK method is used
for processing transaction data, which also includes all data sets described in Section 4.1.
The following notation in introduced to describe this method. Let p;; and ¢;; denote
the price and quantity of product ¢ belonging to a set GG; in period t. As was already
mentioned in Section 2.2, the GK method compares the product prices p;; in any period
with some average price calculated over a full time window, say [0,7]. The average price
of product 7 is denoted as v; and will be defined below.

The aggregate price change p; for the set of products G, in period t with respect to
the average product prices v; is defined as

o Zith DitQit

= (4.1)
! Ziegt ViQi

This price change is not necessarily equal to 1 in a reference period. A price index Fp; in
period ¢ with respect to a reference period 0 can be obtained by dividing p; by po:

P — Dt . Zith pi,tQi,t/ Ziego Pi,09i,0
ot = = =

Po Ziegt ViG] Ziego Vidi,0

(4.2)

The ratio in the numerator of (4.2) measures the change in total expenditure between
0 and ¢. The ratio in the denominator is a quantity index in which products are scaled by
their average prices ;. Unlike expenditure, product quantities cannot be simply summed
when products differ in terms of their quality characteristics. Some scaling or trans-
formation of product quantities should then be applied in order to account for product
heterogeneity.

In the GK method, the ratio in the denominator can also be interpreted as a change
in ‘real expenditure’, that is, with prices held constant in some sense over time. Price
changes should therefore be eliminated in the v;, which is accomplished in the GK method
by using the p, or the price indices Fy; in every period of a time window to deflate product
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prices. The v; are defined as follows:

ZZ: Qi,zpi,z/PO,z
Vv, = 0 T (43>

ZZZO qizz

Price indices cannot be calculated directly with expressions (4.2) and (4.3), since the

price indices also appear in the v;. Different index calculation approaches exist for these
expressions. A procedure that is easy to implement is an iterative algorithm that starts
with a set of arbitrary index values on a time window, which are substituted in (4.3) to
yield a set of initial values for the v;. These values are substituted in (4.2) which yields
updated price indices for each period of the time window. This procedure is repeated
until the absolute differences between the last two index series remain below a threshold
set by the user [6]. Price indices can also be found as solutions to an eigenvalue problem
[18].

It will be clear that the choice of multilateral method influences the results obtained
with index extension methods. However, different studies have shown that GEKS, GK
and TPD give comparable results when applied to transaction data of different products
(I8, [30]). Chessa found that the choice of extension method has a bigger impact than
the choice of multilateral method [8].

A specific remark about comparability between multilateral methods is worth making.
Various statistical institutes are currently using the GEKS method with Tornqvist indices
for bilateral price comparisons. Attention should be paid to clearance prices when apply-
ing the GEKS-To6rnqvist method, which is sensitive to downward trends when products
are sold at highly reduced prices during clearance sales. These risks can be limited by
filtering out clearance prices. These comments also apply to GEKS-Fisher [11]. Another
possibility is to use Walsh indices, which are robust against clearance prices and do not
require any price filters ([8], [11]).

4.3 Procedure
4.3.1 Extension methods

All extension methods that appear in the tree of Figure 3.1 were included in the compar-
ative study. Window length was restricted to the common choices of 13 and 25 months.
All possible linking intervals were included for these window lengths. Also both fixed base
methods described in Section 3.2.1.2 were included.

Price indices were also calculated for the adaptive splicing methods shown in Figure
3.1. Different versions of the splicing procedure described in Section 3.3 were run, with
initial window lengths of 13 and 25 months, that is, by setting T; equal to 12 or 24
months in step 1 of the adaptive splicing procedure. The step size 7 that relates this
window length to the length 7" 4+ 1 of the second window was set equal to 12 months.
In other words, the year on year indices of the extended series are compared with the
direct indices calculated on windows that are 12 months longer in order to determine the
optimal linking interval in each time period. The maximum window length W,., was
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set at 37 months, which means that the largest window size used in the extension is 25
months. The value of the threshold € in step 4 was set at 0.5 percentage point at the
lowest COICOP level for each retail chain.

4.3.2 Index compilation and evaluation

The GK method was used to calculate index series on subsequent time windows, which
were linked by applying the extension methods included in the comparative study. Index
series were calculated at different levels of product aggregation; a summary of the results
is given in Section 5. A number of choices and conventions have to be implemented in
order to compile index series in the CPI: (1) products have to be defined, and (2) the
compilation of index series above the most detailed COICOP level follows a set of strict
rules. Finally, the extended index series have to be evaluated in some way. These three
aspects will be described in more detail below.

Product definition

Price indices in the CPI are compiled at various levels of product aggregation. Indices
are published for each aggregate in the international COICOP classification. The most
important aggregate is the overall or all-items aggregate, as this headline level yields the
12-month rates of change that are presented as “inflation”. The next 2-digit level contains
12 “divisions”. Each division is subdivided into more detailed aggregates down to the 5-
digit level. For example, division 01 at the 2-digit level stands for Food and non-alcoholic
beverages. Below this level we find, for instance: 011 Food, 0111 Bread and cereals and
01111 Rice. Statistical institutes are free to add more detailed product aggregates below
the 5-digit level.

An important decision to be made is how to define individual “products” within the
most detailed aggregates. The most detailed product level in transaction data sets is the
bar code or GTIN level. As was stated in the introduction, bar codes may change after
item re-introductions or relaunches. If prices of these re-introduced items are increased
while quality remains the same, which is a common phenomenon, then the GTINs of such
items have to be combined in order to capture the price increases. Relaunches typically
occur with fashion goods like garments and footwear (division 03), and also with products
for personal care (division 12).

GTINs are usually not suited as unique products for the product types mentioned,
so that broader product definitions are needed in which different GTINs are combined.
This clustering or stratification of GTINs can be achieved by identifying sets of common
characteristics ([6], [9], [36]).

The product definitions used in the Dutch CPI were also chosen in this study. GTINs
are used as unique products for the majority of the COICOPs in Table 4.1. Broader
product definitions are used only for garments and footwear (0312, 0321), furniture and
furnishings (0511), household textiles (0520), pharmaceutical and other medical products
(0611, 0612) and personal care products (1213).
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Index compilation

The index compilation process proceeds along two main stages. At the first stage, mul-
tilateral index series were computed at the most detailed COICOP level for each retail
chain. This was done for every extension method included in this study (Section 4.3.1).
At the second stage, the index series were aggregated to higher-level indices with the
“Laspeyres-type” method described in Chapter 8 of the HICP Methodological Manual
[22]. Index series for each COICOP were first derived by aggregating over retail chains.
Next, the resulting index series were aggregated to higher-level COICOPs up to all-items
level with the same procedure. The Laspeyres-type method makes use of fixed annual
weights. The weights used in the Dutch CPI were also used in this study.

Evaluation

The index series obtained with each extension method were compared on two main in-
dicators: (1) the 12-month rates of change or year on year indices, and (2) the yearly
average index levels in 2020-2022, which are the years in which the extension methods
take effect when using 25-month windows and five years of data.

The question is how the results for these two indicators could be assessed in a mean-
ingful way. The usual approach followed in different studies is to compare extended index
series with the transitive index series on the full data period. Although this sounds log-
ical, this benchmark choice also has drawbacks. The full period index also contains the
influence of future transactions on the indices in past periods.

A more realistic choice would be to compute index series based on all data up to the
current period. This choice was made in this study. The year on year indices derived
from these index series were used as benchmark, both for the 12-month rates of change
and for the yearly average index levels. The yearly average indices were computed as a
chained index of the geometric averages of the monthly year on year indices in 2020, 2021
and 2022, with 2019 as the reference year.

The margins given in Article 2 (21) of EU Regulation 2016/792 were partly used
in order to establish whether index series are affected by drift [20]. A deviation in a
year on year index in any month larger than 0.1 percentage point from the benchmark
would be considered as drift at all-items level. The margins defined at lower levels of
aggregation in the regulation seem more arbitrary. These margins are more difficult to
define because of differences in the sizes of aggregates at the same level of aggregation. A
more careful position was therefore taken in this study with regard to drift at lower levels
of aggregation. The differences of extension methods with respect to the benchmark were
compared instead of judging whether drift occurs below all-items level.

5 Results

This section gives a summary of the results of the comparative study, which are organised
according to three levels of product aggregation: the all-items level, the 2-digit COICOP
level and the 4-digit level. The results of all static splicing methods are shown in this
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section, with the exception of the FBEW method. The results for the FBRW method are
comparable, which are the ones included in the overview. Results for adaptive splicing
are only shown for methods that link on the last recalculated indices, since differences
with the versions that link on published indices are small.

Index differences with respect to the benchmark index are expressed as percentage
points (pp), with the benchmark index subtracted from the extended indices. A positive
(negative) difference thus means that an extension method gives a higher (lower) index
than the benchmark. Index values are scaled by 100, which is the value of an index series
in the initial month (December 2017).

5.1 All-items level

First, an impression is given of the price development aggregated over all retail chains
and COICOPs from December 2017 until December 2022. This is shown in Figure 5.1
for three extension methods: S(13,6,7), S(25,6,r) and the version of adaptive spicing on
recalculated indices S(25, L*, r) that uses 25-month windows. The two methods S(13,6, )
and S(25,6,r) link on the last recalculated indices of 6 months ago. These two methods
give the most accurate index levels in the final year 2022 for 13-month and 25-month
windows, as will be shown afterwards. Figure 5.1 clearly shows the effects of the rapid
increase in prices in 2022.
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Figure 5.1: Index series at all-items level for three extension methods.

The differences between the three index series are very small, which is worth empha-
sising as one of the methods uses 13-month windows. Extension methods that use these
shorter windows are apparently capable of producing accurate indices over periods of at
least 5 years. This can also be noted in Figure 5.2, which shows the index differences from
the benchmark in 2020-2022 for different extension methods including all linking intervals
for the static methods. The results for linking intervals around 6 months when linking on
recalculated indices are very accurate.

The yearly average index differences for adaptive splicing in the right-hand graph are
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Figure 5.2: Yearly average index differences (pp) for extension methods with 13-month windows with
respect to the benchmark. Horizontal axes show linking intervals, MS = mean splice, AS = adaptive
splicing, FB = FBRW.

somewhat larger than for methods that link on the last recalculated indices of 5, 6 and
7 months ago. Although adaptive splicing finds the linking intervals that minimise the
absolute differences with the year on year indices calculated on longer windows in each
month, this method does not necessarily give smaller differences when aggregating indices
over retail chains, COICOPs and, in the case of Figure 5.2, also over time. But in most
cases adaptive splicing does yield the most accurate results, as will become clear from the
other results that will be presented in this section.
Several other interesting features emerge from Figure 5.2:

« Linking on recalculated indices is more sensitive to the choice of linking interval
than linking on published indices.

+ Linking months near the edges of a time window produce the largest differences, in
particular when linking on recalculated indices.

+ Linking on the published index of 12 months ago produces much better results than
linking on the last recalculated index of a year ago, which results in large deviations
from the benchmark.

« Optimal linking intervals can be identified in both graphs. Methods that link on
recalculated indices have a preference for shorter linking intervals compared with
methods that link on published indices.

« The adverse effects of choosing linking months close to the edges of a time window
also propagate to mean splice.

« The FBRW method shows rather poor performance, which suggests that December
is generally not a suitable linking month.

The high sensitivity of linking on recalculated indices, in particular on 12 months ago
for 13-month windows, was already highlighted in previous studies by the same author
([7], [8]). Arguments were also given for the downward drifting behaviour of this window
splice method, which can also be noted in the right-hand graph of Figure 5.2.

Highly reduced prices during clearance sales constitute a potential source of drift.
When using the GK method, the average deflated prices v; defined by expression (4.3)
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will increasingly depend on clearance prices as the window is shifted, while the v; should
reflect regular prices in order to produce reliable indices. This is not a drawback of the
GK method but is an implication of using a time interval smaller than the data period,
which leads to a statistical phenomenon known as “censoring”. In situations where exiting
products still generate substantial expenditure in the first month of a window but quickly
drops in subsequent months as prices decrease, the denominator py of index formula (4.2),
which corresponds with the linking month, will distort an index series and result in drift.

Linking on the published indices of 12 months ago produces much better results be-
cause the year on year indices that are computed on each rolling window will be preserved
in the extended series, which is not the case when linking on recalculated indices. De-
viations from the benchmark are therefore smaller in general when linking on published
indices with long linking intervals.

On the other hand, Figure 5.1 also shows that certain choices for the linking interval
produce very good results when linking on recalculated indices. For certain choices of the
linking interval the index levels are more accurate than for methods that link on published
indices. The index levels for a linking interval of 6 months deviate at most only 0.1 pp
from the benchmark. This result is one of the main new findings compared with previous
contributions on this subject.

Figure 5.3 shows the results for 25-month windows. Also in this case, linking on
published indices reveals a preference for longer linking intervals. The results are more
accurate for linking intervals longer than 11 months compared with linking on recalculated
indices.
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Figure 5.3: Yearly average index differences (pp) for extension methods with 25-month windows with
respect to the benchmark. Horizontal axes show linking intervals, MS = mean splice, AS = adaptive
splicing, FB = FBRW.

The results for methods that link on recalculated indices show a different pattern
compared with the right-hand graph in Figure 5.2. Like for 13-month windows, the
shortest and longest linking intervals show the poorest performance. A preference for
shorter linking intervals also emerges for 25-month windows, with linking intervals around
6 months producing the best results again.

But the right-hand graph of Figure 5.3 also reveals some peculiar features. One of
the most striking results is the fairly large downward deviation when linking on the
last recalculated index of 12 months ago. A second interesting result is the accurate
performance of linking intervals between 13 and 21-22 months. The improved results

28



obtained with mean splice over the versions with 13-month windows are also worth noting,
with mean splice on recalculated indices giving slightly more accurate results than the
version that links on published indices (left graph). A more detailed look into the above
results will be provided in next subsection, where the index differences at the 2-digit
COICOP level will be presented.

This subsection closes with a summary of the year on year indices for a selection of
static splicing methods. Figure 5.4 shows the differences for the 12-month rates of change
with respect to the benchmark in each month of the last three years. The data of the first
two years are used by methods with 25-month windows to compute an index series on the
initial time window and are excluded in the presentation of the results since no extension
is still carried out. The rightmost graph confirms the high accuracy of the method that
links on the recalculated indices of 6 months ago. Of all methods shown in this figure,
it is the only one that is practically free of drift. It is also worth noting that there is no
trend in the differences for this method.

The adaptive splicing method, which is not shown, is slightly less accurate than
S(13,6,r) and produces some drift. This result is in agreement with the differences
between these two methods shown in the rightmost graph of Figure 5.2.
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Figure 5.4: Year on year index differences (pp) for extension methods with 13-month windows with
respect to the benchmark.

Figure 5.5 shows the year on year differences for a selection of methods with 25-month
windows. The differences are smaller among the methods that link on published indices,
which is in line with the results in Figure 5.3. The absolute differences for linking on
recalculated values of 6 months ago and for mean splice hardly exceed 0.1 pp and perform
better than most methods that link on published indices. Both methods can be said to
be free of drift, which also holds for adaptive splicing (not shown).

5.2 COICOP-2 level

Accurate results at all-items level may be the result of well-behaving index series for lower
product aggregates, but also of positive and negative differences that cancel each other.
It is therefore important to quantify index differences also for more detailed aggregates.
This was done in this study at different levels of aggregation.
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Figure 5.5: Year on year index differences (pp) for extension methods with 25-month windows with
respect to the benchmark.

The 2-digit COICOP level contains a number of important aggregates with regard to
transaction data. Statistical institutes typically start with supermarkets in their attempts
of acquiring transaction data. Most products sold by supermarkets belong to COICOP
division 01 Food and non-alcoholic beverages. This division has a high weight in the CPI
of every country and has generated a lot of media exposure since food prices went up
dramatically in 2022.

The results at 2-digit level are shown for the three divisions with the highest weight in
this study: COICOP 01, COICOP 03 Clothing and footwear, and COICOP 05 Furnish-
ings, household equipment and routine household maintenance. COICOP 0431, Materials
for the maintenance and repair of the dwelling, was combined with COICOP 05, which is
referred to as COICOP 04405 in the results.

The overview starts again with the yearly average index differences for methods with
13-month and 25-month windows, which are shown in figures 5.6 and 5.7 respectively.
The poor results for short and long linking intervals (for recalculated indices) at all-items
level also emerge at the 2-digit level. Apart from these linking intervals, linking either on
published or recalculated indices gives good results for COICOP 01 when using 13-month
windows (Figure 5.6).

Quite interestingly, linking on recalculated indices also performs well on COICOP 03
when moving away from the edges of a time window. Overall it can be said that linking on
the recalculated indices of around 6 months ago produces accurate indices, which perform
better than linking on published indices. An exception is COICOP 04-+05; the results
in Figure 5.6 show that the index series suffer from downward drift. This also holds for
linking on published indices.

The results for COICOP 04+05 show that 13-month windows are generally too short
for these types of product. This holds for static splicing. It is interesting to see that index
differences with respect to the benchmark are substantially reduced with the adaptive
splicing method. This method gives very accurate results for COICOP 01 and can be said
to perform quite well also for the other two COICOPs.

The results for 25-month windows are shown in Figure 5.7. There is hardly any
improvement for COICOP 01 compared with the results for 13-month windows in Figure
5.6. The results for linking intervals of at least 12 months are even worse, in particular
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Figure 5.6: Yearly average index differences (pp) for extension methods with 13-month windows with
respect to the benchmark for three aggregates at 2-digit level. Horizontal axes show linking intervals, MS
= mean splice, AS = adaptive splicing, FB = FBRW.

when linking on recalculated indices. The results for COICOP 03 improve when linking
on published indices, while the results were already accurate for 13-month windows when
linking on the recalculated indices of around 6 months ago. Substantial gains in accuracy
with a 25-month window are obtained for COICOP 04+05. However, long linking intervals
should be avoided also in this case when linking on recalculated indices.

Returning to the results for 25-month windows at all-items level in Figure 5.3, it was
noted that accurate indices are obtained with linking intervals between 13 and 21-22
months. The right-hand graphs of Figure 5.7 show fairly large positive differences for
COICOP 01 and large negative differences for COICOP 04+-05, which almost cancel out
at all-items level.

On the other hand, the shorter linking intervals around six months not only produce
accurate indices at all-items level, but also at 2-digit level. These differences in index
behaviour between the shorter and longer linking intervals will be a topic of discussion
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Figure 5.7: Yearly average index differences (pp) for extension methods with 25-month windows with
respect to the benchmark for three aggregates at 2-digit level. Horizontal axes show linking intervals, MS
= mean splice, AS = adaptive splicing, FB = FBRW.

in Section 6.1. The results for adaptive splicing are very accurate for each of the 2-digit
COICOPs.

Also this subsection closes with the year on year differences measured with respect to
the benchmark for 13-month and 25-month windows. The results are shown in figures 5.8
and 5.9. The extension methods with 13-month windows shown at all-items level are also
included in Figure 5.8.

A number of extension methods with 25-month windows shown in Figure 5.5 are left
out in Figure 5.9 in order to have a clearer overview of the differences among the remaining
methods. Three methods were retained, which have the same linking intervals for linking
on published and recalculated indices: linking on 6 months ago is one of the best methods
when linking on recalculated indices, linking on 12 months ago is one of the best choices
when using published indices, and the third method is mean splice.

Generally speaking, the year on year differences for the methods that make use of
25-month windows are smaller than for the methods with 13-month windows. The ob-
servations that were made based on the index differences for 13-month and 25-month
windows are confirmed by the results for the year on year differences. Some methods with
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Figure 5.8: Year on year index differences (pp) for extension methods with 13-month windows with
respect to the benchmark for the three aggregates at 2-digit level.

13-month windows perform well on COICOP 01 and to some degree also on COICOP 03.
Larger differences result for COICOP 04+05, which are reduced with 25-month windows.

It is interesting to note the differences between mean splice on recalculated indices
and the method that links on the last recalculated indices of 6 months ago for COICOP
04-+05 (lower right graph in Figure 5.9). The poor results for long linking intervals that
were shown in Figure 5.7 have a big influence on mean splice. The best results for this
product aggregate are obtained with adaptive splicing (not shown), which also gave the
most accurate yearly index levels (Figure 5.7).

5.3 COICOP-4 level

The results presented in the two previous subsections contain a lot of information about
index behaviour as a function of different extension variables. The summary overview
makes clear that it is extremely challenging to identify choices that produce accurate
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Figure 5.9: Year on year index differences (pp) for extension methods with 25-month windows with
respect to the benchmark for the three aggregates at 2-digit level.

indices across a broad range of product types. An extension method may perform very
well on one aggregate, but poorly on others. The results have nevertheless provided insight
into promising methods, which will be explored further in this subsection and in Section
6.

This subsection presents the results at 4-digit level for a small selection of index
extension methods since 27 COICOPs were included at this level of aggregation (Table
4.1). Results for each COICOP are shown for a selection of promising index extension
methods.

The index differences at all-items level and at 2-digit level have shown that linking on
the recalculated indices between about 5 and 8 months ago produces the most accurate
indices for this class of static splicing methods, which can be said to hold for both 13-
month and 25-month windows. Given the marginal differences between these choices,
linking on the index of 6 months ago is a representative choice.
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Figures 5.3 and 5.7 show that linking intervals between 9 and 14 months perform
consistently well when linking on published indices with 25-month windows. A linking
interval of 12 months can be considered representative for this range. The selection of
methods is complemented with mean splice for both 13-month and 25-month windows
and for linking on published and recalculated indices, and with adaptive spicing for both
(initial) window sizes.

Differences with respect to the benchmark indices are shown again for year on year
indices and yearly average index levels. In order to present the results in a concise way
with such a large number of COICOPs, the median of the absolute differences in the year
on year indices over the last three years and the differences between the average indices
in the final year 2022 are shown.

Figure 5.10 shows the index differences in 2022 for the selected extension methods.
The two methods with 25-month windows that link on published indices give very accurate
results at COICOP-4 level, with S(25, 12, p) performing slightly better than mean splice.
The method S(25, 6, r) generally performs better than mean splice on recalculated indices,
in particular for the 05 aggregates, which is in agreement with the results at 2-digit level
in the lower right graphs of figures 5.7 and 5.9. The method gives accurate results for all
COICOPs, with larger differences only for COICOPs 0540 and 0933.

The method S(13,6,7) with a 13-month window also performs well at the 4-digit level
for most COICOPs. The method shows fairly large deviations from the benchmark indices
for two COICOPs in division 01, for most COICOPs in the 05 division and for 0721.
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Figure 5.10: Average index differences (pp) in 2022 for several extension methods with respect to the
benchmark for the 27 COICOPs at 4-digit level (horizontal axis).
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Figure 5.11: Median values of the absolute differences (pp) between the year on year indices of several
extension methods and the benchmark in the last three years for the 27 COICOPs at 4-digit level (hori-
zontal axes).

The two adaptive splicing methods produce very accurate results. The 25-month
version has a very high accuracy at the 4-digit level, but the 13-month version comes
very close, showing comparable deviations, except for some of the 05 aggregates and 0721
(Spare parts and accessories for personal transport equipment). It is worth emphasising
that index series were extended with 13-month windows in almost 75 per cent of the
cases (retail chain x COICOP x month) with this adaptive splicing version. This can be
considered a high percentage for a tightly set threshold € = 0.5 percentage point applied
at the lowest COICOP level for each retail chain.

The indices for S(25, 6, ) show small deviations compared with the 25-month adaptive
splicing method, with notable differences only for aggregates 0540 (Glassware, tableware
and household utensils) and 0933 (Gardens, plants and flowers), and to a smaller extent
for 0552 (Small tools and miscellaneous accessories). A similar picture emerges from the
year on year differences in Figure 5.11.

The differences between the results for methods that make use of different window
sizes can partly be explained from the product dynamics of the different types of product.
Figures 5.10 and 5.11 show that the differences are larger for a number of COICOPs, and
also that larger deviations remain for certain COICOPs when using 25-month windows.

One of the components in the method MARS for product stratification is the so-called
degree of product match, which is defined as the share of the number of products sold in
a period t that were also sold in a reference period, expressed as a proportion between 0
and 1 of the total number of products sold in period ¢ [9]. This notion is closely related
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to the complement of product churn.

Figure 5.12 shows the minimum and maximum values of product match for each of the
COICOPs at 4-digit level. The reference period is chosen 12 months before the period in
which product match is calculated. As can be noted, product match takes very low values
for certain COICOPs, which includes most aggregates from division 05. Large differences
were found for these aggregates between methods that make use of different window sizes.
In these cases, it is very important to use longer windows in order to avoid or mitigate
drift as a result of high price reductions for disappearing products. As can be seen in
Figure 5.10, the drift has almost always a downward nature.
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Figure 5.12: Minimum and maximum values of the degree of prod-
uct match for the 27 COICOPs at 4-digit level (horizontal axis).

Very low values for product match are also found for food products, such as 0113
(Fish and seafood), 0115 (Oils and fats) and 0116 (Fruit). Figures 5.10 and 5.11 also
show differences between methods using different windows sizes for aggregates 0115 and
0116. Some methods with 13-month windows show upward drift in these cases. The
results presented in this section will be discussed further in Section 6.1.

6 Discussion

6.1 Analysis

The broad comparative study has shown that various extension methods exist that are
capable of controlling drift in time series of inflation. This can be achieved in different
ways, since the results have shown that different appropriate choices for the extension
variables presented in Section 3.1 can be made:

+ Adaptive splicing provides control over the year on year indices by finding the linking
interval that minimises the absolute difference with respect to a longer time window
in each period.
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+ Linking on published indices also provides direct control over year on year indices
in published index series, in particular when linking year on year indices on the
published indices of one year ago.

« The results have also shown that accurate results can be obtained with methods
that link on the last recalculated indices by using a fixed time window and linking
interval, provided that the linking interval is shorter than 12 months and not close
to the reporting period.

The accuracy in the year on year indices obtained with adaptive splicing and with
methods that link year on year indices on published indices is understandable, but the
performance of methods that link on recalculated indices using a fixed window length and
linking interval is more difficult to understand. The question is why differences between
methods with different linking intervals can be large and why certain choices for the linking
interval give accurate results. This subsection provides arguments for these observations.

In order to identify possible causes for the different results of extension methods that
link on recalculated indices, the key question is which components of the index formulas
differ between methods that use different linking intervals. An index series that is extended
by linking on the last recalculated index can be written as a monthly chained index series
according to expression (3.5) on page 17 with month on month price index given by (3.4).
An explicit expression for this month on month index can be derived from price index
formula (4.2) of the GK method.

The numerator of this formula measures the change in expenditure between two peri-
ods. It can be left out from the analysis since it is transitive and therefore free of chain
drift. The interesting part of (4.2) is the denominator, which is a quantity index. This
index contains the average product prices v;, which will normally change when shifting
a time window. As a consequence, drift in an extended index series is caused by these
changes in the v; in combination with the changes in the product quantities.

Let ;-1 denote the published month on month quantity index in period ¢ with respect
to t — 1. The shorthand notation v} is used for v; calculated on a time window [t — T, ¢].
The month on month quantity index that corresponds with price index expression (3.4)
can be written as follows for the GK method when linking on the last recalculated index
in period ¢ — L with linking interval L:

Zith ViGit/ Zith_L Vigii-1

Zith,l Vz't_lqﬁt—l/ Zith,L Vf_qu‘,t—L

Q-1 = (6.1)

t—1 . .
icGy, Vi Qit—1 in the iatlo of the
tf

denominator are the same for every linking interval. So are the v} and v;”" computed

Expressions ) ;... V{¢;; in the numerator and )

on the last two time windows. The differences between extension methods are fully
determined by the sets of products G;_; when choosing a specific linking interval L.

As was already mentioned in the discussion of the results at all-items level in Section
5.1, window splice is sensitive to downward index deviations when exiting items are sold at
clearance prices. The linking period in window splice is the first period of a time window.
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Subsequent windows will be increasingly dominated by clearance prices as a window is
shifted. This is a form of window or interval censoring, which leads to decreasing values v/!
as a function of ¢ for products that are about to be removed from the stores. This implies
that the sum ), ., ¥{gi;—r in (6.1) tends to be smaller than the term » ., | )
in the ratio of the denominator. This has an upward effect on the quantity index and
hence a downward effect on the price index.

The downward effects are felt most for linking periods close to or equal to the first
period of a time window. The choice of linking period determines which products enter a
price index. Moving the linking period towards the current period will select products of
which the v; will increasingly depend on regular prices when items leave the stores after
the linking period. The quantity and price indices will then be less sensitive to clearance
prices, which will limit downward index deviations. These effects are clearly visible in
different graphs shown in Section 5.

On the other hand, the linking period should also not be chosen close or equal to the
final period of a time window. Setting L = 1 yields the value 1 for the denominator in
(6.1), which simplifies to the following expression:

t
Zith Vidit

Qtfl,t = t
ZZ‘GGt,1 Vi Qi,t—l

(6.2)

This is the expression for the quantity index of the method known as movement splice
(Section 3.2.1.1, page 14). Expression (6.2) leads to a classical case of period to period
chaining, which is known to be sensitive to chain drift.

The above arguments provide explanations for drifting behaviour when choosing link-
ing periods close to the edges of a time window and offer support for the results presented
in Section 5 for different product aggregates and for division 05 in particular. This aggre-
gate is characterised by high rates of product churn and clearance prices.

An interesting question is why linking intervals around L = 6 months consistently
show accurate results across different product types and levels of aggregation for methods
that link on recalculated indices. The year on year index can be written as a chained
index of 12 month on month indices, with quantity indices given by expression (6.1). The
monthly chained index has the following 12 linking months: t —11—-L,t—10—L,...,t— L.
For L = 6 or 7, this set of linking months is centred around the reference month ¢t — 12 of
the 12-month rate of change.

The accurate results obtained for L = 6 and 7 months are therefore not surprising.
These linking intervals are apparently natural choices that lead to accurate year on year
indices when linking on the last recalculated indices. The transitivity property of the index
series calculated on each time window allows to control for drift in the year on year indices.
Given the choice of linking interval, the question that remains is how many periods should
be included before the linking period. This number of periods is important for controlling
previously described censoring effects caused by the edges of a time window. Given the
accurate results obtained with the method S(25,6,7), choosing 18 months before the
linking month seems to be sufficient.
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The above considerations offer guidance for choosing a suitable extension method.
The centrality of the set of 12 linking months around the reference month in year on
year indices also explains why shorter linking intervals are preferred when linking on the
last recalculated index compared with methods that link on published indices. A linking
interval of 12 months is a natural choice for methods that directly link year on year indices
on published indices.

6.2 Short-term price changes

Year on year indices and index levels with respect to some reference period are the two
most important indicators for policymakers and other stakeholders of the CPI. The rapid
price changes that have characterised the food and energy market in recent times may
also shift the attention to price changes on a shorter term, such as month on month. It is
therefore important to care about different aspects of an index series than to focus only
on the aforementioned two indicators.

This subsection is dedicated to a short investigation of the differences between the
month on month indices of different extension methods. An important extension variable
in this respect is the linking index. Linking on recalculated or published indices may have
different effects on period to period indices. This can be understood by comparing the
linking in figures 3.2 and 3.3.

Both figures show how an index series can be extended to the next period for the
half splice method on published and recalculated indices. Linking on the last recalculated
index (Figure 3.3) produces a period to period index that only depends on the index
series of the last two time windows. The index changes that are derived from the last two
index series share the same linking period. These properties appear in formalised form in
expression (6.1). The resulting period to period indices can therefore be expected to be
timely and accurate.

The period to period indices that follow from index series that are extended by linking
on published indices have different properties. The period to period indices that follow
from the index series of the last two time windows do not have a common linking period,
but differ by one period when shifting a time window. This implies that the period to
period indices will depend on the period to period indices from the initial time window.

Year on year and month on month index differences with respect to benchmark indices
are compared in Figure 6.1 for extension methods S(25, 6,7) and S(25,12, p). Two product
aggregates are included in the comparison: Alcoholic beverages in COICOP 02 and 054020
Cutlery, flatware and silverware of a specific retail chain.

The year on year indices of the two extension methods are largely comparable. It can
even be noted that method S(25,6, ), which links on recalculated indices, produces less
extreme deviations from the benchmark year on year indices than the method that links
year on year indices on published indices. The results in sections 5.2 and 5.3 pointed out
that product types belonging to division 05 are hard to deal with. Product aggregates
are characterised by high rates of churn, including COICOP 054020. Method S(25,6, )
performs better than S(25,12,p), in spite of the fact that the latter directly links year on
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Figure 6.1: Year on year (YoY) and month on month (MoM) index differences (pp) with respect to
benchmark indices of two product aggregates for two extension methods.

year indices on published indices.

The largest differences between the two methods are found in the month on month
indices. The results for method S(25,6,r) are clearly more accurate than for method
S(25,12,p) and are also visible for the higher aggregate Alcoholic beverages. The results
confirm the aforementioned expectations about the possible effects on period to period
indices when linking on recalculated and published indices.

The month on month differences for S(25,12,p) also indicate that inaccuracies may
amplify over time, since there is no direct control over the month on month indices when
linking on published indices. Methods that link on the last recalculated indices do not
suffer from this drawback.

Finally, it is also interesting to note that index series obtained by linking on the last
recalculated index are independent of the choice of initial period of an index series. This
property holds because index series are extended by linking the period to period indices
derived from the last two index series on the index published in the previous period.
This also means that index series constructed with this linking approach are uniquely
determined, irrespective of the amount of historical data used. Methods that link on
published indices do not have this property, except for the method that links on the
previous period.
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6.3 Practical considerations

The choice of index method does not only have theoretical implications. Also practical
aspects have to be considered, in particular concerning activities in production that involve
index calculations. This subsection gives several examples of such activities and tries to
give insight into the implications of choosing different extension methods.

An important stage between index compilation and publication of inflation figures
is often referred to as “validation of indices”. Statistical institutes may receive questions
about rates of change that draw the attention from users of official statistics. It is therefore
important to analyse and understand rates of change prior to their publication. There
are different ways of analysing index figures; one approach is to calculate contributions to
rates of change from product aggregates and individual products. Such methods enable
staff members to identify those products or groups with the largest (positive or negative)
influence on rates of change at different levels of aggregation. Such analyses provide a
better understanding about the possible causes behind rates of change that are about to
be published at different levels of aggregation (down to 5-digit level).

Understanding and explaining inflation figures is obviously very important, but a
recently held survey by Statistics Netherlands revealed that statistical institutes also very
much focus on month on month changes [10]. The complexity of an index method and
the choice of index extension method has implications for the possibilities of finding an
analytically tractable method for calculating product contributions.

A factor that simplifies the development of a method for this purpose is whether a
rate of change to be examined is obtained by linking that change in the index extension to
the index published in the reference period. For example, for the method S(25,12,p), or
HASP-25, finding a method for calculating product contributions to year on year indices
is easier than for month on month indices, which is very complicated. On the other hand,
contributions to month on month indices are relatively easy to derive for methods that
link on the last recalculated index. Deriving a method for contributions to year on year
indices is more complicated in this case but should still be feasible.

Another frequently occurring problem in CPI production is changes in product clas-
sification. The composition of product aggregates may change over time, for instance
because the composition of lower aggregates has changed and now better fits other higher
aggregates. This means that products will be shifted from one aggregate to another at a
certain point in time.

The question is how this problem affects the application of index extension methods.
Methods that link on published indices are expected to produce index series that depend
on the index series of the old classification, except when linking on the index of the
previous period. A workaround may be needed for these methods in order to generate an
index series according to the new classification.

Methods that link on the last recalculated index should resolve these classification
problems on their own, because of the month on month linking that characterises these
methods. Since the index series of the last two time windows are used in the extension,
it is expected that the index series of an aggregate will reflect the price development that
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corresponds with the new classification.

Developing methods for product contributions and dealing with changes in product
classification are topics that deserve further study, motivated by the new insights on the
problem of index extension that result from the present study.

7 Conclusions

Studies that have been carried out so far on the problem of extending index series over
time are limited to a number of classical extension methods. The study presented in
this paper has considerably been expanded in scope, which includes all possible linking
intervals for different lengths of the time window and also different options of linking on
past indices. The broader scope has resulted in new insights on this topic, in particular
on the extent to which different methods are able to control chain drift.

Some findings of previous studies have also been confirmed, such as the accurate year
on year indices produced by the method HASP-25, which links year on year indices on
published indices of 12 months ago, and the high sensitivity to drift of movement splice
and window splice. The latter method links on the last recalculated index in the first
period of each rolling time window. Those results initially motivated the author, and
possibly also other researchers and statistical institutes, to avoid, or at least be very
careful with methods that link on recalculated indices.

As a result, statistical institutes are heading towards HASP or mean splice, with 25
months almost becoming an accepted standard for window length. The present study has
shown that other suitable choices exist, which are found to perform even better than the
ones mentioned. The main findings that result from this study can be summarised as
follows:

« While it’s true that linking on recalculated indices is more sensitive to drift than
linking on published indices, one of the key findings of this study is that it is possible
to make appropriate choices for the linking interval in order to control drift.

» Generally speaking, the best results are obtained with methods that link on the last
recalculated index, in particular for windows of 25 months. Linking on the indices
of 6 months ago produces good to excellent results across all product types. Index
series are free of drift at all-items level and accurate at lower levels of aggregation.
The same can be said about adaptive splicing. Period to period indices are very
accurate for both methods.

« Mean splice gives somewhat less accurate year on year indices, as it suffers more
from the poorer results of linking on periods near the edges of a time window.

+ The method HASP-25 yields very accurate year on year indices, which are compa-
rable to adaptive splicing. But linking on published indices may give inaccurate
period to period indices.

+ Very good results are also obtained with methods that use 13-month windows and
link on the last recalculated indices of 6 months ago. But these methods should not

43



be used for product types with high churn and frequency of clearance prices, which
characterise COICOP division 05.

A very nice and elegant property of methods that link on the last recalculated index
is that the index series are independent of the choice of starting period. This implies that
the index series produced by this class of methods are unique. This does not hold for
methods that link on published indices.

An advantage of the latter methods is that axioms like time reversibility and the
identity test in a narrow sense (with both prices and quantities equal in two periods) are
satisfied between the linking and reporting period. These properties are lost when linking
on recalculated indices. However, given the accuracy of the methods listed above, this
can hardly be considered a drawback.

This study has shown that there are different suitable methods to choose from. As
was mentioned in Section 6.3, beside index theoretical considerations it is also important
to value practical aspects when choosing an index method. Once a decision has been
made, a method takes its course in production and will be used for different purposes,
such as index validation. Choosing for a simpler method with a fixed linking interval has
clear benefits over more refined methods like adaptive splicing. This leads to a trade-off
between methodological complexity and accuracy of index figures. In this respect, the
method denoted as S(25,6,7) is a recommended option, also for the arguments expressed
in Section 6.1.

One of the insights gained from this study is that methods with 13-month windows
that link on the last recalculated indices can produce very good results. The method that
links on the indices of 6 months ago produces the most accurate index levels and year
on year indices at all-items level, which hardly exhibit drift. Most countries have chosen
or are seriously considering 25-month windows, but windows of 13 months should not be
excluded. The use of 13-month windows is an interesting option for statistical institutes
that have acquired their first transaction data, which may contain limited historical data
(e.g. see a recent study by the statistical institute of Austria [33]).

The consistently good results with linking intervals of 6 months for different window
lengths when linking on the last recalculated index is not a coincidence. The linking
months used for deriving monthly chained year on year indices form a set that is centred
around the reference month of one year ago, as was mentioned in Section 6.1. It is therefore
expected that this choice will also produce accurate results for other multilateral methods
like GEKS and TPD.

The promising potential of methods that link on recalculated indices motivates re-
search on different topics. Some of these topics were mentioned in Section 6.3.
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