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Foreword

The Consumer Price Index Manual: Concepts and Methods, contains comprehensive information and
explanations on compiling a consumer price index (CPI). The Manual provides an overview of the
methods and practices national statistical offices (NSOs) should consider when making decisions on how
to deal with the various problems in the compilation of a CPI.

The chapters cover many topics. They elaborate on the different practices currently in use, propose
alternatives whenever possible, and discuss the advantages and disadvantages of each alternative.
Given the comprehensive nature of this Manual, we expect it to satisfy the needs of many users.

This publication on the practice of compiling CPIs is an update of Consumer Price Index Manual: Theory
and Practice, published in 2004. Through the mechanism of the Inter-Secretariat Working Group on Price
Statistics (IWGPS), the update has been managed by the International Monetary Fund (IMF) and jointly
published by the organizations of the IWGPS: the Statistical Office of the European Union (Eurostat); the
International Labour Organization (ILO); the IMF; the Organisation for Economic Co-operation and
Development (OECD); the United Nations Economic Commission for Europe (UNECE); and the World
Bank.

The primary purpose of the Manual is to assist countries in producing CPIs that reflect internationally
recommended methods and practices. It draws upon a wide range of experience and expertise to
describe practical and suitable methods to guide countries in their efforts to improve the quality and
international comparability of their CPIs and to meet user needs. The manual is intended for statistical
offices (or other compiling agencies) as a reference to compile the CPI and for training purposes. CPI
users, such as employers, workers, policy-makers and researchers, are also targeted. The Manual will
not only inform them about the different methods that are employed in collecting data and compiling such
indices but will also provide them with information on the limitations of CPIs, so that the results may be
interpreted correctly.

The 2004 Manual included extensive theoretical chapters. The theoretical chapters are omitted in the
updated version of the Manual which focuses on providing guidance on best practices for CPI compilation
concepts and methods. A companion publication will be released separately that focuses on the
theoretical foundations of CPlIs. This publication, labelled Consumer Price Index Theory, provides an
overview of the conceptual and theoretical issues that drive the methods and practices.
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Preface

The Consumer Price Index Manual: Concepts and Methods, herewith referred to simply as the Manual, is
an update of the 2004 publication Consumer Price Index Manual: Theory and Practice. Since 2004,
methods and best practices, as well as user needs, have continued to evolve. Countries have expressed
the need for a manual that better reflects current best practices and includes more practical compilation
advice. The Manual was prepared under the auspices of the Intersecretariat Working Group on Price
Statistics (IWGPS), which consists of six organizations: the Statistical Office of the European Union
(Eurostat), the International Labour Organization (ILO), the International Monetary Fund (IMF), the
Organisation for Economic Co-operation and Development (OECD), the United Nations Economic
Commission for Europe (UNECE), and the World Bank. The Manual is published jointly by the six
organizations.

The IWGPS, together with experts from a number of national statistical offices (NSOs) and academia, have
collaborated since 2015 on updating this Manual. The sponsoring organizations endorse the principles and
recommendations contained in it as good practice for statistical agencies in compiling their consumer price
indices (CPIs). Because of practical and resource constraints, some of the current recommendations may
not be immediately attainable by all NSO, and they should therefore serve as guidelines or targets for
agencies as they revise their CPIs and improve their CPl programmes. There are not always clear-cut
solutions to specific conceptual and practical problems such as sample design, choice of index formula,
adjustment of prices for quality changes, and the treatment of new products. NSOs must therefore rely on
the underlying economic and statistical principles laid out in this Manual to arrive at practical solutions.

The consumer price index

The CPI is an index that measures the rate at which the prices of consumption goods and services are
changing from one period to another. The prices are collected from shops or other retail outlets. The usual
method of calculation is to take an average of the period-to-period price changes for the different products,
using as weights the average amounts that households spend on them. CPlIs are official statistics that are
usually produced by NSOs, ministries of labor or central banks?. They are published as quickly as possible,
generally within four weeks after the reference period.

The Manual is intended for the benefit of agencies that compile CPIs, as well as users of CPI data. It
explains in some detail the methods that are recommended for use to calculate a CPl. A separate
companion publication, Consumer Price Index Theory, explains the underlying economic and statistical
theory on which the methods are based.

A CPI is a measure of price changes of the goods and services purchased by households in their role as
consumers. Itis also widely used as a proxy measure of inflation for the economy as a whole, partly because
of the frequency and timeliness with which it is produced. It has become a key statistic for purposes of
economic policy-making, especially monetary policy. It is often specified in legislation and in a wide variety
of contracts as the appropriate measure for adjusting payments (such as wages, rents, interest, social

1 For simplicity, the Manual refers in general to NSOs as the statistical agencies responsible for
compiling the CPI.
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security, other benefits, and pensions) for the effects of inflation. It can therefore have substantial and wide-
ranging financial implications for governments and businesses, as well as for households.

This Manual provides guidelines for NSOs or other agencies responsible for constructing a CPI, bearing in
mind that the resources available for this purpose are limited. Calculating a CPI cannot be reduced to a
simple set of rules or standard set of procedures that can be mechanically followed in all circumstances.
While there are certain general principles that may be universally applicable, the procedures followed in
practice, whether they concern the collection or processing of the prices or the methods of aggregation,
must take account of particular circumstances. These include the main use of the index, the nature of the
markets and pricing practices within the country, and the resources available to the NSO. NSOs have to
make choices. The Manual explains the underlying economic and statistical concepts and principles needed
to enable NSOs to make their choices in efficient and cost-effective ways and to be aware of the full
implications of their choices.

The Manual draws upon the experience of many NSOs throughout the world. The procedures they use are
not static but continue to evolve and improve in response to several factors. First, research continually
refines and strengthens the economic and statistical theory underpinning CPIs. For example, clearer
insights have recently been obtained on the relative strengths and weaknesses of the various formulas and
methods used to process the basic price data collected for CPI purposes. Second, recent advances in
information and communications technology, such as the availability and the technical capabilities to make
effective use of large-scale administrative datasets, have affected CPl methods. Both of these theoretical
and data developments can impinge on all the stages in compiling a CPIl. New technology can affect the
methods used to collect prices and transmit them to the NSO. It can also improve the processing and
checking, including the methods used to adjust prices for changes in the quality of the goods and services
covered. Finally, improved formulae help in calculating more accurate and reliable higher-level indices,
including the overall CPI itself.

International standards for CPIs

The objectives of the international standards for CPI compilation are to provide guidelines on best practice
that can be used by countries when developing or revising a CPI and to promote the quality and international
comparability of national CPlIs.

In many countries, CPIs were first compiled mainly to be able to adjust wages to compensate for the loss
of purchasing power caused by inflation. Consequently, the responsibility for compiling CPIs was often
entrusted to ministries, or departments, of labor. The International Conference of Labour Statisticians
(ICLS), convened by the Governing Body of the ILO, therefore provided the natural forum in which to
discuss CPI methodology and develop guidelines.

The first international standards for CPIs were promulgated in 1925 by the Second ICLS. The first set of
standards referred to “cost of living” indices rather than CPIs. A distinction is now drawn between two
different types of index. A CPI can be defined simply as measuring the change in the cost of purchasing a
given “basket” of consumption goods and services, whereas a cost of living index is defined as measuring
the change in the cost of maintaining a given standard of living, or level of utility. For this reason, the Tenth
ICLS in 1962 decided to adopt the more general term “consumer price index”, which should be understood
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to embrace both concepts. There need not be a conflict between the two. As explained in the Manual, the
best-practice methods are likely to be very similar, whichever approach is adopted.

The international standards for calculating CPIs have been revised four times, in 1947, 1962, 1987, and
2003 in the form of resolutions adopted by the ICLS. The 1987 standards on CPI were followed by a manual
on methods (Turvey, et al., 1989), which provided guidance to countries on the practical application of the
1987 standards. The 1989 manual on methods was revised, expanded, and published in 2004.

The background to the present update

Since 2004, substantial progress has been made in developing new data sources, price collection methods,
and related index calculation methods. This update incorporates these developments and reflects
experience gained improving CPIl compilation methods. Finally, evolving user needs and the need for
greater international comparability contributed to the necessity for updating the 2004 manual.

In response to the various developments in CPI compilation methods and the emergence of new data
sources, the need to update the 2004 manual was recognized and agreed in 2014. A formal
recommendation to revise the manual was made at the meeting of the UNECE Expert Group on Consumer
Price Indices, Geneva, May 2014, jointly organized with the ILO. The participants of this meeting noted a
need for clearer, more prescriptive, recommendations where research, methodological development, and
practical experience support such recommendations and guidelines.

Following the 2014 meeting in Geneva, the IWGPS endorsed the need to update the Manual and selected
the IMF as lead agency to manage the update. The overall objective of this update was to develop a more
concise manual that provided more practical advice wherever possible. The updated material takes into
account experiences gained on the applicability and usefulness of the 2004 Manual; incorporate relevant
developments in methods and practices as well as theory and research over the last decade; update
material on data sources, data collection methods, and related calculation methods to reflect developments
since 2004; reflect recent developments in user needs; and harmonize the CPI concepts in line with the
System of National Accounts 2008.

The organization of the update

The six international organizations listed at the beginning of this preface, concerned with the
measurement of inflation, have collaborated on the update of this Manual. They have provided, and
continue to provide, technical assistance on CPIs to countries at all levels of development. They joined
forces to establish the IWGPS to develop international standards and recommendations on price
statistics, document best practice guidelines and support their implementation.

The responsibilities of the IMF, as lead agency within the IWGPS for this update, were to:

e appoint the various experts on price indices who participated in the updating process, as members
of the Technical Expert Group (TEG/CPI), providing substantive advice on the content of the
Manual and serving as authors;

e provide the financial and other resources needed;
e arrange meetings of the TEG/CPI, prepare the agendas and write the reports of the meetings; and

e arrange for the publication and dissemination of the Manual.
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The drafting and updating have entailed meetings and discussions over a five-year period, during which
CPI experts from NSOs, international and regional organizations, and academia have participated. The
updated Manual owes much to their collective advice and expertise.

The experts participating in the TEG/CPI were invited in their personal capacity as experts and not as
representatives, or delegates, of the NSOs or other agencies in which they might be employed. Participants
were able to give their expert opinions without in any way committing the offices from which they came.

The update of the Manual involved multiple activities:
o the development of the Manual outline and the recruitment of experts to draft the various chapters;

¢ the review of the draft chapters by the members of the TEG/CPI, the IWGPS, other experts, and
CPI compilers;

e the posting of the draft chapters on a special website for comment by CPI compilers and data users;
¢ discussions by the TEG-CPI to finalize each of the chapters;

e agreement by the IWGPS on the adequacy of the content and quality of the chapters for having a
global consultation of countries’ views;

+ formal global consultation by the United National Statistics Division (UNSD);
e inclusion of comments and suggestions from the global consultation;
¢ final copy-editing of the whole Manual; and

¢ endorsement by the UN Statistical Commission (UNSC).

The electronic version of the Manual is available on the Internet at XXXXXX. The IWGPS will issue guidance
notes that will amend and update specific chapters to address and clarify particular issues as needed. This
is especially true for emerging discussions and recommendations to be made by international groups
reviewing the CPI, such as the ICLS, the United Nations City Group on Price Indices (the “Ottawa Group”),
and the UNECE Expert Group on Consumer Price Indices.

Comments and suggestions on the Manual are welcomed by the IWGPS and should be sent to the
International Monetary Fund (e-mail: STARECPIM@imf.org). They will be considered for any future
revisions.
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Chapter 1 Introduction, Overview, and Basic Steps for CPI
Development

A. Introduction

1.1 Chapter 1 provides a self-contained overview of the uses and the basic steps for compiling the
Consumer Price Index (CPI). More than just a summary of the chapters to follow, Chapter 1 guides the
reader through the compilation process and highlights best practices that are explained in greater detail in
subsequent chapters. The flow of the chapter follows the different steps needed to develop and maintain a
CPI program that better reflects the standards and best practice set out in the Manual.

1.2 Both compilers and data users will benefit from reading Chapter 1. This chapter provides a primer
on the methods used to compile the CPI and explains why one method is preferred than another. The
chapter aims to provide a clear, easily understood summary of best practices and compilation methods
without being overly technical.

B. Developing the CPI

1.3 CPIs measure changes over time in the general level of prices of goods and services that households
acquire (use or pay for) for the purpose of consumption. In many countries they were originally introduced
to provide a measure of the changes in the living costs faced by workers, so that wage increases could be
related to changing levels of prices. However, over the years, CPIs have widened their scope, and now are
widely used as a macroeconomic indicator of inflation, as a tool by governments and central banks for
monetary policy and for monitoring price stability, and as deflators in the national accounts. With the
globalization of trade and production and the liberalization of the markets, national governments, central
banks and international organizations place great importance on the quality and accuracy of national CPls,
and their international comparability.

1.4 Different conceptual frameworks can be used to address fundamental issues relating to the nature
of the index. For example, different concepts are used if the CPI intends to measure the change in the cost
of a fixed-weight basket of goods and services or whether the target is to measure the change in the cost
of living, that is the cost of maintaining a given standard of living, taking into account the fact that when
prices change consumers change their expenditure patterns. The use and conceptual basis of the index
will determine the method of construction.

1.5 The method of construction also allows (or should allow) CPIs to be adapted for a wide range of
specific uses. For example, they can be adapted to calculate specific inflation rates for social groups such
as pensioners or low-income households. Their product coverage can be adapted to show what the rate of
inflation is in particular sectors, such as energy or food, or excluding particular products, such as alcohol
and tobacco. They can shed light on the effect of tax changes or government-regulated price changes on
the rate of inflation. They can be compiled on a regional basis, showing different inflation rates within
different parts of a country or between urban and rural areas.

1.6  CPIs are now considered as one of the most important economic and social indicators produced by
National Statistical Offices (NSOs)? throughout the world. NSO is used to describe the compiling agency in
this Manual regardless of the institutional setting in a particular country. Against this background, the
challenge of NSOs is fourfold: to identify user needs; to conceptualize user needs in terms of economic
concepts; to translate the underlying concept into statistical measurement terms following the fundamental

2 NSO is used to describe the compiling agency in this Manual regardless of the institutional setting in a country.
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principles of price index measurement; and to construct the indices so defined and evaluate them against
purpose.

C. Overview of the CPIl uses and needs

1.7 A CPIcan be used for a variety of purposes, the most common ones being: the indexation of wages,
rents, contracts, and social security payments; the deflation of household final consumption expenditure in
the national accounts; and the use as a general macroeconomic indicator, especially for inflation targeting
and for setting interest rates. Elements of a CPI are also often used in the calculation of purchasing power
parities (PPPs) and extrapolating PPPs between benchmark years as required in the International
Comparison Program (ICP)3.

1.8 Given the many uses of CPIs, it is unlikely that one index can perform equally well in all applications.
Some countries therefore construct several CPI variants for specific purposes. Each index should be
properly defined and named to avoid confusion and a “headline” CPl measure should be explicitly identified.
Where only one CPI is published, it is the main use that should determine its type and scope. If there are
several major uses, compromises may have to be made with regard to how it is constructed. The purpose
of a CPI should guide all aspects of its construction. CPI producers need to know how their index is being
used to ensure that it fulfills its purpose. In this connection, user consultation is important.

1.9 This section reviews the various uses of a CPI before examining some of the issues confronted by
the index compiler relating to the scope of the index and the practical measurement and compilation
decisions which must be made.

1. The different uses of a CPI

1.10 CPIs have three main uses:
Indexation

A CPI may be used for wage or contract indexation of any specific group, whether of a population acquiring
products, or of a subset of products themselves. In either case, it should represent the coverage of the
group concerned. For instance, it can be argued that the weights of a CPI used for indexation of pensions
should cover only the expenditure of the pensioner population. The product and outlet list could also be
more appropriately targeted, if the data exist. This means, for example, that a CPI used for indexing
pensions may use weights relating to pensioner households and may exclude products which may be
thought largely irrelevant to this group of households such as educational items. Similarly, for domestic
indexation, the CPI should cover only expenditure of the resident population (see Section on Geographical
Coverage and Chapter 2 for more information). More generally, it must be decided whether the CPI should
be, in principle, a cost-of-living index (COLI) or a cost-of-goods index (COGI) — these two very different
concepts are discussed below.

For certain specific types of indexation, such as for rents, users may prefer to use just the sub-index for
rents. In such cases, the sub-index should be of a statistical quality sufficient for that purpose.

National accounts deflation

This use requires consistency between the prices data used for the CPI and the expenditure data used in
the national accounts. Both data sets should cover the same set of goods and services and use the same
concepts and same classification, in principle the Classification of Individual Consumption According to
Purpose (COICOP). For example, the national accounts require the valuation of goods produced for own-

3 See Chapter 3, Consumer Price Index Theory and Annex 5, International Comparison Program.
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consumption, whereas this is sometimes excluded from the CPI either as a matter of principle or for
pragmatic reasons. This applies mainly to the valuation of the services of owner-occupied housing and the
consumption of own-produced food.

Inflation measurement

It can be argued that central banks ideally need a timely index relating to total inflation, not just consumer
inflation. But NSOs generally are unable to construct such indices, in part because of the measurement
issues relating to government consumption. In the absence of such an index, most central banks rely on a
CPI, using the domestic concept (as described in the next Section and in Chapter 2), but measured on as
wide a basis as possible, in terms of both products and geographical coverage. The same applies to the
use of the CPI as a general macroeconomic indicator.

D. Overview of the CPI Concepts
1. Type of index number formula

1.11 Experts generally agree that the ideal type of index for a CPI would be a “superlative” index such as
the Fisher index, which will be discussed below and in Chapter 8. Superlative indices make equal use of
the prices and quantities (i.e., the expenditure weights) in both periods being compared (the reference
period and the current period). Current period expenditure weights are usually not known, so in practice
nearly all CPIs rely on weights relating to a weight reference period some time earlier. An exception to this
are actual transactions that can be captured at the points of purchase through the use of scanner data (as
discussed in Chapter 10).

1.12 Some countries aim to produce a COLI. But such an index is in fact a type of superlative index and
suffers from the same practical defect as mentioned above, and it is not possible to compile in real time.

1.13 Many countries state in their published metadata that they use a Laspeyres index or a “Laspeyres-
type” index for their national CPI which, in practice, is not the case. It is important, nevertheless, for NSOs
to state publicly what type of index is being calculated in their CPI. A true Laspeyres index uses quantity
data which relate to exactly the same period as the price reference period. In practice, however, this is
difficult to obtain and rarely the case. Most NSOs have a price reference period which is later than the
period to which the quantity data or weights relate. Also, the weights usually will span, say, a year rather
than a month (or quarter). This is because one of the main sources of weights data is a Household Budget
Survey (HBS), as discussed in Chapter 3, which, ideally, run for 12 consecutive months. The HBS generally
produces usable results a year or more after the end of a survey period.

Index Formula at Lower (Elementary Aggregate) Level

1.14 The first stage in the calculation of CPlIs is the calculation of elementary price indices, which are then
aggregated to obtain higher-level price indices. Expenditure weights are not usually available below the
elementary aggregate level. The three most widely known elementary index formulas are the Carli, the
Dutot, and the Jevons. These are all based on unweighted averages of prices or price relatives, and each
is associated with a number of assumptions which will have impact on measured inflation. The Carli (a
simple arithmetic average of price relatives) and Dutot (the ratio of simple arithmetic averages of prices)
formulas have a number of problems associated with their use — particularly the chained Carli, which is
discouraged as it is particularly associated with having a known, and potentially substantial, upward bias.
The Jevons formula (the ratio of simple geometric averages or the geometric average of price relatives) is
increasingly used as it avoids many of the problems associated with the arithmetic versions. It should be
noted that an arithmetic average is always greater than or equal to a geometric average and that the
difference will be greater the greater the variance in the price relatives. The choice of formula becomes
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more important the greater the diversity of price movements which is one argument for ensuring that
elementary aggregates are as homogeneous as possible. This topic is discussed in more detail in Chapter
8.

Index Formula at Higher Level

1.15 The higher-level indices are calculated simply as weighted averages of the elementary price indices.
The weights typically remain fixed for a sequence of at least 12 months. Some NSOs revise the CPI weights
at the beginning of each year to try to approximate as closely as possible the current consumption patterns,
but many countries continue to use the same weights for several years. At a minimum, weights should be
updated every five years. The use of fixed weights has the considerable practical advantage that the index
can make repeated use of the same weights. This saves time and resources. Revising the weights can be
both time-consuming and costly if it requires a new HBS to be carried out. However, the longer the period
between weight updates, the less relevant and representative the CPI becomes. Many NSOs are moving
toward annual or biannual weight updates.

1.16 InChapters 1-3 of Consumer Price Index Theory, the superlative indices Walsh, Fisher and Térnqvist
show up as being “best” in all the approaches to index number theory. These three indices give very similar
results so that for any practical reason it will not make any difference which one is chosen as the preferred
theoretical target index because they most closely approximate a COLI. The theoretical target index is a
matter of choice and affects the choice of formula used to calculate the index. In practice, an NSO may
prefer to designate a basket index that uses the actual basket in the earlier of the two periods as its target
index on grounds of simplicity and practicality. As noted above, it is not possible to compile a superlative
index in real time. In other words, the Laspeyres index may be the theoretical target index because NSOs
produce a CPI that lies between a COLI and a COGI.

2. Acquisition, use, or payment approach

1.17 A CPl is based on the measurement of the change in prices of the goods and services included in
the basket. The vast majority of goods (but not necessarily of total values) are priced in the retail outlets
selling them. It should be noted that most often the prices recorded are the labelled prices, which are
assumed to be the prices actually paid by consumers. It is also generally assumed that payment for the
goods is made at the time of purchase — indeed the consumer would regard the two events as identical.
However, payment can be in cash or on credit, including credit cards for which the due date of payment
may be several weeks after the actual purchase.

1.18 The time factor is important also in other ways. A consumer may decide to buy a larger than normal
quantity of a particular good if there is a special price reduction. The product may then be stored at home
and “consumed” (i.e., used) over a relatively long period. Cans of food, for example, offered cheaply for a
limited period, may be stored at home without deterioration for months and consumed at the usual
frequency.

1.19 Another issue concerns the definition of “usage”. A bottle of milk will typically be consumed within a
few days of purchase. Consumption is likely to take place in the month for which the CPI is calculated. But
a semi-durable good such as a shirt will be worn many times over a period of probably several years.
Durable goods such as televisions and refrigerators may be used for a decade or more. The question arises
as to which CPI month (or months) should the purchase be allocated.

1.20 With services these questions can be even more complex. Take, for example, the purchase of a
season ticket for a bus service. This may be a single payment for a pass which gives (“free”) unlimited bus
transport for a year. It can be seen that although this example is clearly a service (the use of bus transport
over a period of time) it has much in common with the purchase of a durable or semi-durable good such as
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a television or shirt which provides a type of service over a long period. A service such as a medical
operation can also be regarded as durable, since it is likely to give long-term health benefits to the patient.

1.21 CPI theory devotes much thought to these issues, which can have important implications not only for
how a CPI is compiled but also for the results. Three different approaches can be identified:

e The acquisitions approach relates to when the good or service is acquired, irrespective of when it
is actually used or consumed. The time of acquisition of a good is the moment at which the legal
ownership of the good passes to the consumer. This is usually the point at which the purchaser
incurs a liability to pay. On the other hand, with a service there is no change in ownership; it is
“acquired” at the time the producer provides it (e.g., a single bus journey or airline flights). A CPI
based on this approach measures the change in the cost of acquiring a product. The timing of the
recorded prices should be consistent with the way in which the value would be recorded in the
expenditure data used for the CPI weights.

e The use approach relates to the period over which the product is consumed or used. A CPI based
on this approach measures the change in the cost of using the product over time; in other words,
the cost of the good is distributed over its useful life. Expenditures on durable goods and services
are liable to fluctuate depending on the expected duration of their useful life.

e The payments approach relates to the period of time when the actual period-to-period payments
for the product are made. This can differ from the period when it is acquired and when it is used.
When payments are not made in cash, there may be a long period before the purchase is paid for,
whether by credit card or other method. The time at which these debits are made is irrelevant for
the recording of the price. The price to be recorded is the price payable at the time of acquisition
(though sometimes the method of payment may itself affect the price).

1.22 NSOs need to have a clear policy on which of these approaches is used in their CPI. In practice, the
choice between the three approaches is an issue relating to durable goods and its impact is likely to affect
the weight given to owner-occupier housing costs. Each of these approaches is discussed in Chapters 9
and 11 of Consumer Price Index Theory. In countries where food expenditures and other expenditures on
non-durables, semi-durables, and services account for a significant share of the CPI basket and where
credit financing is rarely used, the acquisition, use and payment approaches will give very similar results
and hence the CPI can satisfy many uses equally well. This is the principal reason why most countries use,
either implicitly or explicitly, the acquisitions approach to define what constitutes consumption expenditure.

3. Geographical coverage

1.23 There are two distinct aspects to the question of the geographical coverage of a CPI. The first relates
to the country as a whole (domestic versus national coverage), the second to its regions.

The national versus domestic concept

1.24 A CPI can have “national” or “domestic” coverage.

e National coverage means that the CPI should cover the expenditure made by resident households
(at purchasers’ prices?) of the country, regardless of where the expenditure takes place. The

4 The System of National Accounts 2008 (2008 SNA, paragraph 6.69) formally defines purchasers’ prices. According
to the 2008 SNA, the purchaser’s price is the amount paid by the purchaser, excluding any Value Added Tax (VAT) or
similar tax deductible by the purchaser, in order to take delivery of a unit of a good or service at the time and place
required by the purchaser. The purchaser’s price of a good includes any transport charges paid separately by the
purchaser to take delivery at the required time and place.
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national concept is appropriate when the CPI is being used for indexation of incomes and cost of
living measures. The weights for expenditure abroad can be included in the HBS, but measuring
prices paid abroad poses problems. The national concept thus poses a measurement problem for
collecting prices abroad.

e Domestic coverage means that the CPI would cover all the expenditure made within the economic
territory of the country, including the household final consumption expenditure made by foreign
visitors. It is appropriate where the CPI is used for national inflation analysis and monetary policy.
Many countries carry out surveys of the expenditures of foreign visitors, for example, via
International Passenger Surveys conducted at major border crossings and airports by NSO staff.
This is particularly important for those countries which have a large number of foreign tourists, or a
high level of cross-border shoppers. Foreign visitors will generally have very different expenditure
patterns from those of resident households (e.g., they will spend more on hotels and restaurants)
and to omit them could introduce serious distortions into a CPI aiming to follow the domestic
concept, especially if the main purpose of the index is to measure the inflationary trends in the
economy.

1.25 For the national concept, internet purchases from foreign websites or websites of retailers based
abroad should be included in the CPI. So should purchases made abroad more generally, including such
items as fees for foreign boarding schools, even if the item, in this case education, is consumed outside the
country. Where such purchases are made in the foreign currency, they should be converted to the domestic
currency at the relevant exchange rate. Clearly it would be impracticable to collect prices directly in foreign
countries on a continuous basis although surveys of prices done in order to compute PPP may provide an
occasional benchmark. Where the regular collection of the relevant prices is not practical, it may be possible
to obtain a reasonable proxy for price movements using published sub-indices of the other countries’ CPls.

1.26 Under the domestic concept, the treatment of internet purchases requires a broader approach,
especially given its growing importance. Most NSOs which have examined the issue have concluded that
internet purchases from home whether from domestic or foreign websites, should be included in the CPI.
Care must be taken to convert foreign purchases to the national currency as differences in exchange rates
will affect the price paid (for more information on this topic, see Chapters 2 and 11). Chapter 2 provides
more information on the domestic versus national concepts, while Chapter 3 provides more detail on the
application of these concepts in terms of developing weights.

Regional coverage

1.27 Concerning the regional coverage of the CPI, the general rule is that a national CPI should cover
expenditures and prices throughout the country. However, comprehensive coverage is not always
necessary, especially if regional CPIs are not published and the sampling scheme ensures that the index
is representative of the whole country. In such situations, CPI compilers should collect evidence from time
to time on the trends in prices in different regions over periods which cover differences in seasonal
variations, to ensure that the sample remains representative. Any region which shows price trends
significantly different from the others should be covered by the CPI if its inclusion is likely to have a
significant effect on the national CPI and will improve representativeness. But there is little point in spending
scarce resources collecting prices in sparsely populated regions if that would have little or no impact on the
national CPIl. When carrying out these sensitivity tests, regional weights can often be an issue. In this case,
population may sometimes be used as a proxy for regional consumer expenditure. However, where regional
CPIs are aggregated to compute the national CPI, weights should be based on regional expenditure rather
than population data.
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1.28 Another difficulty regarding regional CPIs is related to the national versus domestic concept. It can
sometimes be the case that a household lives in one region but does most of its shopping in an adjacent
region, particularly when a household lives close to a regional “border”’. The question of whether the
expenditure weights and the prices should be allocated to the region of expenditure or the region of
residence is usually dictated by practical issues. As with the national concept discussed above, if the region
of expenditure is used (equivalent to expenditure abroad by a domestic resident) some method must be
found for estimating the proportions of expenditure made by “visiting” consumers in the various regions so
that this can be reflected in the price indices.

1.29 Finally, the question often arises as to whether a CPI can be limited to urban areas or if rural areas
should also be covered, as in many countries a significant part of population resides in rural areas. Having
a rural CPI is important for poverty analysis. Again, in principle the whole territory should be covered, but
clearly the impact on the national CPI of including rural areas where relatively few monetary transactions
take place will often argue against their inclusion on grounds of cost. The view taken will depend, at least
in part, on the size and treatment of own-account production. If own-account production is included in the
CPI, the weights should include a valuation of the physical quantities of such products, often derived from
the HBS. The prices will normally be the same as those used for actual transactions for the same goods
sold in the same locality.

1.30 Where the weights derived from an HBS are available for rural as well as urban households it is
generally better to use the weights for urban and rural households combined, even if price collection is
limited to urban areas, as this will normally improve the representativeness of the index. But, where feasible,
price statisticians should undertake pilot calculations to test whether this is the case.

4. Reference population for the CPI

1.31 The group of households included in the scope of a CPI are referred to as the “reference population.”
According to the 2008 SNA, households are made up of private households and institutional households.
Private households are defined as groups of persons who share the same living accommodation, who pool
some or all of their resources and consume select goods and services collectively. Members of the same
household do not necessarily have to belong to the same family, as long as there is some sharing of
resources and consumption. Institutional households consist of persons living permanently, or for a very
long period of time, in institutions other than private households. These include religious institutions,
hospitals, the military, prisons or retirement homes. Persons who enter such institutions only for short
periods of time should be treated as members of the individual households to which they normally belong
(the 2008 SNA defines household, private and institutional household in paragraphs 4.149-4.154).
Temporary foreign workers may live together in special housing blocks, which may also be treated as
institutional households in the population census.

1.32 Expenditure on accommodation and living costs, such as lodging fees and charges for meals,
imposed by the institution, as well as personal expenditure by the individual on, for example, clothes and
toiletries, should be included in the CPIl. However, care should be taken to ensure there is no double
counting where, for instance, a family rather than an individual pays the accommodation costs charged to
a patient in a hospital. A data source like the HBS should be designed to pick up the amount spent on such
charges just once and the standard convention is to record it against the household which incurs the costs.
In the above example, the accommodation costs should be included under the expenditure of the family,
and not the individual. If individuals spend their own money on clothes and other incidental expenditure,
then the HBS should record this expenditure as being incurred by the individuals. In practice, many HBSs
do not cover institutional households and, where this expenditure is considered to be significant, estimates
will need to be made from, for example, special surveys of people living in institutions or by reference to
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the expenditure patterns of similar people, say, the same sex, age and socio-economic group, living in non-
institutional households.

1.33 In considering the practical issues relating to the inclusion of institutional households in a CPI, two
guestions need to be asked. First, is the expenditure pattern of institutional residents likely to be significantly
different from household residents? Secondly, even if the answer is yes, would their exclusion from the CPI
be likely to significantly affect the national (or regional) CPI? To answer these questions, some research
should be carried out on a sample basis.

1.34 Some countries exclude certain household types from the CPI, such as the very wealthy or the very
poor. Such exclusions may be on theoretical grounds (e.g., using the argument that the expenditure of the
wealthy, who are relatively few in number, should not be allowed to affect a CPI which may be used for
indexation of wages of ordinary workers) or on practical grounds (e.g., using the argument that wealthy
households tend to have low response rates to HBSs, and their inclusion can lower the quality of
expenditure weights). Such exclusions make the CPI inconsistent with the national accounts coverage. For
a CPI which is used for indexation of wages, the exclusion of pensioners and wealthy households may be
justified on conceptual grounds. For example, it may be considered that such households are likely to spend
their money on atypical products and including them would distort the relevant overall average. It is also
argued by some that pensioner households should be excluded in principle from an index used for the
escalation or indexation of state pensions because of the circularity involved (the level of state pension
influences expenditure patterns which are then used in the up-rating calculation) while others would argue
that it is logical that indexation should be based on an index reflecting the expenditure of pensioner
households and their specific inflationary experience. Note that if wealthy households are excluded, the
CPI basket should not include products likely to be bought only by the excluded group, nor should outlets
specializing in such products be included in the sample. Conversely, if the wealthy are included, some
“luxury” products and outlets should also be included in the sample. For the analysis of national inflation, it
is considered that the more comprehensive the CPI, the better.

5. Democratic versus plutocratic weights

1.35 A “democratic” CPI uses weights based on the average proportionate share that households in the
whole population have spent on the item. Hence, the share of a specific item in the basket is calculated for
each household. The weight for the item is the sum of the household shares divided by the number of
households. Many households may purchase the item, but also, a number of households will not make
such purchases. The average share is thus based on the experience of each individual household, whether
they have purchased the item or not. Each household share is equally weighted in deriving the average.
The alternative “plutocratic” CPI calculates the item shares as the total expenditure on the item by all
households divided by the total expenditures of all items purchased by households. This latter method gives
more weight to the high-spending households. It is argued that a democratic index is more suitable for
showing the impact of inflation on the average household but is very rarely compiled by NSOs. There is a
consensus that a plutocratic index is the appropriate index to use for national accounts deflation and for a
general measure of inflation.

1.36 Many countries publish a range of CPIs relating to sub-sectors of the population such as: all
households, low-income households, or pensioner households, but a CPI based on democratic weights is
very rare.

6. Product exclusions

1.37 Inits role as an indicator of total consumer inflation, the CPI should in principle cover all types of
goods and services which are consumed in the national retail market. In practice, some types of products
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may be excluded for policy reasons while other exclusions are unavoidable in practice. These may include:
goods sold illegally, such as narcotics; black market sales of mobile phones and other goods; gambling;
and prostitution. In most of these cases, except perhaps for legal lotteries, there will be no expenditure data
from the HBS and prices are difficult if not impossible to collect. Thus, in principle, estimates of weights and
prices will need to be made for the purpose of producing deflators, even if the expenditure is not covered
in the CPI. Solutions will need to be found to the practical measurementissues. For instance, if a CPI covers
gambling, it is not the gross stakes which should be included in the weight, but the net stakes, which is
broadly equivalent to the margin taken by the gambling operator. As it is not likely that the net stakes can
be measured, one solution may be to distribute the weight for gambling across other sub-classes in
COICORP class 09.4.6 (Recreational and sporting services).

1.38 The treatment of second-hand goods is often found to be problematic. As far as transactions within
the household sector are concerned, sales will balance purchases, so the weights will be zero, and they
may be excluded from the CPI. But in many countries there are significant sales of imported second-hand
goods from dealers and other third-parties, such as cars and clothing. Where sales of imported second
hand goods sold by dealers or other third-parties are significant relative to sales of new goods of the same
product, such sales should be included, both in weights and prices (as described in Chapter 11).

1.39 CPI compilers sometimes face proposals from governments or pressure groups to exclude certain
categories of products for non-statistical reasons. Common examples are alcohol and tobacco in some
countries where their consumption is socially discouraged or they can only be purchased illegally. While it
is acceptable to produce a variant of the CPI excluding such products, the all-items CPI should include
them, where practical, to ensure that the index presents a true and accurate picture of national inflation.

1.40 Chapter 2 covers in some depth the treatment of other excluded or partly-excluded products,
including: taxes and licenses, subscriptions, insurance, gambling, financial transactions, hire purchase, and
interest payments.

7. Imputed transactions and imputed prices

1.41 A distinction can usefully be made between imputed transactions and actual transactions where a
price is imputed. In the category of actual transactions, a prescribed medicine would be provided free as
part of a national health service. There is a “transaction” in the sense that a product changes hands but at
“zero” price so that it does not constitute a monetary transaction. The conventions for a CPI constructed for
the purposes of indexation or the measurement of inflation as a macroeconomic indicator exclude from
coverage this category of non-monetary transaction, so no price should be imputed.

1.42 A CPI should measure the prices of final consumption by a household. In principle, the first category,
imputed transactions where households do not incur a liability but bear the costs of acquiring the good or
service in another way, should be included in a CPI used for deflation in the national accounts compilation
and, in principle, can be included in a CPI compiled for other purposes. Perhaps the most important example
is the consumption of own-account production products such as food and owner-occupied housing services.
Here, there is no actual transaction at all, and thus no price. If the transaction is to be valued a price has to
be imputed. This would usually be done by reference to actual purchases of the same product in, say,
nearby markets. But even when this is done for the purpose of national accounts compilation, it is not
necessarily appropriate to include production for own consumption in a general-purpose CPI or in a CPI
used for indexation. Indices used as a general measure of inflation or for indexation should be based on a
narrow definition of consumption that includes only monetary expenditure. From the point of view of
measuring inflation and also for the purposes of income indexation, the most common view is that it is best
to omit production for own consumption on pragmatic grounds. Furthermore, goods and services purchased
by households which are then used as inputs into own-account production are normally treated as if they
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themselves were consumption goods and services, and therefore are included in the CPl. Some countries
may find it useful to produce two versions of the CPI: one including and the other excluding own-account
production. This topic is further discussed in Chapter 11.

E. Deciding on the index coverage and classification structure

1.43 Classification is a central theme in the compilation of the CPI. Choosing a classification system is the
first step in compiling the CPI because its sub-aggregates must be defined in such a way that the
expenditure weights and prices will relate precisely to the coverage of the sub-aggregates. The
classification is also important because it establishes the framework to define and drawn the boundaries
for inclusion of the representative items in the index (and sometimes the outlets). Finally, the classification
system helps in defining which level of the hierarchy will be suitable for publication.

1.44 Inyears past, countries used their own distinct systems for classifying the range of products covered
by their CPIl. Most countries have now, however, moved to the international standard classification
COICOP.

1.45 COICOP was first developed for the 1968 SNA to provide the structure for classifying household final
consumption expenditure. The various components of household final consumption expenditure are often
used as the basis for the weights in the CPI. The 2003 International Labour Organization (ILO) Resolution
on CPIs requires that national CPI classifications should be reconcilable with COICOP at least at its higher
aggregation levels. Most countries have adopted COICOP in their economic statistics (e.g., in the CPI,
national accounts, ICP, and HBSs), with a clear advantage for integration of data-sets and enhanced
analytical capabilities.

1. Classification systems: the general case

1.46 In its broadest sense a classification is a procedure in which individual items are organized into
categories (classes) and sub-categories (sub-classes) based on information on one or more characteristics
inherent to the items. A classification scheme will usually have these same items (or elements) arranged in
a hierarchical ordered system based on category-subcategory relationships where the subcategory has the
same description as the associated category in addition to one or more descriptions. For example, an apple
is a subclass of fruit. So any apple is a fruit, but not every fruit is an apple. A product needs to have a more
detailed description to be an “apple” and not just a “fruit”.

1.47 In principle, a classification system can be based on any attribute of the objects being classified.
Normally, organizing a population of items into categories must leave no two categories with any item in
common, in other words the categories must be mutually exclusive. Also, the categories must collectively
include all of the items which are in the population—the categories must be exhaustive. For example, in the
case of the CPl, its classification should include the entire universe of goods and services that are covered
by the index (e.qg., fresh food purchased in a store by a consumer is part of the CPI, while heavy machinery
such as a tractor is not) and no product should be included in two different categories in the structure.

2. The CPI classification system

1.48 COICOP, as its name implies, is founded on the principle of “purpose” (see Box 1.1). It is a purpose-
type classification because throughout the aggregation scheme the products are grouped according to the
purpose (or function) they usually fulfil such as transport, nourishment, shelter, etc. Most national CPIs aim
at measuring the change of the cost of a basket of goods and services, which is consumed for the purpose
of satisfying certain needs. A purpose-based classification would therefore appear to be the logical
classification system for a CPI.
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1.49 The official COICORP is a five-digit classification. NSOs will expand the COICOP to six and seven
digits to obtain more detail for their use. At the higher level of the classification, the products are grouped
according to purpose. Households will select various goods and services in order to satisfy their
consumption objectives (i.e., renting an apartment for the provision of shelter or eating an apple for the
purpose of nourishment). These goods and services are disaggregated further into various groups and may
not be based solely on the principle of purpose but also according to product-type. For example, oranges
and apples are included in the “Fruit” category. The more detailed breakdown is often a product-type
classification because these items share a similar production process and are certainly sold at fruit stands
or the same location in the supermarket.

Box 1.1 Classification of Individual Consumption According to Purpose (COICOP)

The COICOP classification structure has been updated and the new wersion, COICOP 2018, was
endorsed by the United Nations Statistical Commission in March 2018. COICOP 2018 replaces COICOP
1999 as the official standard classification for the CPI.

While a number of countries have begun to implement COICOP 2018, many others will implement the
updated classification in the coming years during a future CPI update. Because many countries continue
to use COICOP 1999, the Manual presents some examples using COICOP 2018 and others using
COICOP 1999.

Chapter 2 summarizes the key changes made to COICOP. The detailed classification structures for both
COICOP 2018 and COICOP 1999 are included as annexes to the Manual.

F. Deriving the weighting pattern

1.50 A CPI measures changes in the cost of a representative basket of goods and services. This involves
weighting aggregated prices for different categories of goods and services so that each takes an
appropriate share to reflect the budgets of the households covered by the index. For instance, if most
people spend far more on fresh vegetables than on electricity then a price rise for fresh vegetables must
have more effect on overall price rises than a similar-sized increase for electricity. Therefore, at the lowest
level each elementary aggregate should receive a weight equal to the ratio of expenditure by the covered
households on items represented by that aggregate to total expenditure by covered households on all items
within the scope of the CPI. Chapter 3 discusses the derivation and sources of the expenditure weights and
provides detailed guidance on specific issues.

1.51 The 2003 ILO Resolution on CPIs makes the obvious but important point that the weights follow
directly from the scope of the index as well as from the choice between the “acquisition”, “use” or “payment”
approach, as described in paragraph 1.22. It also states that there are two main sources of information:
HBSs and national accounts, and that the weights should be reviewed and updated at least every five
years. Additionally, new sources of weight information are being developed such as actual expenditures on
various types of transactions based on scanner data and other electronic formats. Such sources are being

evaluated and exploited for use in development of weights now and in the future.

1.52 The use of expenditure weights is consistent in concept with a CPI based on the acquisition, payment
and user cost approaches although the treatment of major durable goods and housing can present a
problem, particularly the costs of owner-occupied housing. The use of weights in a CPI based on total
consumption expenditure is often referred to as plutocratic weights because this concept gives more weight
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to the expenditure patterns of high-spending households (which will also tend to be those with higher
incomes). Paragraph 1.36 provides more details on plutocratic weights.

1.53 The goods and services consumed by the households can in principle be acquired in four ways: (i)
purchase in monetary transactions; (ii) from own production; (iii) as payment in kind; and (iv) as transfers
or gifts from other economic units, including social transfers in kind provided by government and non-profit
institutions serving households (NPISH).

1.54 The weights are determined by the scope of the CPI and should be derived on basis of the relevant
coverage and types of consumption and with reference to SNA concepts. But it should be noted that there
are several delineations of consumption used, as described in Chapter 2. The broadest possible scope for
goods and services would cover all four of the above categories. It would include all social transfers in kind
in the form of education, health and housing and other goods or services provided free of charge or at
nominal prices. The total acquisition of goods and services thus described is equivalent to household actual
final consumption in the SNA. For the CPI as a general measure of inflation, the more relevant would be to
include only goods and services purchased in monetary transactions by the households. Only monetary
transactions generate prices that can be observed for the CPI, but this then leaves outstanding the issue
of owner-occupier housing services which is considered in detail in Chapter 11.

1.55 It is against this background that a CPI often follows the concept of household final consumption
expenditure, as laid down in the 2008 SNA. This approach is often recommended for a CPI being used as
a macroeconomic indicator, restricted to the appropriate reference population, or “Index Households”,
where the CPI is being used as a compensation index. This compensation index might, for example,
exclude the very rich.

1.56 Household final consumption expenditure includes non-monetary transactions (such as for owner-
occupier housing or consumption of own production of food). The concept of “household final monetary
consumption expenditure” (HFMCE), used in the European Union Harmonized Index of Consumer Prices
(HICP) defines both the goods and services to be covered, and the price concept to be used, and refers
only to monetary transactions. HFMCE is a useful concept but many countries prefer to also include some
non-monetary transactions (in particular owner-occupier housing) in their CPI, sometimes using imputed
costs thus moving the coverage of the index closer to household final consumption expenditure. Chapter 2
provides more details on the different types of consumption.

1.57 The conceptual issues relating to the construction of weights are discussed in detail in Chapter 3.

1. Weighting structure

1.58 The weighting structure should follow the aggregation structure of the CPI. For instance, if this
structure is based on COICOP, then this is the structure which should be used for the weights.

1.59 Additional sub-divisions can be introduced where there is further stratification of the sample to include
geographical location, outlet type or a more detailed product level classification. Thus, the weighting
structure will depend on the sample design for price collection and compilation and in particularly the need
for more detailed weights which may be generated by additional sample stratification. In general, NSOs will
collect some prices centrally and adopt up to four levels of sampling stratification for local price collection:
locations; outlets within locations; items within different sections of expenditure; and varieties. The sampling
of varieties is normally conducted in the field by price collectors and does not normally involve explicit
weights (see Chapter 5). Stratification is frequently used to increase sampling and operational efficiency,
especially where the retail market is heterogeneous (see Chapter 5). Some levels are:
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Central shops weights to represent a small number of large supermarket chains or chain stores
which have uniform prices across branches and prices are provided by the shops’ headquarters.

Stratum weights. For some types of expenditure, purchasing patterns may differ markedly by region
or type of outlet, and in these cases stratification will improve the accuracy of item indices. For
example, each locally collected item in the index could be allocated to one of the different stratum
types to allow the best available information about purchasing patterns to be incorporated in the
index calculation. Depending on the structure of the retail market, the stratum types could be: region
and outlet type; region only; outlet type only; and no stratification. The assignment of stratum type
will depend on the information available for constructing the weights for each item and the number
of prices collected per item. In principle, all locally collected items might be stratified by both region
and outlet type, but if the weights data are unreliable or non-existent at this level of detail, then the
item may be allocated to another stratum type. Allocation also partly depends on which outlet types
are specified for the collection of prices and the number of prices collected. If the rules for the
choice of outlets did not specify that both a chain and an independent outlet should be chosen for
an item, there may be too few prices collected in one of these outlet types to make stratification by
outlet type meaningful. In some instances, there may be no stratification because research has
shown that stratification has little effect.

The weight of an elementary aggregate (i.e., the stratum weight), should reflect the expenditure on
the entire elementary aggregate and not the weights of the outlets and items that have been chosen
to represent it. For instance, if spaghetti is chosen as the representative product under the
elementary aggregate with the heading of pasta products, then the weight of this category should
reflect expenditures for all pasta products and not solely the “lower” weight of spaghetti; that is, the
weight of the pasta category will be represented entirely by spaghetti. Similarly, if an expenditure
category is divided into two elementary aggregates according to outlet type, say, open markets and
supermarkets, with corresponding market shares of food sales, 70 percent and 30 percent
respectively, then the same rule as above should apply. For instance, suppose a single store is
selected as the representative outlet for a particular food item sold in supermarkets in a country
where two supermarket chains have equal sales, then the sales from the sampled store will account
for the total value of the expenditure weight of 30 percent; the weight of the elementary aggregate
for this food item sold in supermarkets should not be 15 percent (0.30 x 0.50), that is a weight
based only on the sales of the selected supermarket.

Product or item weights (in the current context the terms can be interchangeable). Some products
or items may be intended only to represent themselves; others represent a subclass of expenditure
within a section. For instance, within electrical appliances, an electric cooker may represent only
itself and not any other kinds of electrical appliances. However, other products or items will
represent price changes for a set of products or items, which are not all priced, so for these the
weight reflects total expenditure on all products or items in the set. For example, a screwdriver may
be one of several items representing all spending on small tools within home improvement and
maintenance materials, and there are other items within the section representing all spending on
paint, timber, fittings and so on.

Upper-level or Section weights. It is common practice to give each section an integer weight in
parts per thousand or per hundred so that the sum of the section weights is 1000 or 100. It is likely
that most of these weights will be based on the HBS results. The main exceptions will be some
housing sections, including (where applicable) mortgage interest payments and depreciation,
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where weights are estimated from other sources (see Chapter 11), and for certain other sections
(e.g. tobacco, confectionary, soft drinks, and alcoholic drinks) where the HBS may be thought to
under-record expenditure and better data are available elsewhere. Many countries also use
national accounts household final consumption expenditure estimates where available at the
COICOP group or class level and the HBS expenditure distribution at the lower levels. This is also
an area where scanner data can be used to more accurately reflect the expenditure distribution.

Implicit weights within elementary aggregates

1.60 An unweighted formula (e.g., Jevons or Dutot — see paragraphs 1.145 to 1.151 on elementary price
indices) is usually used when aggregating the elementary aggregate price relatives of the sample of
products at the elementary aggregate level. This practice is usually justified on the grounds that the required
information such as market shares is simply not available to a sufficient level of precision. However, if
broad-based estimates of market shares are available, then these can be used as implicit weights for
determining the sample of price observations to enhance the accuracy of the elementary price index. Some
possible sources for this information are transaction shares from scanner data, trade publications, market
reports, and consultation with industry experts.

1.61 The sample of price observations based on implicit weights can be updated independently and more
frequently than the weights of the elementary aggregate; however, the price statistician will need to ensure
that the weights are both coherent and consistent within the elementary aggregate. It is best to review them
at the time of updating the basket.

Weights for products for which prices are not collected

1.62 As it is not feasible to collect a full set of prices from every outlet, including market stalls and street
vendors, and from every provider of a service, all prices have to be sampled. This means that in practice
there will be some products which consumers spend money on for which prices will not be collected (see
Chapter 4). However, the expenditures for these products need to be included in the expenditure weights.
There are two ways of doing this: (i) including the weight in a related elementary aggregate (this may involve
the creation of a “miscellaneous” category), or (ii) having the weight of the product for which no
representative prices exist equal to zero, which essentially redistributes the weight to other elementary
aggregates.

1.63 In general, the prices for the product for which prices are not collected will be expected to exhibit a
similar movement to the other products in the elementary aggregate and the first of the above two methods
should be used. The second method may be used where the elementary aggregate is heterogeneous, or
the associated price index is not considered very reliable. Because of the negligible size of the weight value
involved, the consequence on the overall index will also be negligible whichever method is used.

2. Data sources

1.64 Depending on the population coverage, weights for a CPI are derived either from expenditure data
based on estimates drawn from a sample covered in the HBS or from national accounts estimates of
household final consumption expenditure. It should be emphasized, however, that expenditure estimates
in the national accounts are usually partially based on HBS information, although they may differ in terms
of coverage, and that in some countries these are not available or not compiled at a detailed level. The two
sources are not entirely independent. Note also that national accounts data may also be used when the
HBS is conducted too infrequently to ensure the reliability of the CPI or when the expenditure weights need
to be updated more often than the periodicity of the HBS. Nevertheless, an HBS will still have to be
conducted eventually because it is an important source for benchmarking the components of household
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final consumption expenditure of the national accounts. Other sources for the weights are also available
and are usually complementary to these two main sources. These include administrative data sources, or
retail trade statistics data. These are discussed in Chapter 3.

1.65 When various sources of information are used for generating the weights in a CPI, the compiler
should take the time to check the data to ensure that the results are consistent and plausible with what is
expected or investigate further if necessary.

Household Budget Surveys

1.66 When using the HBS as the basis for developing CPI weights, the sample size (number of
households) should be sufficient to ensure that the expenditure data yielded produce statistically reliable
and representative weights at the elementary aggregate level. In some countries the acceptable statistical
quality is based on the coefficient of variation (the ratio of the standard deviation to the mean). For those
expenditure weights that are unable to meet the minimum requirement of reliability, three options should
be considered:

o If reliable expenditure data are not available for an elementary aggregate, they can be combined
with another related elementary aggregate to form a new broader elementary aggregate (e.g.,
“wheat bread” could be combined with “rye bread” to form a new category called “bread)”. This
approach will often lead to a more reliable elementary aggregate but may require an adjustment to
the existing structure of the CPI.

e |If annual HBS data are available, then expenditures could be averaged over more than one year
thus improving the statistical reliability of the data, in terms of standard errors, but to the detriment
of timeliness. It should also be noted that averaging may not improve the statistical quality of the
expenditure estimates if a particular category of household expenditure is rapidly growing or
declining. Averaging is useful if the particular expenditure category under consideration shows a
lot of variability over several HBSs but no clear trend. This is an area where statisticians will have
to use their judgement. The basket reference period should not be arbitrarily chosen and periods
of less than a year should be avoided because of seasonal influences on consumption patterns.
Furthermore, some countries exclude, from multi-year averages, years which are exceptional, for
example, as a result of particularly poor harvests leading to high prices and distorted expenditure
weights.

e Leave the CPI structure unchanged and simply accept that the weight for the particular elementary
aggregate concerned is less than ideal. Whether this is an acceptable position to take will depend
on the weight of the elementary aggregate and on its importance, particularly to analysts. For
example, it would be a difficult position to sustain if the elementary aggregate has a large weight
and is presented as a published sub-index.

1.67 It should be noted that in normal circumstances weights can tolerate a certain degree of imprecision
before having a significant effect on the overall CPI, particularly at the higher levels of aggregation, or main
divisions of the CPI. But this is less so at lower levels. For instance, an index described as “fruits and
vegetables” where the true weight for fruit is 40 percent and the weight of vegetables is 60 percent, but with
a biased estimate of the expenditure weights, fruits account for 60 percent of the index and vegetables the
remaining 40 percent. The biased weights affect the relative importance of both fruits and vegetables in the
basket, giving too much weight to fruit and too little weight to vegetables. Consequently, the price index for
“fruits and vegetables” will be also biased. To minimize the potential for such occurrences, it is
recommended that the compiler always strives to get the best possible estimates for the expenditure
weights.
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1.68 An annual HBS is optimal for a CPI because as well as avoiding one-off set-up costs, it permits the
annual updating of the weights, hence reducing the substitution bias associated with out-of-date weights in
a fixed-basket index like the CPI. Furthermore, it provides the opportunity for using multi-year weights to
reduce the sampling error and, where considered appropriate, minimize the sampling variance associated
with unusual expenditure patterns in a particular year (for instance, abnormal circumstances affecting
consumer behavior such as political events, natural disasters, or oil shocks). But obtaining reliable
consumption estimates is challenging and there is a persistent trade-off between data quality and survey
cost.

National Accounts

1.69 The use of national accounts weights ensures consistency and comparability between the CPI and
national accounts definitions and classification systems for household consumption, which is an advantage
when compiling a CPI as a macroeconomic indicator and for use as a deflator.

1.70 National accounts have two inherent advantages:

e The household final consumption expenditure aggregate of national accounts may be derived
mainly from the HBS, but national accountants will often use other sources of information before
finalizing their results, especially in cases where the accuracy of the HBS is in doubt such as where
under-reporting is present. National accounts go through an additional quality assurance process
and re-estimation should increase the reliability of the weights.5

¢ Evenif the HBS is updated infrequently, CPI weights can still be updated at regular intervals from
national accounts data for higher level aggregates at the division or group level.

1.71 However, there are two inherent disadvantages with national accounts data:

e They are generally only available at the national level, so deconstruction of the national accounts
data to provide a finer-level of detail or to produce regional expenditure weights may be necessary
using other available sources of information. Other data sources include HBSs, retail surveys,
aggregated transaction from scanner data, and administrative data such as statistics on excise
duty. National accounts data can be used to derive weights at the more aggregate level, and HBS
data can then be applied to derive weights at the lower levels of the aggregation scheme. If the
expenditure data from the HBS are not viewed as sufficiently detailed to ensure a minimum of
acceptable accuracy, or if a demand exists for indices of a finer breakdown (e.g., there is a need
for a price index for apples but only expenditures for all fruit can be derived from the HBS), then
other potential data sources can be used for disaggregating the expenditures, including surveys of
retail sales from establishments, point-of-sales surveys and aggregated scanner data, surveys of
production, export and import data, and administrative data. Note that some of these sources may
also be used for stratifying expenditures according to sales volumes by retail outlet type and by
region.

e National accountants apply an element of discretion and judgment when making operational
decisions relating to the construction of national accounts. Some of the details of these decisions
are not always readily available to users. Consequently, compilers of the CPI should consult with
their national accounts counterparts regularly before using their data for weights in order to ensure
that they are consistent with the objectives of the CPI.

5 This assumes the national accounts have independent expenditure side estimates, and household final consumption
expenditure is not estimated as a residual.
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G. Designing the sample

1.72 Chapter 4 gives advice both on sample selection, that is how to construct a sample, and on estimation
procedures, that is how to estimate the CPI from the sample of prices collected. This Manual recognizes
that in practice non-probability sampling sometimes needs to be carried out. Similarly, although the 2003
ILO Resolution states that probability sampling techniques are to be preferred, it goes on to say that “where
appropriate sampling frames are lacking and it is too costly to obtain them, samples of outlets and products
have to be obtained from non-probability methods” and that “statisticians should use available information
and apply their best judgement to ensure that representative samples are selected”.

1.73 To construct a perfectly accurate CPI, the price statistician would need to record the price of every
variety of every good and service purchased by the consumer. This would mean collecting a full set of
prices from every outlet, including market stalls and street vendors, and from every provider of a service,
including public utilities such as water and electricity, private transport including shared minibuses and the
hire of rickshaws, modern forms of communication, such as mobile telephones, and the provision of
domestic service. As this is not feasible in practice, most prices have to be sampled and this involves local
price collection in a selection of outlets in a sample of locations chosen to be representative of the country
as a whole and at selected times on selected days.

1.74 The exceptions to the above are prices which can be collected from a central source, such as a
public utility provider, national retail chain headquarters, or a government department. For many of these
items, all prices will be taken and no sampling will be involved. For example, the service provider may give
the NSO a full price list or tariff from which all the prices can easily be extracted. This may be the case
where sampling would not make sense or would be unreliable because the number of prices is very small.
For instance, no sampling would be involved if an electricity tariff consisted of a standard standing charge
for service provision and a standard charge per kilowatt of electricity used, which was the same for all
customers regardless of location and only varied with total usage (with heavy users getting a discount after
a certain threshold). In this case, the tariff prices would be collected and applied to a typical cross-section
of users and varying quantities of electricity. Sampling would be used to choose a cross-section of users.

1. Approaches to drawing samples

1.75 The focus of this section is on sampling procedures for local price collection in outlets, including
options relating to probability and non-probability sampling. There is a section in Chapter 5 which
specifically addresses the special challenges of sampling prices in markets and prices charged by street
traders. Chapter 5 also addresses the associated issue of price bargaining and discusses the issue of
volatile prices.

1.76 As only a sample of prices will be recorded in the course of local price collection, there is inevitably
some sampling error in measuring the CPI. The sampling procedures should aim to minimize this sampling
error, maximize sampling efficiency (i.e., obtain the maximum sampling precision for minimum fieldwork
and processing costs) and reduce bias as much as possible. The sample design should allow publication
of sub-indices at all levels which have been decided upon, such as regional indices or separate sub-indices
for urban and rural areas. As well as cost, a limiting factor in sample design is the time taken in collecting
prices. Practical considerations that will need to be considered include the availability of price collectors
and transportation issues.

1.77 In general, NSOs adopt four levels of sampling for local price collection: locations; outlets within
locations; items within different sections of the expenditure classification; and product varieties.
Stratification is also frequently used to increase sampling efficiency, especially where the retail market is
heterogeneous. Often a combination of probability sampling and non-probability sampling is used.
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1.78 When using probability sampling, the units in the sample are selected so that each has a known non-
zero probability of selection. For instance, locations could be randomly selected from local administrative
areas with probability according to total population®, the population representing a proxy for the retail
turnover in the area. Within a location, outlets could be randomly selected from a business register, with
probability according to their individual turnover or sales or by floor area measured by an enumerator listing
and visiting each shop. Sample selection based on probability according to size increases sampling
efficiency. Also, as the aim is to have a sample which is representative of retail turnover, the prices
subsequently collected on the above basis would then not need to be re-balanced by re-weighting if the
assumption holds that those population and floor areas are good proxies for turnover. Alternatively, each
location and outlet could be given an equal chance of selection in the sample, regardless of the total
proportion of the retail market that they account for, but then re-weighting would be necessary.

1.79 In practice, sample selection is never straightforward, and compromises must be made for good
practical reasons even when a sampling frame exists. Administrative boundaries may not coincide well with
statistical targets. For instance, choosing administrative areas using probability according to population
could ignore the inconvenience of administrative boundaries that straddle the border between a commercial
district and a residential area so that, contrary to the intention, the commercial district has no chance of
being selected as it contains no houses. Also, a visit to the location may indicate that it is impractical for the
collection of prices, for example, because of a physical barrier such as a railway or river bisecting the area
and causing difficulties of access. Similarly, very rarely do NSOs have readily available sampling frames
which reliably list all retail outlets, particularly recent openings, and even fewer will have lists that cover all
market stalls in all types of markets, or mobile street vendors. The relative advantages and disadvantages
of random and purposive sampling should be examined at each stage of the sample selection. It is
recommended that the NSO should first decide on the ideal sampling solution and then modify this to take
into account practical constraints.

1.80 The ultimate goals should be:

e An overall sample which is representative of the total population of goods and services being
offered for sale and purchased. The sample chosen should be representative of price levels and,
most particularly, price movements. All variations of items and outlet types should be considered
for each product and chosen to reflect typical consumer purchasing habits.

e A variance or mean square error which is as low as possible. Samples should be reasonably
optimized. At the very least, a basic analysis of sampling variance should be conducted, even if an
overall estimate of the precision of the CPI cannot be made.

e Optimization. The entire set of sample prices should be optimized to meet the publication needs of
the CPI, taking into account user requirements, practical data collection considerations and cost.

H. Collecting and editing the prices

1.81 Chapter 5 provides an overview of the most appropriate survey methods for the collection of prices
while Chapter 10 discusses the detailed approaches that can be used for scanner data. In large part, the
considerations are the same as for sample design and will depend on local circumstance. For instance, the
methods should consider: the purchasing habits of consumers and the extent to which they use licensed
and unlicensed markets and internet purchases; the structure of the retail market including the balance

6 A more appropriate alternative might be number of workers employed or aggregated retail turnover in the location if
this is known. This may be the case where most shopping is done in town centers but with most people living in
residential areas in the suburbs.
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between markets, small independent shops and large retail chains; the extent of public ownership and price
control; the diversity of goods and services being sold; the pricing structures used, including tariffs; and
whether bargaining is common. The availability of central records of prices charged also has an important
bearing. The 2003 ILO Resolution emphasizes the importance of well-trained price collectors who adhere
to the standard procedures.

1.82 There are two basic price collection methods:

e Local price collection where prices are obtained from outlets located around the country. This will
include licensed and unlicensed markets and street vendors as well as shops. Normally the price
collector will need to visit the outlet to observe the prices although the prices for some items may
be collected by other means, including telephone and price lists.

e Central price collection is often used where prices can be collected by the head office without the
need for field work. This may also include centrally regulated or centrally fixed prices which can be
obtained from the regulatory authorities, although in these cases checks will need to be made to
ensure that the goods and services in question are actually available and sold at the stated price.
It is not unusual to find goods subject to price control being sold at a different “unofficial” price.
Central price collection can be further broken down into:

o Prices which are combined with prices collected locally. For instance, this may occur when
a supermarket chain provides centrally determined price lists or actual transaction data,
from scanners, eliminating the need for the price collector to visit a shop in person;

o Prices which are used on their own to compute centrally constructed indices. Most tariffs
fall into this category.

1.83 Goods and services that normally are paid according to a tariff can pose problems when their
structures are modified over time, compromising the principle of unchanged consumption. Examples
include public transport fares, electricity, main water supply, physicians, hospital services, and
telecommunications. For utilities, the payment may consist of a standard rate per unit of consumption
sometimes in combination with a fixed charge. A solution to this problem is to define representative services
or bundles of services (e.g., categories of consumers and specific services consumed). For these, it is
important that the prices experienced by a representative range of customers and tariffs are observed and
that customer profiles are kept constant over time. More detailed advice is given in Chapter 11 on selected
special cases.

1.84 The focus in the next paragraphs is on locally collected prices. It begins by reviewing the principles
behind collecting prices for a CPI and then considers the practical collection issues and how these should
be managed. A working assumption has been made that the index being compiled is an acquisition index
(see Chapter 4). It is also assumed that prices are being collected for a monthly price index with prices
therefore being collected, in general, every month. Some countries produce only a quarterly CPI, while
others produce a weekly index, especially for fresh food. The concepts and procedures discussed will apply
to price collection practices, whatever the frequency of index publication.

1. The principles of price collection

1.85 Exceptin a small number of cases, such as the treatment of owner-occupied housing costs, a CPl is
usually designed to measure the change in the actual transaction prices of goods and services bought by
consumers. However, collectors cannot normally observe individual transactions as they occur, so they
must usually observe the price marked on or assigned to the product and assume that these are the
transaction prices. Many countries are also improving the collection of actual transaction prices through the
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use of electronic technologies such as scanner data and internet purchases. An exception to observation
and electronic capture is bargaining, where a price might not even be displayed, and this case is discussed
in detail in Chapter 5. Special procedures apply when outlets in which items are being priced close down,
or the items which the price collector was pricing at a particular outlet are no longer sold by that outlet.
These procedures are covered in Chapters 4 and 7.

The principle of a fixed basket

1.86 Underlying all of what follows in this section is an important principle: the necessity to compare prices
on a like-to-like basis from one period to the next. This has two consequences:

e Where the price collector has the role of selecting what variety of a product to price in a particular
outlet, a consideration should be whether that variety will be available to price over a reasonably
long period (tight specifications are of no use if the described variety cannot be found in the outlets).
This is in addition to being typical of what is sold to customers.

e The price collector should record additional information needed to ensure the unique identification
of the variety priced so that:

o The same variety continues to be priced in the case of price collection being carried out by
a different person.

o The identification of quality change can be evaluated when the variety disappears and is
replaced by a different one allowing an adjustment for quality change to be made.

2. Variety specifications

1.87 There are no firm rules, especially regarding the use of looser or tighter variety specifications: each
country may choose its preferred methods — and stick to them. However, there are a number of
considerations in deciding on variety specifications:

e Tight specifications leave less discretion to the price collector, so the reliability and training of
collectors are factors to consider when deciding whether to use loose or tight specifications.

e Particular care should be taken to ensure that the specification is very detailed for heterogeneous
items where there is scope for significant difference between one variety and another, and for items
which by nature are highly-specified. Cars and hi-tech goods fall into the latter category.

e Tight specifications also allow for the calculation of meaningful average prices:

o Average prices are useful in identifying outliers and assessing the accuracy of the reported
prices.
o Average prices allow comparisons of price levels, including between, for example, regions

or urban and rural areas.

1.88 Responsibility for specifying the items to be priced should normally rest with the head office.
Specifications should be reviewed on a regular basis to determine whether they continue to be relevant. A
revision of specifications could be implied by: (i) a large number of missing price quotations; (ii) a large
number of substitutions, or (iii) a wide variation in the distribution of collected price levels.

1.89 Some countries find structured product descriptions (SPDs) from the ICP helpful for specifying items
to be priced in a CPI. As well as providing a ready-made framework for detailed item specifications the use
of SPDs has the additional advantage of facilitating greater integration between the two price collection
exercises leading, amongst other things, to savings in collection costs from using the same price quotes in
both the CPI and ICP.
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3. Data editing

1.90 Once the price information has been collected and recorded it has to be edited. Data editing is the
process of ensuring correct and usable data for calculation of price indices for elementary aggregates. Data
editing is sometimes referred to as input editing. There are three steps in this process:

1.91 The detection of possible errors and outliers.

e The verification and correction of data.
e Output review

The detection of errors in the collection and recording of price information must occur as soon as possible
after the information is collected. Detection is usually achieved by examining price movements and
checking those that exceed some pre-defined limits or appear to be unrealistic based on an analysis of all
available information. Statistical outputs should sufficiently portray the reality of the economy and with an
output review the compiler ensures the indexes reflect reality.

1.92 Itshould be noted that while price collectors should examine every price they collect, subjecting every
collected price to the same level of examination by collection supervisors and index compilers is not
considered necessary and generally is not feasible. It is recommended that, to improve cost-effectiveness,
some form of significance rating should be applied to determine how much time and effort should be
expended on editing individual prices.

¢ In general, prices from elementary aggregates with relatively small price samples should receive
more attention from the index compiler. This is because the weights of the elementary aggregates
are broadly equal. Each individual price movement from these elementary aggregates will have
potentially a much more significant influence on the index calculations than any individual price
movement from an elementary aggregate with a large number of price quotes.

e Price samples from elementary aggregates with high expenditure weights should be examined
critically as the high expenditure weight will make all price movements within the sample significant
to the index calculation.

e The highest risk is associated with elementary aggregates with relatively large weights but few
price quotes and with complex index construction. This situation is associated with utilities and
other services which account for relatively large expenditures and where there may be only one or
a handful of suppliers and prices are based on complex tariffs. Petrol prices could be another
example.

1.93 There are two main categories of checking and identifying possible data errors and outliers, as further
described in Chapter 5:

¢ Non-statistical checking
e Statistical checking

1.94 Some of the editing techniques discussed in Chapter 5 work best when applied to large quantities of
data. The best results will therefore be obtained if conducted at the location where many prices are available
to any analyst. This will generally be regional offices or, more probably, in the head office. However, the
techniques can be adapted and still be applied to prices held by a small collection center as a way of quickly
and efficiently detecting extreme prices. Abnormal prices such as sale prices, or price movements, such as
sale recovery prices, may be excluded from automated procedures for the detection of outliers, in particular
the setting of upper and lower bounds, but should nevertheless be checked, for instance by reference to
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previous price history. For seasonal items, such as fresh food and clothing, abnormal price movements will
be normal. These price movements should not be excluded from the outlier detection procedures. It is
important that an appropriate method is used to validate these prices. Chapter 5 provides more details on
the different data validation methods.

l. Maintaining and Updating the Sample

1.95 One strategy to deal with the changing universe of products would be to resample, or reselect, at
regular intervals the complete set of items to be priced. For example, with a monthly index, a new set of
items could be selected each January. Each set of items would be priced until the following January. Each
January, both sets would be priced in order to establish a link between each set of 12 monthly changes.
Resampling each year would be consistent with a strategy of updating the expenditure weights each year.
For example, the HICP and many national CPIs in the European Union Member States resample items
annually.

1.96 Although resampling may be preferable to maintaining an unchanged sample or selection, it may not
be practical for those countries that update weights infrequently. When the CPI is updated every five years,
for example, systematically resampling the entire set of products each year would be difficult to manage
and costly to implement. Moreover, it does not provide a complete solution to the problem of the changing
universe of products, as it does not capture price changes that occur at the moment when new products or
new varieties or models are first introduced. Many producers deliberately use the time when products are
first marketed to make significant price changes.

1.97 A more practical way in which to keep the sample up to date is to rotate it gradually by dropping
certain items and introducing new ones. Items may be dropped for two reasons:

e The product is believed by the price collector or head office to be no longer representative. It
appears to account for a steadily diminishing share of the total expenditures within the basic
categories in question.

e The product may simply disappear from the market altogether. For example, it may have become
obsolete as a result of changing technology or unfashionable because of changing tastes, although
it could disappear for other reasons.

1.98 At the same time, new products or new qualities of existing products appear on the market. At some
point, it becomes necessary to include them in the list of items priced. This raises the general question of
the treatment of quality change and the treatment of new products.

J. Missing products and adjusting for changes in quality

1.99 A CPI should reflect the change in the cost of buying a fixed basket of goods and services of constant
quality. In practice this represents a challenge as products can permanently disappear or be replaced with
new versions of a different quality or specification, and new products can also become available.

1.100 Chapter 6 discusses the nature of “quality” and methods for adjusting prices for quality change. It
provides detailed guidance both on implicit methods of quality adjustment, such as the overlap method and
class mean imputation, and on explicit methods, including expert judgement, and the hedonic approach.
Chapter 7 delves more deeply into the issue of item substitution, particularly on methods of incorporating
new products into the index.

1.101 The 2003 ILO Resolution advises that when a product disappears “clear and precise rules should be
developed for selecting the replacement product”. It lists three selection strategies: the most similar; the
most popular; and the most likely to be available in the future. On quality adjustment, this resolution states
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that “when a quality change is detected, an adjustment must be made to the price, so that the index reflects
as near as possible the pure price change”. It guards against the automatic assumption that “all price
change is a reflection of the change in quality”. It does not recommend particular explicit or implicit methods
of quality adjustment but does state that “the methods used should as far as possible be based on objective
criteria”.

1. Missing products

1.102 In order to measure price change from one period to the next, the price statistician tracks, for each
elementary aggregate, the prices of a fixed sample of items. The detailed characteristics of the products,
that is the varieties of goods and services selected for pricing, are recorded to assist the price collector in
fulfilling the aim of pricing exactly the same product in the same outlet in the same location so that the CPI
compares “like-to-like” in subsequent periods. Also, the recording of detailed characteristics, especially
price-determining features, can help when needing to make adjustments to the recorded price due to
changes in specification and hence quality. In practice, the particular product being priced in a specific
outlet may become unavailable - for example, the product is discontinued, may be in temporary short supply
or may be a seasonal product which disappears when out-of-season. These situations are discussed in
Chapters 6 and 7 of this Manual, and in Chapter 8 of Consumer Price Index Theory. In all other cases, the
price statisticians need to estimate the price of any missing product that they believe will return to the market
within a reasonable time, or, if they believe it will not return, find a suitable replacement. If the price
statisticians believe that the product will not return, the replacement should be either (i) as similar as
possible to the previous one, or (ii) the most popular “similar” product in the shop, or (iii) the similar product
that most likely will be available for future pricing. Unlike approach (i) which leaves the sample “static” with
the risk that it will be increasingly out-of-date and difficult to collect prices for, approaches (ii) and (iii) have
the advantage of introducing an element of sample replenishment. This is where quality adjustment
becomes an issue. The price index should reflect only pure price changes - the price index should not
reflect any portion of the price difference that is due to increases or decreases in quality between the
missing item and its replacement. A value needs to be placed on any change in specification between the
old and replacement item and a quality adjustment applied accordingly. This approach to quality adjustment
applies to any replacement strategy but is particularly relevant where sample replenishment takes place.

1.103 Three situations that regularly occur are:

e Substitution procedures where an item, product or outlet disappears, including the introduction of
new items.

e The imputation of a price when a product is temporarily out of stock (excluding seasonal goods).

e Quality adjustment where a change of product involves changes in its price determining
characteristics.

Substitution procedures
1.104 In a dynamic retailing environment, there is a continuous turnover both in outlets and in products.
Outlets

1.105 If an outlet goes out of business or refuses to participate in the price collection survey, it should be
replaced with the same sort of outlet (e.g., a market stall should be replaced with a market stall, or a single
shop with a single shop) in the same location, and conducting the same type of business (in other words
selling the same types of goods). For example, if the previous shop was a butcher selling refrigerated meat,
then another butcher selling refrigerated meat should replace it. If probability sampling was used to select
the original outlet, the sampling frame should be revisited, and a replacement outlet selected from the same
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stratum. Regardless of how the replacement is found, the original outlet's sampled items should be
assigned to the replacement outlet for price observation.

1.106 If an outlet changes location, a decision on whether the price collector should follow the outlet to its
new location needs to consider both sampling and operational issues:

e Sampling issues. The principle of maintaining a like-for-like comparison holds. In practice the
balance of the sample needs to be maintained to ensure that it continues to be representative.
Stratification is frequently used to increase sampling efficiency and ensure that the sample is
representative. This means that when an outlet changes its location, reference needs to be made
to the stratification and selection procedures used in the initial sample selection. For instance,
assume that shopping locations were initially selected from local administrative areas, stratified by
an urban/rural split and outlet type, and then outlets randomly selected from those outlets within
the chosen local administrative areas. Then the relocating outlet can be followed to its new location
if it continues to fall in precisely the same stratum. However, if the outlet moves away from the
original shopping location, for example from an urban shopping district to a rural area outside the
city or to another urban district within the city, or if it relocates within the same shopping location
but becomes part of a multiple chain, then it has moved to another stratum and a suitable
replacement for it should be found from within the original stratum, in order to maintain the sample
balance.

e Operational issues. As mentioned in Chapter 5 there may sometimes be operational reasons for
departing from the sample generated by the standard selection procedures. For instance, efficient
scheduling of price collection and the availability of price collectors may make following the outlet
to its new location impractical even though it has stayed in the same stratum. Similarly, a visit to
the new location may indicate that it is impractical for the collection of prices, for example, because
of a physical barrier such as a railway or river bisecting the area and causing difficulties of access.

Products

1.107 If a chosen product is temporarily missing and no price is recorded, a note to this effect should be
made by the price collector. For a product temporarily missing, a price has to be imputed. Non-seasonal
items and varieties should be replaced if missing more than a pre-defined period of time. For example, if it
is out of stock for three consecutive months, then the collector should be instructed to choose a replacement
which matches as closely as possible the product description unless it is decided to take the opportunity of
a disappearing good to update the sample. Where a product is permanently unavailable for pricing,
procedures need to be in place for determining a replacement and then impute a new base price if the
replacement is of a different quality. Methods for imputing a missing price are discussed below.

1.108 As the issues relating to temporarily and permanently missing products differ - and their treatment is
different - it is important for the price collector to establish whether the unavailability of a product is likely to
be temporary or permanent. A price may be considered as temporarily missing if the same product is likely
to return to the market within a reasonable time period. This includes seasonal items for which special
procedures apply (see Chapter 11). Permanent unavailability, on the other hand, occurs when a variety is
withdrawn from the market with no prospect of returning in the same form. Products may be temporarily
missing for example due to supply shortages caused by factors such as the seller underestimating demand,
strikes by factory or transportation workers, or supply problems with imported products. In these cases, the
price collector, although not able to observe a price in the current period, may have obtained information
(e.g., from the shopkeeper) to suggest that the same variety will become available again at some, perhaps
unknown, time in the future.
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1.109 The above discussion does not cover seasonal products, that is where a product or item may
disappear because it is a seasonal product and it may be expected to reappear when it is next in season.
The case of seasonal products is covered in detail in Chapter 11. Imputation procedures are fairly similar
for both temporarily missing and seasonal products.

Temporarily (non-seasonal) missing products

1.110 If it is believed that a missing product will be available again in a reasonable time, then the price
statistician has three options:

Omit the variety for which the price is missing so that a like-for-like comparison is maintained using
matched pairs. The elementary index uses only those observations for which the price collector
obtained prices of exactly the same variety in the current and previous periods. In this approach,
the price change for the deleted product, which was recorded up to the point immediately before
its disappearance will be disregarded from that point on. This may cause problems, for example, if
it unbalances the sample.

Carry forward the last observed price. Carrying forward the last observed price is only
recommended in the case of fixed or regulated prices. Although this provides price continuity in the
periods when observations cannot be made, it is likely that short-term movements in the index are
biased, since the sub-indices in question will show no change when prices are not available. If
prices in general are rising, the bias will be downwards, whereas if prices are falling, the bias will
be upwards. Carry-forward is not recommended, particularly when there is high inflation or when
period-to-period movements (as opposed to annual movements) in the price index are important.
The carry-forward method is appropriate only if there is reason to believe that the price has not
changed. Typically, it will be difficult for the price statistician to validate the belief that the price has
not changed, unless the price is fixed or regulated.

Imputation. The best solution by far is to impute a price. Imputation makes use of the best available
information to provide an unbiased estimate of price movement. The principal methods for imputing
prices are shown in more detail in Chapter 6. There are essentially two choices:

o Impute the missing price by reference to the average price change for the prices that are
available in the elementary aggregate (overall mean imputation). This assumes that the
price change of the missing product, if it had been available in the shop, would have been
equal to the average change in prices in the elementary aggregate. This may be a
reasonable assumption if the elementary aggregate is fairly homogeneous. This method of
imputation is equivalent to the “omit” method (see first bullet point), no matter whether a
Jevons, Carli, or Dutot method of aggregation is used at the elementary aggregate level.
In a given month this approach provides similar results to the “omit” method described in
the first bullet above; however, across time, the two approaches will not produce the same
results if the index is compiled using the short-term formulation. This is because the
imputed prices are used to compile the index from month to month.

o Impute the missing price by reference to the average price change for the prices of
“‘comparable” varieties from another similar outlet (class mean imputation). This represents
a more precise match between the missing product and the products supplying an imputed
price. It is normally preferable to impute using the average price change in the elementary
aggregate unless the imputations are unreliable because of small sample sizes.

1.111 A detailed discussion on imputation methods is presented in Chapter 6.
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Permanently missing products

1.112 When the situation arises where a product permanently disappears or is replaced by a new version
with a different specification, normally two actions are required by the price statistician:

e Selecting a replacement product for pricing.

e Quality adjusting the price if there are differences in quality between the outgoing product and its
replacement.

Each is considered in turn.
The selection of areplacement product for pricing

1.113 In practically every period for which a price index is compiled, some varieties of a product become
permanently missing, not just in particular outlets but also because they are no longer produced or imported.
If no action is taken, the sample of prices will diminish. Permanently missing varieties are problematic not
just because of the potential impact on how representative the sample is, but also because it will lead to
estimation of price change with samples that do not match from period to period, that is the composition of
the matched pairs change. In addition, the index number for the latest month will be less reliable than that
for the previous month because of the smaller sample size.

1.114 The price statistician’s task is to maintain the sample size by finding replacements for the specific
varieties when they are no longer available and are not expected to return within a reasonable time. One
of two alternative strategies can be adopted (replace with the most similar product and sample
replenishment). Under both options it is important to identify any differences in quality between the original
and replacement varieties as it is crucial to ascertain whether there is a quality difference, and, if there is,
to estimate its value and calculate a quality-adjusted price.

1.115 Replace with the most similar product. This reduces the role of quality adjustment, as the more similar
a product is, the less is the required quality adjustment (see paragraphs 1.118 to 1.131) but contributes to
the deterioration in the representativeness of the sample where a product starts disappearing from the
shops because it is being replaced by something new and sales are declining. Finding the replacement that
is most similar to the original variety requires knowledge about characteristics of the previous variety. Good
practice in price collection involves maintaining up-to-date descriptions of the variety’s characteristics. The
ICP developed SPDs for most item categories: these provide a framework to list the various characteristics
— prioritized in order of their importance — of the varieties for each category’. Such descriptions of
characteristics can be used to match the characteristics between the old variety and various replacements
so that critical characteristics are matched, and less important characteristics can be noted. Critical
characteristics are those that impact or contribute to determining the price, such as type of product (canned
tuna fish), brand (Star Kist), size (150 ml), and packaging (tin, in water). Less important characteristics are
those that do not affect the price, such as color of the label on the package or the location in the shop where
the product is displayed. The salient considerations can be incorporated into a decision-making framework
for identifying a similar product, as follows:

e There is a basic match of the main characteristics, particularly, those which determine price.

e Consumers perceive them as similar even though some characteristics may be different. This may
be the variety in the shop that buyers are most likely to buy in place of the original.

7 See the ICP 2003—2006 Handbook on the World Bank ICP website at
https://www.worldbank.org/en/programs/icp/brief/handbooks-and-operational-quides.
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e They are used for the same purpose and in similar situations. For food this may include a
consideration of whether the brand is one for everyday consumption or only for special occasions.

1.116 Under the “replace with a similar product” strategy, an updated version of a product (i.e., the one that
the supplier lists as the replacement), is the logical starting point for the replacement for its predecessor. In
most instances this would be the one that is the most similar to the original variety, so the price statistician
can compare “like-to-almost-like”. In instances where the most similar variety is also one that is likely to
soon disappear, the price collector should select the variety that is most popular within the outlet for the
product class. Although this strategy is less likely to yield a replacement that is sufficiently similar to permit
direct price comparison, it will reduce the likelihood of the replacement disappearing in the near future and
will keep the need for quality adjustment to a minimum.

1.117 Sample replenishment - replace the missing product or variety with the currently most representative
one by going through a process of re-sampling. The extent to which a sample remains representative is
highly dependent on the rules used for item replenishment when a particular variety or product disappears
from the shelf of a particular outlet. Compared with the option of replacement with the most similar product,
sample replenishment has the benefit of maintaining the current representativeness of the sample. If
disappearing products are always replaced with similar products, the sample will gradually become less
relevant to market reality. Sample replenishment also increases the chances of the replacement being
available on the shop shelf for pricing. The problem of a deteriorating sample increases with the rate of
turnover in varieties and products and with the rate of product development.

2. Adjusting the price for differences in quality

1.118 When a product disappears or is replaced with a new version of a different quality or specification,
then one of the following methods of introducing the price of the replacement is adopted:

e Comparable replacement.
o Direct (explicit) quality adjustment.
e Implicit quality adjustment (imputation).

In all cases, a hominal price in the base month is needed for the new or replacement product - this nominal
base price is used until the next rebasing.

1.119 The price collector should record the specifications (the price-determining characteristics) of the new
variety so that the head office can determine if the replacement is of similar quality to the original variety.
The price collector should determine if the outlet is likely to continue selling the replacement. If it is also
expected to be discontinued in the near future, then a different variety should be selected - either another
that is similar to the first, or the most popular variety within the product line. As will be seen, there are
several different methods for both the explicit and the implicit types of quality adjustment, but there are
some common themes in the methods of each of these two main types. Explicit methods estimate the
impact on price of changes in characteristics or features of the product. Implicit methods estimate the impact
on price indirectly by reference to price differences between different varieties.

Comparable replacements

1.120 If the selected replacement product is regarded as comparable, then the observed price change is
treated as a pure price change. But the price statistician should gather and examine all the available
evidence, if possible taking advice from market experts where necessary, before coming to such a
conclusion. Even in cases where a replacement product is believed to be of comparable quality, care should
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be taken, since experience suggests that most goods tend to undergo steady improvements, especially hi-
tech and electrical goods.

Direct or explicit quality adjustment methods

1.121 There are a number of direct or explicit methods for determining the price associated with a change
in quality. But quality adjustment is not an exact science, and different evaluations can yield different results.
The point is that even if the evaluation methods used are somewhat imprecise in the measurement of the
quality difference, it is important to make an adjustment. If quality differences are not removed, the price
index will reflect quality change in addition to pure price change and is likely to have an upward bias
because quality usually increases.

1.122 Chapter 6 provides a flowchart of the decisions needed for making quality adjustments. The most
common ways of making an explicit quality adjustment in practice are as follows:

o Package size adjustment. The value of a change in package size is assumed to be proportional to
the relative change in the package size.

e Expert judgement. The price collector determines the value either through direct knowledge or in
consultation with personnel in the shop where the product is sold. Alternatively, NSO staff, who
may be knowledgeable about the product, can estimate a value. Reliance on an individual's
knowledge concerning the products depends, however, on the individual obtaining sufficient market
information and is also liable to subjectivity. The judgement needs to be properly informed.

o Reference to the producer cost. The production cost from the producer can be used in the case of
an improvement to an existing product, although a judgement then needs to be made on whether
to apply an adjustment factor. For example, the adjustment might consist of the normal retail mark-
up to reflect wholesalers and retailers’ costs and profits. In the context of a COLI a downward
adjustment may be appropriate to account for the fact that the new “standard” feature will not
increase the utility to all purchasers, for example, some may not welcome air conditioning in a car
because of the extra running costs. Compilers of the Producer Price Index (PPI) often attempt to
gather information on production costs from manufacturers for quality adjustment purposes.
However, producers may be unwilling to provide information on their marginal costs for reasons of
confidentiality. There are a number of potential problems with using the producer cost method. In
particular, it is not necessarily the case that the cost of production, with an adjustment factor along
the lines described above, gives a good indication of the selling price®.

e The former “option” price. In the case where an optional feature has become standard, the former
price charged for the optional feature can be used as the explicit quality adjustment value but again,
consideration will need to be given to whether a scaling-down factor should be applied — in this
case possibly a downward adjustment to reflect the reduced production costs of making a feature
“standard” and also, in the cost-of-living context, that the utility gain is less than the increase in
price. Some of the concerns relating to using producers’ costs (see previous bullet point) apply, the
main difficulty being that it is likely that the market valuation of the options will have changed once

8 In constructing a CPI, consumer valuations of products should be decisive and the cost of production is irrelevant in
this context. In “equilibrium” situations, the cost of production (using a “normal” cost of capital in the producer’s user
cost formula) should give a close approximation to the selling price (and hence the consumer’s valuation of the product).
But it is in disequilibrium situations, involving new products, that Research and Development has to be amortized using
monopolistic prices where new products and obsolescence of old products is likely to occur that the assumptions of
equilibrium break down.



50

they become standard, indeed, it is often because of changing market circumstances that
producers make former options standard.

e Hedonic regression. Another way to obtain a value of the quality difference is to use hedonic
regression to estimate the value of changes in a product’s characteristics. See Chapter 6 and also
the Handbook on Hedonic Price Indexes and Quality Adjustments in Price Indexes published by
the Organization for Economic Cooperation and Development (OECD) for more information.®
Hedonic methods require large databases with a wide range of product characteristics. Such
databases are seldom available in NSOs (though for some products scanner data from large stores
may be a viable source in some countries) and can involve substantial development and
maintenance costs. In addition, hedonic models need to be re-estimated periodically. Hedonic
methods should be applied only where they add significantly to the statistical integrity of the index.
This is most likely to be the case with hi-tech high turnover goods.

1.123 In explicit methods, the monetary value of the quality difference is determined directly using one of
the above methods and then applied to a previous period’s observed price for the “old” item. This will yield
an estimate of what the replacement item would have cost in the previous period.

1.124 Assume that the NSO was able to determine that, based on the differences in characteristics, the
value of the quality difference between Brand C and Replacement 1 was $25 in period 1. The price
statistician can add this amount to the price of Brand C in period 1 to obtain an adjusted price.

Implicit quality adjustment

1.125 If the replacement product is of a different quality or specification and no information is available to
quantify the difference, then assumptions have to be made about what proportion of the price difference is
accounted for by differences in quality. Implicit quality adjustment creates an imputed “quality-adjusted”
price based on price changes from similar varieties of the product. The precise nature of the imputation
depends on the index formula that is used. A basic assumption underlying the most commonly used implicit
quality adjustment methods is that the difference in quality between varieties simultaneously available in
the market is equal to the difference in price between the varieties or models’®. Thus, when a product
disappears from the shelf, an underlying assumption is made when imputing a price that a price differential
continues to reflect a difference in quality. The different methods of imputation available to the index
compiler are described in paragraphs 1.127 to 1.131.

1.126 Most countries construct some form of a fixed-base price index. If price movements are estimated
using long-term price relatives from the base period, then the base price may be adjusted proportionately
for the estimated quality difference. If price movements are estimated using short-term relatives from the
previous period, then an imputation adjustment can be implicitly made by estimating the missing variety’'s

9 Jack Triplett, Handbook on Hedonic Indexes and Quality Adjustments in Price Indexes: Special Application to
Information Technology Products, STI WORKING PAPER 2004/9, Statistical Analysis of Science, Technology and
Industry; OECD Publications, rue André-Pascal, 75775 Paris, Cedex 16, France. Available at
http://www.oecd.org/dataoecd/37/31/33789552.pdf.

10 For the argument to be valid it has to be assumed that the consumers are rational and well informed about available
alternative choices. It also has to be assumed that the market is “in a state of equilibrium”, that is in a state that would
persist indefinitely if all given conditions remained unchanged. In practice these assumptions may be adequate or
inadequate to varying degrees in different product areas. Equilibrium conditions may be disrupted by temporary
imbalances between supply and demand, such as stock clearances, bad harvests or scarce, much-demanded new
models.
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price in the current month from the average price change in its elementary aggregate. The price change of
the omitted observation is equal to the change in its elementary aggregate.

Overlap pricing

1.127 This method requires knowledge of the prices of the two varieties in the same time period - the
overlap period. If the old and new varieties are available at the same time because the price collector either
knows in advance that the old variety will disappear soon and selects and prices a replacement, or the
outlet is able to accurately give the price of the replacement in a previous period when the old variety was
priced, then the price difference between the two is taken to be the value of the quality difference. The
rationale is that it cannot be due to price change because price change occurs only over time. The price
index uses the old variety in the overlap period and the new variety in the next period and the price
differential between the old and new varieties never affects the index. In this case, the market has
determined the value of the quality adjustment.

Overall mean imputation

1.128 Overall mean or non-class mean imputation (also referred to as “linking”, “splicing”, or bridge overlap
method in the context of the European Union HICP) imputes an overlap price for the old variety in the
current period by reference to the price changes between the previous and current periods of similar
varieties or items. The latter are used to impute a price change for the old variety, which can then be used
to obtain the imputed price. The ratio of the imputed price for the old variety and the price of the new variety
in the current period is the estimated quality adjustment.

1.129 An estimate of the price of the missing variety can still be made even though the price of the
replacement variety may not be known for the previous pricing period using the overall mean price change
for the elementary aggregate.

1.130 The overall mean procedure assumes that the pure price change from the replaced item to the
replacement item is the same as that for the composite of all other goods in the same group. It is used
frequently because of its simplicity, but there can be an inherent bias built into the methodology, particularly
when major model changes are occurring. The direction and extent of this bias is a matter for debate but
depends on whether the actual quality adjusted change in price is bigger or smaller than the measured
price changes of the items used in the imputation. Major price changes can frequently occur at the time
new varieties or models of a product are introduced. This is quite common, for example, with new vehicles,
household appliances, electronic equipment, and clothing items. As the new varieties are introduced there
may still be a substantial supply of the old varieties which are showing little price change or may actually
be declining in price. In consequence, using the old varieties’ price changes to impute the price changes
for new ones will underestimate the actual price change for the new varieties and cause a downward bias
in the price index. The use of the overall mean imputation procedure, in which all observations in the
elementary aggregate are used, is not recommended for such cases. Itis also possible, and can be argued
(but less convincingly), that the use of the overall mean leads to an upward bias because the price changes
associated with models that are unchanged in quality will be further along the evolutionary cycle and
therefore will be rising less rapidly. An alternative imputation procedure, called “class mean” imputation,
avoids some of the problems associated with bias.

Class mean imputation

1.131 Class mean imputation is similar in procedure to the overall mean imputation, but uses only the price
changes of “comparable” replacements to impute the overlap price, the replacements being limited to those
that have exactly the same price-determining characteristics, or those items with replacements that have
been declared comparable after review or have already been quality-adjusted through one of the "explicit"
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methods. For example, when the arrival of a new model of a particular brand of motor vehicle forces price
collectors to find replacements, some of the replacements will be of comparable quality, others can be
made comparable with explicit quality adjustments, but the remaining ones will need imputed prices. Class
mean imputation calculates imputed price relatives using only the prices of comparable and, where
appropriate, explicitly quality-adjusted varieties or models. In general, it does not use the prices for the
varieties or models that were not replaced, because these are likely to be different from those of new
models. The prices of old models tend to fall as they become obsolete, while the new models (represented
by the replacements) tend to have a higher price before falling. This may not be relevant in developing
countries where new products appear in the retail market relatively late at a “mature” price. Using class-
mean imputation adds complexity but reduces two types of bias referred to earlier: bias from ignoring quality
change altogether and treating all price movements as price change; bias from over-adjusting for quality
change by treating some pure price change as quality change!?.

K. New Products

1.132 An entirely new product, in contrast to a new variety of an existing product, is essentially a
replacement of a previously popular product and represents a good or service that:

e was not included and could not be included in the price index during the initial selection of the
current market basket and which is now available for possible inclusion in the index;

e cannot be easily linked to the service flow or production technology of existing goods and services,
that is, it represents a distinct departure from previously available products in so far as it is a step
change in terms of technology or utility to the consumer;

e has a recognizable and generally accepted new benefit to consumers as a result of becoming
available.

1.133 The last two cases help to distinguish an entirely new product — referred to as a revolutionary product
- from an existing product whose features and, in consequence, “quality” have changed — an evolutionary
product. A revolutionary product is an entirely new good or service that is not closely tied to a previously
available product. A revolutionary product tends to be a good or service that is expected to satisfy some
need in a new way and is unlikely to fit neatly into an existing CPI item category. As an example, when
mobile telephones were first introduced, they provided a significantly new service. While on one hand they
provided an extension of an existing flow of service (telecommunication), on the other hand they provided
a dimension of service that was new (the opportunity to make “mobile” calls away from a fixed telephone)
and a distinct product from existing land-line telephone services (it was a step change in technology). It is
therefore an example of a revolutionary product. More recent examples of revolutionary products are
broadcasting (streaming) services for television and smart phones, downloads of games, and electronic
storage of data (the “cloud”). Examples of evolutionary products would be new models of household
appliances such as refrigerators and washing machines where improvements in quality are introduced from
time to time. Evolutionary products can also be newly added brands of currently available products such as
a new type of canned fish or electronic appliance which differs from those currently available. For example,
a current brand of canned fish may consist of certain types of fish (mackerel, salmon, or tuna) and then a
new variety for one of the canned fish is introduced which is packed in water rather than oil.

1.134 The focus is on keeping the basket of goods and services that are priced up-to-date and relevant. It
covers both truly and completely new products, that is, those which are revolutionary, as well as those

11 Clothing items usually require additional procedures to control substitutions depending on the season of the year
(e.g., autumn/winter versus spring/summer clothing).
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which are evolutionary and also goods or services previously provided free and thus previously excluded
from the CPI. It does not deal directly with substitution and quality change when a good or service
unexpectedly disappears. This is the subject of Chapter 7.

1. Planning for the introduction of new products

1.135 There are three sets of circumstances in which new goods and services are included in the CPI:

o As replacements for products which no longer exist. This is hormally associated with evolutionary
products. Producers often discontinue old versions of their products and introduce new versions
that are quite similar but may be of a different quality at a different price. Note that “quality change”
includes changes in technical specifications as well as more clearly visible outward changes in
design. This can happen frequently and is usually unplanned for in a CPI although not necessarily
unexpected. It is often associated with forced replacements when collectors go to price a product
only to find that it is no longer sold. In the CPI, collection procedures usually instruct price collectors
to replace the old versions (models) with:

o The most similar model. For example, when the old model of washing machine is
discontinued, the price collector is instructed to replace it with another model which has
similar (though probably not identical) specifications and to record any changes in
characteristics (specifications) to aid the evaluation of potential quality differences.

o Alternatively, replacements can be products that are currently the most popular with
consumers. This represents a deliberate attempt to refresh the CPI basket when a
replacement has to be made. For example, the current varieties of canned fish may include
tuna. Producers may have introduced a new variety that contains tuna packed in water
rather than oil, and consumers are now shifting their buying patterns to purchase more of
the new variety. There is no external factor forcing the consumer to change to the new
product.

1.136 In some instances, when a model ceases to be produced, the manufacturer will indicate which model
is the replacement and the CPI collection procedures instruct the price collector to start collecting the price
of this replacement. This also normally contributes to the replenishment of the sample, as manufacturers
usually introduce more up-to-date features into new models. However, the representativeness of the new
model, as measured by its popularity, will only be determined over time.

1.137 Further discussion of the methods for introducing into the CPI basket replacements for products
which no longer exist and disappear from the shop shelves is presented in Chapter 7.

e As a supplement to the sample by adding a new variety or making a targeted replacement to drop
an old variety and add a new one. This represents a more proactive approach to product
substitution. Again, it is normally associated with evolutionary products. The CPI collection
procedures instruct price collectors to replace the old, less popular variety of canned tuna fish in
oil, with the new, more frequently bought, tuna packed in water even though the former remains
available. This is different from the standard reactive approach of replacing the old disappearing
variety with the new one because the old variety still exists and may not be discontinued although
may be increasingly difficult to find (and less popular/lower turnover shares). The new variety is
supplementary to the old variety and begins to gain market share while the old variety declines in
market share. This more proactive approach requires the price statistician to monitor the market
for the entry of new varieties and to get a sense of their popularity with consumers, for example by
noticing the changing proportions of shelf space occupied by the different varieties or by talking to
the shopkeeper. The head office can also help by gathering sales information from other sources.
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e As a planned introduction of a revolutionary product which consumers begin to buy so that the
product has an increasing share of the market. The appearance of revolutionary products in the
market place and consumer reaction to them, as measured by sales, are less predictable than for
evolutionary products. Revolutionary products also tend to have different price trends from other
products in the sample and can therefore exert an influence on the CPI disproportionate to actual
sales. For these reasons, revolutionary products are important, represent a significant challenge
and warrant special attention, requiring the price statistician to be particularly attentive and
proactive.

1.138 The above circumstances can be managed either in a planned way, as part of a regular process of
updating the CPI basket, including chain linking (covered in Chapter 9) or in an ad-hoc way when the need
arises, or the circumstances warrant action to be taken.

2. Timing of the introduction of new products

1.139 The timing of introduction of new products can vary by the type of product and may be dictated by
the method of incorporation into the index. For revolutionary products it can be particularly critical to the
accuracy of the index as there is a greater potential for introducing bias if these products are ignored. This
is less likely to be the case for evolutionary goods.

1.140 Chapter 7 presents two alternative strategies that can be adopted when choosing a forced
replacement, already mentioned in the above paragraphs - replacing with the most similar product or
replacing the missing item or variety with the currently most representative one. The strategy of replacement
with the most popular is more likely to maintain the relevance of the sample by going through a process of
re-sampling and identifying an appropriate replacement product. In order to make a properly judged
decision on which strategy to follow and to inform the choice of replacement product and timing of
introduction, the NSO needs to be aware of current consumer market trends, including what new products
are becoming popular and what supplementary products are being introduced. It also needs to monitor
product turnover, which can be an indication of the rate of product development associated with
evolutionary products and can vary between different categories of products. This information can be
obtained from data gathered by price collectors and their supervisors, commodity experts in the NSO (for
instance, working on the CPI or the PPI) or from trade journals, products identified through scanner data,
and consumer reports.

1.141 Evolutionary products should be included in the sample as soon as it is clear that consumers are
shifting to these new products from the old versions. A frequent updating of the basket reduces the need
for the ad-hoc introduction of evolutionary products.

1.142 Revolutionary products usually first appear in the market place at a high initial price to cover
development costs and to exploit the novelty value to the consumer. The prices generally start to decline
as they become more established and competing varieties enter the market resulting in increased supply.
The timing of introduction into the CPI basket is a critical issue — if introduced too late it will not only reduce
the representativity of the CPI basket but could also give too much weight to any price decline associated
with obsolescence of the product it is replacing when it nears the end of its life cycle but is still in the CPI
basket. For revolutionary products the timing of their introduction into the CPl is important. In practice, often
they are not introduced until they can be included in a new basket at the time of a CPI revision. This can
lead to out-of-date and unrepresentative baskets if the revisions are carried out infrequently or with a long
time-lag, for instance as a result of delays in processing HBS data. But the price statistician is also
confronted with uncertainty; it is not always clear how the retail market will react in the longer-term to the
introduction of a revolutionary product — some will be highly successful, achieving significant sales volumes
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and market stability in a relatively short time, while others may achieve high sales at an early stage which
are not maintained.

1.143 Methods of introduction which overcome the problem of lack of timeliness include sample
supplementation, targeted replacement procedures and re-initiating (or rotating) the sample for the
elementary aggregate or COICOP class. These methods are discussed in detail in Chapter 7 and, sample
re-initiation apart, are generally applicable to evolutionary products. For revolutionary products, a new
elementary aggregate must often be created. Frequent updating of the CPI basket reduces the potential
problems and the introduction of revolutionary new products at the time of a basket update has a number
of operational advantages: namely, the old weights do not need to be re-scaled if a new product class is
introduced when an old basket which does not include the new product class is still being used. Because it
is not known exactly which other expenditures are being reduced relatively as the new product is purchased,
this re-scaling of weights is somewhat arbitrary and may lead to credibility issues.

L. Calculating the CPI

1.144 The calculation of CPIs usually proceeds in two stages. First, price indices are estimated for the
elementary expenditure aggregates, or simply elementary aggregates. Then these elementary price indices
are averaged to obtain higher-level indices using the relative expenditure values of the elementary
aggregates as weights.

1. Elementary price indices

1.145 The weights used in the CPI are generally derived from the HBS at levels that are typically for an
item grouping such as cheese, butter, or milk. There is no identification of the specific variety of the product
and an associated weight. NSOs select a sample of individual varieties to represent each item, but there
are often no weights available at the variety level. The NSOs then use some method of averaging to produce
an average price or an average price change to use in deriving the item or elementary index. This level of
computation is usually referred to as an elementary aggregate because it is the first level at which an index
is compiled for aggregation to higher levels of the CPI.

1.146 When weights are not available, the choice of the averaging method can be very important. Chapter
5 of Consumer Price Index Theory shows that the larger the variation in the individual prices, the larger the
difference among the standard averaging methods. Both arithmetic and geometric averaging can be used,
but as demonstrated in Chapters 8 of this Manual and Chapter 5 of Consumer Price Index Theory,
geometric average formulas are recommended.

Arithmetic average

1.147 The two methods used historically by NSOs to calculate the elementary indices are the ratio of
average prices, known as the Dutot index, or the average of price relatives, known as the Carli index. Each
of these formulas can be calculated using either the long-term price relative formula (comparing current to
base period prices) or the short-term price relative formula (comparing current to previous period prices).
The short-term versions of these formulas calculate a long-term relative change by chaining together the
short-term price relatives. Annex A to Chapter 1 illustrates the mathematical formulas for the Dutot and
Carli indices. Chapter 8 provides details on the use of these formulas.

1.148 As shown in Chapter 8, it should be noted that the chained Carli produces different results than those
for the fixed base Carli using the average of long-term price relatives. The chained Carli price index has a
definite upward bias. This chained version of the Carli index should not be used by NSOs for calculating
elementary level indices in the CPI.

Geometric averages
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1.149 With the introduction of the CPI Manual in 2004, a major emphasis was placed on using geometric
averaging when weights are not available for the individual prices in the CPI elementary indices. The
geometric price index is known as the Jevons price index and is calculated either as the ratio of the
geometric average prices or as the geometric average of the price relatives. The Jevons formula can be
found in Annex A to Chapter 1 and Chapter 8 provides more detail on using the Jevons.

1.150 The Jevons index generally provides different estimates than both the Dutot or the Carli. Whether
using the long-term price relative method or the short-term relative method Jevons indices yield the same
index numbers as shown in Chapter 8. The same property holds true for the long-term and short-term Dutot
indices. This property does not hold true for the Carli index. The chained short-term Carli index is always
equal to or greater than the long-term Carli index.

1.151 Chapter 6 strongly encourages the use of the Jevons price index for calculating elementary indices
where weights are unavailable. It notes that the Dutot price index should only be used in cases where the
sample of transactions is homogeneous with respect to base price levels or price trends. It strongly
discourages the use of the short-term Carli price index because of its known upward bias. The short-term
method for the Jevons index will easily accommodate replacement varieties or adjustments for quality
changes. As mentioned earlier, the NSO will only need to collect prices for the current and previous periods
to enter in the system. If the long-term method is used, quality adjustments will involve changing the base
price of the transaction for the value of the quality change as shown in Chapter 8.

2. Choice of higher-level index number formula

1.152 The NSO has to decide on the kind of index number to use. The extensive references dealing with
index theory in the bibliography of this Manual reflect the fact that there is a very large literature on this
subject. Many kinds of mathematical formulas have been proposed over the past two centuries. While there
may be no single formula that would be preferred in all circumstances, most economists and compilers of
CPIs seem to agree that, in principle, the index formula should belong to a small class of indices called
superlative indices. A superlative index may be expected to provide an approximation to a COLI. A
characteristic feature of a superlative index is that it treats the prices and quantities in both periods being
compared symmetrically. Different superlative indices tend to have similar properties, yield similar results
and behave in very similar ways. Because of their properties of symmetry, a superlative index is also likely
to be seen as desirable even when the CPI is not meant to be a COLI.

1.153 When a monthly or quarterly CPlI is first published, however, it is invariably the case that there is not
sufficient information on the quantities and expenditures in the current period to make it possible to calculate
a symmetric, or superlative, index. In cases where the prices and quantities are available, care must be
taken to use index methods that do not result in biased estimates (e.g., chain drift). Such methods are
discussed in detail in Chapters 1-3 of Consumer Price Index Theory. While it is necessary to resort to
second-best alternatives in practice, being able to make a rational choice between the various possibilities
means having a clear idea of the target index that would be preferred in principle. The target index can
influence practical matters such as whether the weights used in the index should be price updated.

1.154 A comprehensive, detailed, rigorous and up-to-date discussion of the relevant index number theory
is provided in Chapters 1 to 9 of Consumer Price Index Theory. Most of the standard indices used to compile
CPIs (Laspeyres, Lowe, and Young) have known biases. The next paragraphs include summaries of the
different formulas that can be used. Chapter 8 provides more details on these formulas that can be used to
calculate the CPI.

Price indices based on baskets of goods and services
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1.155 The purpose of an index number may be explained as comparing the values of households’
expenditures on consumer goods and services in two time periods. Knowing that expenditures have
increased by five percent is not very informative if we do not know how much of this change is attributable
to changes in the prices of the goods and services, and how much to changes in the quantities purchased.
The purpose of an index number is to decompose proportionate or percentage changes in value aggregates
into their overall components of price and quantity change. A CPI is intended to measure the price
component of the change in households’ consumption expenditures. One way to do this is to measure the
change in the value of an aggregate, holding the quantities constant.

Lowe indices

1.156 One very wide, and popular, class of price indices is obtained by defining the index as the relative
change, between the periods compared, in the total cost of purchasing a given set of quantities, generally
described as a “basket”. The meaning of such an index is easy to grasp and to explain to users. This class
of index is called a Lowe index, after the index number pioneer who first proposed it in 1823 (see Chapter
1 of Consumer Price Index Theory). Most NSOs make use of some kind of Lowe index in practice. The
Lowe index formula can be found in Annex A to Chapter 1 and is described in more detail in Chapter 8.
Lowe indices are widely used for CPI purposes.

1.157 In principle, any set of quantities could serve as the basket. The basket does not have to be restricted
to the quantities purchased in one or other of the two periods compared, or indeed any actual period of
time. The quantities could, for example, be arithmetic or geometric averages of the quantities in the two
periods. For practical reasons, the basket of quantities used for CPI purposes usually has to be based on
a survey of household consumption expenditures conducted in an earlier period than either of the two
periods whose prices are compared. For example, a monthly CPI may run from January 2018 onwards,
with January 2018 = 100, but the quantities may be derived from an annual expenditure survey made in
2015 or 2016, or even spanning both years. As it takes a long time to collect and process expenditure data,
there is usually a considerable time lag before such data can be introduced into the calculation of CPlIs.
The basket may also refer to a year, whereas the index may be compiled monthly or quarterly.

1.158 The index can be written, and calculated, in two ways: either as the ratio of two value aggregates, or
as an arithmetic weighted average of the price ratios, or price relatives, pit/ p® (where pit refers to the price
of the item in the current period and pi refers to the price of the item in the reference period) for the individual
products using the hybrid expenditure shares s% as weights. The expenditures are described as hybrid
because the prices and quantities belong to two different time periods, 0 and b respectively. The hybrid
weights!2 may be obtained by updating the actual expenditure shares in period b, namely piqg / . piqp®,
for the price changes occurring between periods b and 0 by multiplying them by the relative prices, p? / pi.

Laspeyres and Paasche indices

1.159 Any set of quantities could be used in a Lowe index, but there are two special cases which figure
very prominently in the literature and are of considerable importance from a theoretical point of view. When
the quantities are those of the price reference period, the Laspeyres index is obtained. When quantities are
those of the other period, the Paasche index is obtained. Annex A to Chapter 1 provides the mathematical
formulas for the Laspeyres and Paasche indices.

Young index

1.160 Instead of holding constant the quantities of period b, an NSO may calculate a CPI as a arithmetic
weighted average of the individual price relatives, holding constant the expenditure shares of period b. The
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resulting index is called a Young index, again after another index number pioneer. The Young index formula
can be found in Annex A to Chapterl and is described in more detail in Chapter 8.

1.161 Whether to price update or not, and the resulting choice of index is discussed in more detail in
Chapter 9 (see also Chapter 2 of Consumer Price Index Theory).

Short-term Price Index Formulas

1.162 Many countries use a modified version of the Lowe or Young index that compiles the index based on
short-term price changes rather than the long-term price changes. This modified method can be compiled
in two ways. Using the first approach, index compilation involves a two-step estimation process that breaks
down the price movements into short-term, period-to-period changes that are used to bring forward the
index from the previous period. In the second approach, elementary level indexes are compiled based on
chained short-term price changes and the calculation of upper level indices uses the base period weights.
There is no preference as to which approach is preferred. Countries can decide which approach should be
applied. The use of the short-term formula makes it easier for NSOs to introduce replacement items in the
sample if the ones they have been tracking are no longer available. The short-term approach also enables
the NSOs to make quality adjustments as improvement (or deterioration) is made to the sampled varieties.
The NSO only needs to collect the current and previous prices for the item in order to introduce it into the
index.13 In using the long-term method, the base price will need to be adjusted for the changes in the quality
of the items in the sample. Chapter 8 provides the formulas for different approaches for the modified
versions of the Lowe and Young indices.

Geometric Young, Laspeyres and Paasche indices

1.163 In the geometric version of the Young index, a weighted geometric average is taken of the elementary
aggregate price relatives using the expenditure shares of period b as weights. The geometric Laspeyres is
the special case in which b = 0; that is, the expenditure shares are those of the price reference period 0.
Similarly, the geometric Paasche uses the expenditure shares of period t. It should be noted that these
geometric indices cannot be expressed as the ratios of value aggregates in which the quantities are fixed.
They are not basket indices and there are no counterpart Lowe indices.

1.164 The geometric Young and Laspeyres indices have the same information requirements as their
arithmetic counterparts. They can be produced on a timely basis. Thus, these geometric indices must be
treated as serious practical possibilities for purposes of CPI calculations. As explained in Chapter 8, the
geometric indices are less likely to be subject to different types of index number biases than their arithmetic
counterparts. Their main disadvantage may be that, because they are not fixed basket indices, they are not
S0 easy to explain or justify to users.

Symmetric indices

1.165 The standard price index methods used in most countries today, that is, the Lowe and Young indices,
date back 90 years to those proposed by W.C. Mitchell (1927) and G.H. Knibbs (1924). Index number
theory has advanced substantially, particularly in the past 30 years, to provide better information on what
the target index number formula should be. Various approaches have been used to evaluate index number
formulas and derive those best suited for inflation measures. The research presented in Consumer Price
Index Theory has resulted in improvements for fixed basket formulas and identified target indices that are
symmetric averages of standard formulas. The target indices are the Fisher, Térnqvist, and Walsh price
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indices, discussed in detail in Chapter 8. However, these usually cannot be produced in final form except
with a lag because they require both current and past weight information. Thus, most NSOs use the fixed
basket indices where the weight data are derived from some past period. An exception can occur in
countries where scanner data are available and symmetric indices can be produced in real time using the
methods presented in Chapter 10.

1.166 A symmetric index is one that makes equal use of the prices and quantities in both the periods
compared and treats them in a symmetric manner. There are three symmetric indices that are widely used
in economic statistics; these three indices are also superlative indices, the Fisher, Walsh, and Térnqvist.
The formulas for each are provided in Appendix 6, and Chapter 8 provides details on using each of these
index formulas.

1.167 Different formulas are used at different stages of aggregation. At the elementary or first stage, where
prices are first combined to form an index, many countries will not use weights. At the second and higher
levels, weights are applied, but these weights generally relate to some period in the past that becomes less
representative with the passage of time. When compared to the target indices (Fisher, Walsh, or Térnqvist),
it becomes apparent that the indices produced in practice are of substantially lower quality than the target
indices. This Manual discusses these issues thoroughly and provides approaches that countries can
implement over time to move closer to the target measures.

M. Updating the Weights and Linking of Series

1.168 Chapter 4 notes that over time the CPI weights and basket become less representative of the
consumer market. The weights and basket should be updated at least once every five years to maintain
their relevance. Many countries strive to conduct an HBS on a five-year cycle to use for updating the CPI
basket and provide detailed information on household expenditures for use in the national accounts. From
the HBS consumption estimates, NSOs will identify the most important items to use in the new CPI basket
as discussed in Chapter 3. Deriving the new basket involves adding items that have gained importance
since the previous HBS and deleting those that are no longer important based on their shares in the HBS.

1. Introducing new weights and CPI basket

1.169 The new basket is then used to review the sample of items and outlets to ensure that the samples
are representative of products being purchased by consumers and the places in which they are purchased.
The new weights and sample are used to start a new CPI with updated weight and price reference periods.
Typically, the weight reference period precedes the price reference period. The NSO must decide how the
new weights and sample will be introduced in the CPI. It also must decide on the price reference period, if
it will differ from the weight reference period.

1.170 If the price reference period and weight reference period are the same (Laspeyres), then the new
sample is used to compile the CPI directly. If the two periods differ, most likely with the weight period
preceding the price reference period, there are two main options for updating the CPI weights. One
approach is to price-update the weights to the price reference period (Lowe index) to keep the implied
guantities fixed at the weight reference period levels. The second approach is to keep the expenditure
shares fixed (Young index).

1.171 Chapter 9 examines the different approaches to price updating the weights (paragraphs 9.6 — 9.10)
and discusses the recent research on price updating (paragraphs 9.11 — 9.18). A key issue in the decision
is whether there has been substantial price change between the weight reference period and the price
reference period when the weights are introduced into the CPI. Generally, if there is substantial price
change between the price and weight reference periods, the weights should not be price updated. As noted
above, price updating the weights assumes that the quantities have remained fixed. If prices have changed
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substantially, this assumption is less likely to be true. It would be more realistic to assume the expenditure
shares have remained fixed, in which case the price change is offset by a compensating quantity change.

1.172 For infrequently updated CPIs, a single year is preferred as the price reference period. Where a
single month (or quarter) is used, the prices of some seasonal products will be unavailable or unusually
high or low and many unusual or imputed prices may have to be used for the price reference period. For
countries with infrequent weight updates, it is preferable that the price reference period is a whole year in
which seasonal prices would be appropriately represented. In some months there will be no sales of, for
example, seasonal fruit, but an average price for the whole year would still be available for the price
reference period.

1.173 The index reference period should be one year. Using a single month or quarter to serve as the index
reference period (=100.0), can result in distorted index changes because of the unusual or imputed prices
in that period.

1.174 Chained CPIs weights are updated on an annual basis. Because annual updating allows for a
relatively small lag between the weight and price reference periods, a single month is used as the price
reference period. There is a continuing flow of price data that may include imputations, and a relatively
small number of changes in specifications or products; the major exercise is to introduce the new weights
into the flow of price data and link this to the existing chain.

1.175 For infrequently rebased CPIs, the use of a single-month as the price reference period is not advised,;
however, it is often the case that the country’s resources only allow for a price reference period of less than
a full year. NSOs should strive to maximize the number of months used as the price reference period, with
the goal of using a full year.

1.176 A primary shortcoming of using a short reference period for infrequently rebased CPIs is that out-of-
season items in the price reference period will have no observed or economically meaningful price. The
decision as to which month to use for the price reference month should consider when seasonal items with
relatively high weights are in-season. If these items are not in-season, an imputed price will have to be used
and consideration should be given to the validity of imputation methods for out-of-season items in this
context. For example, if the carry-forward method (which is discouraged) is used and the reference month
uses an imputed price for the out-of-season item, the index may be unduly low. As mentioned above, the
two-stage Laspeyres aggregation is preferred since it avoids the need for long-run price comparisons with
this one-month price reference period.

1.177 A primary shortcoming of using a longer price reference period are the resources needed to collect
a full year of prices for all items included in the CPI basket. Some countries struggle with the resources to
collect prices for two baskets (old and new) simultaneously. To minimize the burden, some countries have
begun looking at preliminary expenditure data on a quarterly basis during the HBS collection period and to
identify any new items that may be introduced into the basket. Once new products have been identified,
prices can be collected.

2. Linking previous CPI to the new price index reference period

1.178 The NSO may choose to start the new series using the new price reference period as the new index
reference period. In Chapter 9 the recommendation is that when new weights are introduced there should
be an overlap period for the two indices so that they can be linked together. The overlap period is used to
develop adjustment factors that may be applied to the old series to bring it to the same level as the new
series. The linking of the old and new index series creates a continuous time series of data, which users
need.
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1.179 At minimum, a single common period is required as an overlap period between the indices. While a
single overlap period can be used when the CPl is updated annually, this is not the preferred method when
the index is updated less frequently. In the case of infrequent updates, an annual overlap is preferred.
Some NSOs update the CPI weights each year so that the time lapse between the weight reference period
and the link month is short. The single period link could be used in these instances. Chapter 9 provides a
detailed discussion on annual weight updates.

1.180 Most NSOs will establish a new index reference period using an annual average from a previous
year. The simplest and easiest method for users is to link the series with data for the month preceding the
introduction of the new series (link month). This involves re-referencing the old series at each level to the
annual average index for the new price reference period. However, there will be a discontinuity between
the index level for the new index and that for the re-referenced index level for the old series in the link
month. This reflects the difference in price trends between the old and new series as the new weights are
being introduced. There are three steps involved to link this difference:

o re-reference the old index series to the new index reference period;
¢ compile the new index series in the link month using the new weight structure; and

¢ link the new series to the old series by using forward linking factors or, if using the short-term price
relative method, start the new series indices at the level of the old series in the link month.

1.181 If the NSO or users want to continue the old CPI series going forward in time, they can produce a
set of forward linking factors to use in future months as the new CPI is released. The forward linking factor
raises the level of the new CPI series to that of the old series thus keeping the series on the old reference
period.

N. Organization and management

1.182 The production of the CPI is a complex operation involving extensive fieldwork by data collectors,
processing, review, and editing of the collected data, compilation of indices, and their dissemination to the
public. The whole process requires careful planning and management to ensure that the data products
conform to good management and statistical practice. Appropriate management procedures for the CPI are
described in Chapter 13.

1.183 Price collectors should be well trained to ensure that they understand the importance of selecting the
right products for pricing. Inevitably, price collectors are bound to use their own discretion to a considerable
extent. As already explained, one issue of crucial importance to the quality and reliability of a CPI is how to
deal with the slowly evolving set of products with which a price collector is confronted. Products may
disappear and have to be replaced by others, but it may also be appropriate to drop some products before
they disappear altogether if they have become unrepresentative. Price collectors need to be provided with
appropriate training and very clear instructions and documentation about how to proceed. Clear instructions
are also needed to ensure that price collectors collect the right prices when there are sales, special offers,
or other exceptional circumstances.

1.184 The price data collected must also be subjected to careful checking and editing. Many checks can
be carried out automatically, using standard statistical control methods. It may also be useful to send out
auditors to accompany price collectors and monitor their work. The various possible checks and controls
are explained in detail in Chapter 13.

1.185 The head office staff also need to be trained on index methods and procedures for review of collected
data, imputation of missing data, quality adjustment procedures when needed, as well as index compilation
and dissemination processes. Improvements in information technology should obviously be fully exploited.
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New and more efficient computers and data base applications are continuously being developed. As
resources permit, new technologies and organization improvements should be implemented.

1.186 Staff training and process reviews are an essential part of continuous quality improvement. Staff
should receive regular training in their discipline and should be invited to operational reviews where all team
members can raise concerns and, where appropriate, tackle specific issues through individual or group
training.

0. Publication and dissemination

1.187 As noted above and in Chapter 2, the CPI is an important statistic whose movements can influence
the central bank’s monetary policy, fiscal policy, the national budget, affect stock markets, influence wage
rates and social security payments, and so on. There must be public confidence in its reliability, and in the
competence and integrity of those responsible for its compilation. The methods used to compile it must
therefore be fully documented, transparent, and open to public scrutiny. Many countries have an official
CPI advisory group consisting of both experts and users. The role of such a group is not just to advise the
NSO on technical matters, but also to promote public confidence in the index.

1.188 Users of the index also attach great importance to having the index published as soon as possible
after the end of each month or quarter, preferably within two or three weeks. There are also many users
who do not wish the index to be revised once it has been published. Thus, there is likely to be some trade-
off between the timeliness and the quality of the index.

1.189 Publication should be understood to mean the dissemination of the results in any form. Most
countries do not release their CPI in print, or hard copy. NSOs now tend to release the CPI electronically
and make it available through the internet on their website.

1.190 As explained in Chapter 14, good publication policy goes beyond timeliness, confidence, and
transparency. The results should be made available to all users, in both the public and the private sectors,
at the same time and according to a publication schedule announced in advance. There should be no
discrimination among users in the timing of the release of the results. The results should not be subject to
governmental scrutiny as a condition for their release and should be seen to be free from political or other
pressures.

1.191 There are many decisions to be taken about the degree of detail in the published data and the
different ways in which the results may be presented. Users need to be consulted about these questions.
These issues are discussed in more detail in Chapter 14; however, it is recommended to provide users with
detailed data that are presented in a long time series. Detailed indices should include detailed item and
area indices.

P. Special cases

1.192 Certain products and issues have proven to be challenging for compilers in terms of both developing
weights and collecting prices. Chapter 11 focuses on selected special cases and provides detailed advice
for some of the more problematic products and issues compilers face. These include the treatment of
seasonal items, housing, internet purchases, second-hand goods, own-account production, tariffs,
transport services, health, education, social protection, and financial services.

1.193 Wherever possible, the chapter identifies the preferred approach for the treatment of each special
case; however, currently there is no preferred approach for the treatment of owner-occupied housing
services. The section on housing in Chapter 11 identifies the different possible methods for the treatment
of owner-occupied housing and describes the advantages and disadvantages of each method.



63

Q. Errors and biases

1.194 The CPI, like all other statistics, may be subject to general error that may occur during any stage of
the estimation process but also errors that are unique to the CPI (e.g., substitution bias and quality change
bias). Chapter 12 describes not only the different types and sources of potential errors, but also potential
biases and their sources. Finally, Chapter 12 provides insight into how to address these errors and biases.



Appendix A Formula notations

Index

Elementary index

Carli index

Dutot index

Jevons index

Chained Jevons index
Chained Dutot index

Chained Carli index
Laspeyres index

Lowe index

Young index

Geometric index

Geometric Laspeyres index
Geometric Lowe index
Geometric Young index
Modified Young index
Modified Lowe index
Harmonic mean price relatives
Harmonic mean prices
Llyod-Moulton index

Log of price

Sample size

Population size

Price

Price relative

Base price observed for variety i
Price in current period for variety i
Price in previous period for variety i
Quantity

Percentage shares in period t
Current period

Previous period

End of index link

Weight

Weight of the item in the weight reference period

Updated weight in period t
Updated aggregate weight in period t
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Chapter 2 Uses, Concepts, Scope, and Classifications of
Consumer Price Indices

A. Introduction

2.1 Chapter 2 begins with an overview describing the uses of the consumer price index (CPI). The
primary uses drive the decisions regarding the concepts and scope for the index. As described in this
Chapter, countries face the reality of having to compile and disseminate a general-purpose index that tries
to meet a variety of user needs. The System of National Accounts 2008 (2008 SNA) provides the general
framework for the concepts used to compile the CPI. The chapter explores each of these concepts in detail
and how they are applied to the CPI. The chapter concludes with a discussion of the recommended
classification for the CPI. The Classification of Individual Consumption According to Purpose (COICOP)
serves as the internationally recommended classification system for developing weights and compiling
CPls. The previous version of COICOP, adopted in 1999, was updated and has been released as COICOP
2018. The classification section highlights the key changes between COICOP 2018 and the previous
version and identifies some important issues for consideration as countries begin implementing the new
classification system.

B. Consumer Price Index Uses

2.2 The CPI represents a key indicator of economic performance in most countries. This section will
focus on why CPIs are compiled and their uses.

1. Arange of possible consumer price indices

2.3 As noted in Chapter 1, compilers have to consider the needs of users in deciding on the group of
households and range of consumption goods and services covered by a CPI. As the prices of different
goods and services do not all change at the same rate, or even move in the same direction, changing the
coverage of the index will change the results obtained. Thus, there can be no single, unique CPI that meets
all needs and a range of possible CPIs could be defined.

2.4  While there may be interest in a broadly defined CPI, covering all the goods and services consumed
by all households, there are many other options for defining CPls that cover specific sets of goods and
services, which may be more useful for particular analytic or policy purposes. When only a single CPI is
compiled and published, there is a risk that it may be used for purposes for which it is not appropriate. More
than one CPI could be published to meet different analytic or policy needs but each index must be clearly
defined and explained by metadata. Otherwise, the publication of more than one CPI can be confusing to
users who may view consumer inflation as a pervasive phenomenon affecting all households similarly. The
coexistence of alternative measures could undermine their credibility for many users. Additionally, given
budgetary constraints, many national statistical offices (NSO) cannot compile more than one index. They
face the reality of having to compile a single general-purpose index.

2.5 This section describes the most important uses for CPIs and indicates how the coverage of a CPI
can be affected by the use for which it is intended. The question of the appropriate coverage of a CPI must
be addressed before defining the appropriate methodology to be used. As described below, whether the
theoretical basis of a CPl is intended to be a cost-of-living index (COLI), a cost-of-goods index (COGI), or
a general-purpose index, it is necessary to determine exactly what kinds of goods and services and what
types of households are meant to be covered. This can only be decided based on the main uses of the
index, which will drive decisions on the concepts and methods used.
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2.6 Where only one CPI is published, it is the main use that should determine its type and scope. If there
are several major uses, compromises may have to be made about how it is constructed. The purpose of a
CPI should influence all aspects of its construction. CPI producers need to know how the index is being
used if they are to ensure that it is fit for purpose. In this connection user consultation is important.

2. Consumer price indices and general inflation

2.7 Measures of the general rate of inflation in the economy are needed for various purposes:

¢ Controlling inflation is usually one of the main objectives of government economic policy, although
responsibility for controlling inflation may be delegated to the central bank. A measure of general
inflation is needed to set targets and to assess the degree of success achieved by the government
or central bank in meeting anti-inflationary targets.

o A measure of general inflation is also needed for both business and national accounting purposes,
particularly for current purchasing power accounting.

e The concept of a relative price change is important in economics. It is convenient therefore to be
able to measure the actual changes in the prices of individual goods or services relative to some
measure of general inflation. There is also a need to measure neutral holding (or capital) gains and
losses on assets, including monetary assets and liabilities.

2.8 A CPlis not a measure of general inflation, as it only measures changes in the prices of consumer
goods and services purchased by households. A CPI does not cover capital goods, such as houses, or the
goods and services consumed by enterprises or the government. Any analysis of inflationary pressures in
the economy must also take into account other price movements, such as changes in the prices of imports
and exports, the prices of industrial inputs and outputs, and also asset prices.

2.9 However, even though the CPI does not measure general inflation, its movements may be expected
to be highly correlated with those of a more general measure, because household consumption expenditure
represents a large proportion of total final expenditure. In particular, the CPI should provide a reliable
indicator of whether inflation is increasing or decreasing and also of possible turning points in the rate of
inflation. This information is highly valuable even if the CPI may be systematically understating or
overstating the general rate of inflation.

Use of the consumer price index for monetary and economic policy purposes

2.10 The CPI is a key macroeconomic indicator and widely used for assessing economic policy, for
monetary policy purposes, and for macroeconomic planning. It is also commonly used by governments and
central banks to set inflation targets. As part of this, some countries produce measures of “core” or
“‘underlying” inflation, based on the CPI or selected sub-indices of the CPI. In a few countries, the central
bank produces measures of core inflation. Central banks require access to detailed weight, index, and price
data for these calculations, and the NSO should provide these data. Central banks calculate core inflation
using a variety of different methods that require access to these detailed data. For those NSOs that compile
core inflation, the most common method used is known as the exclusion method. Under this method, the
weights and prices of those items deemed volatile (i.e., susceptible to short-term shocks) are excluded from
the index. The items excluded can include items such as fresh fruit, vegetables, fish, meat, fuel, etc.. The
NSO should work closely with the central bank to define the volatile items. The list of volatile items should
be reviewed and updated as needed on a regular basis. When publishing the core inflation measure, the
NSO or central bank should fully explain the methods used and define the purpose and uses for these data
to avoid confusing users.
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2.11 For monetary policy purposes flash estimates of the CPI may be produced, that are released before
the official CPI, and give early warnings or signals about the development of consumer price inflation. More
information on related or alternative measures can be found in Chapter 14.

3. Indexation

2.12 With indexation, the monetary values of certain payments, or stocks, are increased or decreased in
proportion to the change in the value of a specified price index. Indexation, most commonly applied to
monetary flows such as wages, pensions, social security benefits, rents, interest or taxes, may also be
applied to the capital values of certain monetary assets and liabilities. Under conditions of high inflation, the
use of indexation may become widespread throughout the economy.

2.13 The objective of indexation of money incomes may be either to maintain the purchasing power of
those incomes with respect to certain kinds of goods and services, or to preserve the standard of living or
economic well-being of the recipients of the incomes. These two objectives are not quite the same,
especially over the longer term. Maintaining purchasing power may be interpreted as changing money
income in proportion to the change in the monetary value of a fixed basket of goods and services purchased
with that income. Maintaining the purchasing power of income over a fixed set of goods and services does
not imply that the standard of living of the recipients of the income is unchanged.

2.14 When the indexation applies to monetary assets or liabilities, it may be designed to preserve the real
value of the asset or liability relative to other assets or relative to the values of specified flows of goods and
services.

The type of index used for indexation

2.15 When income flows such as wages or social security benefits are index-linked, it is necessary to
consider the implications of choosing between a COLI and a price index that measures the changes in the
cost of purchasing a fixed basket of goods and services, a type of index described here as a Lowe index.
The widely used Laspeyres and Paasche indices are examples of Lowe indices. The Laspeyres index uses
a typical basket purchased in the earlier of the two periods compared, while the Paasche uses a basket
typical of the later period. In contrast, a COLI compares the cost of two baskets that may not be exactly the
same, but which bring the same satisfaction or utility to the consumer.

2.16 Indexation using a Laspeyres price index will tend to over-compensate the income recipients for
changes in their cost of living. Increasing incomes in proportion to the change in the cost of a basket
purchased in the past ensures that the income recipients have the opportunity to continue purchasing that
same basket if they wish to do so. They would then be at least as well off as before. However, by adjusting
their pattern of expenditures to take account of changes in the relative prices of the goods and services
they buy, they would be able to improve their standard of living or economic well-being because they can
substitute goods and services that have become relatively cheaper for ones that have become relatively
dearer. In addition, they may be able to start to purchase completely new kinds of goods that provide new
kinds of benefits that were not available in the earlier period. Such new goods and services tend to lower a
COLI when they first appear even though no price can actually be observed to fall, as there was no previous
price.

Indexation of wages and pensions

2.17 Asnoted in Chapter 1, the indexation of wages was the main objective behind the original compilation
of CPls, although there has always been general interest in measuring inflation. If the indexation of wages
and pensions is the main justification for a CPlI, it has direct implications for the coverage of the index. First,
it suggests that the index should be confined to expenditure made by households whose principal source
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of income is either wages or pensions. Second, it may suggest that expenditure on certain types of goods
and services, such as luxury items, may be excluded from the index. See also paragraph 1.35 in Chapter 1.

Indexation of social security benefits

2.18 It has become common practice in many countries to index the rates at which social security benefits
are payable. There are many kinds of benefits, including retirement pensions, unemployment benefits,
sickness benefits, or child allowances. When indexing benefits of this kind is the main reason for compiling
the CPI, it may suggest restricting the coverage of the index to certain types of households and goods and
services. Some kinds of goods and services could then be excluded from the index based on political
decisions that certain goods and services are deemed undesirable — for example, expenditure on alcoholic
beverages and tobacco.

2.19 Alternatively, separate CPlIs for different categories of households could be compiled. For example,
an index may be compiled covering the basket of goods and services purchased by households whose
principal source of income is a social security pension.

2.20 As already noted, publishing more than one CPI may be confusing if inflation is viewed as affecting
everyone in the same way. Such confusion can be avoided by providing a detailed explanation of the
purpose and use of each alternative index (as explained in Chapter 14). It is not difficult to explain that price
changes are not the same for different categories of expenditure. In practice, some countries publish more
than one index.

2.21 The main reason why it may not be justifiable to publish more than one index is that the movements
in the different indices may be virtually the same, especially in the short term. In such cases, the costs of
compiling and publishing separate indices may not be worthwhile. In practice, differences in the patterns of
expenditure between different groups of households may not be large enough to yield significantly different
CPls.

2.22 Finally, it should be noted that the deliberate exclusion of certain types of goods and services by
political decision on the grounds that the households towards whom the index is targeted ought not to be
purchasing such goods or services or ought not to be compensated for increases in the prices of such
goods and services, cannot be recommended because it exposes the index to political manipulation. For
example, suppose it is decided that certain products such as tobacco or alcoholic beverages should be
excluded from a CPI. There is a possibility that, when taxes on products are increased, these products may
be deliberately selected for higher taxes with the knowledge that the resulting price increases would not be
reflected in the CPI. Such practices are not unknown.

Indexation of interest, rents, and other contractual payments

2.23 Itis common for payments of both rents and interest, especially mortgage rates, to be indexed to the
CPI. Governments may issue bonds with an interest rate specifically linked to the CPI. The interest payable
in any given period may be equal to the fixed rate of interest plus the percentage change in the CPI.
Payments of housing rents may also be linked to the CPI.

2.24 Creditors receiving interest payments do not consist only of households. In any case, the purpose of
indexing interest is not to maintain the standard of living of the creditors but rather to maintain their real
wealth by compensating them for the neutral holding, or capital losses on their loans incurred as a result of
general inflation. A CPI may not be the ideal index for this purpose but may be used in the absence of
another more suitable index.

2.25 Many other forms of contractual payments may be linked to the CPI. For example, legal obligations
to pay alimony or for the support of children may be linked to the CPI. Payments of insurance premiums



69

may be linked either to the all-items CPI or to a sub-index relating to some specific types of expenditure,
such as the costs of repairs.

Taxation

2.26 Movements in a CPI may be used to affect the amounts payable in taxation in several ways. For
example, liability for income tax may be affected by linking personal allowances that are deductible from
taxable income to changes in the CPI. Under a system of progressive taxation, the various thresholds at
which higher rates of personal income tax become effective may be changed in proportion to changes in
the CPI. Liability for capital gains tax may be reduced by basing it on real, rather than nominal, capital gains
by reducing the percentage increase in the value of the asset by the percentage change in the CPI over
the same period. In general, there are various ways in which some form of indexation may be introduced
into tax legislation.

4. Deflation: Changing Current Values to Volume Measures

2.27 Price indices, such as the CPI, can be used to remove the effect of changes in prices from current
value data or to convert nominal data into data in volume terms (2008 SNA, paragraph 2.146). In general,
changes in current value aggregates of output or expenditure can be decomposed into changes in price
and volume components. Deflation separates the price effect from the volume changes. While aggregates
of income may not, strictly speaking, be broken into price and volume components, they may be calculated
in constant purchasing power or to maintain a constant standard of living, which is described as being in
real terms. Converting nominal data into data in real terms provides a consistent and meaningful measure
across time!4.

Measures of real consumption and income

2.28 Price indices can be used to deflate final consumption expenditure at current prices or money income
to derive measures of consumption expenditure in volume terms (also known as real consumption) and real
income. Real measures involve volume comparisons over time (or space). There are two different
approaches to such comparisons which are analogous to the distinction between a Lowe, or basket, index
and a COLIL.

2.29 The first approach defines the change in the consumption expenditure as the change in the total
value of the goods and services actually consumed, measured at the fixed prices of some chosen period.
This is equivalent to deflating the change in the current value of the goods and services consumed by an
appropriately weighted Lowe price index. The change in real income can be measured by deflating the
change in total money income by the same price index.

2.30 The alternative approach defines the change in consumption expenditure in volume as the change
in economic well-being derived from the goods and services actually consumed. This may be estimated by
deflating the change in the current value of consumption expenditure by using a COLI (see paragraphs
2.84 — 2.91. Real income may be similarly obtained by deflating money income by the same COLI.

2.31 The two approaches cannot lead to the same results if the pure price index and the COLI diverge.
The choice between the two approaches to the measurement of consumption expenditure in volume and
real income will not be pursued further here, as the issues involved are essentially the same as those

14 The SNA distinguishes between volume and real measures. For example, the 2008 SNA, in paragraph 15.181 notes that many
flows in the SNA, such as cash transfers, do not have price and quantity dimensions of their own and cannot, therefore, be
decomposed in the same way as flows related to goods and services. While such flows cannot be measured in volume terms they
can nevertheless be measured “in real terms” by deflating their values with price indices in order to measure their real purchasing
power over some selected basket of goods and services that serves as the numeraire.
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already considered below in the parallel discussion of the choice between a Lowe, or basket, price index
and a COLI (see paragraphs 2.82 — 2.91).

Consistency between price indices and expenditure series

2.32 The data collected on prices and the data collected on household expenditure must be mutually
consistent when measuring the volume of consumption. This requires that both sets of data cover the same
set of goods and services and use the same concepts and classifications. Problems may arise in practice
because the price indices and the expenditure series are often compiled independently of each other by
different departments of an NSO or even by different agencies.

National accounts

2.33 The CPI is mainly used in the national accounts to derive volume measures of household final
consumption expenditure (HFCE). HFCE at current prices should be deflated at the most detailed level as
possible using the respective CPIs (2008 SNA, paragraph 15.140). In addition, and in the absence of other
indicators, the CPl is often used to derive volume measures of other national accounts aggregates, but this
use of the CPI is neither ideal nor encouraged.

Purchasing power parities

2.34 Many countries participate in regular international programs enabling purchasing power parities
(PPPs) to be calculated for household actual consumption expenditure. The calculation of PPPs requires
the prices of individual consumer goods and services to be compared directly between different countries.
Real expenditures and real incomes can then be compared between countries in much the same way as
between different time periods in the same country.

2.35 ltis not proposed to examine PPP methodology here but simply to note that PPPs create another
demand for basic price data. When such data are being collected, it is important to recognize that they can
be used for PPPs as well as CPIs. PPPs are essentially international deflators that are analogous to the
inter-temporal deflators needed for the national accounts of a single country. Thus, while the processing
and aggregation of the basic data for CPI purposes should be determined by the needs of the CPI itself, it
is appropriate to take into account the requirements of these other kinds of price indices at the data
collection stage. There may be important economies of scale obtained by using a single collection process
to meet the needs of several different types of indices.

2.36 The International Comparison Program (ICP) represents one of the largest efforts to develop PPPs.
Given limited staff and budgetary resources, there is need for careful consideration to identify potential
synergies between the ICP and CPI. These possible synergies are the topic of an on-going task force under
the auspices of the ICP. The objective of this task force is to develop guidelines for countries to maximize
limited resources for the collection of price data needed for both programs, while ensuring that the reliability
and representativity of the CPI is not adversely affected. Annex 4 provides detail on the ICP which is
managed by the World Bank.

2.37 Thus, operationally as well as conceptually, the CPI needs to be placed in the context of a wider set
of interrelated price indices. The compilation of CPIs predates the compilation of national accounts by many
years in some countries, so the CPl may have originated as a free-standing index. However, the CPI should
no longer be treated as an isolated index whose compilation and methodology can proceed quite
independently of other statistics.

5. Use of the consumer price index for accounting under inflation
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2.38 When there is inflation, both business and national accounts have to introduce adjustments that are
not needed when the price level is stable. This is a complex subject that cannot be pursued in any depth
here. Two methods of accounting are commonly used, and they are summarized in paragraphs 2.39 and
2.40. Both require price indices for their implementation.

Current purchasing power accounts

2.39 Current purchasing power accounts are accounts in which the monetary values of the flows in earlier
time periods are scaled up in proportion to the increase in some general index of inflation between the
earlier period and the current period. In principle, the index used should be a general price index covering
other flows in addition to HFCE, but in practice the CPI is often used by default in the absence of a more
suitable general index.

Current cost accounting

2.40 Current cost accounting (2008 SNA, paragraphs 1.65 to 1.67) is an accounting method in which the
cost of using goods and assets in production is calculated using current prices of those goods and assets
as distinct from the prices at which the assets were purchased or otherwise acquired in the past (historic
costs). The current cost of using a good or asset takes account not only of changes in the general price
level, but also of changes in the relative price of that type of asset since it was acquired. In principle, the
price indices that are used to adjust the original prices paid for the goods and assets should be specific
price indices relating to that particular type of good or asset, and such indices are calculated and used in
this way in some countries. However, when there are no such indices available, the all-items CPI, or some
sub-index of the CPI, have been used for this purpose.

Consumer price indices and international comparisons of inflation

2.41 CPlIs are also commonly used to make international comparisons of inflation rates. An important
example of their use for this purpose is provided by the European Union (EU). Since the mid-1990s EU
member countries have compiled Harmonized Indices of Consumer Prices (HICP) that are used as an
aggregate measure of inflation for the Euro-zone and to compare consumer price inflation across member
countries, and for monetary and economic policy purposes of the EU.

2.42 Another example would be the Group of Twenty (G-20) CPI compiled by the Organization for
Economic Co-operation and Development (OECD). One of the outcomes of the G-20 Data Gaps Initiative
was the compilation of aggregates for the G-20 countries. Using the headline® (all-items) indices, the G-
20 aggregate provides a measure of inflation for the G-20 countries. For more information on the G-20 CPI
see Methodology Notes: Compilation of a G-20 Consumer Price Index available on the OECD website?6.

2.43 Finally, CPIs are used for purposes of international comparisons by a range of international
organizations, including the Food and Agriculture Organization, the International Labor Organization, the
International Monetary Fund, OECD, World Bank, and others.

6. Popularity of consumer price indices for economic analysis

2.44 The CPI is a high-profile statistic. CPls seem to have acquired a unique status among economic
statistics in most countries. Changes in the CPI tend to receive significant publicity and often make headline
news. There are several factors which help to explain this:

15 For the EU and Turkey, the HICP is used in the aggregation, while for all other countries the national CPI is used.

16 hitp://www.oecd.org/sdd/prices-ppp/CPI-G20-methodology.pdf.
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e All households experience the phenomenon the CPI intends to measure. The general public faces
changes in the prices of consumer goods and services, and the direct impact those changes have
on their living standards. Wages, pensions, and social security benefits may be adjusted according
to changes in the CPI, which also will have a direct impact on households’ income. Interest in CPIs
is not confined to the press and politicians.

e Countries disseminate the CPI frequently, usually each month, so that the rate of consumer inflation
can be closely monitored. The CPI is also a timely statistic that is released very soon after the end
of the period to which it refers.

e The CPI is a statistic with a long history, as noted in Chapter 1. People have been familiar with it
over this period of time.

¢ Although price changes for certain kinds of consumer products are difficult to measure because of
quality changes, price changes for other kinds of goods and services, such as capital goods and
government services, especially public services, tend to be even more difficult to measure.

e Most countries have deliberately adopted a policy of not revising the index once it has been
published. This makes it more attractive for many purposes, especially those with financial
consequences such as indexation. The lack of revisions may create a somewhat spurious
impression of certainty, but it also seems to enhance the credibility and acceptability of the index.

2.45 The widespread use of the CPI for purposes other than those for which it was designed can be
explained not only by the various factors listed in paragraph 2.44, but also with the fact that no satisfactory
alternative or more comprehensive measures of inflation are available monthly in most countries. For
example, the CPI may be used as a proxy for a more general measure of inflation in business accounting,
even though it may be clear that, conceptually, the CPI is not the ideal index for this purpose. Similarly, the
fact that the CPI is not subject to revision, together with its frequency and timeliness, may explain its
popularity for indexation purposes in business or legal contracts in contexts where it also may not be very
appropriate conceptually. These practices may be defended on the grounds that the alternative to using
the CPI may be to make no adjustment for inflation. Although the CPI may not be the ideal measure, it is
much better to use it than to make no adjustment.

2.46 Although the CPI is often used as a proxy for a general measure of inflation, this does not justify
extending its coverage to include elements that go beyond household final consumption. If broader indices
of inflation are needed, they should be developed in addition to the CPI, leaving the CPI intact. Some
countries are in fact developing additional and more comprehensive measures of inflation within the SNA
framework.

Inflation perceptions

2.47 While countries strive to compile and disseminate a CPI that provides a reliable measure of price
change, many data users, especially individual households, perceive the headline inflation rate to be
incorrect. This perception negatively affects the credibility of the index and user confidence. NSOs should
make every effort to improve these perceptions.

2.48 Individual consumers may regard the headline measure of inflation as wrong because they do not
fully appreciate CPI concepts and compilation methods. First, the CPI represents a composite of all
households, reflecting the average total expenditure of all households on the goods and services included
in the basket, and not the expenditure of any single household. Second, the index represents a weighted
average change over time in the prices paid by consumers. This means that some prices are increasing
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while other are decreasing. The impact of the price change of each item included in the basket is determined
by the weight of that item.

2.49 To build user confidence and enhance credibility, NSOs should enhance transparency and provide
more details on the concepts and methods used to compile the CPI (i.e., metadata). Index compilation
methods should be explained in detail and made available to all users on the NSO website and in hardcopy
as needed. In addition, NSOs can provide better explanations to frequently asked questions. Many NSO
websites include a frequently asked questions section to respond to questions regarding concepts and
methods used or to avoid common misperceptions. Finally, detailed data should be disseminated on the
NSO website. More detailed data provide more information to all users to better understand the source(s)
of price change. Chapter 14 provides more information on the need to provide more detailed data and
metadata.

7. The need for independence and integrity of consumer price indices

2.50 Because of the widespread use of CPlIs for various types of indexation, movements in the CPI can
have major financial ramifications throughout the economy. The implications for the government alone can
be considerable, given that the CPI can affect interest payments and taxation receipts, as well as the
government’s wage and social security outlays.

2.51 When financial interests are involved, there is always a risk that both political and non-political
pressure groups may try to exert an influence on the methodology used to compile the CPI. The CPI, in
common with other official statistics, must be protected from such pressures. Partly for this reason, many
countries establish an advisory committee to ensure that the CPI is not subject to inappropriate outside
influence or pressure. The advisory committee may include representatives of a cross-section of interested
parties, as well as independent experts able to offer professional advice. To enhance user confidence and
transparency, details on the methodology used to compile CPIs should be made available to the general
public.

C. Concepts and scope of the consumer price index

2.52 As noted above in Section B and in Chapter 1, the primary uses of the CPI will determine the concepts
and scope used to compile the index. This section provides a more detailed look at the different concepts
used to compile the CPI, as well as scope and coverage issues.

1. Concepts

2.53 While this chapter does not provide a detailed overview of SNA definitions and concepts, it should
be noted that the SNA serves as the conceptual basis, or framework, for the CPI. Definitions for expenditure,
consumption, households, and other concepts, are derived from the SNA.

2.54 Households may acquire goods and services!” for purposes of final consumption in four main ways:
(i) they may purchase them in monetary transactions; (ii) they may produce them themselves for their own
consumption; (iii) they may receive them as payments in kind through barter transactions, particularly as
remuneration in kind for work done; and (iv) they may receive them as free gifts, or transfers, from other
economic units, including social transfers in kind provided by government. The treatment of household
production activities is addressed in paragraphs 2.154 to 2.168.

2.55 The broadest concept of final consumption for CPI purposes would be a price index embracing all
four categories of consumption goods and services listed above. This set of consumption goods and

17 The 2008 SNA defines good and services in paragraphs 6.14 to 6.21.
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services may be described as total acquisitions. Total acquisitions are equivalent to the total household
actual final consumption as defined in the SNA (2008 SNA, paragraph 9.81). The 2008 SNA distinguishes
between household actual final consumption and HFCE, as explained in paragraphs 2.56 to 2.59.

2.56 According to the SNA (2008 SNA, paragraph 9.56), HFCE includes the expenditure incurred by
resident households on consumption goods or services. These include purchases of consumer goods and
services, as well as the estimated (imputed)!8 value of barter transactions, goods and services received in
kind, and goods and services produced and consumed by the same household (production for own
consumption).

2.57 Household actual final consumption, as defined in the 2008 SNA (2008 SNA, paragraph 9.81)
consists of the consumption goods and services acquired by individual households. The total value of
household actual final consumption includes the sum of these three components: (i) the value of
households’ expenditures on consumption goods or services, including expenditures on nonmarket goods
or services sold at prices that are reduced or not economically significant??, (ii) the value of the expenditures
incurred by government units on individual consumption goods or services provided to households as social
transfers in kind, and (iii) the value of the expenditures incurred by non-profit institution serving households
(NPISHSs) on individual consumption goods or services provided to households as social transfers in kind.

2.58 Household actual final consumption is a broader concept than HFCE, and the difference between
the two concepts is linked to the concepts of acquisitions and expenditure, as explained in paragraphs 2.59
to 2.61.

Household actual final consumption (HAFC)

significant economic prices (9.56) NPISH on individual consumption goods or services

Value of expenditures on consumption goods or services, including payments for nonmarket goods or services sold at non{Value of expenditures incurred by government units or

provided to households as social transfers in kind (9.81)

Household final consumption expenditure (HFCE)

Value of expenditures on consumption goods or services, including payments for nonmarket goods or services sold at non
significant economic prices (9.56)

Purchases of consumer goods |Purchaes of consumer goods |Goods and services provided |Consumer goods and services
and services (monetary and services (barter by employers to their produced and consumed by
transactions) transactions) employees in renumeration [the same household

for work done

Household final monetary consumption expenditure (HFMCE)

Purchases of consumer goods
and services (monetary
transactions)

Expenditure

2.59 Expenditure on goods and services is the value of the amount that buyers pay, or agree to pay, to
sellers in exchange for goods or services that sellers provide to them or to other institutional units
designated by the buyers (2008 SNA, paragraph 9.32). In other words, expenditure is made by the
economic units who pay for the goods and services, that bear the costs. However, many of the goods and
services consumed by households are financed and paid for by government units or non-profit institutions.

18 The term “imputation” is used in the SNA (2008 SNA, paragraph 3.75) with a specific narrow meaning: it is preferable
to reserve that term for the kind of situation that involves not only estimating a value but also constructing a transaction.
In this manual, the term imputation has a broader meaning.

19 Prices are said to be economically significant when they have a significant influence on the amounts the producers
are willing to supply and on the amounts purchasers wish to buy (2008 SNA, paragraph 6.95).
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They are mostly services such as education, health, housing, and transport. Individual goods and services
provided free of charge, or at prices that are not economically significant, to individual households by
governments or non-profit institutions are described as social transfers in kind?° (social transfers in kind do
not include collective services provided by governments to the community as a whole, such as public
administration and defense).

2.60 The expenditure on social transfers in kind is incurred by the governments or non-profit institutions
that pay for them, and not by the households that consume them. It could be decided that the CPI should
be confined to final consumption expenditure incurred by households, in which case free social transfers in
kind would be excluded from the scope of the index. Even if they were to be included, they can be ignored
in practice when they are considered to be provided free, on the grounds that households incur zero
expenditure on them. Of course, their prices are not zero from the perspective of the units that finance the
social transfers, but the relevant prices for a CPI are those payable by the households.

2.61 Social transfers cannot be ignored, however, when governments and non-profit institutions decide to
introduce (or eliminate) charges for them, a practice that has become increasingly common in many
countries. For example, if the CPI is intended to measure the change in the total value of a basket of
consumption goods and services that includes social transfers, increases in their prices to households from
zero to some positive amount increase the cost of the basket and should be captured by a CPI. The CPI
should reflect the full extent of the price change in the period the price increases from zero to some positive
amount. With a zero price, the good or service is generally excluded from the CPI; however, when the price
changes from zero to some positive amount, it becomes a newly significant good or service and can be
treated in the same way as other new goods or services are introduced. Chapter 7 provides an overview of
the different methods for including new goods or services in the CPI. Alternatively, if the price decreases
from some positive amount to zero, this also must be reflected in the CPI. The question remains how to
deal with the weight for that item. One option may be to use a zero price and adjust the weights during the
next update. Another option may be to redistribute the weight to the other items within the class. Finally, it
may be decided that the best approach would be to redistribute the weight broadly over all items. The
treatment of health, education, and social protection services in the CPI is further discussed in Chapter 11.

Acquisitions and uses

2.62 It has been customary in the literature on CPlIs to draw a distinction between acquisitions of goods
and services by households and their subsequent use (consumption) to satisfy their households’ needs
(the 2008 SNA defines acquisitions in paragraphs 9.36-9.38 and consumption of goods and services in
paragraphs 9.39 to 9.41). Consumption goods are typically acquired at one point of time and used at some
other point of time, often much later, or they may be used repeatedly, or even continuously, over an
extended period of time. The times of acquisition and use nevertheless coincide for many services, although
there are other kinds of services that provide lasting benefits and are not used up at the time they are
provided. This is further explained in paragraphs 2.63 to 2.67.

2.63 Acquisition of a good refers to the moment at which ownership of a good transfers to the consumer.
In a market setting, it is the moment at which the consumer incurs a liability to pay, either in cash, credit, or
in kind. Acquisition of a service cannot be determined as easily because the provision of a service does not
involve an exchange of ownership. Instead, it typically leads to some improvement in the condition of the
consumer. Consumers acquire a service at the same time that the producer provides it and the consumer
accepts a liability to pay. In a market situation, therefore, the time of acquisition for both goods and services

20 The 2008 SNA refers to social transfers in kind in paragraphs 6.234 and 6.235.
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refers to the time at which the liability to pay is incurred. The distinction between time of acquisition and
time of use is particularly important for durable goods and certain kinds of services.

2.64 A “non-durable” good would be better described as a single use good (durable goods are defined in
paragraph 9.42 of the 2008 SNA). For example, food and drink are used once only to satisfy hunger or
thirst. Heating oil, coal, or firewood can be burnt once only, but they are nevertheless extremely durable
physically and can be stored indefinitely. Households may hold substantial stocks of so-called non-
durables, such as many foodstuffs and fuel, especially in periods of political or economic uncertainty.

2.65 Conversely, the distinguishing feature of consumer durables, such as furniture, household
equipment, or vehicles, is that they are durable under use. They can be used repeatedly or continuously to
satisfy consumers’ needs over a long period of time, possibly many years. For this reason, a durable is
often described as providing a flow of “services” to the consumer over the period it is used. Some durables
last much longer than others, the less durable ones being described as “semi-durables” in COICOP, for
example clothing. Dwellings are not classified as consumer durables in COICOP. They are treated as fixed
assets and not consumption goods, and therefore fall outside the scope of COICOP and the CPI. However,
the housing services produced and consumed by owner-occupiers are included in COICOP and classified
in the same way as the housing services consumed by tenants. More information on the treatment of
housing is available in Chapter 11.

2.66 Consumers may continue to benefit, and derive utility, from some services long after they were
provided because they bring about substantial, long lasting, or even permanent improvements in the
condition of the consumers. The quality of life of individuals receiving medical treatments such as hip
replacements or cataract surgery, for example, is substantially and permanently improved. Similarly,
consumers of educational services can benefit from them over their entire lifetimes.

2.67 For some analytical purposes, it may be appropriate to treat certain kinds of services, such as
education and health, as the service equivalents of durable goods. Expenditure on such services can be
viewed as investments that augment the stock of human capital. Another characteristic that education and
health services share with durable goods is that they are often so expensive that their purchase has to be
financed by borrowing or by running down other assets.

Monetary and non-monetary transactions

2.68 A distinction may also be drawn between monetary and non-monetary transactions depending if the
payment made or liability incurred is stated in units of currency. A monetary transaction occurs when a
household pays in cash, by check or credit card, or otherwise incurs a liability to pay, in exchange for the
acquisition of a good or service. Non-monetary transactions occur when households do not incur a liability
but bear the costs of acquiring the goods or services in some other way.

2.69 Households may incur non-monetary transactions when household members receive goods and
services from their employers as remuneration in kind (2008 SNA, paragraphs 9.51 and 9.52). The
employees pay for the goods and services with their own labor rather than cash. Consumption goods and
services received as remuneration in kind can, in principle, be included in a CPI using the estimated prices
that would be payable for them on the market.

2.70 Another important category of non-monetary transaction occurs when households consume goods
and services that they have produced themselves (2008 SNA, paragraphs 9.53-9.55). The households
incur the costs, while the expenditure is deemed to occur when the goods and services are consumed.
Own account production of this kind includes the production of housing services by owner-occupiers. The
treatment of goods and services produced for own consumption raises important conceptual issues that
are discussed in more detail in paragraphs 2.154 to 2.157 and in Chapter 11.
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2.71 The narrowest concept of consumption that could be used for CPI purposes is one based on
monetary transactions only. As noted above, HFCE includes barter transactions, goods and services
received in kind, and production for own consumption. A concept of consumption based only on monetary
transactions excludes many of the goods and services actually acquired and consumed by households. On
the other hand, only monetary transactions generate the prices needed for CPI purposes. The prices of the
goods and services acquired through non-monetary transactions cannot be directly observed and have to
be imputed or estimated on the basis of the prices observed in monetary transactions. Imputed or estimated
prices do not generate more price information. Instead, they affect the weighting, increasing the weight of
the prices used to value non-monetary transactions for which prices have to be imputed or estimated.

2.72 If the main reason for compiling a CPI is the measurement of inflation or as an input into monetary
policy decisions, the scope of the index should be restricted to monetary transactions only, especially since
non-monetary transactions do not generate any demand for money. The HICP, used to measure inflation
within the EU, is confined to household final monetary consumption expenditure (HFMCE) (see Annex 1).

Domestic and national concept of expenditure

2.73 The concept of residence is based on the center of predominant economic interest of the institutional
unit (i.e., household, in the case of the CPI), and not on nationality or legal criteria. The SNA states that the
most commonly used concept of economic territory is the geographic territory administrated by a
government, although it may be larger or smaller than this (as in a currency or economic unit, or a region
in a country). The economic territory also includes the territorial enclaves in the rest of the world (embassies,
consulates, military bases, scientific stations, etc.). As a general rule, institutional units are considered
resident in a certain economic territory if they are engaged in activities and transactions on a significant
scale for one year or more. According to the SNA, the residence of individual persons is determined by that
of the household of which they form part and not by their place of work, and all members of the same
household have the same residence as the household itself. If members of a household work and reside
abroad so long that they acquire a center of economic interest abroad, they cease to be members of their
original household (2008 SNA, paragraphs 4.10 to 4.15).

2.74 Therefore, according to the 2008 SNA (2008 SNA, paragraph 9.79), HFCE refers to the expenditure
incurred by resident households, whether that expenditure is incurred within the economic territory or
abroad. Additionally, non-resident households may make expenditure inside the economic territory of a
country. Depending on the residence principle, there are two important concepts related to CPI coverage,
the domestic and national concept.

2.75 The national concept, which aligns with the HFCE concept as defined in the 2008 SNA, includes
expenditure made by resident households, whether it takes place on the economic territory or elsewhere.
This means that the expenditure of resident households at home should be adjusted with adding the
expenditure of resident households abroad (imports) and deducting the expenditure of non-resident
households in the home territory (exports).

2.76 The domestic concept is not based on the residence of households, rather on the territory where the
consumption or expenditure occurs. It covers the consumption expenditure made by all households on the
economic territory of a country, including the expenditure of non-residents of the country and excluding the
expenditure of residents abroad.

2.77 Decisions about the choice of the concept used depend on the main use of a CPI. For inflation
analysis and monetary policy purposes, it is the price change within a country which is of interest. An index
of inflation is needed that covers all “domestic” consumption expenditure that takes place within the
geographical boundaries of the country, whether made by residents or non-residents.
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2.78 When CPlIs are used for escalating the incomes of residents, it may be appropriate to adopt the
“national” concept which covers all the expenditure of residents, whether inside or outside the country.
Household budget surveys (HBS) can cover all these types of expenditure. For example, the prices paid
for airline tickets and package holidays bought within the domestic territory should be covered. It can be
difficult, however, to obtain price data for the goods and services purchased by residents when abroad,
although in some cases sub-indices of the partner countries’ CPls might be used.

2.79 The treatment of purchases made online requires special consideration. In principle, the domestic
and national concepts could provide guidance on how to treat the expenditure made on goods and services,
including digital downloads, purchased online. In many cases, however, internet-based outlets may be
based (registered) abroad and this expenditure would be considered cross-border shopping. For those
countries following the national concept, the approach is clear. Strictly speaking, under the domestic
concept, this expenditure would not be included because it would be defined as expenditure abroad; in
practice, this requires a broader interpretation. The nature of internet purchases, therefore, requires a
different way of thinking and special consideration, especially with regard to the domestic concept.
Additionally, internet purchases continue to grow in importance.

2.80 Many countries have carefully considered how to include the expenditure (and prices) made on
goods and services via the internet. For the purchase of goods, the expenditure and prices, should be
reflected in the country where the goods are delivered.

2.81 Services purchased on the internet can be more problematic for CPI compilation because there are
both tangible and digital services. Tangible services would include the traditional services such as
transportation, hotels, entrance to cultural/sporting events, or education. Digital services would include
telecommunications, broadcasting (e.g., streaming or downloading music, movies, or television content)
and other services (e.g., software). If the service is consumed in the economic territory where the household
is resident, it should be included in the CPI; however, if the service is consumed outside of the economic
territory of the country, it would be excluded. For example, if a household reserves a hotel room that will be
used and paid for in another country, it would be considered out of scope. For digital services, because the
service is being consumed within the economic territory of a country, the expenditure and prices should be
included in the country where the household resides. More details on the treatment of internet purchases
can be found in Chapter 11.

2. Basket indices and cost of living indices

2.82 A fundamental conceptual distinction may be drawn between a basket index and a COLI. In a CPI
context, a basket index is an index that measures the change between two time periods in the total
expenditure needed to purchase a given set, or basket, of consumption goods and services. It is called a
“‘Lowe index” in this Manual. A COLI is an index that measures the change in the minimum cost of
maintaining a given standard of living. Both indices therefore have very similar objectives in that they aim
to measure the change in the total expenditure needed to purchase either the same basket or two baskets
whose composition may differ somewhat but between which the household is indifferent.

Basket indices

2.83 CPIs are often calculated as either Lowe or Young indices in practice. Their properties and behavior
are described in detail throughout this Manual. The operational target for most CPIs is to measure the
change over time in the total value of a specified basket of consumption goods and services purchased, or
acquired, by a specified group of households in a specified period of time. The meaning of such an index
is clear. It is necessary to ensure that the selected basket is relevant to the needs of users and also kept
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up to date. The basket may be changed at regular intervals and does not have to remain fixed over long
periods of time. The determination of the basket is considered in more detail in Chapter 3.

Cost of living indices

2.84 The economic approach to index number theory treats the quantities consumed as being dependent
on the prices. Households are treated as price takers who are assumed to react to changes in relative
prices by adjusting the relative quantities they consume. A basket index that works with a fixed set of
guantities fails to allow for the fact that there is a systematic tendency for consumers to substitute items
that have become relatively cheaper for those that have become relatively more expensive. A COLI based
on the economic approach does take this substitution effect into account. It measures the change in the
minimum expenditure needed to maintain a given standard of living when utility-maximizing households
adjust their patterns of purchases in response to changes in relative prices. In contrast to a basket index,
the baskets in the two periods in a COLI will generally not be quite the same in the two periods because of
these substitutions.

2.85 The properties and behavior of COLIs are explained in some detail in Chapter 3 of the publication
Consumer Price Index Theory. A summary explanation has already been given in Chapter 1. The maximum
scope of a COLI would be the entire set of consumption goods and services consumed by the designated
households from which they derive utility. It includes the goods and services received free as social
transfers in kind from governments or NPISH. Because COLIs measure the change in the cost of
maintaining a given standard of living or level of utility, they lend themselves to a uses rather than an
acquisitions approach (see also paragraphs 2.62 — 2.67), as utility is derived not by acquiring a consumer
good or service but by using it to satisfy personal needs and wants.

2.86 Economic well-being may be interpreted to mean not only economic welfare, that is the utility linked
to economic activities such as production, consumption, and working, but also the general well-being
associated with other factors such as security from attack by others. It may not be possible to draw a clear
distinction between economic and non-economic factors, but it is clear that total economic well-being is
only partly dependent on the amount of goods and services consumed.

2.87 Conditional and unconditional COLIs. In principle, the scope of a COLI is influenced by whether it is
intended to be a conditional or unconditional COLI. The total welfare of a household depends on a string of
non-economic factors such as the climate, the state of the physical, social, and political environment, the
risk of being attacked either by criminals or from abroad, the incidence of diseases, and so on, as well as
by the quantities of goods and services consumed. An unconditional COLI measures the change in the cost
to a household of maintaining a given level of total economic well-being allowing the non-economic factors
to vary as well as the prices of consumption goods and services. If changes in the non-economic factors
lower economic well-being, then some compensating increase in the level of consumption will be needed
in order to maintain the same level of total economic well-being. For example, if there is an adverse change
in the weather, that requires more fuel to be consumed to maintain the same level of comfort as before.
The cost of the increased quantities of fuel consumed drives up the unconditional COLI, irrespective of
what has happened to prices. There are countless other events that can impact on an unconditional COLI,
from natural disasters such as earthquakes to man-made disasters such as climate change or acts of
terrorism.

2.88 While there may be interest in an unconditional COLI for certain analytical and policy purposes, it is
deliberately defined to measure the effects of many other factors besides prices. If the objective is to
measure the effects of price changes only, the non-price factors must be held constant. Given that a COLI
is meant to serve as a CPI its scope must be restricted to exclude the effects of events other than price
changes. A conditional COLI is defined as the ratio of the minimum expenditure needed to maintain a given
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level of utility, or standard of living, in response to price changes, assuming that all the other factors affecting
economic well-being remain constant. It is conditional not only on a particular standard of living and set of
preferences, but also on a particular state of the non-price factors affecting economic well-being. COLIs, in
this Manual, are to be understood as conditional COLIs.

2.89 A conditional COLI should not be viewed as second best. An unconditional COLI is a more
comprehensive COLI than a conditional COLI, but it is not a more comprehensive price index than a
conditional index. An unconditional index does not include more price information than a conditional index
and it does not give more insight into the impact of price changes on households’ economic well-being. On
the contrary, the impact of the price changes is diluted and obscured as more variables impacting on
economic well-being are included within the scope of the index.

2.90 Lowe indices, including Laspeyres and Paasche, are also conditional, being dependent on the choice
of the basket. The fact that the value of a basket index varies in predictable ways according to the choice
of basket has generated much of the large body of literature available on index number theory.
Conceptually, Lowe indices and conditional COLIs have much in common. A Lowe index measures the
change in the cost of a specified basket of goods and services, whereas a conditional COLI measures the
change in the cost of maintaining the level of utility associated with some specified basket of goods and
services, other things being equal.

2.91 In practice, it is not possible to compile a true COLI. Some countries construct the CPI for indexation
purposes and employ methods to approximate a COLI. Similarly, other countries construct their CPI with
the primary purpose of measuring inflation, in which case a COGI would be the target index. The selection
of a COGI or a COLI as target for the CPI has consequences concerning the scope of the index and the
way different goods or services are included in the index. In practice, most countries compile a general-
purpose index that strives to meet both compensation and inflation measurement needs in a single index.

3. Consumer Price Index Scope

Households and outlets included in the scope of a consumer price index
Population coverages

2.92 The group of households included in the scope of a CPI are referred to as the “reference households”,
or the “reference population”. In this context, scope refers to the households intended to be represented in
the CPI; whereas, coverage refers to the actual households represented by the index.

2.93 According to the SNA, households are an institutional sector made up of private households and
institutional households. Private households are defined as groups of persons who share the same living
accommodation, who pool some or all of their resources and consume selected goods and services
collectively. Members of the same household do not necessarily have to belong to the same family, as long
as there is some sharing of resources and consumption. Institutional households consist of persons living
permanently, or for a very long period of time, in institutions. These include religious institutions, hospitals,
the military, prisons, or retirement homes. Persons who enter such institutions only for short periods of time
should be treated as members of the individual households to which they normally belong (the 2008 SNA
defines household, private and institutional household in paragraphs 4.149 to 4.154).

2.94 Following the SNA definition of HFCE (2008 SNA, paragraph 9.56) both private and institutional
households are considered in scope of the CPI, and in principle should be covered. For example, the EU’s
HICP coverage of households includes institutional households, consistent with the SNA definition (for more
information, see Annex 1). Nevertheless, in many countries the consumption expenditure of institutional
households may be of negligible importance, or it may be problematic to collect suitable expenditure data
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from institutional households. For these reasons, it may be decided to exclude the consumption expenditure
of institutional households from the actual coverage of the CPI. It may also be the case that the
compensation (indexing wages and salaries) of only private households is one of the main purposes of the
CPI, which may also justify disregarding the consumption expenditure of institutional households.

2.95 In almost all countries, the CPI scope includes as many private households as possible and is not
confined to those belonging to a specific socioeconomic group. In some countries, however, extremely
wealthy households are excluded for various reasons. Their expenditure may be considered to be very
atypical, while their expenditure data, as collected in an HBS, may be unreliable, as the response rates for
wealthy households in an HBS are usually quite low. In addition, it may be too costly to collect prices for
some of the consumer goods and services purchased exclusively by the wealthy. Other countries may
decide to exclude other kinds of households. Such exclusions affect the expenditure weights to the extent
that the patterns of expenditure of the excluded groups differ from those of the rest of the population. As
far as possible, countries should define the scope to include all households regardless of size, location, or
income.

2.96 In addition to a single wide-ranging official (headline) CPI relevant to the country as a whole, more
and more countries publish a range of alternative indices relating to sub-sectors of the population (e.g., low-
income households, or retirees).

Geographical coverage

2.97 Geographical coverage refers either to the geographical coverage of expenditure or the coverage of
price collection. Ideally these two should coincide, whether the CPI intends to be a national or a regional
index. In general, for the geographical coverage of expenditure, the index should include expenditure made
by all households, urban and rural, throughout the country.

2.98 In many countries, prices are collected in urban areas only because their movements are considered
to be representative of the price movements in rural areas. In these cases, if national weights are applied,
the resulting index can be considered a national CPI. If price movements in urban and rural areas differ
significantly and price collection is restricted to urban areas because of resource constraints, then urban
weights should be applied, and the resulting index must be considered as an urban and not a national CPI.
Most countries tend to use weights covering urban and rural households, although in the majority of cases,
price collection takes place in urban areas only. Of course, the borderline between urban and rural is
inevitably arbitrary and varies from country to country. For example, in one country, urban price collection
is interpreted to include villages with as few as 2,000 residents, while in others this threshold may be higher.

2.99 Decisions about geographical coverage in terms of urban versus rural coverage depend on the
population distribution and the extent to which expenditure patterns and the movements of prices tend to
differ between urban and rural areas.

2.100 When compiling regional indices, the concept of residence (as described in 2.73) applies to the region
in which a household is resident. It is possible to draw a distinction between the expenditure within a region
and the expenditure of the residents of that region, analogous to the distinction between the “domestic” and
“national” concepts of expenditure at the country level. The same issues arise for regional indices as were
discussed in the previous section for national indices. The principles applying to cross-border shopping
between regions are the same as for international cross-border shopping (for a description of cross-border
internet purchases, see section on internet purchases in Chapter 11), but data availability is generally
different. if the scope of the regional index is defined to include the purchases by regional residents when
in other regions (and exclude purchases by consumers that are not residents of the region), although price
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data for the other regions should be readily available, it is unlikely that expenditure data will be available
with the necessary split between expenditure within, and expenditure outside, the region of residence.

2.101 When compiling a regional index, care must be taken to treat cross-border purchases in the same
way in all regions. Otherwise double counting, or omission, of expenditure may occur when regional data
are aggregated. Where regional indices are aggregated to give a national index, the weights should be
based on regional expenditure data rather than on population data, as discussed in Chapter 3.

2.102 Many countries try to satisfy the differing needs of their many CPI users by deriving a family of indices
with different coverage, headed by a single wide-ranging official (headline) CPI which is relevant to the
country as a whole. In some large countries, regional indices are more widely used than the national CPI,
particularly where the indices are used for indexing wages and salaries. Thus, in addition to the headline
CPI, which has the widest coverage possible, alternative indices are published which may relate to: (i) sub-
sectors of the population; (ii) geographical regions; and (iii) specific product groups. Sub-indices of the
overall (official all-items) CPI should be published at a level as detailed as possible, since many users are
interested in the price change of specific product groups.

Outlet coverage

2.103 The coverage of outlets is dictated by the purchasing behavior of the reference households. In
principle, the prices relevant to CPIs are the prices paid by households. In practice, however it is necessary
to rely mainly on the prices at which products are offered for sale in retail shops or other outlets (including
online outlets). All the outlets from which the reference population makes purchases are in the scope of the
CPI, and should be included in the sampling frame from which the outlets are selected.

2.104 Examples of outlets are: (i) retail shops (from very small permanent stalls to multinational chain
stores); (ii) market stalls and street vendors; (iii) online and web-based retail outlets; (iv) establishments
providing household services (e.g., electricians, plumbers, or window cleaners); (v) leisure and
entertainment providers; (vi) health and education services providers; (vii) communication and transport
providers; (viii) public utilities; and (ix) government agencies and departments.

2.105 Given the growing importance of online and web-based retailers, there is significant need for NSOs
to carefully review and augment outlet sampling frames to include online and web-based retailers.
Collecting prices from online and web-based retailers raises a number of different issues that are addressed
in more detail in Chapter 11.

2.106 In practice, prices are collected from only a sample of outlets and the samples may change, either
because outlets open and close or because there is a deliberate periodic rotation of the sample. When the
prices in the outlets newly included in the sample are different from those in the previous outlets, it is
necessary to decide whether the price differences are apparent or genuine price changes. If they are
assumed to be apparent, the difference between the price recorded previously in an old outlet and the new
price in the new outlet is not treated as a price change for CPI purposes, the difference being treated as
attributable to quality difference. As explained in more detail in Chapter 6, if this assumption is correct, the
price changes recorded in the new outlets can simply be linked to those previously recorded in the old
outlets without introducing any bias into the index. The switch from the old to the new outlets does not have
any impact on the CPI.

2.107 If the price differences between the old and the new outlets are deemed to be genuine price changes,
however, the simple linking just described can lead to bias. When households change the price they pay
for a product by changing outlets, the price changes should be captured by the CPI. As explained in more
detall in Chapter 6, it seems that most NSOs assume that the price differences are not genuine and simply
link the new price series to the old. This procedure, although widely used, assumes that markets are always
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perfect, and that genuine price variation never occurs. This unrealistic and questionable assumption may
lead to upward bias. Such bias is described as outlet rotation bias.

2.108 The differences between old and new outlets becomes even more pronounced when the outlet
sample expands to include web-based outlets. In principle, web-based outlets provide some greater utility
to the consumer in terms of choice, convenience, and service; however, in practice, it is difficult to quantify
the value of this added utility. While concrete guidance cannot be provided at this time, accounting for the
differences when consumers switch from old to new outlets will be considered as part of the research
agenda included in Annex 6 of this Manual.

2.109 Outlet replacement and the treatment of price differences between the old and new outlets are
discussed in Chapter 7. Methods for selecting a sample of outlets from which to collect prices are discussed
in detail in Chapter 4.

Price coverage

2.110 A CPI should reflect the experience of the consumers to whom it relates and should therefore record
what consumers actually pay for the goods and services included in the scope of the index. The expenditure
and prices recorded should be purchaser’s prices (2008 SNA, paragraphs 6.64-6.68). Purchaser’s prices
refer to those prices paid by consumers to acquire ownership of goods or services. Purchaser’s prices
include any taxes (not deductible by the purchaser) and service charges on the products, and taking
account of all discounts, subsidies and most rebates, even if discriminatory or conditional. It may be virtually
impossible, however, to take account of all discounts and rebates in practice. Sensible practical
compromises are needed, for which recommendations and examples are given in Chapter 5.

2.111 When households pay the full market prices for products and are then subsequently reimbursed by
governments, social security schemes, or NPISH for some of the amounts paid, CPIs should record the
market prices less the amounts reimbursed. This kind of arrangement is common for educational and
medical expenditure (health, education, and social protection are addressed in Chapter 11).

2.112 Taxes and subsidies. All taxes on products, such as sales taxes, excise taxes and value added tax
(VAT), are part of the purchasers’ prices paid by consumers which should be used for CPI purposes.
Similarly, subsidies?! should be taken into account, being treated as negative taxes on products. For
information on the treatment of taxes and subsidies on the national accounts, see 2008 SNA, paragraphs
7.71t0 7.106.

2.113 For some analytical and policy purposes, it may be useful to estimate a CPI that measures price
movements excluding the effects of changes in taxes and subsidies. For monetary policy-makers, the price
increases resulting from changes in taxes on products or subsidies are not part of an underlying inflationary
process but are attributable to their own use of these economic levers. Similarly, when a CPI is used for
escalation purposes, any increase in a CPI resulting from increases in taxes on products leads to an
increase in wages and benefits linked to the CPI, despite the fact that the aim of the tax increase might
have been to reduce consumers’ purchasing power. Alternatively, an increase in subsidies might be
intended to stimulate consumption, but the resulting lower prices could be offset by a smaller increase in
indexed wages and benefits.

21 The SNA defines subsidies as current unrequited payments that government units make to enterprises on the basis
of the level of their production activities or the quantities or values of the goods or services that they produce, sell or
import. Subsidies are not payable to final consumers; current transfers that governments make directly to households
as consumers are treated as social benefits (2008 SNA, paragraphs 7.98-7.99). The use of the term subsidies is
broader than the use in the SNA.
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2.114 Net price indices. Net price indices in which taxes on consumer goods or services are deducted and
subsidies are added to the purchasers’ prices may be compiled. Such indices do not, however, necessarily
show how prices would have moved if there were no taxes or changes in taxes. It is notoriously difficult to
estimate the true incidence of taxes on products: that is, the extent to which taxes or subsidies, or changes
therein, are passed on to consumers. It is also difficult to account for the secondary effects of changes in
taxes. In order to estimate the secondary effects, input—output analysis can be used to work out the
cumulative impact of taxes and subsidies through all the various stages of production. For example, some
of the taxes on vehicle fuel will enter the price of transport services which in turn will enter the prices of
transported products, some of which will enter the prices paid for consumer products by retailers and hence
the prices which they charge to consumers. A more practicable alternative is therefore simply to confine
the taxes and subsidies for which correction is made to those levied at the final stage of sale at retail; that
is, primarily to VAT, sales and excise taxes. Estimating prices less these taxes only, or corrected for
changes in these taxes only, is more feasible. In the case of a percentage sales tax or VAT, the calculation
is simple, but in the case of excise taxes, it would be necessary to ascertain the percentage mark-up by the
retailer, since the excise tax will also be marked up by this percentage. However, in practice, it is not
possible to determine the percentage mark-up by the retailer.

Price variation

2.115 Price variation occurs when exactly the same good or service sells at different prices at the same
moment of time. Different outlets may sell exactly the same product at different prices, or the same product
may be sold from a single outlet to different categories of purchasers at different prices.

2.116 If markets were “perfect” in an economic sense, identical products would all sell at the same price. If
more than one price was quoted, all purchases would be made at the lowest price. This suggests that some
products sold at different prices may not be identical but must be qualitatively different in some way. When
the price differences are, in fact, attributable to quality differences, the price differences are only apparent,
not genuine. In such cases, a change in the average price resulting from a shift in the pattern of quantities
sold at different prices would reflect a change in the average quality of the products sold. This would affect
the volume and not the price index.

2.117 If NSOs do not have enough information about the characteristics of goods and services selling at
different prices, they have to decide whether to assume the observed price differences are genuine or only
apparent. The default procedure most commonly adopted in these circumstances is to assume that the
price differences are not genuine. This assumption is typically made both for CPI and national accounts
purposes.

2.118 However, markets are seldom perfect. One reason for the co-existence of different prices for identical
products may be that the sellers are able to practice price discrimination. Another reason may simply be
that households lack information and may buy at higher prices out of ignorance. Also, outlets may provide
different levels of service which would be reflected in the prices paid by consumers. Finally, markets may
be temporarily out of equilibrium as a result of shocks or the appearance of new products. It must be
recognized, therefore, that genuine price differences do occur for a number of different reasons.

Price discrimination

2.119 Economic theory shows that price discrimination tends to increase profits. Different households may
pay different prices for identical products because of market imperfections. Price differences may persist
because households may not be aware of them, or they may have imperfect information because the costs
of searching for the retail outlets selling at the lowest prices may be too high. Even when households are
aware of the price differences, it may be too inconvenient or costly to visit the outlets selling at the lowest
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prices. Another reason for the persistence of price differences is that many service producers deliberately
practice price discrimination by charging different households different prices for identical services (e.g., by
charging lower prices or fees to pensioners or people with low incomes). As services cannot be re-traded,
price discrimination is extremely common, or even prevalent, among service producers. Household
expenditure is nevertheless recorded at the prices actually paid, as this is the appropriate value of the
transaction.

2.120 Apparent price differences between the same goods or services are often not genuine price
differences as they may be due to differences in quality, including differences in the terms or conditions of
sale. For example, lower prices are often charged for bulk purchases of goods or off-peak purchases of
services. Such expenditure is recorded at the prices actually paid; that is, after deducting from the standard
or list prices or charges any discounts for bulk or off-peak purchases.

2.121 Price discrimination can cause problems in the compilation of price indices. Suppose, for example,
that a service supplier discriminates by age by charging senior citizens, aged 60 years or more, price p2
and everyone else price pl, where pl > p2. Suppose, further, that the supplier then decides to redefine
senior citizens as those aged 70 years or more, while otherwise keeping prices unchanged. In this case,
although neither p1 nor p2 changes, the price paid by individuals aged 60 to 70 years changes and the
average price paid by all households increases.

2.122 The example in paragraph 1.121 illustrates a point of principle. Although neither of the stated prices,
pl and p2, at which the services are on offer changes, the price paid by certain households changes if they
are obliged to switch from p2 to p1. From the perspective of the households, price changes have occurred
and a CPI should, in principle, record a change. When prices are collected from sellers and not from
households, such price changes can be missed if price collectors do not pay attention to the conditions of
sale.

Price variation between outlets

2.123 The existence of different prices in different outlets raises similar issues. Genuine price differences
are almost bound to occur when there are market imperfections, if only because households are not
perfectly informed. When new outlets sell at lower prices than existing ones, there may be a time lag during
which exactly the same item sells at different prices in different outlets because of consumer ignorance or
inertia.

2.124 Households may choose to switch their purchases from one outlet to another or even be obliged to
switch because the universe of outlets is continually changing, some outlets closing down while new outlets
open up. When households switch, the effect on the CPI depends on whether the price differences are
genuine. When the price differences are genuine, a switch between outlets changes the average prices
paid by households. Such price changes ought to be captured by CPIs. On the other hand, if the price
differences reflected quality differences, a switch would change the average quality of the products
purchased, and hence affect volume, not price.

2.125 Most of the prices collected for CPI purposes are offer prices. Offer prices may not in all cases
correspond to the actual transaction prices paid by households. In these circumstances, the effects of
switches in the pattern of households’ purchases between outlets may remain unobserved in practice.
When the price differences reflect quality differences, the failure to detect such switches does not introduce
any bias into the CPI. In this case, buying at a lower price means buying a lower quality product, which
does not affect the accuracy of the price index. However, when the price differences are genuine, the failure
to detect switches will tend to introduce an upward bias in the index, assuming households tend to switch
towards outlets selling at lower prices. This potential bias is described as outlet substitution bias.
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Expenditure and other payments generally outside the scope of consumer price
indices

2.126 Given that, conceptually, most CPIs are designed to measure changes in the prices of consumption
goods and services, it follows that purchases of items that are not goods and services fall outside the
intended scope of a CPI: for example, purchases of bonds, shares, or other financial assets. Similarly,
payments that are not purchases because nothing is received in exchange fall outside the index: for
example, payments of income taxes or social security contributions.

2.127 The implementation of these principles is not always straightforward, as the distinction between an
expenditure on a good or service and other payments may not always be clear in practice. A number of
conceptually difficult cases, including some borderline cases of a possibly controversial nature, are
examined in paragraphs 2.128 and 2.129.

Transfers

2.128 Transfers. A transfer is a transaction in which one unit provides a good, service, or asset to another
without receiving any good, service, or asset in return (2008 SNA, paragraph 8.10), that is, transactions in
which there is no counterpart. Transfers are unrequited. As no good or service of any kind is acquired by
the household when it makes a transfer, the transfer must be outside the scope of a CPI. The challenge is
to determine whether or not certain kinds of transactions are in fact transfers, an issue common to both
CPIs and national accounts.

2.129 Social security contributions and taxes on income and wealth. As households do not receive any
specific, individual good or service in return for the payment of social security contributions, they are treated
as transfers (2008 SNA, paragraph 8.16) that are outside the scope of CPIs. Similarly, all payments of taxes
based on income or wealth (the ownership of assets) are outside the scope of a CPI since they are
unrequited compulsory transfers to government (2008 SNA, paragraph 8.15). Property taxes on dwellings
(commonly levied as local authority taxes or rates) are outside the scope. It may be noted, however, that
unrequited compulsory transfers could be incorporated within an unconditional COLI or within a more
broadly defined conditional COLI that allows for changes in some other factors besides changes in the
prices of consumption goods and services.

2.130 Licenses. Households have to pay to obtain various kinds of licenses and it is often not clear whether
they are simply taxes under another name or whether the government agency issuing the licence provides
some kind of service in exchange, for example by exercising some supervisory, regulatory, or control
function. In the latter case, they could be regarded as purchases of services (2008 SNA, paragraphs 8.64c
and 9.70).

2.131 Payments by households for licenses to own or use certain goods or facilities are, by convention,
classified as consumption expenditure, not transfers, and are thus included within the scope of a CPI. For
example, license fees for radios, televisions, driving, firearms, and so on, as well as fees for passports are
included. On the other hand, licenses or fees for owning or using vehicles, boats and aircraft, and for
hunting, shooting and fishing are conventionally classified as current taxes and are therefore outside the
scope of CPIs. Many countries, however, do include taxes for private vehicle use as they regard them as
taxes on consumption for CPI purposes. As the actual circumstances under which licenses are issued, and
the conditions attaching to them, can vary significantly from country to country, NSOs may wish to deviate
from the proposed conventions in some instance. However, in general, it seems appropriate to make use
of conventions internationally agreed by the relevant experts and to be consistent with the SNA.

2.132 Gifts and subscriptions. Gifts are transfers, by definition (2008 SNA, paragraph 3.82), and thus
outside the scope of a CPI. Payments of subscriptions or donations to charitable organizations for which
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no easily identifiable services are received in return are also transfers (2008 SNA, paragraph 8.132). On
the other hand, payments of subscriptions to clubs and societies, including charities, which provide their
members with some kind of service (e.g., regular meetings, or magazines) can be regarded as HFCE and
included in a CPI.

2.133 Tips and gratuities. Non-compulsory tips or gratuities are considered gifts, and are outside the scope
of a CPI There may be cases, however, where, gratuities are compulsory and in these cases the payment
should be included in the expenditure on, and the price of, the good or service in questions. For example,
where restaurants include a compulsory service charge on the bill, this would be included in a CPL.22 In
cases where payment of a tip or gratuity is customary, although not compulsory, it could be argued that
because payment of a tip is expected, it should be included in both the expenditure and the price; however,
on practical grounds these tips and gratuities are often excluded because the amount given is discretionary
and it is not possible to define a single amount or percentage that should be added.

Insurance

2.134 Insurance. There are two main types of insurance, life and non-life insurance (2008 SNA, paragraph
17.6). In both cases the premiums have two components: the net premium, described as the payment for
the insurance, and the service charge payable to the insurance enterprise for arranging the insurance (i.e.,
a fee charged for calculating the risks, determining the premiums, administering the collection and
investment of premiums, and the payment of claims).

2.135 The service charge is not directly observable by the policy holders or insurance companies. It is an
integral part of the gross premium that is not separately identified in practice. As a payment for a service it
falls within the scope of a CPI, but it is difficult to estimate.

2.136 In the case of non-life insurance, the net premium is essentially a transfer that goes into a pool
covering the collective risks of policy holders as a whole. As a transfer, it falls outside the scope of a CPI.
In the case of life insurance, the net premium is essentially a form of financial investment. It constitutes the
purchase of a financial asset, which is also outside the scope of a CPI.

2.137 Finally, it may be noted that when insurance is arranged through a broker or agent separate from the
insurance company, the fees charged by the brokers or agents for their services are included within the
scope of the CPI, over and above the service charges made by the insurers.

Gambling

2.138 Gambling. The amounts paid for lottery tickets or placed in bets also consist of two elements that are
usually not separately identified — the payment of an implicit service charge (part of consumption
expenditure) and a current transfer that enters the pool out of which the winnings are paid (2008 SNA,
paragraph 8.136). Only the implicit or explicit service charges payable to the organizers of the gambling
and taxes fall within the scope of a CPI. The service charges are usually calculated at an aggregate level
as the difference between payables (stakes) and receivables (winnings).

Transactions in financial assets

2.139 Transaction in financial assets. Financial assets are not consumption goods or services (2008 SNA,
paragraph 11.8). The creation of financial assets and liabilities, or their extinction (e.g., by lending,

22 The SNA states that commissions, gratuities, and tips received by employees should be treated as payments for
services rendered by the enterprise employing the worker, and so should also be included in the output and gross value
added of the employing enterprise when they are paid directly to the employee by a third party (2008 SNA, paragraph
7.44). Therefore, the prices considered for final uses include the tips paid.
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borrowing, and repayments), are financial transactions that are quite different from expenditure on goods
and services and take place independently of them. The purchase of a financial asset is not expenditure
on consumption, being a form of financial investment.

2.140 Some financial assets, notably securities in the form of bills, bonds and shares, are tradable and
have market prices (2008 SNA, paragraph 11.64). They have their own separate price indices, such as
stock market price indices. Many of the financial assets owned by households are acquired indirectly
through the medium of pension schemes and life insurance. Excluding the service charges, pension
contributions by households are similar to payments for life insurance premiums. They are essentially forms
of investment and are thus excluded from CPIs. In contrast, the explicit or implicit fees paid by households
for the services rendered by financial auxiliaries such as brokers, banks, insurers (life and non-life), pension
fund managers, financial advisers, accountants, etc. are within the scope of a CPIl. Payments of such fees
are simply purchases of services. For more detailed information, see the section on Financial Services in
Chapter 11.

2.141 Purchases and sales of foreign currency. Foreign currency is a financial asset. Purchases and sales
of foreign currency are therefore outside the scope of CPIs. Changes in the prices payable, or receivable,
for foreign currencies resulting from changes in exchange rates are not included in CPIs. In contrast, the
service charges made by foreign-exchange dealers are included within the scope of CPIs when households
acquire foreign currency for personal use. These charges include not only explicit commission charges but
also the differences between the buying or selling rates offered by the dealers and the average of the two
rates (2008 SNA, paragraph 11.34).

2.142 Transactions in financial assets do not change wealth and there is no consumption involved. A
transaction of a financial asset merely rearranges the individual's asset portfolio by exchanging one type of
asset for another. For example, when a loan is made, the lender exchanges cash for a financial claim over
the debtor. Similarly, the borrower acquires cash counterbalanced by the creation of an equal liability. Such
transactions are irrelevant for CPI purposes.

2.143 In general, when a household borrows from financial institutions, including moneylenders, the
borrowed funds may be used for a variety of purposes including the purchase of assets such as dwellings
or financial assets (e.g., bonds or shares), as well as the purchase of expensive goods and services.
Similarly, the credit extended to the holder of a credit card can be used for a variety of purposes. In itself,
the creation of a financial asset and liability by new borrowing has no impact on a CPI. There is no good or
service acquired, no expenditure, and no price.

2.144 Hire purchase (see 2.147) and mortgage loans must be treated consistently with other loans. The
fact that certain loans are conditional on the borrower using the funds for a particular purpose does not
affect the treatment of the loan itself. Moreover, conditional loans are by no means confined to the purchase
of durable goods on “hire purchase”. Conditional personal loans may be made for other purposes, such as
large expenditure on education or health. In each case, the contracting of the loan is a separate transaction
from the expenditure on the good or service and must be distinguished from the latter. The two transactions
may involve different parties and may take place at quite different times.

2.145 Although the provision of finance is a separate transaction from the purchase of a good or service
for which it is used, it may affect the price paid. Each case needs to be carefully considered. For example,
suppose the seller agrees to defer payment for one year. The seller appears to make an interest-free loan
for a year, but this is not the economic reality. The seller makes a loan, but it is not interest-free. Nor is the
amount lent equal to the “full” price. Implicitly, the purchaser issues a short-term bill to the seller to be
redeemed one year later and uses the cash received from the seller to pay for the good. However, the
present value of a bill at the time it is issued is its redemption value discounted by one year’s interest. The



89

amount payable by the purchaser at the time the purchase of the good actually takes place is the present
discounted price of the bill and not the full redemption price to be paid one year later. It is this discounted
price that should be recorded for CPI purposes. The difference between the discounted price and the
redemption price is, of course, the interest that the purchaser implicitly pays on the bill over the course of
the year. This way of recording corresponds to the way in which bills and bonds are actually valued on
financial markets and also to the way in which they are recorded in both business and economic accounts
(2008 SNA, paragraph 17.266). Deferring payments in the manner just described is equivalent to a price
reduction and should be recognized as such in CPIs. The implicit interest payment is not part of the price.
Instead, it reduces the price. This example shows that in certain circumstances the market rate of interest
can affect the price payable, but it depends on the exact circumstances of the credit arrangement agreed
between the seller and the purchaser. Each individual case needs to be carefully considered on its merits.

2.146 This case needs to be clearly distinguished from hire purchase, considered in 2.147, when the
purchaser actually pays the full price and borrows an amount equal to the full price while contracting to
make explicit interest payments in addition to repaying the amount borrowed.

2.147 Hire purchase. Under a hire purchase agreement, a buyer leases a good over a period of time and
does not acquire ownership until the full amount of the contract is paid (2008 SNA, paragraph 9.73). In the
case of a durable good bought on hire purchase, it is necessary to distinguish the de facto, or economic,
ownership of the good from the legal ownership. The time of acquisition is the time the hire purchase
contract is signed, and the purchaser takes possession of the durable. From then onwards, it is the
purchaser who uses it and derives the benefit from its use. The purchasing household becomes the de
facto owner at the time the good is acquired, even though legal ownership may not pass to the household
until the loan is fully repaid.

2.148 By convention, the purchasing household is treated as buying the good at the time possession is
taken and paying the full amount in cash at that point. At the same time, the purchaser borrows, either from
the seller or some financial institution specified by the seller, a sum sufficient to cover the purchase price
and the subsequent interest payments. The difference between the cash price and the total sum of all the
payments to be made is equal to the total interest payable. The relevant price for CPI purposes is the cash
price payable at the time the purchase takes place whether or not the purchase is facilitated by some form
of borrowing. The treatment of hire purchase is the same as that of financial leases whereby fixed assets,
such as aircraft, used for purposes of production are purchased by a financial institution and leased to the
producer for most or all of the service life of the asset (2008 SNA, paragraph 17.304). This is essentially a
method of financing the acquisition of an asset by means of a loan and needs to be distinguished from
operational leasing, such as hiring out cars for periods of time (2008 SNA, paragraph 17.301). The
treatment of hire purchase and financial leasing outlined here is followed in both business and economic
accounting.

2.149 Interest payments. The treatment of interest payments on the various kinds of debt that households
may have incurred raises both conceptual and practical difficulties. Nominal interest is a composite payment
covering four main elements whose mix may vary considerably. The first component is the pure interest
charge, which is the interest that would be charged if there were perfect capital markets and perfect
information. The second component is a risk premium that depends on the credit worthiness of the
individual borrower and can be regarded as a built-in insurance charge against the risk of the debtor
defaulting. The third component is a service charge incurred when households borrow from financial
institutions that make a business of lending money. Finally, when there is inflation, the real value of a loan
fixed in monetary terms (i.e., its purchasing power over goods and services) declines with the rate of
inflation. However, creditors offset the real holding, or capital, losses they expect to incur by charging
appropriately high rates of nominal interest. For this reason, nominal interest rates vary directly with the
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expected rate of general inflation, a universally familiar phenomenon under inflationary conditions. In these
circumstances, the main component of nominal interest may therefore be the built-in payment of
compensation from the debtor to the creditor to offset the latter’s real holding loss. When there is very high
inflation it may account for almost all of the nominal interest charged.

2.150 The treatment of the first component, the pure interest charge, is somewhat controversial but this
component may account for only a small part of the nominal interest charged. The treatment of the second
component, insurance against the risk of default, is also somewhat controversial because it can be difficult
to measure in practice.

2.151 The third component, the payment of compensation for the creditor’s real holding loss, is clearly
outside the scope of a CPI. It is essentially a financial transaction. It may account for most of nhominal
interest under inflationary conditions.

2.152 The fourth component constitutes the purchase of a service from financial institutions whose
business is to make funds available to borrowers. It is known as the financial service indirectly measured
and clearly falls within the scope of a CPI. It is included in COICOP (COICOP 2018, class 12.2.1). The
service charge is not confined to loans made by “financial intermediaries”, institutions that borrow funds in
order to lend them to others. Financial institutions that lend out of their own resources provide the same
kind of services to borrowers as financial intermediaries. When sellers lend out of their own funds, they are
treated as implicitly setting up their own financial institution that operates separately from their principal
activity. The rates of interest of financial institutions also include service charges.

2.153 ltis clear that interest payments should not be treated as if they were just pure interest or even pure
interest plus a risk premium. It is very difficult to disentangle the various components of interest. It may be
practically impossible to make realistic and reliable estimates of the service charges embodied in most
interest payments. Moreover, for CPI purposes it is necessary to estimate not only the values of the service
charges but changes in the prices of the services over time. Given the complexity of interest flows and the
fact that the different flows need to be treated differently, payments of nominal interest should not be
included in a CPI, especially in inflationary conditions.

Household production

2.154 Household production. Households can engage in various kinds of productive activities that may be
either aimed at the market or intended to produce goods or services for own consumption (2008 SNA,
paragraphs 1.41 and1.42).

2.155 Households may engage in business or commercial activities such as farming, retail trading,
construction, the provision of professional or financial services. Goods and services that are used up in the
process of producing other goods and services for sale on the market constitute intermediate consumption
(2008 SNA, paragraph 6.213). They are not part of the final consumption of households. The prices of
intermediate goods and services purchased by households are not to be included in CPlIs. In practice, it is
sometimes difficult to draw a clear distinction between intermediate and final consumption, as the same
goods and services may be used for either purpose.

2.156 Households do not in fact consume directly all the goods and services they acquire for purposes of
consumption. Instead, they use them as inputs into the production of other goods or services which are
then used to satisfy their needs and wants. For example, basic foodstuffs such as flour, cooking oils, raw
meat and vegetables may be processed into bread, cakes, or meals with the assistance of other inputs
including fuels, the services provided by consumer durables, such as fridges and cookers, and labor of
members of the household. Inputs of materials, equipment, and labor are used to clean, maintain, and
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repair dwellings. Inputs of seeds, fertilizers, insecticides, equipment, and labor are used to produce
vegetables or flowers; and so on.

2.157 The practical alternative, if the output is not intended for sale, is to treat the goods and services
acquired by households on the market for use as inputs into the various kinds of household production
activities as if they were themselves final consumer goods and services. They provide utility indirectly
assuming that they are used exclusively to produce goods and services that are directly consumed by
households. This is the practical solution that is generally adopted not only in CPIs but also in national
accounts where household expenditure on such items is classified as final consumption. Although this
seems a simple and conceptually acceptable solution, exceptions may be made for specific kinds of
household production that are particularly important and whose outputs can readily be identified.

2.158 Subsistence agriculture. In the national accounts, an attempt is made to record the value of the
agricultural output produced for own consumption. In some countries, subsistence agriculture may account
for a large part of the production and consumption of agricultural produce. The national accounts require
such outputs to be valued at their market prices (2008 SNA, paragraphs 24.47 to 24.49). For an index used
for monetary policy purposes or as a general macroeconomic measure of inflation, it is not appropriate to
follow this procedure for CPI purposes.

2.159 A CPI may record either the actual input prices or the imputed output prices, but not both. If the
imputed output prices for subsistence agriculture are included in a CPI, the prices of the purchased inputs
should be excluded. This could remove from the index most of the market transactions made by such
households. Expenditure on inputs may constitute the principal contact that the households have with the
market and through which they experience the effects of inflation. It therefore seems preferable to record
the actual prices of the inputs and not the imputed prices of the outputs in CPIs.

2.160 Housing services produced for own consumption. There is no uniqgue recommendation for the
treatment of owner-occupied housing services in the CPI, as described in Chapter 11. There is no general
consensus on what constitutes best practice. Conceptually, the production of housing services for own
consumption by owner-occupiers is no different from other types of own account production taking place
within households. The distinctive feature of the production of housing services for own consumption, as
compared with other kinds of household production, is that it requires the use of an extremely large fixed
asset in the form of the dwelling. In economics, and also national accounting (2008 SNA, paragraphs 6.34
and 6.117), a dwelling is regarded as a fixed asset so that the purchase of a dwelling is classified as gross
fixed capital formation and not as the acquisition of a durable consumer good.

2.161 It is important to note that there are two quite distinct service flows involved in owner-occupied
housing services. One consists of the flow of capital services provided by the dwelling which are consumed
as inputs into the production of housing services. The other consists of the flow of housing services
produced as outputs which are consumed by members of the household. The two flows are not the same.
The value of the output will be greater than that of the input. The capital services are defined and measured
in exactly the same way as the capital services provided by other kinds of fixed assets, such as equipment
or structures other than dwellings. As explained in more detail in Chapter 11, the value of the capital
services is equal to the user cost and consists primarily of two elements, depreciation and interest, or capital
costs. Capital costs are incurred whether or not the dwelling is purchased by borrowing on a mortgage.
When the dwelling is purchased out of own funds, the interest costs represent the opportunity cost of the
capital tied up in the dwelling; that is, the foregone interest that could have been earned by investing
elsewhere.

2.162 There are three main options for the treatment of own account production and consumption of owner-
occupied housing services in CPIs. One is to price the output of housing services consumed by owner



92

occupiers. The second is to price the inputs, including the inputs of capital services. The third is to include
the price of the dwelling. If housing services are to be treated consistently with other forms of production
for own consumption by households, the input approach should be adopted. The production and
consumption of housing services by owner-occupiers may, however, be considered to be so important as
to merit special treatment.

2.163 If it is decided to price the outputs, the prices may be estimated using the market rents payable on
rented accommodation of the same type. This is described as the rental equivalence approach. One
practical problem is that there may be no accommodation of the same type that is rented on the market.
For example, there may be no rental market for rural dwellings in developing countries where most of the
housing may actually be constructed by the households themselves. Another problem is to ensure that the
market rents do not include other services, such as electricity or heating, that are additional to the housing
services. An additional challenge is that market rents, like the rentals charged when durables are leased,
have to cover the operating expenses of the renting agencies as well as the costs of the housing services
themselves and also provide some profit to the owners. Finally, rented accommodation is inherently
different from owner-occupied housing in that it may provide the tenants with more flexibility and mobility.
The transaction costs involved in moving from one house to another may be much less for tenants than for
owners.

2.164 In principle, if the output approach is adopted then the prices of the inputs into the production of
housing services for own consumption, such as expenditure on repairs, maintenance and insurance, should
not be included. Otherwise, there would be double counting.

2.165 The alternative is to price the inputs into the production of housing services for own consumption in
the same way that other forms of production for own consumption within households are treated. In addition
to intermediate consumption, such as expenditure on repairs, maintenance and insurance, the costs of the
capital services must be estimated and their prices included in the CPI. The technicalities of estimating the
values of the flow of capital services are dealt with in Chapter 9 of the publication Consumer Price Index
Theory. As in the case of other types of production for own consumption by households, it is not appropriate
to include the estimated costs of labor provided by the owners.

2.166 Whether the input or the output approach is adopted, it can be challenging to estimate the relevant
prices. The practical difficulties experienced may sometimes be so great as to lead compilers and users to
query the reliability of the results. There is also some reluctance to use imputed prices in CPIs, whether the
prices refer to the inputs or the outputs. It has therefore been suggested that the attempt to measure the
prices of housing service flows should be abandoned. Instead, it may be preferred to include the prices of
the dwellings in the CPI. In most cases these are observable market prices, although many dwellings,
especially in rural areas in developing countries, are also built by their owners, in which cases their prices
still have to be estimated on the basis of their costs of production. Ultimately, it may be useful for CPI
compilers to rely on owner-occupied dwelling services estimated in the national accounts.

2.167 Including the prices of dwellings in CPIs should involve a significant change in the scope of the index.
A dwelling is clearly an asset and its acquisition is gross fixed capital formation and not HFCE. While the
same argument applies to durables, there is a substantial difference of degree between a durable
consumption good and a dwelling as reflected by the considerable differences in their prices and their
service lives. In principle, therefore, extending the scope of a CPI to include dwellings implies extending
the scope of the index to include gross fixed capital formation.

2.168 The advantage of including dwellings in the CPI is that it does not require estimates of either the
input or output service flows, but conceptually it deviates significantly from the concept of a CPI as
traditionally understood. In the case of both durable consumption goods and dwellings, the options are
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either to record the acquisitions of the assets in the CPIs at their market prices or to record the estimated
prices of the service flows, but not both. Just as no service flows from durables are included in CPIs at
present because their acquisitions were included, similarly if the prices of dwellings are included in CPlIs,
the service flows would have to be excluded. As explained in Chapter 11, the acquisitions approach may
give insufficient weight to durables and dwellings over the long run because it does not take account of the
capital costs incurred by the owners of the assets.

Treatment of some specific household expenditure

2.169 Some of the expenditure made by households may not be on goods and services for household
consumption and would therefore fall outside the scope of a CPI. One major category consists of the
business expenditure made by households.

Fees of agents and brokers

2.170 Fees of agents and brokers. The 2008 SNA classifies expenses associated with the transfer of real
estate (including real estate agents’ commissions) as part of gross fixed capital formation (2008 SNA,
paragraphs 10.48 to 10.52). Although harmonization is desirable, in some countries some CPI concepts do
not precisely follow the national accounts concepts.

2.171 When a house is purchased for own use by an owner-occupier, it can be argued that the transfer
costs associated with purchase (and sale) should be treated as consumption expenditure. The fees paid to
an agent to buy or sell houses are included in many national CPIs, provided that the house is to be occupied
by the owner and not rented to a third party.

Undesirable, informal, or illegal goods and services

2.172 Non-observed economy: informal or illegal production of goods and services (2008 SNA, paragraphs
6.39-6.48). As described in 2.56, HFCE includes the expenditure incurred by resident households on
consumption good and services, and therefore these fall within the scope of a CPI, irrespective of whether
their production, distribution, or consumption is informal or illegal. Particular kinds of goods or services must
not be excluded from the CPI because their consumption is socially discouraged, or their production
informal or illegal. Such exclusions could be quite arbitrary and undermine the objectivity and credibility of
the CPI. In the case where certain goods or services have been excluded from the index, these exclusions
should be clearly documented and explained.

2.173 First, it should be noted that some goods and services might be deemed to be undesirable at
sometimes and desirable at others, or vice versa. Similarly, some goods or services may be deemed to be
undesirable in some countries but not in others at the same point of time. The concept of an undesirable
good or service is inherently subjective and somewhat arbitrary and volatile.

2.174 Second, if it is accepted that some goods and services may be excluded on the grounds that they
are undesirable, the index is thereby exposed to actual or attempted manipulation by pressure groups.

2.175 Third, attempts to exclude certain goods or services by pressure groups may be based on a
misunderstanding of the implications of so doing. For example, if the CPI is used for escalating incomes, it
may be felt that households ought not be compensated for increases in the prices of certain undesirable
products. However, excluding them does not imply lowering the index. A priori, excluding some item is just
as likely to increase the CPI as reduce it, depending on whether the price change for the item in question
is below or above the average for other goods and services. For example, if it is decided to exclude tobacco
from a CPI and the price increase for tobacco products is below average, excluding tobacco actually
increases the real income of smokers.
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2.176 While goods and services that households consume should not, in principle, be excluded from a CPI
because they are acquired in the informal economy or even illegally, it may be impossible to obtain the
requisite data on the expenditure or the prices, especially on illegal goods and services. They may well be
excluded in practice.

Luxury goods and services

2.177 Luxury goods and services. When a CPI is used as an index of general inflation, it ought to include
all households regardless of their socioeconomic group and also all consumer goods and services
regardless of how expensive they are. Similarly, the scope of an index used for purposes of escalating
incomes should include all the goods and services purchased by the reference households, irrespective of
whether any of these goods and services are considered to be luxuries or otherwise unnecessary.

2.178 If the reference households are confined to a selected group of households, the index will effectively
exclude all those items that are purchased exclusively by households that are not in the group. For example,
excluding the wealthiest five percent of households will, in practice, exclude many luxury items from the
scope of the index. As already noted, such households may be excluded for various reasons, including the
unreliability of their expenditure data and the fact that collecting prices for some items purchased exclusively
by a relatively small minority of households may not be cost effective. However, once the group of reference
households has been decided and defined, judgements should not be made about whether to exclude
certain part of their expenditure that is considered to be non-essential or on luxuries.

Second-hand goods

2.179 Second-hand goods. Markets for used or second-hand goods exist for most durable goods. HFCE
includes expenditure on second-hand goods and these are therefore within the scope of a CPI. Household
sales of durables constitute negative expenditure, and the weights for second-hand goods are based on
household net expenditure (i.e., total purchases less sales). The total expenditure on a particular type of
second-hand good is a function of the rate at which it is bought and sold (i.e., a higher turnover rate or
number of transactions gives a higher total expenditure). A higher turnover does not, however, increase the
rate at which any individual good can be used for purposes of consumption or the flow of services that may
be obtained from the good.

2.180 Households may buy second-hand goods through any of the following routes:

e Directly from another household — the selling household will record the proceeds of the sale as
receipts. Net expenditure (i.e., expenditure less receipts) is zero, so no weight is attached to
purchases and sales from one household to another.

e From another household via a dealer — in principle, household expenditure on the services of the
dealers is given by the values of their margins (the difference between their buying and selling
prices). These intermediation services should be included in CPIs. They should be treated in the
same way as the fees charged by financial intermediaries. The margins may be extremely difficult
to estimate in practice. Care should be taken to include trade-ins either as purchases by the dealers
or receipts of households.

e Directly from another sector (e.g., from a corporation or from abroad) — the weight would be
household purchases of the second-hand goods from other sectors less sales to other sectors.

e From another sector (e.g., corporation or from abroad) via a dealer — the appropriate weight is
given by household purchases from dealers less any household sales to dealers plus the aggregate
of dealers’ margins on the goods that they buy from and resell to households.
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2.181 In some countries, many of the durables purchased by households, especially vehicles, may be
imports of second-hand goods from other countries. The prices and expenditure on these goods enter the
CPI in the same way as those for newly produced goods. Similarly, in some countries there may be
significant net purchases of second-hand vehicles by households from the corporations’ sector.

Imputed expenditure on goods and services

2.182 Imputed expenditure on goods and services. As explained in paragraphs 2.59-2.67, many of the
goods and services acquired and used by households for their final consumption are not purchased in
monetary transactions but are acquired through barter or as remuneration in kind, or are produced by
households for their own consumption. It is possible to estimate what households would have paid if they
had purchased these goods and services in monetary transactions or, alternatively, what it cost to produce
them. In other words, values may be imputed for the non-monetary transactions.

2.183 The extent to which it is desirable to include imputed expenditure within the scope of a CPI depends
partly on the main purpose of the index. If the CPI is intended to be a measure of consumer inflation, it can
be argued that only monetary transactions should be included. Inflation is a monetary phenomenon
measured by changes in prices recorded in monetary transactions. Transactions include the buying and
selling of a good or service. Monetary transactions occur when a seller exchanges ownership of a good or
service in exchange for some form of monetary payment. Even when the main use of a CPI is for indexation
purposes, it can be argued that it should only reflect changes in the monetary prices actually paid by the
reference population. For example, consistent with the objective of monitoring inflation in the EU, the aim
of the HICP compiled by Eurostat is to measure inflation faced by consumers. The concept of HFMCE used
in the HICP defines both the goods and services to be covered, and the price concept to be used (i.e.,
prices net of reimbursements, subsidies, and discounts). HFMCE refers only to monetary transactions and
includes neither consumption of own production (e.g., agricultural goods or owner-occupied housing
services), nor consumption of goods and services received as income in kind.

2.184 Discounts, rebates, loyalty schemes and “free” products. CPIls should take into account the effects
of rebates, loyalty schemes, and money-off vouchers. Given that a CPI is meant to cover all the reference
households, whether in the country as a whole or in a particular region, discounts should be included even
if they are available only to certain households or to consumers satisfying certain payment criteria.

2.185 It may be difficult to record discriminatory or conditional discounts for practical reasons. When only
one selected group of households can enjoy a certain discount on a specific product, the original stratum
for that product is split into two new strata, each experiencing different price changes and each requiring a
weight. So, unless weight reference period expenditure for all possible strata are known, it is not possible
to record discriminatory discounts correctly. Similarly, with conditional discounts (e.g., discounts on utility
bills for prompt payment), it can be difficult to record the effect of the introduction of such offers unless data
are available on the proportion of customers taking advantage of the offer. These kinds of practical
problems also arise when there is price discrimination and the sellers change the criteria that define the
groups to whom different prices are charged, thereby obliging some households to pay more or less than
before without changing the prices. These cases are discussed further in Chapter 5.

2.186 Although it is desirable to record all price changes, it is also important to ensure that the qualities of
the goods or services for which prices are collected do not change in the process. While discounted prices
may be collected during general sales or discount seasons, care should be taken to ensure that the quality
of the products being priced has not deteriorated.

2.187 The borderline between discounts and rebates can be hazy and is perhaps best drawn according to
timing. In other words, a discount takes effect at the time of purchase, whereas a rebate takes effect some
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time later. Under this classification, money-off vouchers are discounts, and as with the conditional discounts
mentioned in paragraph 2.185 above, can only be taken into account in a CPI if they relate to a single
product and if the take-up rate is known at the time of CPI compilation. Since this is highly unlikely, the
effect of money-off vouchers is usually excluded from a CPI. It should be noted that the discount is recorded
only when the voucher is used, not when the voucher is first made available to the consumer.

2.188 Rebates may be made in respect of a single product (e.g., air miles), or may be more general (e.g.,
supermarket loyalty schemes where a $10 voucher is awarded for every $200 spent). As with discounts
discussed above, such rebates can only be recorded as price falls if they relate to single products and can
be weighted according to take-up. Bonus products provided “free” to the consumer, either by larger pack
sizes or offers such as “two packs for the price of one”, should be treated as price reductions, although they
may be ignored in practice when the offers are only temporary and quickly reversed. When permanent
changes to pack sizes occur, quality adjustments should be made (see Chapter 6).

2.189 Given the practical difficulties in correctly recording all these types of price decreases, it is usual to
reflect discounts and rebates only if widely available. More and more countries include discounts associated
with loyalty cards because most shoppers obtain and use the loyalty card, effectively meeting the criteria
that the discount or rebate should be widely available. Discounts during seasonal sales may be recorded
provided that the quality of the goods does not change.

2.190 As noted in Chapter 10, scanner data more effectively reflects discounts, sales, and promotions.

D. CPI Classifications

2.191 The classification system upon which any CPl is built provides the structure essential for many stages
of CPI compilation. Most obviously, it provides the weighting and aggregation structure, but it also provides
the basis for stratification of products in the sampling frame, at least down to a certain level of detail, and it
dictates the range of sub-indices available for publication.

2.192 The international standard for classification of individual final consumption expenditure is the
Classification of Individual Consumption According to Purpose (COICOP). COICOP is part of a set of
classifications of expenditure according to purpose, also known as functional classifications, and have
formed an integrated part of the SNA since 1968 (2008 SNA, paragraphs 29.9-29.20). COICOP covers the
individual final consumption expenditure incurred by three institutional sectors: households, NPISHs, and
general government. Individual final consumption expenditure is that which benefit individual persons or
households.

2.193 A few countries continue to use a country-specific classification system and have not adopted
COICOP. To enhance international comparison, these countries should provide bridge tables to map their
national classification systems to COICOP.

2.194 While part of the SNA, COICOP is intended for use in several other statistical areas. In addition to
CPIs, COICORP is also used for HBS, analysis of living standards, and for compilation of PPPs.

2.195 COICOP was revised in 2018 to reflect changes in consumption patterns and the emergence of new
goods and services since the previous version, introduced in 1999. The updated version, referred to as
COICOP 2018, consists of 15 Divisions:

e Divisions 01 to 13 covering the final consumption expenditure of households
e Division 14 covering the final consumption expenditure of NPISHs

e Division 15 covering the individual consumption expenditure of general government
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2.196 COICOP 2018 has four levels of detail organized in a hierarchical structure - Divisions, Groups,
Classes and Sub-Classes:

¢ Division (two-digit level) e.g. 03 Clothing and footwear

e Group (three-digit level) e.g. 03.1 Clothing

e Class (four-digit level) e.g. 03.1.2 Garments

e Sub-Class (five-digit level) e.g.03.1.2.1  Garments for men or boys

2.197 Divisions 01 to 13, which cover households, include 63 Groups, 186 Classes, and 338 Sub-Classes.
The full COICOP 2018 structure can be found in Annex 3.

2.198 Classifying according to purpose. COICOP groups HFCE on individual goods and services according
to the purpose they are deemed to fulfil, such as nourishing the body, preventing and curing iliness,
acquiring knowledge, or travelling from one place to another. The principle of classifying according to
purpose means that where similar or related products exist in either physical or virtual forms (e.g., books,
music, videos, or games) the product should be categorized in a unique class based on the predominant
purpose. For example, the purchase of electronic or virtual books (e.g., eBooks, or audiobooks) should be
classified in the same Class or Sub-Class as paper books because they are used for the same purpose.
Similarly, software and apps may provide the household with a specific service. If the payment is actually
not for the software but for an associated service, which is provided with the help of the software or the
app, the expenditure should be classified under the corresponding service. As a general rule, expenditure
on second-hand goods are classified together with the new goods since they are used for the same
purpose. One exception is the recording of motor cars, where the Sub-class level allows a separate
recording of new motor cars and second-hand motor cars (COICOP 2018 Sub-class 07.1.1.2).

2.199 Multi-purpose goods and services. While most goods and services can be assigned to a single
purpose, some goods and services could plausibly be assigned to more than one purpose. Examples
include motor fuel which may be used to power vehicles classified as transport as well as recreational
vehicles; bicycles which may be purchased for transport or recreational purposes; or sports footwear which
may be used for sports or for leisure wear. In cases where goods and services can be used for different
purposes they should be assigned to the Division considered to represent the primary or predominant
purpose.

2.200 Disaggregation of COICOP. The detail provided by COICOP, even at its most detailed level, may not
be sufficient for the required analysis or to meet country-specific needs. In such cases, Classes or Sub-
Classes can be further subdivided as needed. There are clear advantages in maintaining the basic structure
of COICOP to facilitate comparison between countries, over time and between different statistical domains
such as CPIs, household expenditure statistics, and national accounts aggregates. It is recommended that
additional detailed categories created to meet specific needs still can be aggregated into the existing
COICORP Class or Sub-Class.

2.201 Type of product. COICOP Classes and Sub-classes are divided into services (S), non-durables (ND),
semi-durables (SD), and durables (D). This additional classification facilitates other analytical applications.
For example, an estimate may be required of the stock of consumer durables held by households, in which
case the goods in those COICOP Classes that are identified as “durables” provide the basic elements for
such estimates. As explained earlier in paragraphs 2.64 and 2.65 the distinction between non-durable
goods and durable goods is based on whether the goods can be used only once or whether they can be
used repeatedly or continuously over a period of more than one year. Semi-durable goods differ from
durable goods in that their expected lifetime of use, though more than one year, is often significantly shorter
and their purchasers’ value is substantially less.
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2.202 Although a systematic separation between goods and services is applied, some Classes and Sub-
classes contain both because it is difficult for practical reasons to break them down into goods and services.
Such Classes and Sub-classes are usually assigned an S, as the service component is considered to be
predominant. Similarly, there are Classes that contain either both non-durable and semi-durable goods, or
both semi-durable and durable goods. Such classes and subclasses are assigned an ND, SD, or D
according to which type of good is considered to be predominant.

2.203 Bundled goods and services. Single expenditure outlays (i.e., where there is no itemized price
information for the individual goods or services) may sometimes comprise a bundle of goods and services
that serve different purposes. Examples include telecommunication (e.g., payment of one price for multiple
services that include mobile phone, internet, television, and landline telephone); package tours which
include payment for transport, accommodation, and catering services; education services that include
payment for transport, accommodation, and educational materials; in-patient hospital services that include
payments for medical treatment, accommodation, and catering; and transport services that include meals
and accommodation in the ticket price (e.g., passenger air transport). Single outlays covering two or more
purposes and not separately invoiced should be classified according to the predominant product or service
of the bundle.

1. Key changes from COICOP 1999 to COICOP 2018

2.204 COICOP 2018 reflects changes in consumption patterns and the emergence of new goods and
services. The main changes from COICOP 1999 and COICOP 2018 include the following:

Introduction of a new Sub-Class level

2.205 COICOP 2018 introduces an additional fifth-digit level denominated Sub-Class that was not part of
COICOP 1999. The introduction of these new Sub-Classes facilitates further harmonization of data
collection and aggregation, improving comparability of the resulting statistics. It also improves the
correspondence with the Central Product Classification to more easily reconcile with production data.

Restructuring of Division 06 Health

2.206 Division 06 is restructured to allow for a better alignment of COICOP with the International
Classification for Health Accounts and its family of classifications.

Restructuring between Division 08 Information and Communication and Division
09 Recreation, Sport and Culture and renaming of the Divisions

2.207 To better reflect household use of information and communication technology, a number of goods
and services have been moved from Division 09 to Division 08. Division 08 has been renamed Information
and Communication (formerly Communication) and Division 09 was renamed Recreation, Sport and Culture
(formerly Recreation and Culture) to better reflect the coverage of the Divisions.

Division 12 Insurance and Financial Services and Division 13 Personal Care,
Social Protection and Miscellaneous Goods and Services

2.208 Personal Care, Social Protection, and Miscellaneous Goods were included in Division 12 of COICOP
1999; Division 12 of COICOP 1999 has been divided into two Divisions in COICOP 2018 — Division 12
Insurance and Financial Services, and Division 13 Personal Care, Social Protection, and Miscellaneous
Goods and Services. This change creates two, more homogeneous, Divisions.

2.209 In addition to the above-mentioned major changes, a humber of changes were introduced at the
more detailed levels for most Divisions.
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2. Implementing COICOP 2018

2.210 Implementation of COICOP 2018 must be done with care to avoid confusing data users, and to
prevent any loss in user confidence that could result from this confusion. NSOs should coordinate the
implementation of COICOP 2018 simultaneously across programs (e.g., national accounts and CPI). To
further minimize any impact on data users, the introduction of COICOP 2018 should coincide with a routine
update of the CPI.

E. Key recommendations

e Consult with key data users to identify and define uses for CPI data. This ensure that the data
compiled remain relevant. It is important that NSOs consult with data users on a routine and regular
basis.

e When the CPI is used for inflation analysis and monetary policy purposes, the domestic concept
should be used.

o When the CPI is used only for escalating the incomes of residents, it may be appropriate to adopt
the national concept.

e The weights and prices in the CPI should be based on the purchaser’s price. Purchaser’s prices
refer to those prices paid by consumers to acquire ownership of goods or services and include any
taxes and service charges on the products, and taking account of all discounts, subsidies and most
rebates, even if discriminatory or conditional.

e NSOs are encouraged to provide central banks with detailed weight, item, and price data in
anonymized forms so that they may calculate different measures of core inflation or for analytical
purposes.

e Geographic coverage of expenditure should include all expenditure of households regardless of
income, size, or location (urban and rural).

e Geographic coverage of price collection should be as broad as possible.

e |tis critical to communicate and explain changes adopted when implementing COICOP 2018. The
introduction of COICOP 2018 should coincide with a routine CPI update.
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Chapter 3 Expenditure Weights and Their Sources

A. Introduction

3.1. A consumer price index (CPI) is usually calculated as a weighted average of the relative price
changes of the goods and services covered by the index. The weights attached to each good or service
reflect their relative importance as measured by their shares in the total consumption of all households. The
weight determines the impact that its price change will have on the overall index. The weights should be
made publicly available for the information of data users, to ensure public confidence in the index and
enhance transparency. The International Monetary Fund maintains a CPI database that includes detailed
weight data?s.

3.2. Because the weights assigned to the different goods and services in the basket influence changes
in the CPI, the accuracy and reliability of CPI estimates depend upon the quality of the weights used.
Therefore, it is necessary to have weights that reflect, as closely as possible, current consumer expenditure
patterns.

3.3. Chapter 3 discusses what the CPI weights should represent and how they can be derived. First,
this chapter provides an overview of the conceptual basis of the weights to clarify what expenditure should
be included when developing weights. Next, the main data sources for the weights are introduced and the
practical steps that must be completed when deriving weights are discussed. Finally, some special cases
are discussed at the end of this chapter.

B. Conceptual basis of the weights

3.4. The expenditure weights used in a CPI have to be consistent with the conceptual framework of the
index as discussed in Chapter 2. Expenditure data can be obtained from different data sources with
household budget surveys (HBS) being the most common. When exploiting these data sources, the scope
and the concept of the index will determine which goods and services should be covered in the CPI weights.
If countries compile supplementary or alternative CPIs to meet multiple user needs, separate weighting
structures would then be estimated, reflecting the different concepts or intended uses of the index. The
main conceptual aspects that must be considered when deriving weights are discussed in paragraphs 3.5
to 3.18.

1. Geographical coverage: National versus Domestic concept

3.5. The geographical coverage of a CPl may follow either the “national” concept or the “domestic”
concept. The national concept measures price changes experienced by resident households, regardless of
whether expenditure is made within the country or abroad. Under the domestic concept, the scope of the
CPI (in terms of both prices and weights) considers the economic territory and includes expenditure of both
residents and non-residents.

3.6. An HBS generally identifies all relevant expenditure made by resident households and may make
distinction between expenditure made within the economic territory and abroad. If the main purpose of the
index is to measure price changes experienced by resident households, the weights should, in principle,
include their expenditure abroad. If, however, the aim is to include the expenditure made by foreign visitors,
thus reflecting all purchases of consumer goods and services made by resident or non-resident households

23 Available at http://data.imf.org/?sk=4FFB52B2-3653-409A-B471-D47B46D904B5.
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within the country, sources other than the HBS must be used. An HBS does not cover expenditure made
by non-resident households.

3.7. For practical reasons, even if the weights cover the expenditure made both at home and abroad,
prices may be collected only for those goods and services acquired within the economic territory of the
country. Such an approach assumes that the price changes of the goods and services acquired abroad are
similar to the price changes for the same goods and services acquired at home. Alternatively, it may be
possible to use CPI sub-indices compiled by the respective countries to measure the price changes of the
goods and services acquired abroad.

3.8. In principle, the weights should represent the whole country and all regions should be covered.
Separate expenditure weights can also be derived for each region, in which case the expenditures must be
sufficiently representative at the regional level. This is especially important if the expenditure pattern differs
between regions. For instance, it is common that the consumption habits vary between urban and rural
areas. The same principle applies to harmonized CPIs, covering a group of countries, where each country
can be regarded as a “region” with its own national weights.

3.9. The discussion of national and domestic concepts applies to regional sub-divisions. It can
sometimes be the case that a household lives in one region but does most of its purchases in an adjacent
region, particularly if it lives close to a regional border. Practical issues dictate whether the expenditure
weights (and the prices) should be allocated to the region of expenditure or the region of residence. In any
case, treatment should be consistent across all regions to avoid missing or double-counting parts of
household expenditure.

2. Population coverage

3.10. The target or reference populations will be defined based on the main purpose and use of the index,
as described in Chapter 2. In principle, all types of households should be covered, irrespective of their
income or other socio-economic factors. If any income groups, types of households, or geographic areas
are excluded, for example, for cost or practical considerations, this should be explicitly stated in the index
metadata. In some countries the wealthiest households are excluded because their expenditure may be
atypical or the HBS information may be less reliable. Other countries may exclude the expenditures of the
very poor for the same reason. Another practice is to compile a CPI which excludes both extremes of the
income distribution. If the primary use of the CPI is for adjusting incomes of a certain subgroup of the
population for increases in the cost of living, then such subgroup may be the appropriate target population.

3.11. The weights may or may not include the expenditure made by people living in institutional
households. Institutional households refer to people living permanently in an institution or who may be
expected to reside in an institution for a very long time, as described in Chapter 2. Many countries exclude
expenditure of such households in their CPI because of the difficulty of obtaining reliable expenditure
information, or because the expenditure associated with such households is unlikely to be significant in
comparison with private households. The choice to include or exclude the expenditure made by institutional
households may depend on the main source for the weights. While weights primarily based on national
accounts household final consumption expenditure (HFCE) data may include consumption of institutional
households, the weights primarily based on an HBS would exclude consumption expenditures of
institutional households. In considering the practical challenges relating to the inclusion of institutional
households in a CPI, two questions need to be asked. First, is the expenditure pattern of institutional
households likely to be significantly different from private households? Secondly, even if the answer is yes,
would their exclusion from the CPI be likely to significantly affect the national CPI1?

3. Monetary and non-monetary transactions
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3.12. A portion of HFCE consists of non-monetary transactions, such as expenditure on goods and
services produced for own account and remuneration in kind. Furthermore, as described in Chapter 2, the
broader concept of household actual final consumption includes goods and services provided without
charge or subsidized by governments and non-profit institutions serving households (NPISH). Depending
on the main use of the CPI, a decision must be made whether to include non-monetary transactions in the
weights or if it is more appropriate to limit the scope of the index to monetary transactions only. Production
for own consumption is treated by some countries as within the scope of the CPI, and in other countries as
out of scope. In some countries, own-account production constitutes a significant portion of HFCE. It can
be argued that while it is part of Gross Domestic Product (GDP) and should therefore be included to improve
consistency with national accounts, and especially for producing deflators, it is not necessarily appropriate
for a CPl used as a general measure of inflation or for indexation where the narrowest concept of
consumption, based on monetary transactions, is used. If the CPI includes own-account production, the
weights should include a valuation of the physical quantities of such products, the latter often derived from
the HBS.

4. Expenditures that are out-of-scope

3.13. Inits role as a measure of total consumer inflation, the CPI should, in principle, cover all types of
goods and services that are consumed by the reference population. Some types of products may be
excluded for practical reasons. These may include products that are illegal, black market sales, gambling,
or prostitution. Some products may also be excluded because of policy reasons. For instance, it can be
decided to exclude certain categories of goods or services for purposes of compiling alternative
aggregations or for analysis (e.g., exclude tobacco from an index that is used for a specific purpose).
Whenever certain in-scope goods or services have been excluded from the index, this should be clearly
documented and explained to users.

3.14. Only household consumption expenditure is relevant for the construction of CPI weights. As
explained in Chapter 2, expenditure on assets such as works of art, financial investment (as distinct from
financial services), payments of social security contributions, fines or income taxes, interest payments or
repayments of debts, are not considered to be household consumption expenditure and should be excluded
from the coverage of the weights and the index.

3.15. Business related expenditure is explicitly excluded from the scope of a CPI. Consequently, this
expenditure must also be excluded from the CPI weights. Households may own unincorporated or informal
enterprises, whereby expenditure for some products is used partly for business purposes and partly for final
consumption. In principle, only the portion used for final consumption should be included in the CPI weights.

5. Democratic and plutocratic weights

3.16. The use of aggregated expenditure to derive CPI weights reflects the principle that each household
contributes to the weights with an amount proportional to its expenditure. This is referred to as plutocratic
weighting and means that the expenditure patterns of high-spending households have more influence on
the index. The use of plutocratic weights is generally considered more appropriate particularly for CPIs
which have been constructed to be a general measure of inflation, for national accounts deflation, and as
the basis for monetary policy making. In principle, it is also possible to derive democratic weights, where
each household is given equal weight. While democratic weights may be considered appropriate for an
index used to reflect the consumer inflation experience of the “typical” or “average” household, they are
rarely used in practice. If all households have similar expenditure patterns, the democratic and plutocratic
approaches lead to similar results. However, most often the expenditure pattern depends on the total level
of expenditure of a household. There can be significant differences between both approaches, especially if
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the distribution of household expenditure is unequal. Table 3.1 presents an example. The lower-spending
household (household 1) spends in relative terms more on food than the higher-spending household
(household 2). Consequently, the weight for food is higher in the democratic approach than in the plutocratic
approach.

Table 3.1 Example of Plutocratic versus Democratic Weights

Expenditures for Expenditures for Expenditures for Plutocratic Democratic
Household 1 Household 2 Households 1 & 2 weights weights
Value Share Value Share Value Weights Weights
(@) (b) (© (d) () (f) (@)
Food 10 33% 20 20% 30 23% 27%
Other goods and services 20 67% 80 80% 100 7% 73%
Total 30 100% 100 100% 130 100% 100%

3.17. In the example above, plutocratic weights are calculated first by summing the expenditure made
by each household on each group. Expenditure on food is summed (10 + 20) to derive the total expenditure
on food (30). The same is done for expenditure on other goods and services (20 + 80) to derive total
expenditure on other goods and services (100). The total expenditure for each group is then summed to
derive total expenditure on all items (30 + 100 =130). Plutocratic weights reflect the relative importance of
each group (30/130 = 23% and 100/130 = 77%). For the democratic weights, an average of the individual
shares for each household is calculated and used for the weight. The democratic weight for food equals
the average of the shares for each household ((33% + 20%)/2) = 27%). The same calculation is made for
other goods and services ((67% + 80%)/2 = 73%).

3.18. For analytical purposes, additional weighting structures may be derived to measure the inflation
experience of different subgroups of households. Such an analysis is typically conducted by classifying
households according to a socio-demographic variable such as income, age or educational level.
Depending on the objective of the analysis, either democratic or plutocratic weights could be derived for
the different household groups.

C. The weighting structure of the consumer price index

3.19. The calculation of a CPI usually proceeds in two stages. In the first stage, elementary indices are
estimated for each of the elementary aggregates. In the second stage, a weighted average is taken of these
elementary indices using the expenditure shares of the elementary aggregates as weights. Elementary
aggregates are usually the smallest groups of goods and services for which expenditure data are available.
They may cover the whole country or separate regions within the country. Likewise, elementary aggregates
may be developed for different types of outlets. The nature of the elementary aggregates depends on data
needs and the availability of expenditure data. Elementary aggregates may therefore be defined differently
in different countries. Other types of weights (e.g., non-expenditure weights representing market shares),
if available, may be used within the elementary aggregate.

3.20. The weights are usually classified according to the Classification of Individual Consumption
According to Purpose (COICOP), also used in the national accounts and the HBS. Some countries develop
a more detailed product classification that refines the products defined at the sub-class level. These product
categories are not part of COICOP, but in many cases more detailed breakdowns of COICOP sub-classes
are needed for CPI purposes to better reflect country-specific circumstances and needs. For example, a
country may develop a more detailed weighting structure for “Rice” to include specific types of rice (e.g.,
basmati rice or long-grain rice).
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3.21. The weights for the COICOP groups, classes and sub-classes are their shares in the total
consumption expenditures of the reference population. The data sources used to derive these shares are
discussed below. In addition, the weight for a sub-class can be further stratified by region, by outlet or outlet
type, or by a combination of both region and outlet. The elementary aggregate weights are the stratum
weights according to expenditure class or sub-class, region and type of outlet. If no breakdown by region
or outlet is used, the sub-class becomes the elementary aggregate.

3.22. The weight of an elementary aggregate should reflect the expenditure on the entire elementary
aggregate and not the weights of the outlets and varieties that have been chosen to represent it. For
instance, the weight for the sub-class “Rice” should be based on the total expenditure made on rice,
although the rice varieties selected for regular price collection only represent a fraction of this expenditure.
Likewise, if an expenditure category is divided into two elementary aggregates according to outlet type,
(e.g., open markets and supermarkets, with corresponding market shares of food sales, 60 percent and 40
percent respectively), these proportions would be used to estimate the stratum weights, whatever the
importance of the specific outlets eventually sampled.

3.23. The methods used to calculate the elementary price indices from the individual price observations
collected within each elementary aggregate are explained in Chapter 8. Working upwards from the
elementary price indices, all indices above the elementary aggregate level are described as higher-level
indices that can be calculated from the elementary price indices using the weights of the elementary
expenditure aggregates. The aggregation structure is consistent, so that the weight at each level above the
elementary aggregate is always equal to the sum of its components. The price index at each higher level
of aggregation can be calculated using the weights and price indices for its components, that is, the lower-
level or elementary price indices.

1. Regional weights

3.24. Weights stratified by region may be used in the CPI, depending on the size and structure of the
country, data availability, resources, and the purpose of the index. Introducing regional weights creates
more homogeneous entities which are likely to experience similar price movements and have similar
consumption patterns. It may be necessary to distinguish different regions because CPlIs for individual
provinces or states may be required for administrative or political purposes. In addition, in federal countries
indirect taxes and hence price developments may differ between the provinces or states.

3.25. In some countries, there may be large differences between urban and rural areas in terms of
consumption patterns and price developments. A common practice is to introduce a stratification level that
distinguishes between urban and rural areas. This approach assumes that data sources are available to
derive expenditure weights separately for urban and rural areas. Moreover, prices must be collected in both
rural and urban areas to compile the respective stratum indices.

3.26. If the weights derived from the HBS are available for rural and urban households and if price
collection is limited to urban areas, one approach is to combine the weights for urban and rural households.
This approach enhances the representativity of the index because the weights represent all households,
both urban and rural. In this case, the prices faced by rural households will implicitly be imputed by those
collected in urban areas. This can be an acceptable assumption if most of the monetary transactions made
by households living in the rural areas take place in urban areas and if the relative changes in prices in rural
and urban areas follow the same general trend. Alternatively, if prices are only collected in urban areas, it
could also be decided to restrict expenditure weights to urban households and compile an accurate urban
CPI.
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3.27. Within a given COICOP sub-class, the regional weight represents the consumption expenditure in
the region in proportion to the expenditure in the whole country for that sub-class. For example, if 60 percent
of the total expenditure on fresh fruits occurs in the North region and 40 percent in the South region, then
these proportions can be used to derive the regional elementary aggregate weights. If at the country level,
the expenditure share for fresh fruits is 5 percent, this share can then be split between the regions so that
5%*60%=3% of the total national expenditure relates to fresh fruits in the North and 5%*40%=2% to fresh
fruits in the South.

3.28. Regional weights may typically be obtained from the HBS if the sample design of the HBS is
representative at the regional level and supports the development of reliable regional weights. When
reliable estimates are not available from an HBS, population statistics are sometimes used to split
household expenditure across regions; however, this approach is not preferred as it assumes that
expenditures per capita or per household are the same in all regions. For instance, there are usually large
differences between urban and rural populations in the level and pattern of items consumed. Finally,
national accounts data, if compiled by the expenditure approach and available at the regional level, can
also be used to estimate regional weights.

3.29. In practice, there are different strategies to derive regional weights depending on the availability
and the quality of data sources. To develop a national weighting structure based on regional weights, first
estimate household expenditure by region. Each of the regional expenditure values can then be summed
up to obtain the expenditures at the national level. Alternatively, expenditures are first estimated at the
country level before being distributed across the different regions.

3.30. Consistency should be ensured between the product and the regional dimensions. In the example
in Table 3.2, expenditure is estimated for three products in two regions (Table 3.2A). The expenditure share
of each stratum in the national index corresponds to the stratum expenditure divided by the national total
(Table 3.2B). According to this example, region 1 has a total weight of 38.8 percent. At the same time,
product 1 has a weight of 24.5 percent at the national level.

3.31. If detailed product expenditures are only available at the national level, the regional product
expenditures must be estimated. This can be done by using shares derived from the total expenditures that
are made within a region. Table 3.2C assumes that product expenditures at the country level are available,
and only total expenditure by region is known. In Table 3.2D the product expenditures for the country are
then disaggregated by region, using a weight of 1900/4900=38.8% for region 1 and a weight of
3000/4900=61.2% for region 2. The regional product shares in Table 3.2E obtained with this method differ
slightly from those in Table 3.2B. Ideally, the sample size by region will support expenditure estimates by
product within each region, as shown in Tables 3.2A and 3.2B.
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Table 3.2a Expenditure by Product and Region

Region 1 Region 2 Country
Product 1 400 &0a 1,200
Product 2 s00 1,000 1,500
Product 3 1,000 1,200 2,200
Total 1,900 3,000 4,900

Table 3.2b Regional Product Shares

Region 1 Region 2 Country
Product 1 400/4,900=8 2% 16.3% 24.5%
Product 2 10.2% 20.4% 30.6%
Product 3 20.4% 24.5% 44 9%
Total 38.8% 61.2% 100.0%

Table 3.2c Expenditure by Region (Regional Product Expenditures not Available)

Region 1 Region 2 Country
Product 1 n.a. n.a. 1,200
Product 2 n.a. n.a. 1,500
Product 3 n.a. n.a. 2,200
Total 1,900 3,000 4,900

Table 3.2d Product Expenditures for the Country Disaggregated by Region

Region 1 Region 2 Country
Product 1 1,200*1,900/4,500=485 1,200%3,000/4,500=735 1,200
Product 2 1,500*1,900/4,900=582 1,500*3,000/4,900=918 1,500
Product 3 2 200*1,900/4,500=853 2 200%3,000/4,500=1 347 2200
Total 1,900 3,000 4,900

Table 3.2E Regional product shares (estimated)

Region 1 Region 2 Country
Product 1 455/4 500=5.5% 15.0% 24.5%
Product 2 11.9% 18.7% 30.6%
Product 3 17.4% 27.5% 44 9%
Total 38.8% 61.2% 100.0%

n.a. = not available

2. Outlet-type weights

3.32.  Prices are collected from a variety of outlets and outlet types. In addition to the regional dimension,
the sub-class could also be stratified by outlet or by outlet type. This can be especially useful if price levels
and price changes differ significantly across outlets. Information about the sale or market share of the
outlets may be used to form elementary aggregate weights specific to a given outlet type. In some countries,
the HBS directly collects expenditure data by type of outlet which can then be used to estimate these
stratum weights. The use of HBS data ensures consistency between the product weights and outlet-type
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weights. Other potential sources to derive outlet or outlet type weights include point-of-purchase surveys,
scanner data, business registers, or retail trade statistics. It may only be possible to develop outlet or outlet
type weights for a broader category of products so that the same proportions have to be used to
disaggregate the expenditures on the different items within product groups. One should bear in mind that
these additional data sources may not be completely aligned with the scope and the coverage of the CPI
and may have their own limitations. It may, therefore, be necessary to make further adjustments to the data
extracted from such sources.

3.33. Inthe example in Table 3.3, outlet types 1 and 2 have market shares of 60 percent and 40 percent
respectively, and this same breakdown holds for both regions and for all three products. If a division is
made according to type of outlet and region, then each item within a given region comprises two elementary
aggregates: one for outlet type 1 and one for outlet type 2. In this example, the weight for the elementary
aggregate for product 1 in region 1 sold in outlet type 1 would then be 8.2% x 60% = 4.9%. This same
calculation would be used to develop weights for outlet type 2.

Table 3.3 Deriving Expenditure Weights by Region and by Outlet Type

Region 1 Region 2
Country
Outlet Type 1 Outlet Type 2 Outlet Type 1 Outlet Type 2
8.2% 16.3%
Product 1 24.5%
4.9% 3.3% 9.8% 6.5%
10.2% 20.4%
Product 2 30.6%
6.1% 4.1% 12.2% 8.2%
20.4% 24.5%
Product 3 44.9%
12.2% 8.2% 14.7% 9.8%
Total 38.8% 61.2% 100.0%

D. Data sources

3.34. The HBS serves as the primary data source for CPI weights for most countries. These are
household-based surveys that collect data on households' expenditure and consumption of goods and
services. Alternatively, national accounts data can serve as a data source. While national accounts data
rely to some extent on expenditure data from the HBS, other data sources can be used to supplement the
HBS data. Apart from the HBS, many other data sources can, and should be, used to improve the accuracy
of the CPI weights. Such complementary data sources can be used in a number of ways, including: i)
validating and correcting HBS estimates; ii) disaggregating the higher-level expenditures to develop a more
detailed weighting structure; and/or iii) estimating expenditures for certain product categories.

1. Household budget surveys

3.35. In most countries, the HBS serves as the primary data source for deriving expenditure shares for
the goods and services covered by the CPI. As the HBS may have been designed to serve more than one
purpose, the survey design should meet the requirements for the CPI. Ensuring that CPI specific needs are
met requires close coordination between the CPI and HBS staff. The classifications used for HBS and CPI
should be consistent and preferably based on COICOP.

3.36. Data for a normal year should be used as the basis for developing CPI weights. Given that many
HBSs are conducted infrequently, this can be challenging to manage in practice. If possible, an average of
multiple years could be used, but this can only be done if the HBS is conducted continuously. In the absence
of a continuous HBS, alternative data sources would be needed to develop weights. This issue of relying
on a normal year to develop weights supports the need for more frequent weight updates.
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3.37. The main requirements for the CPI include ensuring that the survey broadly represents the CPI
reference population, and that all types of final consumption expenditure made by households are covered.
The HBS sample size (humber of households) should ensure that the expenditure data yielded are suitable
to develop statistically reliable weights for the CPI at the elementary aggregate level. The HBS item list
should be designed so that the information obtained maps directly into the CPI classification system. Ideally,
the survey should also collect the data needed for deriving net weights for second-hand goods (see
paragraphs 3.89 to 3.92). The interview and recording periods should be appropriately distributed over time
to ensure that annual estimates can be obtained taking into account possible seasonal patterns.

3.38. The expenditure values used to derive weights should be consistent with the conceptual approach
(acquisition, use, or payment) adopted for the CPI (for additional information on this topic, see Chapters 2
and 11). For some services, the moment when the service is consumed and acquired can differ from the
moment when the service is paid for. The approach used in the HBS for determining the timing of
consumption should be the same as the one used in the CPI. For most goods, the moments of acquisition,
payment, and consumption coincide. Sometimes, the HBS focuses on the consumption of food products,
which includes food purchased by the household, but also own-production of food or food received for free.
For durable goods, there is no difference between the acquisition approach and the payment approach if
the purchase has not been financed with a loan. Once acquired, the use of such goods can span over
several years. The HBS may collect different types of information regarding durable goods.

3.39. Theoretically, the HBS provides information on the regional breakdown of expenditure used to
develop reliable regional weights. For this purpose, the regional dimension must be appropriately
incorporated in the sampling design of the HBS. Depending on its design, the HBS may also provide
information on the types of outlet and the brands purchased. In particular, it can be possible to identify
internet purchases. Disaggregation of expenditure by type of outlet can be useful not only to construct
elementary aggregates at a more detailed level, but also to improve the sample design for outlets and items
for price collection.

3.40. Like the HBS, national food surveys are special surveys with the primary emphasis on collecting
information on family expenditure for food products. These surveys provide a very detailed breakdown of
food expenditure that can be used to derive the weights for detailed elementary aggregates.

3.41. The detailed expenditure obtained from the HBS can be subject to measurement errors. There is
often under or overreporting on luxury goods and services, as well as on certain types of products such as
alcoholic beverages and tobacco. Moreover, the respondent household may not correctly remember the
details of all the expenditure that took place during a given recall period. Therefore, HBS estimates should
be reviewed and evaluated for completeness of coverage by comparing with secondary source data.

3.42. Given that the HBS in many countries is based on probability sampling methods, statistical quality
indicators (e.g., standard error and coefficient of variation) for the weights can be calculated. The analysis
of these indicators can provide the index compiler with information on the structure of the elementary
aggregates. If an analysis of the HBS data shows, for example, that the expenditure data for oranges are
of poor statistical quality, then alternative data sources could be used to improve the reliability of the weights
or a more broadly defined elementary aggregate such as citrus fruit could be considered instead. In a similar
way, suppose that the HBS provides an unreliable expenditure estimate for an item at a detailed local level.
It may then be preferable to derive an estimate based on the expenditure share of that item within a broader
geographical area. To find the best compromise between lowering the variance of the item expenditure
estimate and biasing it towards the spending pattern of the broader geographical area, a composite share
can be computed that averages the initial direct share with the share obtained for the broader geographical
area.
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3.43. The frequency of updating the CPI weights depends on how often an HBS is conducted. For the
purposes of the CPI, it is desirable for the HBS to be conducted at least every five years. This will allow
countries to revise and update their expenditure weights every five years (or more frequently). Some
countries conduct continuous HBSs with gradually rotating samples. However, a program of annual surveys
with samples large enough to provide the type of estimates required for CPI weights can be very costly. For
this reason, some countries conduct large-scale surveys at five-year intervals, perhaps supplemented with
a smaller annual sample. Other countries distribute a large sample over several years. The average of the
results over several successive years of smaller-scale surveys may provide a set of satisfactory annual
estimates. The weights derived as the average of two or three years will also smooth any erratic consumer
behavior over a shorter period, for example because of events such as droughts or floods, civil strife, oil
price shocks, or exceptionally mild or cold winters.

2. National Accounts Data

3.44. National accounts can be an alternative source for deriving CPI expenditure weights, if reliable
estimates for HFCE are available. The practical advantage is that HFCE is updated every year, whereas
an HBS may only be conducted on a less frequent basis. However, national accounts may only be available
at the national level and the use of other available data sources would be needed to develop more detailed
or regional expenditure weights.

3.45. The index compiler must understand the differences in scope and definition of consumption before
using national accounts data for CPI weights. If the CPlI is restricted to monetary transactions, then only a
subset of HFCE must be used, excluding its non-monetary components. Additionally, the CPI may adopt a
different treatment for expenditure on types of goods and services, such as owner-occupied housing, or
even a different scope, especially concerning institutional households.

3.46. National accounts data may be used to improve HBS weights for products that are underreported
in the HBS. Note that national accounts’ estimates for HFCE are usually based on data from the HBS as
well as a wide range of other sources such as domestic production, retail sales, tax information, and import
and export data.

3.47. In practice, weights for the main product groups can be obtained from the national accounts down
to a certain level of disaggregation. Each of these weights can then be disaggregated by applying the
detailed HBS expenditure groups to the national accounts consumption groups. The combination of national
accounts and HBS data ensures consistency between the CPI and the national accounts data on HFCE at
the level of the main consumption groups. The use of national accounts data also facilitates more frequent
weight updates. For instance, CPI weights can be updated at regular intervals using national accounts data
for the higher-level aggregates. The updated expenditure is then distributed using the shares obtained from
the HBS or other sources that may only be updated less frequently.

3.48. CPI compilers should consult with their national accounts counterparts regularly before using
national accounts data for weights to ensure that they are consistent with the objectives and uses of the
CPI. In some cases, national accountants need to apply an element of discretion and judgment when
making operational decisions related to the construction of some national accounts aggregates. Moreover,
the preliminary national accounts estimates are in general revised several times before the final estimates
are available. The most recent available data may not be sufficiently stable for CPI purposes. There is a
trade-off between timeliness and quality.

3. Other data sources

Administrative data sources
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3.49. For some product categories, one option is to estimate expenditures from administrative data
sources instead of relying on survey data. For instance, expenditure on medical products can often be
obtained from relevant bodies in charge of the national health systems. In some countries, tax data for
certain products such as alcohol or tobacco lead to more accurate estimates of expenditure than HBS data
which suffers from underreporting. It can be also difficult for households to properly report explicit charges
paid for financial services in an HBS. Moreover, the derivation of weights for insurance services requires
special consideration (see paragraphs 3.87 and 3.88). Therefore, it may be preferable to use regulatory
data sources to derive expenditure estimates for financial services and insurance. Administrative data
sources are not always perfectly comparable with CPI coverage and may suffer from their own errors. For
instance, tax revenue on tobacco also covers sales made to non-resident households whereas the CPI
may only be limited to resident households. Most of the administrative data sources are also used in the
national accounts which, as noted above, can serve as a data source for weights.

Retail trade statistics

3.50. Statistics on retail sales by region and type of outlet may be available for broad groups of products.
One disadvantage of using these data is that some of the sales may be to groups outside the reference
population, including to corporations or the government. The corresponding purchases do not form part of
household final consumption. Some sales may also be to non-residents, who may be part of the reference
population. Furthermore, for regional sales data, it needs to be kept in mind that sales may include
purchases made by households living in other regions.

Population censuses

3.51. Population censuses provide data on the geographical distribution of the population and
households, as well as on the regional differences in household size and composition. Combined with
estimates of regional levels of household expenditure, these data can be used to estimate regional
expenditure weights, especially when such estimates are not available from an HBS with a satisfactory
degree of precision. In the absence of any expenditure statistics, population statistics might be used as the
basis for regional weights. However, such an approach should be avoided because it assumes that
expenditure per capita or per household is the same in all regions and ignores the fact that there are usually
large differences between the urban and rural populations in the level and patterns of consumption.

Scanner data

3.52. Scanner data can also be used to derive and update weights in a more frequent and timely manner.
These data are based on electronic data records that are stored in the databases of sellers. Such scanner
data sets include the quantities sold and the corresponding value aggregates. The limitations of this
information should, however, be borne in mind. The first one is that scanner data cannot be connected to
a specific type of household, whereas the data from the HBS can. Moreover, scanner data may only have
limited outlet coverage. Finally, scanner data may not be fully consistent with the scope of the CPI, as no
distinction can be made between sales to businesses, government, or households.

3.53. Scanner data can also be a good source for deriving detailed weighting structures especially at the
lower levels of the index hierarchy. For instance, a detailed product and outlet stratification can be
introduced by disaggregating the expenditure for a broader product category that was obtained from the
primary data source. The use of scanner data to construct weights is further discussed in Chapter 10.

Market intelligence and trade associations

3.54. If the product categories are sufficiently important, additional data sources might be consulted. A
survey may be conducted with a small selection of outlets to obtain general information on the breakdown
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of sales for a specific product category. Existing market information can also be an option. Associations of
importers or distributors, other industry groups, or marketing agencies and boards, are likely to have some
general information on the breakdown of sales for specific products.

Tourism expenditure surveys

3.55. If the CPI follows the domestic concept, the expenditure of non-resident households within the
national territory must be included in the weights. In countries where tourism is important, tourism
expenditure surveys can be conducted to estimate non-resident household expenditures that can be added
to the expenditure made in the country by resident households obtained through the HBS. Non-resident
visitors will generally have very different expenditure patterns from those of residents (e.g., they will spend
more on hotels and restaurants).

Point-of-purchase surveys

3.56. Point-of-purchase surveys provide data that can be used to estimate weights for different types of
outlets and can be used to develop a sample frame of outlets where households make purchases. For
products purchased, households are asked about the amounts spent in each outlet where purchases have
been made. Given that household surveys are costly and that there is overlap between the HBS and point-
of-purchase surveys, it is possible to combine the two into an integrated survey that collects expenditure
and outlet data at detailed levels.

3.57. Asimpler version of this survey may be conducted to obtain weights for groups of products by outlet
type. As an alternative, in the absence of this type of survey, national retail sales statistics by outlet type
from a survey of outlets could be used to estimate a breakdown of sales by outlet type.

E. Deriving the weights in practice

3.58. Once the reference population and the coverage of goods and services have been decided, the
weights need to be derived. The weights are calculated as the proportions of the total consumption
expenditure of all goods and services included in the index basket for the reference population during the
reference period. The reliability of the CPI weights will obviously depend, to a large extent, on the reliability
of the household expenditure data. In practice, the derivation of weights involves a series of steps.

1. Arrange the data according to the classification and coverage of the CPI

3.59. The detailed expenditure items identified in the HBS, or other data sources, must be mapped to
the CPI expenditure classes. If HBS classes do not match CPI expenditure classes, the HBS results must
be transformed to match the CPI classes. This can be done by aggregating or disaggregating the relevant
HBS headings over the relevant CPI expenditure sub-classes. Such transformation is achieved much more
easily and more reliably if the coding list for expenditure items in the HBS is coordinated with the
corresponding list of items used for collecting price observations for the CPI. As noted above, both the HBS
and CPI should use the same classification system (ideally COICOP).

3.60. The HBS expenditure data may include payments that are outside the scope of the CPI. For
example, payments of income taxes or social security contributions, life insurance premiums, remittances,
gifts and other transfers, investments, savings, and debt repayments should not be considered because
they are not consumption expenditure. These should be excluded from the total used to calculate the
expenditure shares that serve as the basis to estimate the CPI weights.

2. Correcting for over and underreporting by combining different data
sources
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3.61. The results from the HBS need to be carefully examined and adjusted to take account of under or
overreporting of consumption expenditure on different types of products. This is a relevant problem affecting
HBS data. Evidence suggests that the understatement of expenditures can be significant for certain goods
and services in the HBS if their consumption is socially discouraged, such as tobacco and alcoholic
beverages. Expenditures on durable goods also tend to be underreported. Some products, such as vehicles
or other major durable goods, are purchased infrequently. When purchased, the amount spent on such
products can be considerable. As the HBS is a sample survey, estimates are subject to sampling errors,
which may be relatively large for such infrequent expenditures. For major durable goods, HBS estimates
should be compared with other sources such as import statistics or administrative data.

3.62. Other expenditures are not reported because the purchases were small, and easily forgotten by
the respondent. Therefore, to the extent possible, results from the HBS should be compared and/or
combined with other data sources when constructing CPI weights, especially when the HBS sample is
small.

3.63. The usual strategy to correct for over or underreporting is to use supplementary information from
other relevant data sources such as tax data, administrative data, other independent surveys, or HFCE
from the national accounts, and to apply correction factors. For instance, assume that tax revenue data
indicate that annual sales for cigarettes may be twice as high as the total annual expenditure estimated
from the HBS. The CPI weight is thus obtained by increasing the HBS expenditure on cigarettes by two to
better reflect the sales data..

3.64. In countries with reliable and detailed national accounts data, the commodity-flow method can be
used to adjust data considered less reliable from the HBS. The use of the commodity-flow method within
the Supply and Use Table framework, as described in the System of National Accounts, enables data drawn
from different primary sources to be reconciled and balanced against each other. The commodity-flow
method may be used to improve estimates of HFCE derived from the HBS by adjusting them to account for
additional information provided by statistics on sales, production, imports and exports of consumer goods
and services.

3.65. The Supply and Use Tables form an integrated framework where supplies of different kinds of
goods and services originating from domestic industries and imports are allocated between various
intermediate or final uses, including HFCE. The product balance for any product recognizes that the sum
of output at basic prices plus imports plus trade and transport margins plus taxes on products less subsidies
on products is equal to the sum of intermediate consumption, final consumption, and capital formation, all
expressed at purchasers’ prices, plus exports (System of National Accounts 2008 (2008 SNA), paragraph
14.5). The HFCE estimates obtained can be compared with the corresponding estimates from the HBS to
provide conversion factors to adjust HBS expenditure data for under or overreporting.

3.66.  There are some practical limitations to applying the commodity-flow method. Often the balance
can only be established for a category of products broader than the product categories used in the CPI
classification. Moreover, data are usually compiled at the national level and no detailed regional breakdown
is available. Finally, the HBS may not be the only inaccurate data source for a particular product and the
estimates of other components of the product balance can also be unreliable.

3. Adjusting Household Budget Surveys

3.67. Evenif expenditure data obtained from the HBS results are considered accurate, adjustments might
still be needed to account for any significant changes in expenditure patterns between the period when the
survey was conducted and the period when the new weights are introduced. Adjustments will typically be
made for products belonging to fast evolving markets and which are significantly losing or gaining
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importance during this period. It is possible that expenditure on some products may not be available from
the HBS because the products appeared on the market after the survey had been completed. Additional
data sources must then be accessed to estimate expenditure for new products. Expenditure should also be
reviewed if there are known changes that have occurred following administrative decisions, such as
changes in taxation, that entered into force only after the HBS was conducted.

4. Treatment of expenditure for unimportant or difficult-to-measure products

3.68. The HBS, which in most cases is the main source for deriving the detailed weights, usually includes
observations on a much larger variety of goods and services than it is practical to collect prices for in the
CPI. Some products may have a weight which for all practical purposes is negligible. The prices of products
with very small weights may not be worth collecting if their contribution to the CPI is very small. In practice,
a cut-off threshold can be defined to select the products to be included in the CPI basket (see Chapter 4
for a description of different sampling techniques).

3.69. Among the consumption expenditure, there are also likely to be a few products for which the prices,
or price changes, cannot be directly or satisfactorily measured, such as gambling. It may be difficult if not
impossible to compile a reliable price index for such products. A decision must then be made on how to
treat the expenditure allocated to such difficult-to-measure products.

3.70. Even if the product weight is small or if there are measurement problems, the product is still
included in the scope of the CPI. For those products with relatively low weights, it is not efficient to collect
prices; however, the CPI should cover these expenditure. Some price change should be explicitly or
implicitly assumed or imputed. In practice, there are different options:

e The weight of the product is combined with one or several related products. For instance, if the
weight for “cheese” is small, it can be combined with the weight for “milk”. This means that the
elementary aggregate is now weighted using expenditures on milk and cheese although only prices
for milk will be collected. This option assumes that the price index for cheese would change in the
same manner as the observed price index for milk. In practice, the weights for the products could
be kept separated but price changes must be explicitly imputed. To continue using the previous
example, the price index attached to the weight for cheese would simply be identical to the price
index for milk. This is the preferred approach.

e An alternative approach is to set the weight for which no representative prices exist equal to zero.
This option removes the item from the scope of the CPI and is equivalent to the assumption that
the price of the excluded product would have moved in the same way as the all-items CPI for all
the products actually included in the index. This approach is, in general, not recommended.

Table 3.4 Treatment of Products for Which no Prices are Collected

Initial Expenditures Allocate to Allocate to Remo_ve
Iltem 1 Items 1 and 2 Expenditure
Product 1 7 8 7.7 7
Product 2 3 3 3.3 3
Product 3 (minor item) 1 0 0 0
Total 11 11 11 10

3.71. Table 3.4 shows examples of different options for the treatment of unimportant expenditures. In the
example, the expenditure for product 3 is not relevant. One option is to add this expenditure to item 1.
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Alternatively, it may be added to products 1 and 2 proportionally to the weights of these two products.
Finally, it can be removed, which implies that the total expenditure for the three products is now reduced.
In general, the last option should be avoided, and expenditures should be allocated to products with similar
price behavior. Because of the negligible size of the weight value involved, the consequence on the overall
index will in general be negligible whichever method is used.

F. Weight reference period

3.72. The weight reference period refers to the time period to which the expenditure data used to estimate
weights was collected. For a fixed basket CPI which keeps weights constant over several periods, the
weight reference period is typically a twelve-month period, such as a calendar year. A month or quarter is
too short to be used as a weight reference period, since any month or quarter is likely to be affected by
accidental or seasonal influences. This is especially important in countries where composition and size of
expenditure can fluctuate significantly throughout the year. In some countries, data for a single year may
not be adequate because of unusual economic conditions or due to insufficient sample size. In these cases,
an average of more than one year of expenditure data may be used to calculate the weights.

3.73.  As the CPI is sensitive to the selection of the weight reference period, it might be preferable to
choose a “normal” consumption period as the basis for weights, and to avoid periods in which there are
special factors of a temporary nature at work. To achieve this, it may be necessary to adjust some of the
values to normalize them, and to overcome any irregularities in the data. One option might be to smooth
particularly erratic observations, for example by taking an average of HBS data over more than one year.
All available information concerning the nature of consumption in a weight reference period should be taken
into consideration.

3.74. During periods of high inflation, multiple year weights may be calculated by averaging value shares
rather than averaging actual value levels. Averaging value levels will give too much weight to the data for
the most recent year. Another option is to update the values for each year to a common period and then to
compute a simple arithmetic average of adjusted yearly data.

3.75. As the weight reference period usually precedes the price reference period, the expenditure
weights may be price updated to take account of the relative price changes from the weight reference period
to the price reference period. The technique of price-updating expenditure data or CPI weights from a past
period does not make weights reflect current expenditure patterns. New CPI weights can only be derived if
new expenditure data are available. Price updating of weights is discussed in more detail in Chapter 9.

G. Frequency of weight updates

3.76. The expenditure weights should be updated at regular intervals, as often as possible, but at least
every five years. The decision when to update the weights often depends on the availability of appropriate
data sources. Rather than waiting for the weights to become outdated before deciding to update them, the
recommended approach is to plan for regular scheduled updates subject to the available data sources. In
general, there is a lag between the weight reference period and the moment that the weights are introduced
in the CPI. The overall principle is to minimize the implementation lag so that the weights used in the CPI
are as up to date as possible. New weights should be introduced in a timely manner, as soon as the required
source data are available. For instance, expenditure weights referring to year y-2 could be introduced with
the January index of yeary.

3.77. If weights are kept fixed over longer time periods, the index will be unresponsive to substitution
effects or changes in consumer preferences. In the short term, consumers may change consumption
patterns in response to shifts in relative prices, mostly between products included in the same class or sub-
class. In the medium or long term, consumption patterns are also influenced by factors other than price
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changes. Most importantly, under rising incomes, changes in the level and distribution of household income
will cause a shift in demand for goods and services towards goods and services with higher income
elasticities. Demographic factors such as ageing of the population, and technological changes are
examples of other factors that affect spending behavior in the longer run. Furthermore, new products will
be introduced, and existing ones may be modified or become obsolete. As a result of both relative price
changes and long-term effects, the weights may become out of date and less representative of current
consumption patterns. As shown in Chapter 1 of the publication Consumer Price Index Theory, the bias in
a fixed basket index is likely to increase with the age of the weights. At some point, it therefore becomes
desirable to use the weights of a more recent period to ensure that the index is weighting appropriately the
price changes currently faced by consumers.

3.78. If data sources such as the HBS are available only at irregular or infrequent intervals, the frequency
of weight revision may necessarily be linked to the availability of results from the HBS. When the weights
are to be fixed for several years, the objective should be to adopt weights that are not likely to change much
in the future, rather than precisely reflect the activity of a particular period that may be abnormal in some
way. Even if weights are updated only every five years, it is desirable to review the weights in between to
ensure that they remain sufficiently reliable and representative. The review, which may be limited to weights
at the elementary index level and their major components, should examine whether there are indications
that important changes may have taken place in the consumption pattern since the weight reference period.

3.79. To reduce upper-level substitution bias, it would be preferable to update the weights more often
such as every three years, every two years, or even every year; however, this depends on the availability
of data to develop new weights. Any bias which may follow from using a Lowe index (see Chapters 1 and
8 for information on price index formulas) with a fixed basket of goods and services will not have time to
accumulate to a significant magnitude. Also, by updating the weights more frequently, there is the
opportunity to introduce newly significant goods and services in a timely manner. At the same moment, the
sample of outlets and varieties to be priced can be updated simultaneously, although the sample should be
maintained in-between two weight updates. Countries which are experiencing significant economic
changes, and thus more rapid changes in the consumption pattern, should consider updating their weights
more frequently.

3.80. The benefits of updating weights more often should be assessed and compared to the additional
costs of such an exercise. If feasible, empirical studies can be conducted on historical data to assess the
impact of updating weights more frequently, of choosing different weight reference periods, and of
minimizing the time lag between the weight reference period and the price reference period. The resulting
indices can then be compared to specific target indices.

3.81. An intermediate solution is to update weights only at the higher level, for example using national
accounts data, which can then be disaggregated down to the lower levels using shares from the HBS, which
has not been updated. Partial weight updates are further discussed and illustrated in Chapter 9.

3.82. Frequent updating of weights and chaining can lead to chain drift. For a Laspeyres or a Lowe index,
the drift can be upwards if there are systematic fluctuations in consumption and prices. Suppose that the
prices for petroleum products went down between the old and the new weight reference period, causing an
increase in the quantities consumed and expenditure for these products. If petroleum prices subsequently
rise after the new weights are introduced, the aggregate CPI will rise more rapidly than before since these
products now have more importance. At the level of broad product categories, expenditure data analyzed
over longer periods often follow trends. Chaining can have a downward impact if, for instance, there is a
gradual shift from one product to another product for which prices are rising slower. A direct CPI compiled
with unchanged weights is often found to be higher than the chained index compiled, for instance, with
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annually updated weights. Chain-drift is more problematic with high-frequency updating of weights and
chaining at the level of an individual variety. Multilateral methods that are discussed in Chapter 10 (and
Chapter 6 of Consumer Price Index Theory) are one solution to this problem.

3.83. The selection of the level in the index hierarchy at which the structure and weights are fixed for a
period is particularly important. The main advantage of setting the level relatively high is that the actual
samples of products and their prices below this level can be adjusted and updated as needed (see Chapter
7). New products can be introduced into the samples, and the weights at the lower level updated using
more recent information. There is thus a greater opportunity to keep the index representative through an
ongoing review of the sample of representative products. If the level is set relatively low in the index
structure, there is less freedom to maintain the representativeness of the index on an ongoing basis, and
there will be a greater dependence on the periodic index review and reweighting process. In such
circumstances, the arguments for frequent reweighting become stronger.

3.84. Whenever the weighting pattern has been updated, the new index using updated weights should
be calculated for an overlapping period with the old one so that the two can be linked. These techniques
are discussed in Chapter 9. During the year that follows the weight update, the year over year rates of the
higher-level aggregates compiled from the linked series not only reflect changes in prices, but are also
impacted by the use of different weights and a different item structure.

H. Issues requiring special treatment
1. Seasonal products

3.85. In practice, there are two types of approaches for the treatment of seasonal products:

¢ A fixed weights approach, which assigns the same weight for the seasonal product in all months,
using an imputed price in the out-of-season months. Seasonal products are treated in the same
way as other consumption products.

e A seasonal weights approach, in which a zero weight is attached to a product which is out-of-
season, and a positive weight is used for the in-season periods when the product is available for
pricing. The in-season weights are kept fixed as much as possible and only vary to the extent
necessary to reflect changes in the composition of the basket. Moreover, the principle of a fixed
basket (i.e., fixed weights) should be maintained at least at some level of aggregation. One
disadvantage of such an approach is that the monthly changes in the index may be more difficult
to interpret as they may reflect not only price changes but also quantity changes.

The treatment of seasonal products is further discussed in Chapter 11. In addition, this topic is examined
in Chapter 8 of the publication Consumer Price Index Theory.

2. Internet purchases

3.86. As internet purchases become increasingly important, these expenditures should be included in
the CPI weights according to the conceptual approach that has been adopted. Chapter 11 discusses how
internet purchases should be treated either under the national or the domestic concept. Ideally, data on the
share of internet purchases for all relevant product categories could be available, so that detailed strata
can be defined for this outlet-type. The HBS should, in principle, cover internet purchases made by resident
households. The survey should be designed so that it is possible to separate internet purchases from other
purchases. The estimation of expenditure on internet purchases is of interest to both the HBS and the CPI
programs and therefore it would be beneficial to cooperate on this topic. Similarly, the treatment of internet
purchases in the national accounts should be carefully examined if this is the primary data source for CPI
weights.
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3.87. Alternative data sources for measuring e-commerce transactions include bank account data and
credit card data. However, excluding business expenditure from these data sets could be problematic and
identifying specific products and outlets may not be straightforward. Finally, reports prepared by external
organizations that monitor and describe e-commerce markets can also help to estimate weights for internet
purchases. The scope, coverage, and data collection methods underlying the statistics presented in such
reports must be well understood when combining such figures with those obtained from other sources.

3. Insurance

3.88. As explained in Chapters 2 and 11, the weights for non-life insurance could be based on either (i)
the gross premiums paid, consisting of the payment for the insurance, or (ii) on the implicit service charges
payable to the insurance enterprise for arranging the insurance. The implicit service charges for
administering the insurance and providing the insurance services are estimated by the gross premiums
plus the income from investment of the insurance reserves less the amounts payable to policy holders in
settlement of claims. This definition can potentially lead to negative weights for instance if there are irregular
and unexpected large fluctuations in claims due to natural disasters or large-scale accidents. To avoid
negative weights, an average service charge covering several years could be considered.

3.89. If the weights are based on the gross premiums, expenditure weights should normally exclude
goods and services provided for or reimbursed by the insurance company on the basis of claims. If the
weights are based on the implicit service charge, expenditure weights include goods and services that
households buy and that are reimbursed by insurance companies, and also goods and services that are
paid for and provided by insurance companies on the basis of claims. In general, it seems preferable to
base the weights for non-life insurance on the service charges.

4. Second-hand goods

3.90. The prices of used, or second-hand, goods purchased by households are included in the CPI in
the same way as the prices of new goods (Chapter 11 discusses this topic in more detail). However,
households also sell used goods, such as cars. If the price of a second-hand good rises, a purchasing
household is worse off, but a selling household is better off. From a weighting perspective, sales constitute
negative expenditures, which implies that price changes for used goods sold by households implicitly carry
a negative weight in the CPI. In effect, purchases and sales of second-hand goods between households,
whether directly or indirectly through a dealer, cancel out (except for the dealers’ margins, as explained in
Chapter 2) and carry no weight in the CPI. However, households also buy from, and sell to, other sectors.
For the reference population, namely the entire set of households covered by the CPI, the weight to be
attached to a particular kind of second-hand good is given by the households’ total expenditure on it less
the value of the households’ revenue from sales to/from outside the household sector, including the rest of
the world. There is no reason why these should cancel out on aggregate. For example, many of the second-
hand cars purchased by households may be imported from abroad. The difference between total
expenditures and total sales is usually described as households’ net expenditure. This is the weight to be
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attached to the second hand good in question. Table 3.5 illustrates how to develop weights for used goods.
In this example, the net weight would be obtained as (100+300) — (100+200) = 400 — 300 = 100.

Table 3.5 Estimation of Net Expenditure Weights

Seller Households Other
Buyer Institutional Sectors
Households 100 300
Sl 200 Out of scope

Institutional Sectors

3.91. Second-hand markets may exist for a whole range of durable and semi-durable goods. Except in
the case of used cars, it is often very difficult to estimate the net expenditure because most HBSs do not
collect the data that would allow for a comparison between expenditure and revenue from sales of individual
kinds of second-hand goods. Usually, only the total amount received from the sale of second-hand goods
is collected. However, this information gives an idea of the volume and significance of these transactions
in the economy.

3.92. In countries where the volume of second-hand purchases is small, second-hand goods (except
used cars) may be ignored when calculating the weights of the index. In countries where second-hand
purchases are important, and their prices are believed to change at different rates from those of new goods,
separate weights are needed. The information may be obtained, at least for some major durables, from the
HBS, if the survey asks about expenditure on second-hand and new goods. Because the amounts spent
on purchasing second-hand cars are usually large, they should be included in the CPI basket if the data
are available.

3.93. Even if countries include expenditure on second-hand goods in the estimation of CPI weights,
second-hand goods may not be covered in the price collection. By excluding second-hand goods from the
price collection, it is implicitly assumed that the prices of new and second-hand goods move in the same
way. If they are included, the price determining characteristics of the second-hand good must be kept
constant over time so the same good is priced each month. If the goods are different, appropriate quality
adjustments must be made.

5. Owner-occupied housing

3.94. If the CPI includes owner-occupied housing under the rental equivalence approach, weights
represent the rents that owners would pay for the dwelling that they occupy. The owners could be directly
asked what rent they would pay for their dwelling; however, such answers are often found to be unreliable.
The preferred option is to rely on observed rent data to impute a rental value for the stock of owner-occupied
dwellings. The assumption is that the rent of an owner-occupied dwelling is expected to be equal to the
observed rent of a dwelling with similar characteristics. Such an approach is also consistent with the 2008
SNA (paragraph 6.117) which recommends valuing the output of the housing services produced by owner-
occupiers at the estimated rental that a tenant would pay for the same accommodation.

3.95. Ifthe CPlincludes owner-occupied housing under the acquisitions approach, the weights are based
on the (net) purchases of dwellings plus major repairs. The purchase of a dwelling includes both a structure
and a land and location component. Only the value of the structure element should be included in the
weights of a CPI that aims at measuring consumption expenditure, whereas the value of the land should in
principle be excluded. Moreover, only dwellings acquired for the purpose of own-occupation should be
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covered. In addition, an owner-occupied housing index under the acquisitions approach would include
transaction costs and other costs related with the use of the dwelling, in which case weights must also be
estimated for these components. Possible data sources for deriving owner-occupied housing weights are
statistics on building activity, business statistics in construction or administrative records of property
transactions. Chapter 11 describes in more detail the treatment of owner-occupied housing in the CPI.

6. Inclusion of newly significant products

3.96. Asdiscussed in Chapter 7, newly significant products that appear over time should be identified. If
a new product becomes important in terms of household expenditure, it should be included in the index
structure. One option is to wait and introduce the new product at the time of a complete weight update.
Alternatively, the current weighting structure could be adjusted, using the techniques described in Chapter
7, to introduce the new products in the CPI in a timely manner. In any case, expenditure weights must be
estimated for the new products. Such data may not always be readily available from the HBS. If that is the
case, the newly identified products should be incorporated in the HBS as soon as possible. In the meantime,
alternative data sources may be used to estimate the weights of the new products so that their inclusion in
the CPI is not delayed.

l. Key Recommendations

o CPI weights represent the expenditure shares for specific goods and services that define the
basket.

¢ CPI weights should be consistent with the decisions made regarding the geographic coverage, the
household reference population, the type of consumption expenditure included in the CPI, and the
product coverage.

e The objective is to estimate expenditure consistent with the scope of the CPI at a sufficiently
detailed product level, possibly stratified by region or by outlet-type, so that reliable weights can be
attached to the different elementary aggregates that make up the index structure.

e The primary data source for deriving expenditure weights are typically HBSs, but expenditure data
may also be directly obtained from the national accounts.

e When using the HBS as the primary source for deriving the weights, the data have to be reviewed
and corrected for possible under or overreporting by comparing them with other data sources in
order to obtain a representative weighting structure.

e Secondary data sources can be useful to estimate expenditure for certain product categories, to
further disaggregate the expenditure at the lower levels, and to correct for over or underreporting.

e The weights should be updated as often as possible, but at least once every five years, to ensure
their relevance and the representativity of the index.

e Countries which are experiencing significant economic changes, and thus more rapid changes in
consumption patterns, should update their weights even more frequently.

e The lowest level weights are likely to become out of date more quickly than upper level weights.
Therefore, these lower level weights, for at least some categories, need to be reviewed and
updated more frequently than upper level weights to reflect changes in consumption patterns. The
best use of the available statistical information (e.g., market research, or small annual surveys)
should be made for this purpose.

e Aregular schedule of updating the weights (at least every five years or as often as possible) should
be followed and made available to users.
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Chapter 4 Sampling

A. Introduction

4.1. To construct a perfectly accurate Consumer Price Index (CPI), the price statistician would need to
record the price of every variety of all the goods and services that are in scope of the CPI. Because it is too
costly and, in practice, impossible to regularly record all the prices of the universe in a timely manner,
sampling techniques are used to select a subset of prices that eventually enter the index compilation.
Consequently, a CPI compilation is based on samples.

4.2 Sampling occurs on several different levels in the CPI:
e Geographic (locations) and outlet samples: all places and outlets where a product is sold.
e Product samples: all goods and services available for purchase.
e Time: the sub-periods of the index.

4.3. In practice, CPI sampling follows a multi-stage approach. The universe of products is structured by
first selecting the items within the different categories of the expenditure classification. For each item of the
CPI classification, one or more representative varieties can then be sampled. For the geographic and outlet
samples, specific locations for price collection are selected first. In a second step, outlets are selected within
the sampled locations. The specific varieties to be priced are ideally selected within the sampled outlets.
Finally, time can be considered as another level of sampling as it must be decided at which moment during
the reference month prices are observed.

4.4, Within each of the different sampling stages, either probability or non-probability sampling methods
can be considered, possibly in combination with stratification. If the sampling frames required for probability
sampling are not available, the price statistician either creates one or relies on non-probability sampling
techniques. For this reason, non-probability sampling techniques are commonly used to draw samples for
price collection in the CPI. However, the use of some form of probability sampling is generally the preferred
option as it avoids the need for arbitrary decisions and ensures unbiased results. In addition, there are
practical considerations when organizing the price collection in the field. In practice, different sampling
approaches may be adopted for different parts of the CPI basket. It is thus essential that sampling
procedures are clearly defined and well documented.

4.5, When sampling designs are planned, the full universe of locations, outlets and outlet types, items
and varieties belonging to the scope of the CPI should be considered. All significant parts of that universe
should be appropriately represented. An additional challenge is that representativity is not static but evolves
over time. The samples that were initially designed for the price reference period may not be fully
representative of the current period. Therefore, samples should be continuously monitored and updated as
needed. Chapter 7 describes in more detail the challenges of a dynamic target universe.

4.6. The sample design should support the publication of the detailed sub-indices that have been
agreed for dissemination, such as regional indices or separate sub-indices for urban and rural areas.
Sample designs should be efficient to maximize sampling precision while minimizing the costs for fieldwork
and processing. Even without any formal variance estimation (as described in 4.83 to 4.94), sample
allocation should be optimized by taking into account the weight and the magnitude of the price change
variance of the sub-indices.
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B. Sampling techniques

4.7. In survey sampling theory24, there is a distinction between the parameter and the estimator. In the
context of a CPI, the parameter is the target price index number that is based on prices and quantities of
the products that belong to the universe. The estimator is the price index that is actually compiled using the
sampled data as input. The result of the estimator depends on the price index formula, that may or may not
use weights, and on the sampling scheme that has been adopted for selecting the varieties for which prices
are collected. In practice, the parameter is unknown although simulations can be conducted, for example
using scanner data to study the performance of different sampling strategies.

4.8. In assessing the quality of a sample estimator (i.e., how well it estimates the parameter), two
measures are often considered in the case of probability sampling. The first measure is the bias of the
estimator, which is the difference between the universe parameter and the average of the estimator over
all possible samples that could be drawn under the specified sample design. An estimator is unbiased if it
has zero bias. The second measure is the variance of the estimator with respect to the sampling distribution.

4.9. An estimator is considered accurate if both its bias and variance are small; that is, the estimator is
on average very close to the parameter and does not vary significantly from its mean. The Mean Square
Error (MSE), defined as the sum of the variance and the squared bias, measures the accuracy of the
estimator. In addition, samples should be efficient, so that the maximum sampling precision (and minimum
variance) can be obtained for the minimum cost in terms of fieldwork and processing. If bias is a more
relevant problem than sampling error, the deterioration in precision caused by small samples can be offset
by spending sufficient resources to select and maintain representative samples.

4.10. There are two approaches that can be used to sample units: probability sampling techniques and
non-probability sampling techniques. Probability sampling techniques require that the probability of a unit
being selected as part of the sample is known in advance and is strictly positive for each unit. Units can
represent the locations and the outlets where households shop or the items and varieties that households
buy. Non-probability sampling techniques do not rely on sampling probabilities. In practice, a combination
of probability sampling and non-probability (or purposive) sampling is used at the various sampling stages
of a CPI. These techniques are often applied together with stratification.

1. Probability sampling techniques

4.11. In probability sampling, a sample of n units from the universe of N units is selected by attaching a
non-zero inclusion probability 7 to each unit j. The inclusion probabilities 7 for each unit in the sample are
assumed to be strictly positive and known in advance. This requires the availability of a sampling frame,
that is, a list of all the units eligible to be sampled. A frame may suffer from over-coverage if it includes units
that are not in the universe or includes duplicates of units. It may have under-coverage if units in the
universe are missing from the frame.

4.12. In simple random sampling (SRS) and systematic sampling, each unit is sampled with equal
probability and 7z = n/N. In SRS (without replacement), a random number is assigned to each unit in the
frame and the n highest (or lowest) values are selected. In systematic sampling, the sampling units are
selected at equal distances from each other in the frame, with random selection of only the first unit. These
techniques are usually recommended in situations where the units are relatively homogeneous.

24 For a full treatment of the subject, please refer to one of the many textbooks available, for example Sarndal,
Swensson and Wretman (1992) or Cochran (1977).
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4.13. In probability proportional to size (PPS) sampling, the inclusion probability R —
eNX

proportional to some auxiliary variable x;. Units for which the inclusion probability is greater than one are
selected with certainty, while the inclusion probabilities for the remaining units are calculated after excluding
the large ones. This technique is recommended if the units are of different sizes, so that larger units have
a greater probability of selection than smaller units.

4.14. Inthe context of a CPI, the auxiliary variable is typically the household expenditure on the goods
and services covered by the CPI. In practice, this variable is often not available and alternative variables
correlated to expenditure must be used, such as retail turnover, population of geographic areas, or number
of outlets. The extent to which this assumption about the alternative variables holds true eventually
determines the quality of the sampling design.

4.15. Ina CPI, the size of a sample is often fixed a priori. It is therefore impractical to let the sample size
be randomly fixed by the sampling procedure. Several techniques exist for drawing fixed sample size
samples, for example, systematic sampling or simple random sampling, etc.

4.16. In systematic PPS sampling, the list of units is first ordered randomly and the cumulative total of
the auxiliary variable x; is calculated. Selection of units then takes place using interval sampling with the
interval value calculated by dividing the cumulative total Y,y x; by the sample size n. This is done by
generating a random starting point between zero and the interval value to select the first unit. The second
random number is generated by adding the interval value to the starting point and used to select the second
unit. This process of adding the interval value to the previous random number, and selecting the
corresponding units, is repeated until the requisite number of units has been sampled. If the size of a unit
is larger than the interval value, then it is selected with certainty. These units are then removed from the
sampling frame and the process of cumulating the size variable and compiling an interval value is repeated
with the remaining units.

4.17. Systematic sampling is best explained using an example. Table 4.1 shows how a sample of 3
outlets can be drawn from 10 outlets. In a first step, the outlets are listed in a random order (column A).
Although turnover, or total gross sales of the establishment, would be the preferred selection variable, it is
often not available in the sampling frame. An alternative might be the use of the number of employees as
a proxy for turnover. The table includes the cumulative sizes and the inclusion intervals (columns C and D).
Taking the cumulated (or total) size measure, which is 90 in this case, and dividing it by the sample size,
3, gives a sampling interval of 30. Next a random number between 1 and 30 is chosen, say 25. The sample
will then consist of the outlets whose inclusion intervals cover the numbers 25, 25 + 30 = 55 and 25 + 2x30
=85 (column E).

Table 4.1 Systematic Sample of 3 Out of 10 Outlets, Based on PPS Sampling

Number of Sumulaiive Inclusion Interval Included when
Employees (X) under PPS Starting Point is 25

@) (b) ©) (d) e)
Outlet 1 13 13 0-13
Outlet 2 2 15 14-15
Outlet 3 5 20 16—20
Outlet 4 9 29 21-29 X
Outlet 5 1 30 30
Outlet 6 25 55 31-55 X
Outlet 7 10 65 56—65
Outlet 8 6 71 66—71
Outlet 9 11 82 72—-82

Outlet 10 8 920 83—90 X
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4.18. PPS sampling has the advantage of selecting the sample in proportion to the relevant variable. It
ensures a sample which reflects the heterogeneity of the population, and the sample does not need to be
re-balanced by re-weighting. Alternatively, if each unit could be given an equal chance of selection in the
sample, then re-weighting may be necessary. For example, SRS would give a large outlet the same chance
of selection as a small independent shop, despite the enormous differences in turnover, and so re-weighting
would be needed.

4.19. Assuming that the prices used to compile the index have been obtained using a specific probability
sampling design, it can then be shown how common price indices are estimators for certain population
price indices (see Balk, 2005 for details). If the size variable in PPS sampling corresponds to the
expenditure on the variety in the base period, then the sample Jevons price index is an approximately
unbiased estimator for the population Geometric price index. Similarly, if the size variable corresponds to
the quantities in the base period, then the sample Dutot price index is an approximately unbiased estimator
for the population Laspeyres price index. These results suggest that varieties should be sampled based on
expenditures if using a Jevons index whereas for a Dutot index, varieties should be sampled based on sold
guantities. Finally, the Carli index is an unbiased estimator for the population Laspeyres price index if the
size variable corresponds to the expenditures in the base period (the different index formulas are discussed
in Chapters 1 and 8).

4.20. These estimators are “approximately” unbiased in the sense that the bias tends to zero if the sample
size increases. It can be shown that the finite sample bias of the Jevons index is always positive. Under
SRS, the sample Jevons price index is on average larger than the population Jevons price index. For the
Dutot index, the sign of the finite sample bias is undetermined, although its magnitude is often negligible.
However, for the Jevons index the bias may be significant if sample sizes are very small. Thus, when using
the geometric mean, very small sample sizes should be avoided (see Bradley, 2007). Increasing the sample
sizes will not only reduce finite sample bias, but also reduce the variance caused by sampling. As a rule of
thumb and unless price change variance is very low, at least eight to ten observations for each elementary
aggregate should be selected for the compilation of the Jevons index.

2. Non-probability sampling techniques

4.21. In many circumstances, detailed sampling frames are not available, and non-probability sampling
techniques are applied, because they do not necessarily rely on sampling frames. Moreover, such
techniques allow, to a certain extent, more control over the samples than random approaches. For example,
the costs and the feasibility of price collection play a key role when designing samples for a CPI, especially
given that the sample has to be priced continuously over the next periods. Examples of non-probability
sampling techniques that are often applied in a CPI context include cut-off sampling, quota sampling, and
the representative item method.

Cut-off sampling

4.22. Cut-off sampling refers to the practice of choosing the n largest sampling units with certainty and
giving the remaining units a zero chance of inclusion. To apply cut-off sampling, a sampling frame is
required that contains an appropriate variable measuring the size of the unit. Moreover, the quality of that
variable has to be judged when performing cut-off sampling. The term “cut-off” refers to the threshold value
between the included and the excluded units. Unlike with probability sampling, there is no randomness
involved. All units above the threshold are selected with certainty, whereas those below the threshold are
excluded.

4.23. The disadvantage of cut-off sampling is that it does not produce unbiased estimators, since the
small units may display price movements that systematically differ from those of the larger units. Any
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estimator resulting from cut-off sampling has zero variance because there is only one sample that can be
drawn for a given threshold. In terms of MSE, cut-off sampling might be a good choice if the variance
reduction more than offsets the introduction of a small bias.

4.24. Cut-off sampling can be considered when the size variable is highly skewed. The goal is to select
the largest units that are not so numerous and disregard the many small units. This design is also useful
when the “below cut-off section” of the universe is considered insignificant and difficult to measure. A CPI
practice considered as cut-off sampling occurs when the price collector selects the most sold product in an
outlet, within a centrally defined specification. In this case, the sample size is one (in each outlet).

4.25. Table 4.2 shows the three largest outlets that have been selected using cut-off sampling, with the
size of the outlet being measured by its number of employees (column B). This cut-off sampling technique
allows covering 54 percent of the total number of employees (column D). If the cut-off rule is defined to
cover at least 70 percent of the total number of employees, two additional outlets must be selected. Instead
of fixing the sample size, the cut-off rule can be defined in terms of the cumulative size variable for a certain
threshold. Contrary to PPS sampling, an outlet with a small number of employees will systematically be
excluded in cut-off sampling. At the same time, this technique ensures that all the largest units are always
covered.

Table 4.2 Cut-off Sample of 3 Out of 10 Outlets

Number of Included in Cut-off

T Cumulative x Cumulative x (%) SampILr1_93When

(@) (b) (c) (d) (e)
Outlet 6 25 25 28% X
Outlet 1 13 38 42% X
Outlet 9 11 49 54% X
Outlet 7 10 59 66%
Outlet 4 9 68 76%
Outlet 10 8 76 84%
Outlet 8 6 82 91%
Outlet 3 5 87 97%
Outlet 2 2 89 99%
Outlet 5 1 90 100%

Quota sampling

4.26. Quota sampling is another non-probability sampling technique used in the CPIl. Many product
groups, even rather small ones, are quite heterogeneous in nature, and the price varies according to many
subgroups or characteristics. There may be different price movements within such a product group, and a
procedure to represent the group by one or a few tightly specified item types may then carry a substantial
risk of bias.

4.27. In quota sampling, the sample selection is made using judgmental procedures with respect to
known and relevant characteristics when choosing products to price or the type of outlet to select. The
sample is drawn to have the same proportions as the total population or universe to ensure that the sample
is representative. Consequently, the sample is self-weighted. Quota sampling is a stratified sampling
method with a sample allocation that is proportional to the stratum weights and where the sampling within
a stratum is conducted in a judgmental way.
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4.28. The following example illustrates the concept of quota sampling. If there is a characteristic that
allows dividing a product group into 3 product types (e.qg., red delicious apples, granny smith apples, and
honeycrisp apples), each representing 30, 20, and 50 percent of household expenditure, then the sampled
prices will also represent the same proportions. If there are 10 prices to be collected, a quota sampling
approach recommends that 3 prices are collected for the first product type, 2 for the second and 5 for the
third. If the Dutot index is used, then quantities should be used instead of expenditure for defining the
importance of the strata.

Representative item method

4.29. In the representative item method, one or several item specifications are defined to represent the
item. For example, spaghetti may be a representative item for “Pasta”. In this example, the price changes
for pasta will be measured using the sampled price changes for spaghetti. According to this method, only
varieties matching the specification are priced and no varieties falling outside the specifications will enter
the index. The sampling of representative items for a CPI is usually purposive or judgmental, because of
the lack of adequate sampling frames that formally list all the possible product types.

4.30. If the representative item method is used for sampling products, the number of items must be
sufficiently large to properly represent the diversity of products that can be found in a given product
category. Prices that belong to the same representative item may be relatively homogeneous, both in terms
of price level and price change. What matters is the variance in price changes between the different
representative items that could be selected. Sampling variance can be reduced by specifying more
representative items in those product categories where the price change variance between the
representative items is large.

3. Stratification

4.31. A common sampling technique used in the CPI is to divide, in advance, the universe into disjoint
homogeneous sub-populations or strata. An independent sample of appropriate size is then selected for
each stratum using any of the probability or non-probability sampling techniques previously described in
this chapter. Stratified systematic random sampling is a sampling technique in which systematic random
sampling is conducted independently within each of the pre-defined strata.

4.32. Stratification can be applied to all of the different samples relevant for the CPI. In practice, the CPI
is typically stratified by geography (e.g., region, city, rural, or urban), by type of outlet or by outlet, and by
item/product. Samples are set up within each geographic area, for each of the different outlet types, and
for each item/product within outlets. For example, suppose that the CPI classification contains the item
refrigerators that can be stratified by region. In a given region, refrigerators are primarily sold in larger
specialized shop chains and in several small independent shops. In addition, refrigerators can be classified
according to their capacity. Such a stratification structure is illustrated in Table 4.3. Within each cell, prices
can be sampled using a two-stage approach. In the first step, specialized chains and independent shops
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that sell this type of goods are selected within the different regions. In the selected outlets, specific
refrigerator models that meet the product type specifications are then identified for continuous pricing.

Table 4.3 Stratification by Region, Outlet Type, and Product Type

Type of Outlet Region 1 Region 2

Specialized Independent Specialized Independent
Product Chains Shops Chains Shops

Small Capacity
Refrigerator

Capacity
Large Capacity

4.33. Formally, if a sub-component of the CPI is composed of several strata and the sub-index for stratum
k is labelled Ik, then the sub-component’s estimate is obtained using the strata’s weights and indices:

Ykek Wrlk

[ ==—F—"—— 4.1

Ykek Wk (4.1)
where wy is the weight of stratum k. The weight of the stratum corresponds to the expenditure of that
stratum, and not only to the (smaller) expenditure of the locations, outlets, or varieties that have been
sampled within that stratum.

4.34. Ideally, the stratification should be designed to minimize the sampling error. The strata should be
constructed so that the variance of the price changes within a strata is low, while the variance between the
strata can remain large. A low-price change variance within stratum also has the advantage that results
obtained using different price indices are likely to be similar. Consequently, the choice of the elementary
aggregate price index will have a smaller impact on the final results.

4.35. Stratified sampling avoids selection bias by ensuring that the universe is appropriately represented,
as it controls for the fact that prices must be collected for each specified stratum. Without stratification,
certain parts of the universe may be completely ignored. In addition, the use of explicit weights, if available,
guarantees that the prices are weighted according to the importance of each stratum. In price statistics,
stratification thus helps reduce the bias of the estimates.

4.36. Stratification is a useful strategy to make the sample more efficient. The allocation of the number
of prices across the strata is further discussed later in this chapter (paragraphs 4.83 to 4.94). Furthermore,
the availability of detailed sub-indices can be convenient for meeting specific publication needs. The impact
of stratification on sample sizes using different elementary aggregation formulas has been analyzed by De
Gregorio (2012).

4.37.  Although the universe can exhaustively be divided into a set of strata K, there are circumstances
where only a sample of these strata S(K) is used in practice for index compilation. Only prices belonging to
the sampled strata S(K) will be collected. The strata can be selected purposively. One strategy could be to
select only the most important strata, which is equivalent to running a cut-off sampling procedure. The bias
that results from this process depends on the weight of the omitted strata and on the difference between
the price change of the omitted strata and the sampled prices. If the weight of the omitted strata is small or
their price change is similar to the price change of the sampled prices, then the bias may be small.

4.38. If the strata composing the index structure are selected using probability sampling, then the
aggregation of the stratum indices should be adjusted using sampling weights. In particular, if expenditure
is used as the size variable in PPS sampling, the higher-level estimate is compiled as the simple arithmetic
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average of the sampled stratum indices. In the example shown in Table 4.1, three outlets were selected
using PPS sampling. If outlets 4, 6 and 10 each represent a stratum in the index structure, then the weight
associated with each stratum does not correspond to the actual weight of that outlet. Instead, an unbiased
estimate is obtained by equally weighting the three stratum indices:

30 30 30
I'=35Toutier s + 55 loutiet_6 T 55 louttet_10 4.2)

4.39. Achallenge arises in systematic PPS sampling when the size of a stratum is larger than the interval
value. In such a situation, a distinction must be made between the larger strata that are selected with
certainty (“take-all” strata) and the other strata that are sampled after the larger units have been removed
(the “take-some” strata). The higher-level index is then obtained as a weighted average of two sub-indices.
The first sub-index covers all the certainty strata, while the second sub-index contains a sample of some of
the lower weighted strata. In the first sub-index, the actual weights of the certainty strata must be used in
the aggregation, as these strata only represent themselves. In the second sub-index, the remaining
sampled strata are aggregated with equal weights.

C. Sampling stages in a CPI

4.40. In practice, national statistical offices (NSOs) often adopt four levels of sampling in a CPI: locations;
items within different sections of the expenditure classification; outlets within locations; and item varieties?®.
These four steps are discussed in the following paragraphs. The product level is related to the outlet level.
At some point, the sample of items must be matched to the sample of outlets to decide which items are
priced in which outlets. Time is an additional sampling level that must be considered. If timing is relevant,
it may be necessary to incorporate timing elements in the outlet or item specifications.

1. Sampling of locations

4.41. The objective of the first sampling stage is to select the locations where prices are going to be
collected. A location is an area where outlets that sell products to households can be found. Ideally a large
part of the CPI product basket should be available to purchase within each location. To obtain a
representative sample of outlets, it may be necessary to create locations by combining, for example, out-
of-town shopping areas that mainly sell non-food items with a neighboring urban area in which food is
available. The sampling of locations can be omitted if outlets are directly sampled independently of where
they are located.

4.42. To define the list of possible locations, a decision must be made on the geographical scope of the
price collection areas. For example, price collection can be limited to the capital city only or to the main
cities of a country or of a region. Some countries restrict price collection to urban areas because of the
challenges and costs of collecting prices in rural areas. Alternatively, it can be decided to select locations
belonging to both urban and rural areas. Under the broadest geographical scope, locations must be
sampled to be representative of the national territory as a whole (as further discussed in Chapter 2).

4.43. The sampling of locations is typically conducted using regional stratification. Location selection can
then be done separately within each region. For instance, the strata used for sampling can be aligned with
the administrative sub-divisions of a country and considered the distinction between urban and rural areas.
In principle, stratification works best if the locations of a stratum are homogeneous. In that sense, the
territory could also be partitioned by grouping together the locations that are situated close to each other or

25The order of the sampling stages can differ. For instance, varieties could be selected centrally and then outlets could
be selected to price these varieties. Alternatively, outlets could be selected first, and the choice of the specific varieties
to be priced is only taken when the price collector visits the outlet.
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that have similar socio-demographic characteristics. If no regional stratification is used, locations are
sampled directly at the national level.

4.44. Within each region, some locations may be selected with certainty, and the selection process is not
random. This can be the case of the main cities. Locations can also be selected randomly, using, for
example, systematic PPS sampling. To apply this kind of technique, a variable that measures the size of
the locations must be available and the number of sampled locations within a region must be fixed in
advance. As information on expenditure made by households in outlets situated in a given location is rarely
available, proxy measures must be used. The number of households living in a location can be used as a
size variable, although the residence of a household does not necessarily coincide with the place of
purchase. Population size can be obtained from population registers or from a recent census. The number
of locations to be selected in each region can be determined as the proportion of national expenditure,
income, or a corresponding proxy measure, such as regional Gross Domestic Product (GDP), in that region,
multiplied by the total number of locations to be visited nationally.

4.45. There are operational implications for setting up a new price collection in the sampled locations,
and the process described above may need to be modified for practical considerations. For example,
because data collection costs are important, it may not be efficient to send a price collector to a small
isolated location where many of the items in the CPI basket are not available for pricing. Location re-
sampling might be needed, although it is likely to be conducted on a less frequent basis than outlet or
product re-sampling. Sample coordination techniques can be used to adjust the initial selection probabilities
to increase the likelihood of an overlap between the old and the new sample of locations.

2. Sampling of items

4.46. Cut-off sampling can be applied to select the items that comprise the CPI basket. Expenditure data
on items are typically obtained from a Household Budget Survey (HBS) (see Chapter 3 for more information
on data sources). However, not all items for which expenditure data are available might be included in the
CPI basket. There may be low expenditure items for which it would not be an efficient use of limited
resources to collect prices (although they are within the scope of the CPI). Thresholds can be defined to
identify the low expenditure items that will not be included in the CPI sample.

4.47. In practice, an expenditure share is estimated for all the items that could be included in the basket.
If this share is below a given threshold, the item could be excluded. For example, it might be decided to
exclude from the index items with an expenditure share lower than 0.1 percent for food items and 0.2
percent for non-food items. A lower minimum threshold for the food items might be set because the prices
of these products tend to display a higher variability and because prices for food products are usually less
costly to collect. If an item is excluded, its expenditure may be redistributed to another expenditure group
with similar content and price development.

4.48. The cut-off process can be conducted at the national level or separately within a region. The list of
items used in each region may differ. This approach ensures that the regional baskets are representative
of the consumption structure within each region. Manual adjustments may also be needed so that an item
that falls below the threshold can nevertheless be included in the basket. For example, it may not be so
costly to collect a few additional prices if these are collected together with prices for more important items.
The additional costs may be acceptable given the advantage of achieving wider product coverage.

4.49. The descriptions (or detailed specifications) of the items that are included in the CPI basket can be
general or more detailed. This largely depends on how detailed expenditure data were recorded in the HBS.
If information is available from other sources, a finer stratification can be developed. In any case, the
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universe of varieties that fall within the scope of an item is often quite large. Consequently, additional
sampling is required at this level for the selection of the specific varieties to be priced over time.

4.50. To provide effective control over the sample of prices collected in the field, a list of product types
(items) can be drawn up by the NSO using specifications. This is what is referred to as the representative
item method (as described in 4.29-4.30). The product group is thus represented by a sample of specified
product types (items). The selection of representative items at a central level ensures that they are
representative of consumer behavior, rather than of one shopping location. Consistent with the principle of
a fixed basket, the representative items are usually reviewed periodically at the same time as the weights
and chain-linking is carried out. The disadvantage of this method is that the national specification may often
be unavailable in some locations and does not reflect regional tastes and preferences.

4.51. A representative variety can be defined using either loose or tight specifications. For example, it
may be decided to collect prices for “Tea”, which is a loose specification, as it encompasses many different
tea varieties that could be selected to be priced. Alternatively, the representative variety may be specified
tightly, as a specific variety of tea defined by a brand, flavor and package size. The discussion between
loose and tight specifications has implications for the choice of the elementary aggregate formula (see
Chapter 8 for more information).

4.52. If specifications are too tight, the price collectors may have difficulty in finding the varieties, and this
will lead to fewer price quotes and a deficit in the sample. There is also a risk that tight specifications will
miss important parts of the market, and, consequently results can be biased. For these reasons, the
representative variety method is more suitable for homogeneous product groups. In heterogeneous groups,
it is more likely that important segments of the item universe, with different price movements, will be left
out.

4.53. Loose specifications give the price collector some freedom in choosing locally popular items and
varieties and to adjust the sample to match local conditions. It will normally lead to greater representativity
of the sample, as it will reflect regional tastes and preferences. However, this approach may require training
for price collectors on how to select within the outlet a variety to be priced that matches the loose
specifications. This requires a more formal process selecting the varieties within an outlet. Even with loose
specifications, the variety selected in the outlet must be described in sufficient detail by the price collector
to ensure that the same variety is priced over time, and in case of a replacement, a correct quality
adjustment can be made.

3. Sampling of outlets

4.54. Different data sources can be used as sampling frames for selecting outlets. In the CPI, an outlet
should be defined broadly to include any retail channel that sells goods or services to households, including
different types of physical shops, online shops, or the offices of providers of utilities even when a physical
shop that customers can visit is not available. Outlets to be visited in the field may be selected only in
locations that were previously identified as price collection centers.

4.55.  Business registers can be a starting point for selecting outlets. Business registers are databases
that list the business units resident in a given area and contain information such as location, type of business
activity, turnover, and employment. Business registers should be updated regularly for new businesses and
for closures. One limitation of business registers is that, in some cases, data are available only at the level
of establishment or enterprise, and the information at the local level is not always available or regularly
updated. Provided that some size measure is included in the database, such as number of employees,
business registers can be used for selecting a PPS sample. Similarly, tax data such as value added tax
(VAT) records may be used as a data source that has a wide coverage and contains timely information on
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outlets. Tax records typically refer to a legal unit that can be composed of one or several outlets. With tax
data, the selection of random samples can usually be based on gross sales as the measure of size.

4.56. Administrative records kept by local government, business associations, or market place managers
are another potential data source for outlet sample selection. These records can be used to create sampling
frames and might be particularly useful for sampling local markets. Depending on the availability of
information on size, these sources might provide a frame for PPS sampling. Business telephone directories
usually contain less information, such as the business name, address and activity, and do not include any
size information. Therefore, telephone directories are useful for simple random sampling or systematic
sampling, but not for PPS sampling unless additional information is made available, for example, by visiting
the outlets.

4.57. Information on outlets can also be obtained from surveys designed for this purpose. For example,
the objective of point-of-purchase surveys is to collect information on the place where purchases are made
by households and on the amount of these purchases. In some cases, the HBS includes information on the
outlets or type of outlet from where the households purchased the goods and services recorded. Surveys
that include this information could be used as a source of relevant data on outlets for sampling frames.
However, as these surveys are based on a sample, they are unlikely to provide an exhaustive list of all
outlets and the results obtained may become quickly out of date.

4.58. If the data sources described above are not available, it is necessary to enumerate the outlets
within a selected location to provide supplementary information for the sampling frame or even to construct
a sampling frame. This enumeration can be made by price collectors and/or their supervisors, visiting each
location and noting details (e.g., name, type of outlet, and items sold) of all retail outlets found. This can be
costly, and the price statistician will need to compare the costs and benefits of a more representative
sample. To reduce costs, the number of outlets enumerated per location may be limited by enumerating
only a sub-division of a location. The ideal size measure of an outlet is turnover. However, a proxy may be
used when an estimate of turnover is not available. For instance, the approximate net retail floor space
estimated by the outlet enumerators may provide an adequate alternative. Additionally, it is important that
the assortment of goods and services sold by the outlet is recorded, to allow matching the outlets with the
CPI product basket.

4.59. If none of the formal sampling techniques are feasible, outlets must be selected in a more
judgmental way. For example, field staff can identify the largest retail and service outlets where households
typically shop for a given type of product. Additional guidance may be provided to the price collector by
specifying the type of outlet or by defining the area where outlets are to be selected, to ensure that the
overall sample of outlets remains representative of where households shop. This sampling method often
involves visits by the price collector to the outlet to gather the necessary information on the outlet’s
characteristics before deciding which outlets are included in the sample and before the first price collection
is conducted. For example, if prices for children’s clothes are to be collected, a price collector may visit a
clothing shop initially selected from a central list to verify and check whether it sells clothes for children and
not just for adults.

4.60. The sampling strategy for outlets typically relies on stratification by outlet type. Within each stratum,
outlets are sampled randomly or purposively if no appropriate sampling frame is available. For example,
the number of outlets to be sampled in each stratum could be proportional to the weight of that stratum. In
any case, all significant outlet types should be covered. If relevant, the internet can also be considered as
an outlet type or stratum from which specific websites are selected.

4.61. As similar price trends can be expected in the outlets that belong to the same chain, it may be
useful to also stratify by retail chain. For example, the sample design could include a first stratum that
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contains all the major retail chains as sub-strata and a second stratum that covers the remaining
independent shops. In this case, outlets can be selected separately for each retail chain and from the
remaining universe of independent shops. The index should be designed so that the retail chains and other
outlet types are properly represented according to their market share.

4. Sampling of varieties

4.62. Inafinal step, the selection of specific varieties within outlets is usually made by the price collector
in a purposive way. The objective is to select the most sold variety that fits the item specifications. This
process essentially corresponds to a type of cut-off sampling. In addition to being a high-volume seller, the
variety is also expected to be available over time so that the same variety can easily be priced during the
following periods.

4.63. A compromise must sometimes be made between representativity and comparability. On the one
hand, it is important to select varieties with high sales,, as this will ensure that the samples are
representative of what households are buying. On the other hand, future availability of the variety must be
considered to improve comparability over time by minimizing the need for replacements. However, there is
a risk of bias if the choice of varieties is mainly driven by the convenience to collect. Chapter 5 discusses
price collection in more detail.

4.64. With broad item specifications, many products available in an outlet can be selected for inclusion
in the CPI sample. A more formal approach may be adopted by designing a process that approximates
PPS sampling to the sales of each productze. To apply this technique, all possible products or product types
(items) must first be enumerated, and selection probabilities are determined for these products based on
their sales, for example using information on sales obtained directly from the respondents. Alternatively,
shelf space can be used to estimate sales proportions in some cases. Even with no information on sales,
random sampling can still be conducted by simply assuming that all products have the same selection
probability.

4.65. If the data for the sales measure is taken during a very short period, this may coincide with a special
promotion or sale with temporarily reduced prices. If a variety with a temporarily reduced price is given a
larger probability for selection, and if this price is likely to increase more than average, an overestimating
bias may result. It is thus essential that the sampling takes place before the first price collection or that
sales values from an earlier period are used. Generally, annual sales values would be the best measure.

4.66. Administrative data sources are sometimes available with detailed expenditure data by product or
by product group. Such data sources can help build detailed stratifications and serve as a sampling frame
for selecting the individual varieties to be priced.

4.67. If no explicit weights are used in the elementary aggregate compilation, the sample will be implicitly
weighted by the number of observations. For example, if prices of the same two varieties are collected in
five outlets, then each outlet and variety implicitly have the same weight. The elementary aggregate is often
the lowest level for which weights are available. However, efforts can be made to improve the accuracy of
this detailed sub-index using implicit or explicit weights. The sample can be designed so that the proportions
within an elementary aggregate represent those of the universe with respect to the outlet type or outlet, if
these aspects are not explicitly weighted in the CPI aggregation structure. Similarly, the sample should be
well balanced with respect to product type (item) or item characteristics. For example, if local beer has an
approximate market share of 80 percent and imported beer of 20 percent, these proportions can be

26 This applies if the Jevons index is used for elementary aggregation. If the Dutot index is used, the size variable should
be the number of sales and not the total sales revenue.
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reflected in the elementary aggregate. Chapter 8 discusses the use of weights within elementary
aggregates in more detail.

5. Sampling in time

4.68. The timing of price collection is chosen purposively in most cases. The main principle is that the
prices of each item should be collected each month at the same time, during the same week or the same
day of the month. If there is some price variation within a day, it is important that prices are collected always
at the same time of the day. Price collection can be limited to a certain week of the month, for example,
during the middle of the month, or it can be spread over several weeks of the month according to some
pattern, for example, in different weeks in different regions or for different product groups.

4.69. |If prices are known to fluctuate considerably during a month, then an increased price collection
frequency should be considered. In this case, it can make sense to collect prices once a week or sometimes
once a day instead of once a month, as practical. This could be the case for energy products or for fresh
food.

4.70. Some products have a time-dependent component that should be incorporated into the product
specifications. For example, for airfares or other transport services, the price can be highly dependent on
the day of the week, the time of the flight, and how long in advance the ticket is purchased. Such timing
elements should be held constant to ensure the comparability of the collected prices over time. Moreover,
the specifications including their time-dependent components should be defined to be representative of
consumer behavior.

D. Central price collection

4.71. For some products, prices can be collected centrally by CPI staff. These include those prices
obtained from a specific data source or by a survey conducted centrally. The same general principles apply
as with price collection in the field in the sense that outlets or respondents must be chosen and specific
varieties for regular pricing must be selected. However, there is no operational need to select specific price
collection areas in advance, and a broader geographical coverage of price collection can often be achieved.
Moreover, it is possible at the head office to design specific sampling strategies adapted to the product or
to the data sources at hand. Some examples of central price collection are discussed below.

1. Scanner data

4.72. When using scanner data, the product and the outlet sampling levels are closely related. A two-
stage sampling approach can be adopted where outlets are sampled first, possibly belonging to the same
retail chain or outlet type, and then varieties are selected within the sampled outlets. If price levels are
similar between outlets or if data are not available by outlet, varieties can also be sampled at a more
aggregated level, for instance at the level of an entire retail chain. Eventually, the compilation methods can
be adapted to use all the available data on both prices and quantities, and no sampling is thus involved.
Even if scanner data cover “all” transactions, these data do not necessarily cover the entire universe. In
principle, the remaining part of the universe should also be covered if it is significant, if it is expected to
have different price developments, and if there are sufficient resources to maintain separate price indices
not derived from scanner data. Weights must then be used at some level of the index hierarchy so that
each part is appropriately represented. Chapter 10 discusses the use of scanner data in detail.

2. Tariffs

4.73. For many tariffs, there is often a national pricing strategy and the regional dimension discussed
previously becomes irrelevant. There may only be a limited number of providers (sometimes only one), and
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it is straightforward to select either all of them or at least the most important ones, and these can then be
explicitly weighted in the index. For tariffs, it is often possible to obtain additional information on products
directly from the providers, authorities, regulatory bodies or other administrative data sources. Consumer
profiles are sometimes defined (sampled) to price the tariff structure. Chapter 11 discusses the different
price measurement approaches for tariffs.

3. Rents

4.74. Examples of sampling frames used for rental dwellings are registers of dwellings, lists of addresses,
or registers of tenants and landlords. Information may also be available in the microdata of a census of
buildings and dwellings. Stratified sampling would be the preferred option to select rents. Typical
stratification variables that correlate with rental change are the location, type, and size of the dwelling, the
type of rent (social/fixed/regulated rent or market rent), or the type of landlord. Ideally, each stratum should
be weighted according to its total rental expenditure and random samples should be drawn within each
stratum. If no sampling frame is available and it is too costly to build one, two-stage cluster sampling can
be a practical option. The country or the region has first to be divided into detailed geographic sub-divisions
(“clusters”) from which a sample can be drawn. The in-scope rental dwellings of the selected clusters are
then enumerated so that a random sample of rents in each selected cluster can eventually be obtained. An
alternative approach is to collect rental data directly from real estate agencies. Chapter 11 examines the
treatment of housing in a CPI.

4. Chains with national pricing strategies

4.75. Prices can be collected in a single outlet of a larger chain if it is believed that the same price applies
in all the other outlets of the same chain across the country. This approach may however be subject to
some caveats. First, there is no guarantee that prices are always the same in all the outlets of the same
chain. For example, sales or promotions could be outlet specific. Second, it must be ensured that the
varieties selected in one outlet are representative of the consumption habits in the outlets located in the
other regions. In any case, the prices must be appropriately weighted in the CPI. If a price quote from a
large retail chain is combined with prices from other outlets within an elementary aggregate, an appropriate
representation of the retail chain can be achieved through implicit weighting by replicating the price of the
retail chain. Alternatively, specific elementary aggregates weighted according to the market shares of the
different outlets could be constructed.

5. Internet

4.76. For prices collected on the internet, a distinction must be made between prices collected online, so
that there is no need for a price collector to visit an outlet, or those prices that genuinely represent e-
commerce transactions (online or web-based outlets with no physical location). In the latter case, one could
still adopt the same sampling strategy as for price collection in the field, by first selecting websites and then
selecting specific varieties to be priced. The selected websites are typically organized according to different
product categories that can serve as strata for product sampling. Instead of collecting prices for only a few
varieties, web-scraping techniques can be used to obtain significantly more data in an automated way (see
appendix of Chapter 5 on web scraping). Prices collected on the internet can sometimes be highly volatile
over time with some websites applying dynamic or personalized pricing strategies. This implies that prices
should be collected more often. The number of price quotes collected on a website can be larger than the
number of prices collected in the physical outlets because of lower price collection costs, a wider product
coverage, or an increased price collection frequency. Chapter 11 discusses the treatment of internet
purchases.

E. Sample maintenance
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4.77. The samples are drawn at a point in time and based on the information available at that moment.
However, the situation in the market is seldom static. Products and outlets gain or lose importance over
time. New products constantly enter the market while other products may no longer be available. New
outlets can open in a certain location and previously popular outlets close. This means that the sample that
was set up at an earlier period may not be representative of household expenditure at the current period.

4.78. Over time, the quality of the sample can deteriorate. To avoid this deterioration, it is recommended
that samples be continuously reviewed and adjusted as needed (see Chapter 7 for more information on
maintaining the sample). If resources do not permit a systematic full review of products and outlets, a rolling
review can be set up, where every year a different part of the basket is analyzed. The focus should be on
products and outlet locations that are likely to be affected by major developments.

4.79. In practice, feedback received from field staff can be considered to maintain the on-going
representativity of the samples. Price collectors and their supervisors should be encouraged to report if the
item specifications used for price collection are no longer in line with the products sold. Through their local
knowledge, the staff in charge of price collection may identify new outlets that are becoming popular and
should be included in the CPI samples. An increasing number of missing prices can also be an indication
that the outlets or the product specifications are no longer appropriate, and action must be taken to update
the samples. Some NSOs have dedicated product specialists who monitor the markets of complex product
groups and can assist with sampling and quality adjustments.

4.80. Replacements are one way of preserving the representativity of the samples over time. In some
cases, price collectors find that an outlet at which they have been collecting prices closes or no longer
stocks one of the products being priced. Disappearing outlets and varieties within a specific outlet are
handled by replacing on a one-to-one basis when the outlet closes or the variety ceases to be sold. A more
proactive approach can also be adopted by anticipating the expected disappearance of an outlet or a variety
so that the number of forced replacements is kept to a minimum.

4.81. The criteria for selecting replacements will vary. An outlet can be replaced on a like-for-like basis
by another outlet of the same type, in the same or similar location, selling the same or similar range of items
and varieties. In replacing a variety, two strategies are usually adopted. If the initial selection rule was “most
sold” or “probability proportional to (sales) size” then the replacement may follow the same rule with the
advantage of maintaining the representativity of the sample. However, the replacement variety may no
longer be comparable to the variety that it replaces. In this case, quality adjustment methods must be
applied to ensure the index measures pure price changes (see Chapter 6 for more information on quality
adjustments). There is a risk of bias if the differences in quality are not properly adjusted. Alternatively, the
replacement may be made based on the variety most similar to the one which disappeared, thereby
reducing the need for quality adjustment. When replacements are performed, there is an inherent tension
between representativity and comparability.

4.82. The dynamic nature of the target universe can also be addressed through sample rotation involving
a full or a partial re-sampling. Sample rotation is a technique where the length of time that outlets and
varieties are included in the price surveys sample is limited. In a given period (e.g., every year or every two
years), a defined proportion (e.g., 20 percent or 25 percent) are rotated out of the sample and replaced with
a new sample of outlets and varieties for that proportion thereafter. The process of re-sampling can be
based on any of the methods and sampling frames that are used for initial sample selection. Re-sampling
in the CPI can apply to outlets or even locations. Technically, re-sampling involves an overlap period where
the first period of the new sample overlaps with the last period of the old sample.

F. Variance estimation and optimal allocation



135

4.83. A CPl is a statistic with a complex sampling design that involves different stages and that often
relies on non-probability sampling methods. Therefore, estimating the variance of a CPl is not a trivial task.
Strictly speaking, variance estimation is only applicable in case of probability sampling, as the sampling
mechanism is known. To the extent that samples in a CPI are not probability based, variance estimates
must rely on models in which some type of random sampling is assumed. Different approaches for variance
estimation in a CPI have been developed, taking into account national circumstances. It is useful to know
the sampling error of a CPI as this can inform the users about the level of precision of the published indices.
The interpretation of such error margins depends on the specific approach adopted for variance estimation

4.84. Averygeneral form of a CPlis I = Y, w, I, where k denotes products, wy, is the expenditure share
of this product and I, the product price index. If the estimation of each product index was independent, the
variance would be V(I) = ¥, w2 V(I,), where V(I,) denotes the variance of the product index k. However,
product indices are not statistically independent. For instance, the price change of different products
collected in the same outlet can be related. The sampling errors of the product indices are therefore
correlated, which means that this expression probably underestimates the total sampling errors to some
extent.

4.85. From an operational point of view, variance estimation is a useful tool for deciding on the optimal
allocation of sample prices. Many resources are spent on price collection to produce a CPI. It is therefore
worthwhile to devote some effort to allocating these resources in the most efficient way. A better allocation
of prices can often minimize the sampling error and consequently improve the quality of the CPI without
increasing the resources associated with price collection activities. If a variance and a cost function are
known, an optimization program can be defined to minimize the variance given the budget available for
price collection. Alternatively, costs can be minimized under the constraint that a minimal variance must be
achieved.

4.86. The general approach to distribute the number of observations across strata was established by
Neyman. If each stratum has a known weight wx and samples are drawn randomly and independently in
each stratum, then the standard deviation of the individual price changes (not the price levels) within a
stratum can be denoted by s;. In addition, let cx be the cost to collect one unit in stratum k. If the total
sample size is n, the following allocation is optimal:

WiSk/+/Ck
N = Tlﬁc—k (43)

4.87. This expression formally shows that the number of observations in a stratum should be proportional
to the weight of that stratum times the standard deviation of the price changes and inversely proportional
to the square root of the unit cost. The expression can be simplified by assuming that costs are identical in
all strata. The underlying idea is that more price observations are needed for those strata with a higher
weight and a significant variance in price changes. Additionally, it is sufficient to allocate fewer prices to the
strata with a smaller weight and more similar price changes.

4.88. In practice, there are challenges in systematically applying this type of allocation. While stratum
weights are in principle available, the estimation of the standard deviation of price changes may be more
problematic. One disadvantage of this approach is that it depends on the target price change. For instance,
the prices can be compared to the previous month or to the same month of the previous year. The optimal
allocation can be different if it is derived for monthly price changes or for annual price changes. Moreover,
the standard deviation of price changes of a stratum is not necessarily constant over time.

4.89. Data sources, such as previous CPI surveys, can be used to estimate the standard deviations of
the price changes of each stratum. However, there is a risk that an estimation based only on past observed
prices is biased. Considering the situation in which a stratum is represented by a unique item with very tight
specifications, the prices collected in the different outlets may all change at a similar rate, and this will
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consequently lead to a low sample price change variance. The true population price change variance may
be much larger than the estimated because of the unobserved price change behavior of the varieties that
belong to the stratum but are not included in the CPI sample.

4.90. Costs also need to be considered when defining sample sizes. It may be more time-consuming and
complex, and ,hence, costly, to collect prices for some goods and services than for others. For instance,
for products where quality adjustment plays an important role, the price collector can be asked to record,
in addition to the price, many technical characteristics. Moreover, some outlets have larger assortments,
meaning that more prices can be collected in one outlet, which then reduces the cost per collected price.
In practice, the prices could be classified in categories, such as “easy to collect” or “difficult to collect”. Such
ordinal information could be used to derive an optimal allocation. A more advanced quantification of costs
would be based on estimates of the average time per collected price by product or product group, while
considering the travel time from one outlet to another.

4.91. InTable 4.4, a sample of 100 prices needs to be distributed over 5 items. A first strategy consists
of collecting the same number of prices for each item (option 1). Instead of allocating the same number of
price observations to each stratum, an alternative approach consists of linking the number of prices to the
weight, collecting more prices in those strata that have a larger weight (option 2). This will improve the
sampling error of the sub-indices that have more impact on the higher-level aggregates because of their
weight. In addition, judgements can be made on the magnitude of the variance. This means that the sample
sizes should be increased (or decreased) for strata with an expected higher (or lower) price change
variance. As an approximation, the Neyman allocation formula is applied by assuming factors of 1 (low),
1.5 (medium), and 2 (high) for the standard deviation. The result of the allocation can be found in the last
column (option 3). Because the price change variance is expected to be low for item 3 (as indicated in
column C), sample size for this item is decreased whereas the number of prices to be collected for the other
items increases. Out of these three options, the third allocation aims at reducing the sampling variance
while keeping the total number of prices collected unchanged. Finally, the sample size per stratum should
not drop below a fixed threshold to avoid formula bias or to guarantee a sufficient precision if stratum indices
are separately published.

Table 4.4 Different Allocation Strategies

. Price Change Number of Prices
Item Weight - . . .
Variance Option 1 Option 2 Option 3

(@) (b) (©) (d) (e) ®
Item 1 10% Medium 20 10%*100= 10 11
Item 2 40% Medium 20 40 43
Item 3 25% Low 20 25 18
Item 4 20% Medium 20 20 21
Item 5 5% High 20 5 7
Total 100% 100 100 100

4.92. Todesign optimal samples, it must be well understood how the different sampling stages contribute
to the CPI variance. For example, consider a two-stage sampling design, where outlets are sampled first
and then varieties are selected within the sampled outlets. The sampling variance of the price index can be
decomposed into a sum of two terms that are linked to these two stages. The first term relates to the
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variance of the price changes between the outlets, and the second term relates to the variance of the price
changes of the varieties that are available within an outlet.

4.93. If the price changes between the outlets are rather homogeneous but the price changes of the
different varieties that are sold in an outlet are more diverse, then the preferred strategy is to select a
smaller number of outlets and a larger sample of varieties within each outlet. In addition, such a strategy is
cost-efficient as it is often less costly to sample an additional price in an already selected outlet than to
increase the outlet sample. For example, in some countries, car prices do not vary much across outlets for
the same model and specification, but there are many models with different prices. One car retailer could
easily provide prices for several models during the same collection period.

4.94. The time dimension must also be considered for price collection. If prices vary a lot over time, it is
preferable to collect more prices for the same product during a month. For example, petrol prices normally
show little variation among outlets on the same day while prices can vary considerably even over a month.
It would thus make sense to have a relatively small sample of outlets but follow prices several times in the
same month. The time dimension is also highly relevant for internet purchases. As it is probably less costly
to consult websites than to visit physical outlets, it can be feasible to improve the temporal coverage of
prices collected on the internet.

G. Key recommendations

e When designing samples for the CPI, the index compiler must consider the different sampling
stages relevant for a CPI: geographic and outlet, products, and time. All significant parts of that
universe should be appropriately represented unless there are excessive costs or estimation
problems involved in doing so.

e The CPI aggregation structure is organized according to a product classification, and possibly
stratified by region and by outlet type.

e Within each stratum, the collected prices are typically the result of multi-stage sampling designs.
Price collection locations and items are defined beforehand. Outlets that sell the items of interest
must then be chosen in the selected locations. The specific varieties to be priced may only be
selected when the price collector visits the outlet.

e either probability or non-probability sampling techniques can be used. Probability sampling is the
preferred option if detailed sampling frames that include data on size (e.g., total sales) are available.

e Samples should be reasonably optimized, based on at least a rudimentary analysis of sampling
variance. Different options can be considered:

o Best method would be to multiply each weight by a measure of price change dispersion in
the group. Variance and cost considerations together call for allocations where relatively
many products are measured per outlet and relatively few outlets are contained in the
sample.

o Second best method would be to set the sample sizes approximately proportional to the
weights of the product groups.
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Chapter 5 Price Collection and Validation

A. Introduction

5.1. Several factors will determine the choice of which price collection methods a National Statistical
Office (NSO) uses, taking into consideration efficiency, accuracy, and representativity of consumers’
purchasing patterns. For example, local price collection is costly but can have the advantage of covering a
wide range of locations and items, particularly for food, alcohol, tobacco, and durable goods such as
clothing, furniture, and electrical products. On the other hand, central collection, either at the head office or
in regional offices, can be cheaper and may be used for products where there are national pricing policies,
as for rail fares, or where prices cannot be observed directly in retail outlets, such as for many professional
services. In terms of representing consumers' purchasing patterns, the price collection method also needs
to reflect methods of shopping. For instance, internet purchases or goods purchased through mail order
and catalogues need to be properly reflected in the sample.

5.2. Price collection will therefore require different practical solutions in different countries according to
local circumstances. Thus, the most appropriate sampling and survey methods, and the best data sources
for price collection will depend on the structure of retailing in terms of the characteristics of outlets, their
geographical spread, and the range of goods and services available to purchase, plus the shopping
behavior of the households covered by the index. The compiler should always be guided by the principles
and objectives of the price index being compiled, as addressed in earlier chapters.

5.3. Price collection is becoming increasingly multi-modal with prices being web scrapped from the
internet or obtained from scanner data, as well as being collected by hand from outlets and by telephone
enquiry. Issues of coherence can arise when integrating price data from different sources, with relevant
consequences. The internet prices charged by online retailers can differ from the prices charged by
traditional outlets. Similarly, the internet prices obtained from a retail chain's website and the associated
sales volume can differ from the corresponding in-store prices. The prices collected from each source
should be weighted according to the respective values of sales via the different channels to ensure the
index properly represents the purchases of the target population. Moreover, products representative of in-
store sales may not be representative of internet sales and vice versa. Constructing separate elementary
aggregates to represent different outlets or outlet types, and aggregating the elementary aggregates using
explicit weights relating to the respective sales can help to ensure a balanced sample. For example, prices
from a sample of bakeries (using price collectors), prices for bread from supermarkets (using scanner data),
and prices obtained via web scraping have to be aggregated in a correct and coherent way taking into
account the weights of the different channels or sources. Ideally, indices per data source should be
weighted and prices from different sources should not be mixed; however, in practice this will depend on
the availability of data to develop weights.

5.4. The activity of price collection needs to be carefully planned and a number of organizational options
can be followed. The focus of this chapter is on traditional forms of price collection where price surveys are
undertaken in outlets, using paper forms, handheld computers, or tablets, and supplemented by prices
obtained centrally from postal, email or telephone enquiry. However, the general principles described in
paragraphs 5.15 to 5.49 apply to all types of price collection.

5.5. A separate section details the collection of prices on the internet (paragraphs 5.194 to 5.208). The
use of scanner data is discussed in Chapter 10, considering the conceptual and practical issues associated
with the use of these data.
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5.6. The relative advantages of central and local price collection will depend on individual country
circumstances. A further option involves the outsourcing of certain elements of price collection. In reviewing
these options, this chapter covers the relationship between the field and the head office, and the handling
of the flow of information.

B. Organization options
1. Local price collection

5.7. Local price collection involves collectors visiting individual outlets to collect prices for several goods
and services. This is the predominant method of price collection in most countries, although more countries
are now starting to use other methods. The range and number of outlets visited, and the types of goods
and services priced varies among countries.

5.8. Although the precise method of local price collection varies, each price collector is usually
responsible for collecting prices from a certain location or from certain types of outlets. Collectors will visit
the same outlets in each collection period to attempt to price the same items. Through this type of
arrangement, price collectors can build up effective relationships with retailers and gain specialist
knowledge.

5.9. There are several important criteria relating to the conduct of the collection:
Collectors should be appropriately dressed and be polite — they are representing the NSO.
Collectors should carry identification to confirm their role and status.

Collectors should make themselves known to the retailer or store manager when they arrive, and before
they begin collecting prices.

Collectors should comply with any request from the outlet staff if it does not invalidate the sample. For
instance, if the store is very busy, the collector may comply with a request to return later in the day.

The collection should be carried out as quickly as possible, causing minimal disruption to store business.

2. Central price collection

5.10. Centrally collected prices are obtained from the central offices of major retailing chains with national
pricing strategies. Branches of these chains may be excluded from the local collection if data can be
collected more effectively centrally. Data suppliers may provide information on paper forms, or by sending
spreadsheets to the NSO by email, fax, or on external media such as a flash memory stick. Mail order
catalogues can also be treated in the same way. These prices are then combined with those for the same
items from the local collection. Prices can also be collected centrally online or by using web scraping or
scanner data (see paragraphs 5.194 to 5.208 and Appendix F and, for scanner data, Chapter 10).

5.11. Price data for services or fees may be collected centrally from organizations such as trade
associations, national or local governmental departments. This is often the case for tariffs, for example for
gas and electricity, or for telephone and internet charges, where data from administrative sources on pricing
structures and purchasing patterns are required (see Chapter 11)27. Whenever possible, centrally collected
prices are obtained from one central source, although contact with regional or competing companies is
needed if there are local variations. Data may be requested in writing, by telephone, or may be delivered

27 There are a number of common issues associated with the use of administrative sources for the use of listed prices
in the CPI, including coverage, definitions, data quality, and resilience of supply. For instance, does the source relate
to the definition of the population being measured (transaction prices and sales to private households)? What is the
quality of the data source (up-to-date with no errors)? How resilient is the supply (appropriate gateways available to
access the data in an appropriate and reliable form on a regular and timely basis)?
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automatically because the NSO is on a provider’s mailing list. Providers may send a full price list or tariff
sheet, from which the relevant prices will be extracted by the CPI staff, or just the prices of the items
specified in the data request. It is good practice to confirm price quotations by some form of written
documentation. When collecting prices from the internet, screen prints can be useful as displayed prices
can frequently change (see paragraphs 5.194 to 5.208 relating to collecting prices online). Frequency of
enquiry can vary across the range of items depending on when prices are known or expected to change.
The most common frequencies are monthly, quarterly, and annual, but there are also instances of collecting
as frequently as weekly or even daily. The frequency depends on price volatility. For regulated and fixed
prices, collection could occur on the date when the change becomes effective. For instance, this may be
the case where tariffs for gas, electricity, and water change once a year on a set date. Internal checking
procedures need to be in place for centrally collected prices, because these prices can often represent
items with a relatively high expenditure weight. Credibility checking should be carried out to test the reliabilty
of the collected prices, for instance, by comparing whether the price change relative to the previous price
looks reasonable compared with historic evidence while taking into account sales prices.

C. The principles of price collection

5.12. The procedures for price collection should follow the general concepts underlying the CPI and
should reflect the expenditure of the target population.

1. Defining the price

5.13. Given that the aim of the CPI is to measure price inflation, prices are defined according to what
consumers pay in the market place (i.e., the actual transaction prices of goods and services purchased by
the consumer, including all taxes). However, in practice, the advertised price is usually selected because it
can be readily observed. Practical difficulties stem from the existence of discounts offered when stock is
sold off or when end-of-line, damaged, or special stock are brought in at sale time. In these cases, special
procedures apply. Another complication that can arise is bargaining, where a price might not be displayed
or where goods and services are purchased on the black market. Procedures to address these situations
are discussed in paragraphs 5.24 — 5.29.

Non-transaction prices

5.14. There are some exceptions that deviate from the stated aim of measuring actual transaction prices.
The most notable example is the treatment of owner-occupied housing services, where alternative
conceptual approaches require different measurement methodologies, and the choice of conceptual
treatment depends on the main purpose of the index. For some services the transaction price may be
represented by a tariff or daily or hourly rate. More details on owner-occupied housing and tariffs are
discussed in Chapter 11.

Catalogue and list prices (not mail order??)

5.15. Catalogue or list prices provided by supplier to the retail outlet are in many cases identical to the
transaction price. However, the catalogue or list price may only be the recommended price and not the
actual price the item is sold at. Even where it is supposed to be the actual price charged, retailers may not
always comply with the prescribed prices. Although the use of catalogue prices is contrary to the principle
of recording transaction prices, in practice it can be a cost-effective method of obtaining prices. Therefore,
catalogue or list prices can be used, but their reliability should be confirmed periodically.

28 The pricing of goods and services ordered by mail can be conducted by reference to mail order catalogues. The
index will need to include posting and packaging costs.
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Price reductions and related issues

5.16. Transaction prices may differ from advertised prices, for example, if at time of purchase a discount
is offered. In practice, however, discriminatory discounts, which are available only to a restricted group of
households (as opposed to non-discriminatory discounts that are available to all), are generally excluded
on principle. For example, money-off coupons and loyalty rewards for previous expenditure are normally
ignored and the non-discounted price is recorded. Also, it may be difficult to obtain the price paid if it is
subject to individual bargaining. The following practices are recommended to address different types of
price reductions. Price collectors should make extensive notes on the situations confronted so that
decisions on how to treat specific cases can be reviewed and confirmed at the head office. In general, if on
the day scheduled for price collection, the price of an item is reduced due to sale or promation, the reduced
price is collected even if the sale or promotion is only for one or two days.

Discounted prices: should only be included if generally available to everyone with no conditions
attached; otherwise the non-discounted or unsubsidized price should be recorded. The
general practice is to ignore money-off coupons and loyalty rewards. A judgement needs
to be made, however, relating to the interpretation of “generally available”. For instance,
reduced prices for payment by direct debit may be collected depending on the extent to
which consumers have access to, and use, of this service. A judgement is required on the
threshold to be set for access, above which the discounted price is included in the index.
Alternatively, for tariffs, different payment methods may all be priced individually (e.g.,
separate data collection for payments for electricity by cash, direct debit, and pre-payment)
and the prices weighted and aggregated to form a single price index for that item.

Price discrimination: discounts systematically available only to a restricted group of households
should be disregarded because they are discriminatory, unless they are significant and are
available either to the vast majority of the population or to identifiable subgroups who
qualify for such discounts on the basis of demographic or other characteristics not requiring
action by the individuals concerned at the time of purchase. If included, they should be
treated as stratification or coverage issues in item sampling. A judgement is required from
the compiler. Examples of price discrimination generally included in the CPI may include
lower prices offered to senior citizens (e.g., discounted travel or haircuts) and discounts for
people who receive state benefits. An example where prices are not universally available
and judgement is required is when a nominal or token membership fee is required by the
retail outlet. In these cases, the take-up of such membership, which is widely available,
needs to be considered in terms of thresholds and general spending patterns of the
consumers and the conditions placed on membership that may make it restrictive (e.g.,
minimum levels of purchase). See paragraphs 5.24 to 5.29 for a discussion on price
bargaining.

Sale or special offer prices: should be recorded if they are temporary reductions on items likely
to be available again at normal prices or are stock-clearing sales (e.g., January sales or
summer sales). However, before designating a price as a “sale” price, special care should
be taken to ascertain that there is a genuine sale with price reductions on normal stock.
On occasion, stock is continually sold below the recommended retail price or advertised
as a special offer even though these prices are available all year. In such cases, prices
should not be considered as sale prices, but should still be collected. Special purchases of
end-of-season, damaged, or defective goods should not normally be priced, as they are
likely not of the same quality as, or comparable with, goods previously priced and are
unlikely to be available in the future. If the special offer is limited to the first customers, the



142

item should not be priced, as the offer is not available to everyone. Introductory special
offers may be included if they are available to all. However, given the need to price the
same “basket” each month, such offers will not be chosen as representative items, unless
they have sufficient volume of sales to be considered representative and are introduced at
the time of an update of the basket, or when a replacement item needs to be chosen.
Discounts on goods close to expiry date should be disregarded or treated as specification
or quality changes.

Bonus offers, extras, and free gifts: prices for items temporarily bearing extra quantities (e.g.,
30 percent extra free) should be adjusted to take account of the increased quantity unless
it can be determined that the extra quantities involved will not be wanted by most
consumers, will not have influenced the decision to purchase, and will not be consumed.
Similarly, “2 for the price of 1” offers should be included. The reasoning behind this is that,
if the CPI is tracking the price of a specific product, say a 330 ml can of a diet soda, and
the offer is two cans for the price of one, the consumer will always take the two cans
representing a 50 percent discount on a single can. However, an offer of three cans for the
price of two would be disregarded because the offer requires the purchase of two cans and
the item specification is for a single can.. Money-off coupons for future purchases are
usually disregarded as these may not be used or wanted. Free items with other purchases
(e.g., a free gift with every product purchased) are generally disregarded. For example,
free gifts such as plastic toys in cereal boxes should be ignored because they are not
included in the list for price observations; it is the price to be paid for the cereal in the box
that is relevant. Also, such free gifts can be difficult to value. Similarly, receiving a free
toothbrush when buying a bottle of mouthwash should be disregarded because it would be
difficult to value the free gift and the consumer may only want the mouthwash and not the
toothbrush. The treatment of bonus offers, extras, and free gifts is subject to interpretation
on a case by case basis. Collectors should be aware that temporary “special offer” weight
changes (X percent extra free) could become a permanent weight change (e.g., cans of
alcoholic drinks changing size from 440 ml to 500 ml) and should feed the information back
to the head office as they become aware of it. In this way, CPI staff can issue new or
amended guidance to price collectors about item specifications.

Stamps: sometimes purchasers are given special stamps, which can be accumulated and
subsequently exchanged for goods and services. If a discount is available as an alternative
to such stamps, then the discounted price should be recorded. Otherwise, the stamps
should be disregarded.

Trade-ins: in general, the price reduction obtained by trading in an old item (e.g., a car)
compared with the nominal full price should be ignored. This treatment follows convention,
as the transaction essentially relates to a second-hand good and only the service charge
levied by the outlet in buying and selling the good comes under the scope of the index. In
practice, however, the situation is not so clear-cut. For instance, a garage may give a
discount that is greater than the retail value of the traded-in car and, therefore, in effect
gives a genuine discount on the new car. In many cases, discounts from trade-ins are
difficult to evaluate. The trade-in value may be negotiable in each case, and the full nominal
price — which is used as the benchmark against which the discount is measured — may not
be known. It is therefore generally best to report the list price or asking price.

Sales taxes: when a tax is not included in the price of individual items in an outlet but is added
when the customer pays for the item, care must be taken to record the price including tax.



143

To make sure of this, with items for which the price is normally quoted pre-tax, and in areas
where a general sales tax is added to the bill, the price collection forms should require the
collector to indicate whether or not the price recorded includes the tax, as a price check,
so that it can be added where necessary.

Tips for services: if a compulsory service charge is included, for example on a restaurant bill,
only the compulsory amount should be included in the price, but not any additional
discretionary tips. For services that are free in principle, but that in practice can rarely be
obtained without a tip, or where tipping at a standard rate is the common practice, such
tips may be added to the specified price. However, there is no agreed-upon convention.

Regular rebates or refunds: should only be considered when attributable to the purchase of an
individual identifiable product and granted within a time period from the actual purchase,
and are expected to have a significant influence on the quantity buyers purchase. For
example, money-back deposits on bottles should be deducted from the price if these are a
sufficient incentive for returning the bottle, whereas money-back offers on lawn mowers
after a five-year period should be disregarded. In all cases, a consistent decision for each
item must be applied over time. Decisions about the treatment of rebates are made on an
individual basis. They may reflect income rather than expenditure changes and may require
different treatment from that used by national accounts.

Irregular rebates or refunds: as with regular rebates or refunds, these should only be
considered when they apply to the purchase of an individual product and are granted within
atime period, and are expected to have a significant influence on the quantities purchasers
are willing to buy. Loyalty rebates or coupons associated with previous expenditure at the
outlet, to be used for similar or other purchases, should be disregarded as they are
conceptually out of scope because they are discriminatory relying on previous purchases.
One-off rebates should be disregarded as they do not relate to the specific time period of
the consumption and are unlikely to affect levels of consumption. They are viewed more
as a source of additional income.

Credit card and other payment arrangements involving interest, service charges, or extra
charges: charges incurred as a consequence of failing to pay within a specified period of
time from the purchase should be disregarded. For example, zero or positive interest loans
granted to finance a purchase should be disregarded when determining the price. These
charges come under financial services.

Cash back: whether to include a cash back offer depends on the circumstances. Some large
retailers offer credit card accounts to their customers. In this case, a cash back offer could
be considered a form of discount. Each time consumers use the retailer’s credit card, they
could earn a percentage of the total amount paid in the form of cash back. For example, if
the card pays 2 percent cashback and the customer spends £100 in the retail outlet, they
will earn £2. Most cash back cards credit the amount earned by the customer onto their
statement, thereby reducing their credit card bill. Like loyalty cards, data collectors should
collect additional information to determine what proportion of consumers use the retailer’s
credit card to judge whether the “discount” provided by the cash back offer is widely
available or should be considered discriminatory. If deemed widely available, the CPI price
should reflect the net purchase price (price less 2 percent cash back). If discriminatory,
these offers should be excluded. In other cases, cash back offers are provided by the bank
that issues a credit card. The cash back offer provides an incentive for consumers to use
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a particular credit card for purchases but does not represent a discounted price offered by
the retailer and should be excluded. Cash back offers can also be tied to loyalty cards. A
percentage of the total amount spent accrues and can be used as a discount on future
purchases. These types of cash back offers are excluded because they apply to future
purchases and the price paid is not discounted in any way.

Dual pricing for cash and for credit or debit card purchases: some outlets may sell goods at
different prices depending on whether the item is paid for in cash or if a bank debit or credit
card is used. The primary objective of the price collection is to achieve a representative
sample and continuity. The price collector should determine the proportions of buyers who
pay by the different methods and this should be used to judge what prices should be
collected to ensure representativeness. If the price collected on a particular month is based
on cash payment, then a price based on cash payment must be obtained in each of the
following months. If a price collected on a particular month is based on the use of a bank
debit or credit card, then the prices collected in the following months should be based on
the use of a bank debit or credit card. Widely available reductions for cash payments may
be included, but care should be taken to ensure representative purchases are measured,
treatment is consistent from one period to the next, and practice adheres to the fixed basket
concept. Thus, where relevant, item descriptions should include method of payment and
the proportions that are paid by different methods should be kept constant between reviews
of the CPI basket.

Bank-specific credit card offers: in some countries, banks that issue credit cards will negotiate
with retailers to offer customers who use their credit cards a discount on all purchases. For
example, a bank can negotiate with a supermarket to offer all customers using their credit
card a discount off the total purchase price. Judgements need to be made whether such
offers can be defined as generally available. Like discounts associated with loyalty cards,
if the majority of consumer use that bank-issued credit card, it could be considered
generally available and the discount reflected in the collected prices. However, if it is judged
to be discriminatory and not generally available, they should be ignored.

Foreign currency denominated prices: the price collector should collect prices of items quoted
in foreign currency from outlets selling goods and services in foreign currency, if their
exclusion from the CPI basket would undermine the representativeness of the index. The
price should then be converted into local currency using an average exchange rate
obtained by the head office from the central bank or appropriate dealers in the foreign
exchange market. The price in local currency (obtained after conversion) should be used
in the CPI.

Product with a local and foreign currency price: in some countries there are outlets that sell
products in local and foreign currency (i.e., a purchaser is given an option to pay for an
item in local or foreign currency). The local currency price is used when purchases are
made in local currency. However, if more purchases are made in foreign currency, the
foreign currency price is converted to local currency as in the previous example. To
determine whether more purchases are made in local or in foreign currency, the
enumerator must ask the outlet staff which currency is being used more frequently for
purchasing the item, and this currency should be used for pricing purposes, unless
purchases are frequently made in both currencies, in which case the price in both
currencies is collected and a weighted average used after conversion to the local currency.
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5.17. The appropriate practice to be followed will be determined by individual circumstances, which might
vary among different countries. Price collectors should make extensive notes on the situations confronted
so that decisions on how to treat specific cases can be quality assured and reviewed at the head office.

2. Unavoidable costs that are not part of the advertised price

5.18. In some cases, the consumer has no choice but to pay an extra cost, in addition to the advertised
price of the product, to obtain the use of the product. In cases where most customers will treat and pay this
cost as part of the purchase price, the extra cost should be added to the advertised price to determine the
price for CPI purposes.

5.19. A common example of this situation is the sale of large household appliances and furniture. Most
consumers would not be able to provide their own transport to carry these products home. As a result,
many stores arrange delivery to the customer’'s home for an additional cost. It can be argued that most
customers must pay for the delivery service, and this additional charge should be included as part of the
purchase price for CPI purposes. The concept still applies when the transport is provided by another
business, if this is part of the transaction. In this case, the transport cost would be priced separately but
added to the cost of the appliance when the index is being compiled. However, if the customer arranges
for the transportation under a separate contract then the transportation should be priced separately under
transport services.”

5.20. A similar situation can occur in marketplaces when live poultry is bought for meat. If consumers
regularly buy live fowls and then go to other stalls to have the fowls slaughtered, then the two purchases
can be combined to calculate the cost of buying poultry meat.

3. Price bargaining?®

5.21. Bargaining relates to a situation where prices are individually negotiated between sellers and
purchasers and are not pre-determined. In some market-places, the prices for a wide range of daily
necessities are negotiated. Final transaction prices and quantities will vary from one transaction to another
and cannot be determined until the purchase has been made. Similarly, there will be variations between
transactions in the quality of the goods being purchased which will impact on the price that is paid. For
example, the bargained price for fresh fruit is likely to be lower the longer the fruit is on display. Clearly,
these special conditions require special methods to determine purchasers’ prices for inclusion in the CPI.

5.22.  Where prices are determined by bargaining, standard price survey methods, which consist of
collecting prices directly from sellers, can generate erratic price indices that do not reflect actual price
movements in a market. The prices that are collected should be ‘bargained prices’ and will depend on the
ability, willingness and power of price collectors to bargain in the same way as genuine purchasers. In
addition, prices can vary during the day and from one day to the next, adding an extra dimension to the
concept of representativeness. A number of survey methods and price collection techniques have been
developed to overcome the difficulties inherent in measuring prices that have been bargained.

29 |t can be argued from the viewpoint of the System of National Accounts that bargaining is a form of price
discrimination. A purchaser is not free to choose the purchase price because the seller can charge different prices for
identical goods and services sold under the same circumstances. It follows that “identical” products sold at different
prices should be recognized as having the same quality, and their prices must be averaged to obtain a single price
relative to calculate price indices. In practice, the variation in transaction price can rarely be associated with identifiable
price-related categories of customers. Rather, purchasers may inadvertently buy at a higher price than may be found
elsewhere or could have been negotiated.
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Survey by purchase of products, simulating a consumer. The principle is that price collection
should be carried out in conditions that simulate as closely as possible situations in which
real transactions take place. Price collectors behave like regular consumers by actually
purchasing items to be priced and spreading their purchases over the day to ensure
representativeness. In each case, the field manager will need to carry out regular checks
on quantities and prices obtained by collectors. The following approaches may be taken:

i. Price collectors buy items to determine the relevant price through bargaining. They should be
trained to behave as normal purchasers and strive to get the lowest possible price from selected
outlets and sellers. Given the high turnover of sellers in many informal markets, the sample of
sellers should be partially renewed on a regular basis to ensure that it remains representative..

ii. Price collectors buy items and, in addition, are given an incentive to get the best price. For
example, a price ceiling may be set, and the collector may receive a proportion of the difference
between the ceiling and the bargained price. This incentive system guards against potential
difficulties caused by the collectors not getting the lowest price because, unlike an ordinary
customer, they are not concerned with maximizing value for money and are not constrained by
income although there might be a limit on the money available for purchasing.

Survey of purchasers. The prices purchasers have paid are collected throughout the day
immediately after the purchaser leaves the outlet or market stall, together with a record of
the quantity and quality of the product purchased. The extent of the haggling or bargaining
should be determined (e.g., opening and closing prices) together with an indication of the
relevant parameters determining the price. A form of incentive payment for survey
participation may be needed where there is reluctance among purchasers to submit to such
time-consuming questions. Determining the quantity and quality of the items purchased
can be difficult.

iii. Forthe survey by purchase of products and the survey of purchasers, all CPI basket items subject
to bargaining should be covered. The number of prices collected needs to be sufficient to cover
all relevant items and to provide a reliable guide to average price. This may be difficult to
determine beforehand, although previous price collections should provide some guidance. It is
suggested that price collectors engaging in a survey of purchasers are given a form on which to
record the number of quotations per stall or shop, as indicated by the various respondents. This
can be used to check the number of quotes obtained against the target number set by the head
office.

Survey of trends in wholesale prices. A limited parallel collection of wholesale prices can be a
useful supplement for items where the information obtained from the above survey
techniques is only partially successful, for example where there is a deficit in the number
of observations obtained. Ideally, prices should be obtained from the wholesalers where
the relevant retailers get their goods. All factors should be observed that might result in
increases in the corresponding retail prices, such as changes in taxes on retail activities,
license fees, and the rental for the market stall. On the assumption that these factors
remain constant over time, the evolution of wholesale prices may be used as a proxy for
the retail prices of relevant items. The price of an item for the current period would be
estimated by multiplying the price of the previous period by the corresponding evolution in
wholesale price.

5.23. Determination of the prices paid by a purchaser can be challenging where the final price is for a
bundle of items, for example where a stall holder gives the purchaser extra quantities as a bonus for buying
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a number of goods. If the bonus comprises several categories of items, including the item on which a
transaction price was being directly negotiated, then the purchase has to be split into as many sub-
transactions as item categories. In these cases, a common-sense approach is needed regarding treatment
in the CPI. For example, consumers who are living on a subsistence income consume all food purchases
and the extra quantities involved will be consumed and should be included when calculating the price paid.
Purchasers will have actively bartered an overall price for the total basket of purchases, including any “free”
goods thrown in.

5.24. The method for determining the price paid by the purchaser is illustrated in the following example:
a purchaser wants to buy 5 kilograms (kg) of carrots and is offered a bonus consisting of 500 grams of
carrots, a head of lettuce, and 3 onions.

Table 5.1 Determining Purchaser Price When Bargaining Takes Place

Requested Bonus
Item Items
Carrots Carrots Lettuce Onions
@) Opening Value of Standard Quantities 15,000 15,000 990 4,620
(local currency units)
(©) Standard Quantities 5,000 5,000 264 4,400
(grams)
© Opening Unit Prlcg of Standard Quantities 3.00 3.00 3.75 1.05
(local currency units per gram) (a/b)
o) Opening Unit Prlcg of Quantities and Bonus Quantities 3.00 3.00 375 1.05
(local currency units per gram) (as per (c))
@© Quantities and Bonus Quantities Offered 5,000 500 100 200
(grams)
Opening Value of Quantities and Bonus Quantities
f 1 1 7 21
® (local currency units) ((€) at unit price at (d)) 5,000 +500 375 0
Closing Value of Items Received
@  (ocal currency units) _ 12,000 1,200 300 168
(assumes bargaining ratio for lettuce and onions same as
for carrots, i.e., 15,000/12,000 = 1.25)
a  (NPW PeE 2.40 2.40 3.00 0.84

(local currency units per gram) (g/e)

Bargaining Ratio
@) (d/h), e.g., old price for carrots/new price for carrots, i.e., 1.25 1.25 1.25 1.25
15,000/12,000 = 1.25)

Payment

j 12
o (local currency units) 000
®) Estimated Closing Value of Bonus 1.668
(local currency units) (1,200+300+168 = 1,668) !
0 Actual Value of Requested Item (all carrots) 10332
(local currency units) (12,000-1,668 = 10,332) ’
(m) Quantity Received of Requested Item 5,500

(grams)

Actual Purchaser’s Unit Price of Requested Item
n) (local currency units per gram) 2.10
((12,000-300-168)/5,500) = 2.0967)

Improved Bargaining Ratio

(d/n), i.e., 3/2.10=1.43 1.43

()
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5.25. Three transactions can be identified, involving: 5.5 kg of carrots; 100 grams of lettuce; and 200
grams of onions. The bonus should be valued at prices at which the seller would have sold the items and
the purchaser would have bought them. The assumption made is that prices, would have been determined
through bargaining on the same conditions as the price of the item that initiated the purchase (carrots). In
this example the opening value of 5 kg of carrots is 15,000 pesos and the closing value 12,000 pesos,
whereas the opening values of other food products included in the bonus are 990 pesos for a bunch of 264
grams of lettuce and 4,620 pesos for a pile of onions of 4.4 kg. The actual closing price of carrots will be
determined as shown in Table 5.1. The actual purchaser’s price of carrots is found to be 2.0967 pesos per
gram or 2,096.7 pesos per kilo.

5.26. If the price collector does not know the closing price at which lettuce and onions would have been
sold by the seller of the carrots, it can be estimated. This is done by collecting opening values and standard
guantities from a sample of sellers in the same market or at different outlets in the same area. The average
opening price of an item is equal to the sum of opening values of the item divided by the sum of relevant
standard quantities. For each bonus item (lettuce and onions), the resulting average opening price will be
divided by the bargaining ratio calculated on the item needed (carrots) to estimate a closing price for that
bonus item. The value of each bonus item is obtained by multiplying the closing price by the quantity offered.
If the packet of bonus items contains an item of the same quality as the requested item, that bonus item
will be valued based on the closing value of the requested item.

4. The principle of the fixed basket

5.27. The important principle underlying price collection is the need to compare prices on a like-to-like
basis from one period to the next. This has consequences:

o Where there is a choice of variety of product to be priced initially, an important consideration should
be whether that variety will be available to price over a reasonably long period. This is in addition
to being typical of what is sold to customers. Note that tight specifications are of no use if the
described item cannot be found in the outlets.

e Arecord should be kept of additional information needed to ensure the unique identification of the
variety priced so that:

o The same variety continues to be priced in the case of subsequent price collection being
carried out by a different person.

o The identification and adjustment for any quality change can be made when the variety
disappears and is replaced by a different one.

5. Variety specifications

5.28. The recording of variety specifications is particularly relevant for traditional forms of price collection
where products are sampled and where price collection involves price collectors visiting retail outlets to
collect prices or where prices are collected by postal enquiry, email, or telephone most particularly from
central sources.

5.29. There are no firm rules, especially regarding the use of loose or tight variety specifications: each
NSO may choose their preferred methods. Considerations in deciding on item specifications are:

e Loose specifications leave more discretion to the price collector, so the reliability and training of
collectors are factors to consider when deciding whether to use loose or tight specifications.
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e The specification should be more detailed for heterogeneous items where there is scope for
significant difference of varieties, and for items that by nature are highly specified, such as cars
and hi-tech goods.

o Loose specifications allow the index to more broadly reflect regional differences in tastes and
preferences, and account for differences resulting from socio-economic factors.

e Tight specifications allow for the calculation of meaningful average prices.
e Average prices are useful to identify outliers and to assess the accuracy of reported prices.

e Subject to satisfactory sample design, average prices allow comparisons of price levels, including
between regions or urban and rural areas. Tight specifications facilitate the use of CPI prices in the
computation of purchasing power parities.

o However, specifications should not be so detailed that the vareity cannot be found in an adequate
number of outlets. Individual varieties sold differ from outlet to outlet and region to region, and the
CPI should reflect these differences. Overly tight specifications do not reflect this diversity and can
increase the number of missing prices.

e Without tight specifications, average prices have little meaning or use. For example, an average
price for a liter of whole milk is more meaningful than an average price for men’s shirts.

5.30. Responsibility for deciding whether to use loose or tight specifications and for specifying the items
to be priced should normally rest with the head office. In general, loose specifications can be useful for
food, beverages, clothing, and personal items. Tight specifications tend to be useful for electronic and other
items with high rates of turnover. Specifications should be reviewed on a regular basis to determine whether
they continue to be relevant. The following could signal the need to review and revise specifications:

e alarge number of missing price quotations;
e alarge number of substitutions;
e awide variation in the distribution of collected price levels;

e an observed distortion in the achieved sample, for example where an item is stocked only by one
retail chain indicating that the item is unlikely to be fully representative of what households buy, or
where there is a reduction in the number of brands available possibly indicating a fall in demand.

5.31. Practical difficulties stem from the temporal dimension in price collection. Issues such as the timing
of entering prices into the index, the treatment of missing prices, seasonality, and the frequency of price
collection are temporal issues that need to be addressed to maintain the quality of the index. Aspects
relating to the frequency and timing of price collection are addressed in paragraphs 5.35 to 5.47.

6. Frequency

5.32. Decisions about the frequency of price collection are governed by several factors. The most
important are: the volatility of prices; the characteristics of the market from which the prices are collected:;
the known regularity of price changes; and the frequency and method of calculation of the CPI. The general
principle is that each item should be priced as often as is necessary to ensure that the index reflects a
reliable and meaningful measure of price change. Thus, the desired frequency of price collection will vary
by product, depending on how frequently the prices to be observed change. For instance, the prices of
some products (e.g., fees for government services and utilities) might need to be collected only once a year
if it is known that prices are reviewed annually at a regular point in time. However, it is advisable for the
price collector to occasionally check that the assumption of regular and predictable reviews still holds. In
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contrast, the prices of products with more volatile prices, such as fresh food, might have to be collected
more frequently than the frequency of index calculation and publication. Also, price collection will need to
reflect user needs in terms of whether the target index is a point-in-time or period-of-time index.

7. Period-of-time or point-in-time price collection

5.33.  Prices for a monthly (quarterly) CPI should aim to reflect the average price of the reference period.
To that end, NSOs should strive to calculate an index based on prices covering the whole period (e.g., a
month). Ideally, price collection would be organized so that prices are collected from different outlets
throughout the month. This ensures that the prices used to calculate the index more broadly reflect the
average price for the reference month. While resource constraints could restrict price collection to a specific
period during the month, effort should be made to maximize the price collection period to include as many
days in the month as possible. Regardless of the price collection period, the interval between successive
price observations must be held constant, for example by visiting an outlet during the same fixed time period
each month or quarter. If the CPI is used to deflate income, expenditure, or sales, the index should relate
to the time period of these money flows. For economic analysis, where the index will be used in conjunction
with other economic statistics, most of which relate to a period rather than to a point in time, the CPI should
do the same.

5.34. Under the traditional approaches to price measurement, where price collectors visit retail outlets
and record prices, spreading price collection over a period of time will result in a more even workload. This
avoids some of the operational problems and inefficiencies associated with point-in-time price collection
but will involve collecting sufficient price quotations to obtain a reliable average price level for each product
over the period.

5.35. From an operational perspective, the uneven workloads associated with point-in-time price
collection when using traditional price collection techniques, can be inefficient and have a negative impact
on price collector performance at peak times. For instance, a sizeable price collection team will be required
for a short time in each collection period. This has implications for the recruitment and deployment of price
collectors and for management of the fieldwork. Communication and planning between collectors and their
supervisors to manage events like absence because of illness must be prompt and effective. Staff at the
head office will similarly be confronted with a heavy workload of data checking and editing of price data
over a short period of time.

5.36. With the point-in-time approach, major price setters, notably the government, can influence the
index according to whether their price changes take effect on a day just before or just after the day for which
their price information is obtained, or on the day of collection. Since prices are often collected centrally from
such price setters, it should be possible to obtain information from them about the amount and timing of
price changes at the end of each month, so that in applying the period-of-time approach, an average price
for the whole month can be calculated. For example, if electricity charges are made quarterly and prices
increase part way through the three-month period, individual customers’ payments could include zero, one,
two, or three months at the higher rate depending on when the price change is implemented.

5.37. The point in time or period is chosen to represent a pre-specified reference period, normally the
calendar month in which the price observations take place. Whether collection is continuous or point-in-
time, the interval between successive price observations must be held constant, for example by visiting an
outlet during the same fixed time period each month or quarter.

5.38. The sampling variance will differ according to whether a period or point-in-time index is compiled
and the frequency of collection. Regarding the timing and frequency of price collection, the CPI compiler
should consider the trade-off between statistical accuracy and cost, particularly when prices are collected
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by visits to local outlets, as this can be a costly activity. The budget for price collection can limit the available
options.

5.39. The timing of the publication of the resulting price indices can be a constraint on the price collection
schedule and vice versa. For example, there may be legal constraints on the timing of the publication of
indices, such as a requirement to publish at a set time each month. In such cases, prices must be collected
to a schedule that allows quality assurance, processing, and aggregation procedures to be completed
before the deadline. The quality management of the price collection process is covered in paragraphs 5.78
to 5.116.

8. Timing of price collection

5.40. The interval between price observations should be uniform for each outlet. Since the length of the
month varies, this uniformity must be defined carefully, for instance, not by date but by a formula such as
"second Monday in the month.”

5.41. Regular timing is important, particularly when inflation is high. Where there is a specific collection
day, the most volatile prices should be collected on that specific day rather than on the days around it.
Items where prices can be more volatile include fresh fruit and vegetables, fresh meat and fish, and fuels.
In the case of food products sold in market-places, the time of day as well as the day of the week matters.
Prices of fresh fruits, vegetables, meat and fish can be higher in the mornings when produce is fresh and
lower in the evenings, especially if there is limited refrigeration. Thus, the precise timing of price collection
is particularly important for fresh produce.

5.42. When inflation is low and stable there will be little difference between the annual inflation rates
based on point-in-time and period-of-time collections. For example, there is likely to be very little difference
between the annual rate of change in the index from Monday, January 8, 2018 to Monday, January 7, 2019
and the corresponding annual rate of change between the complete months of January 2018 and January
2019. This will not be the case if inflation is high or the inflation rate changes significantly during the year.
The difference between January 1 and February 1 and between average January and average February
inflation rates may be different, particularly if so-called “sale” periods fall on regular dates each year or are
limited by laws. For certain products with high index weights, where price changes are sudden and tend to
affect the whole market on about the same day, the choice between point-in-time or period-of-time price
collection is especially influential. Examples are fuels, electricity, and telecommunication prices. For these
kinds of products, it can be argued that the case for taking an average price for the period is stronger. This
ensures a more meaningful measure of price change for the month. The calculation of the average monthly
price should relate to the periodicity of the collection, taking into account the appropriate pricing periods.
For example, if prices are increased a third of the way through the period then two-thirds of the average
price over the month should reflect the higher pricing. In these cases, different areas or locations should be
scheduled for price collection at different times of the month according to a regular pattern to be repeated
each month. This makes the use of the collectors’ time more efficient and has the advantage of providing
a spread of collection dates for many representative items. Individual price observations should be carried
out at the same time each month so that the index does not move because of a change in the length of
interval between collection dates. Prices may vary by day of the week (e.g., depending when is market day)
or by time of the day (e.qg., fish is more expensive in the morning when it is fresher), and prices should be
collected on the same day, at the same time, if this is the case.

5.43. Preferably, days of the week and month should be chosen taking into account when purchases are
concentrated and where prices and goods in stock are known to be representative of the whole month. In
some countries, results of the household budget survey (HBS) suggest that most households do the
shopping on the day of the market or souk. However, retailers may be less prepared to cooperate when



152

they are busy, so a balance needs to be struck between the ideal timing for collection and the impact on
response rates3C. An entirely fixed interval is impossible because of the varying length of a month and the
timing of public or religious holidays. One solution is to take sequences of four and five weeks, so
maintaining a relatively stable monthly or quarterly period where price collection takes place on a fixed day
or days each month; another is to follow a rule such as collecting prices on the regular market day or on a
Wednesday through Friday of the first full week in the month.

5.44.  Price collection days (and sometimes the time of collection) need to be set in advance. The NSO
should explain the procedures used for setting collection dates and the underlying objectivity of the method
to assure the public of the integrity of the index. Any data suppliers who supply prices directly to head office
staff need to know the collection date in advance to be able to prepare and supply the necessary price. To
enhance transparency, it is recommended practice to include the price collection period in the CPI
metadata.

9. Measuring hyperinflation or selected large price changes

5.45. Special arrangements need to be put into place in case of hyperinflation. Hyperinflation is an
economic phenomenon that occurs when inflation increases very rapidly. Economists typically consider
monthly inflation rates of above 50 percent as hyperinflation episodes. In these circumstances, it becomes
even more important that the prices of individual items in individual outlets are collected at precisely the
same time each month, otherwise misleading figures may result. The NSO should consider collecting prices
more frequently and, correspondingly, a more frequent compilation of the index. For example, where prices
are normally collected on a quarterly basis, it may be sensible to collect them more frequently. If this is not
feasible, it may be appropriate to adjust prices proportionately by some relevant indicator, such as a subset
of the index, to provide an approximation to a monthly index. Appropriate comparator must be chosen
because relative prices can change dramatically in periods of hyperinflation. The same considerations apply
to collecting prices online.

5.46. In some circumstances, rapid or frequent price changes may be associated with certain items only
and action should be taken accordingly. For example, food prices may rise disproportionately because of a
bad harvest and it may be sensible to increase the frequency of the index for food items only, possibly
publishing a separate index. Alternatively, a simpler way of dealing with this situation may be to monitor a
small number of relevant prices on a regular basis without producing a full price index. Such sub-indices
can be published separately or used to adjust the index as mentioned above, or to provide background
briefing for analytical purposes. These items may be chosen according to their importance for the household
budget and whether they are particularly susceptible to big price increases.

D. The practical aspects of managing price collection

5.47. As mentioned in the introduction, the most appropriate sampling and survey procedures will vary
depending on the use of the CPI and on national circumstances. This also applies to the practical aspects
of price collection. Paragraphs 5.51 to 5.116 describe aspects of planning and organization and provide
indicative guidance on the processes and procedures that contribute to successful price collection in the
field.

1. Practical procedures for local price collection: planning and organization

30 There is no rule of thumb on what constitutes an acceptable response rate as this will depend on the sample design
that has been adopted and the structure of the retail sector (most particularly, the variability of product and item varieties
available and their prices, and the range of outlets in which they are stocked).
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5.48. The discussion that follows is based on period-of-time pricing rather than point-in-time pricing (see
paragraphs 5.36 to 5.42), but the concepts discussed generally apply to both collection methods.

5.49. The procedures governing the collection of prices have the requirements of obtaining usable prices
from the outlets, and the practical problems faced in managing travel to and from the various locations, in
transferring data, and in validating the data back in the office. The overall operation can only be achieved
by cooperation between the price collectors, their supervisors and, of course, the retailers selected for the
price survey.

5.50. An overview of local price collection is given in Appendix A. It is in the form of a flow chart and
shows the different situations that confront the price collector and the decisions or referrals to the head
office for further action.

Planning the collection schedule

5.51. Price collection is a complex process that needs to be effectively managed by the head office.
Proper training of price collectors in the concepts and practices of price collection is an essential element
in achieving a representative and error-free sample of prices. Price collectors should be given help and
practical support when undertaking price collection. The collection of prices should be supported by good
documentation. Also, the scheduling of price collection and the drawing up of contingency plans, for
example in the case of price collector illness or other factors outside the control of the price collection team
should be in place so that the price collection operation runs smoothly. Effective management of the price
collection process should be given the necessary attention and funding. More detailed guidance on good
practices is given in the paragraphs that follow.

5.52. The collection schedule should include time for the price collector to travel around all required
locations within a reasonable number of working hours in a day. The schedule needs to allow the price
collector to perform all the necessary checking of prices, to answer queries from the supervisor or the head
office, and where necessary to re-visit the outlet. The collection schedule also needs to allow for the transfer
of data and forms between the data collectors, regional offices (if applicable), and the head office. If paper
forms are being posted or hand-delivered, time must be allowed to ensure that all information reaches its
destination by the required deadline. If electronic transmission of data and forms is used, time needs to be
allowed to ensure that all the data arrives in the correct format and to address potential problems if the files
are corrupted. Plans for recovery in case of technical breakdowns need to be in place.

5.53. Public holidays can occur on days that would otherwise be price collection days. In general, prices
due to be collected on the holiday should be collected as close as practicable to that day. This usually
means adjusting the regular price collection schedule to the immediately preceding or following few days.
Any adjustments to the regular schedule should be made so that prices reflect the normal pattern of buyer-
seller behavior. The work schedule for index compilation and publication also needs to be considered.

Dealing with queries: enquiry management system

5.54.  Price collection queries need to be dealt with in a timely and efficient manner both because of the
tight schedules associated with the compilation of a CPI and because of the difficulty to correct errors in
pricing retrospectively given the dynamic nature of retailing where prices and stock can change very quickly
without warning. The progress in dealing with queries (e.g., verify questionable prices, or seek additional
details on incomplete specifications) needs to be monitored and the system for monitoring must be simple,
in order to be effective and flexible to the needs of the CPI production cycle and to any problems that may
arise. An enquiry management system should be able to monitor progress and provide an effective audit
trail. Information recorded should include: date price collection form received and from whom; date due;
collection date/trip/period (if applicable); current progress (with date); dates when queries were raised and



154

responses sent; and date completed. It is particularly important that decisions are recorded and signed-off
to provide price collectors with confirmation for their own purposes of verification and as audit trails for
quality assurance purposes at the head office. Audit trails are an effective way to ensure that processes
were carried out correctly and to support the review of the effectiveness of those processes. The information
gathered should also feed into a quality management system for the computation of the CPI (see Chapter
13).

5.55. A simple enquiry management system might use emails to send the query. As these will be seen
and read, they satisfy the notification requirement. A template form requiring the entry of simple ticks and
dates could be created in a spreadsheet and a new copy provided for every collector each collection period.

5.56. An enquiry management system can be either paper or electronic. The two methods should be
matched to the resources and infrastructure available. For instance, messages to and from price collectors
to their supervisor might be on paper but messages between a regional office and the head office could be
by email.

5.57. Queries about collected prices is a two-way process. The head office may want to question some
prices collected and request a check, while price collectors may ask for further guidance on situations
arising in the field such as the selection of a suitable replacement for a disappearing good.

2. Practical collection procedures and questionnaire design

Design of price collection questionnaire

5.58. Good design of the questionnaire form (or its electronic equivalent) is essential for the successful
collection of prices (see Appendix B). Price collectors should be given the appropriate direction and find it
easy to use, and the format and layout should facilitate the extraction of data (e.g., price, item description,
or comments) by the head office for effective quality assurance. The price collection form should cover:
collection date and collector's name; name or location of the particular outlet; product name and
specification of the actual item to be priced; price entry; and collector comments about the product or price
movement or changes in the representative item being priced such as package size.

5.59. Whether recording price information obtained from personal visits on paper form or via handheld
computer or tablet, the price collector needs to be provided with all the information required to successfully
collect prices and, correspondingly, the head office will want from price collectors all the information needed
to assure the quality of the prices collected.

5.60. Including the previous period price on the collection form continues to be a topic of debate. There
are advantages and disadvantages to including the previous period price on the collection form. The
optional inclusion in the form of the price collected in the previous period raises concerns that the price
collector may be inclined to automatically record the previous price or be too influenced by it when
identifying the item in the outlet to be priced. However, this information is sometimes included to assist the
collector in ensuring that the correct item and price are being recorded and, where paper forms are being
used, to identify any unusual price movements that need to be investigated. With electronic collection, if
the collected price differs from the previous period price, data collectors are prompted to justify or explain
the price change. Price collectors are encouraged to add additional information to the "standard" description
to facilitate the unique identification of the product to be priced without a reliance on price. Such information
might include: brand, make, size, model name and number, reference number, distinctive features, and
location in outlet (e.g., “bottom shelf at rear of shop”).

5.61. Items should appear on the form in the same order in which prices are collected. A correctly ordered
list will reduce time-consuming swapping and searching between pages. Even with a handheld computer
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or tablet, searching and pressing of navigation buttons will be less time-consuming if the item list is ordered
to match the layout of the outlet.

5.62. For fruit and vegetables, weight and quantity should be part of the item description, but the amount
actually priced should be recorded separately so that a unit price can be calculated. Weight and quantity
are needed because the unit price is often lower if larger quantities are purchased. For example, if the price
collector prices a bunch of bananas and the item description is one kilo of bananas, the price collector
should choose a bunch weighing approximately one kilo, weigh the bunch and calculate the price per kilo.

5.63. When an index basket is updated, the questionnaire will need to list all items included in the old
and the new basket. Where an update of the outlet sample is planned to coincide with the introduction of a
new basket, it will be necessary in the chain link period for the price collection to cover both the old sample
of locations, outlets, and items and the new sample of locations, outlets, and items.

5.64. An example of a typical price collection form is given in Appendix B. This example is of a form used
by the collector for recording prices when visiting an outlet, either in paper form or electronic. It is also
possible to ask the outlet staff concerned to complete the form themselves and to send it to the NSO,
although there are obvious potential problems in the form not being completed correctly. Such a form may
therefore serve for reporting as well as for collecting. If the form has space for recording prices over a
sequence of months, the collector may keep the form and transcribe the prices each month onto a separate
report form, which is then sent to the NSO. Where the form used for collection is also used for reporting,
there are two main options: either the form has space for recording prices over a whole sequence of months,
and the form is shuttled backwards and forwards monthly between the collector and the head office; or new
forms for collection and reporting are provided each month. In the latter case, it can be useful if the form
contains the prices recorded in the previous month alongside the spaces for recording the current month’s
prices, although this might encourage the price collector or data provider to overly rely on the previous
recorded price. The transfer of the prices to another form or system, especially when done manually, may
lead to transcription errors and is best avoided. In the example given in Appendix B, the previous month's
price is shown (see paragraphs 5.185 to 5.193 on Computer Assisted Data Collection for a more detailed
discussion of the advantages and disadvantages of giving price history). For simplicity, the example
assumes all prices entered on the form will include a sales tax.

5.65. Completion of the price collection forms, whether by paper or electronically, should comply with the
following guidelines:

e All prices should be entered in the collection sheet in full even if there is no price change. This is
good practice as it helps to ensure that the correct item is being priced, the price has been recorded
correctly, and the price collector has not relied on information given by the outlet staff without
checking. For instance, a price may not have changed but the package size might have been
reduced, a practice sometimes used to make price increases less transparent, but to the outlet staff
there has been no price change. A price should never be recorded as ‘no change’. All other entry
fields on the price collection sheet should have something entered if only to indicate that they were
not accidentally missed, for instance, “Not Available (NA)".

e |f a price is not available a reason must always be supplied. The information given will be useful to
the collector’s supervisor and the index compilers as well as to the price collector. The price
collector may need to ask the outlet staff for an explanation and may also need to choose a
replacement, for example, if the outlet staff indicates that the item is no longer stocked.

5.66. No matter which method of local price collection is used, it is essential to provide some procedures
to allow the tracking of activities and formal sign-off, confirming that processes have been completed and
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necessary actions undertaken on data checking and transfer to the head office. Audit trails are essential
for work and quality management.

5.67. The price collection form should have space to provide full descriptions of the items being priced.
Price collectors should be given a checklist or set of codes to record relevant information on changes
relating to outlets, items or prices. The information needs to be systematically collected. For instance, codes
to help with quality adjustment need to reflect those characteristics that most influence price. Prior research,
for example, based on the hedonic method (see Chapter 6), can help to pre-determine these characteristics.

5.68. Codes for managing the sample of outlets can be helpful and may include:
e Closed down: outlet permanently shut or closed down.
e Temporarily unavailable: outlet temporarily closed, but likely to be open next month.
o Refusal: owner or staff refuses to cooperate.
e Change of details: change of ownership or name or change of purpose.
Continuity and the use of price collection codes

5.69. As the index measures pure price changes, the same item should be priced every month to
establish a true picture of price change. For example, if a jar of a supermarket’s own brand strawberry jam
has been selected, that brand and flavor should continue to be collected; if it is out of stock, another brand
and flavor should not be used without further investigation to establish whether this is a temporary situation
or likely to be permanent. In the latter case, and if another flavor of the same brand, size, and quality is
available, then in normal circumstances this item should be chosen as a “comparable” item and the item
description suitably amended3L. If a different brand, size, or quality product is available then this should be
selected as a “new” item, but only where no comparable items are available. The same principles apply to
other items such as clothes and fresh fruit and vegetables. With clothes, it is important that color, fabric,
country of origin, logos, and size are specified to ensure that the same item is priced each month. For fresh
fruit and vegetables, useful attributes to record may be country of origin, class, and variety. For electrical
equipment, the specifications and features given in the manufacturer’s catalogue may be important.

5.70. A detailed description of the items being priced is recorded to assist the price collector and the
head office in choosing or confirming the suitability of a replacement for an item that has been withdrawn
and in identifying changes in quality. The focus should be on recording price-determining characteristics. If
the regular price collector is unable to carry out the normal collection, full and accurate descriptions will also
enable a relief collector to carry out the collection without any doubt concerning the correct items to be
priced.

Most of the time, the item will be exactly as collected the previous month and all that will be recorded
is a current price. However, if there is a change or uncertainty in the item, it will be necessary for price
collectors to use their judgement and to inform the head office, bearing in mind that the head office staff
should be responsible for making the final decision. A pre-coded specification will be less time
consuming and provide better guidance to the price collector on what information should be reported.
The codes should cover situations faced regularly when collecting prices. The codes can be numeric
or alpha-numeric and each one should indicate the action taken by the price collector or supervisor and

31 The replacement should be either a) as similar as possible to the previous one; b) the most popular “similar” product
in the outlet; or ¢) the “similar” product that most likely will be available for future pricing. Unlike approach (a), which
leaves the sample “static” with the risk that it will be increasingly out-of-date and difficult to collect prices for, approaches
(b) and (c) have the advantage of introducing an element of sample replenishment.
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will be associated with corresponding procedures to be followed in the calculation of the index by the
head office. The form should include codes such as:

5.71.

Comparable (C): The original item is no longer stocked but a similar alternative has been collected
that does not differ in terms of major price-determining attributes. The price is likely to be in a similar
range although this may not always be the case.

Non-comparable (N): The original item has been replaced by a new item that is not really
comparable but is equally representative of that product group. If possible, the collector should try
to find the price of the “new” item in the previous or price reference period.

Sale or special offer (S): A price decrease because of a genuine sale or special offer. This does
not include damaged or out-of-date stock or clearance goods, which should never be included. A
price reduction where there is no notice of a sale or special offer is not a “sale”; the item should still
be priced, but without the S indicator code.

Recovery (R): A return to the normal selling price after a sale or special offer. This does not need
to be a return to the price prior to the sale or special offer. A referral back to the previous price
collected and consultation with the outlet staff will normally be required.

Temporarily out of stock (T): Guidance will need to be given to the price collector concerning the
meaning of “temporarily” (in terms of expected duration, which may vary for different items). If non-
seasonal items are missing for three or more months, depending upon country circumstances,
enumerators should replace items immediately (e.g., fashion clothing, if it is unlikely that the
identical item will come back into stock). Typically, "T" indicators should not be used for more than
three consecutive months, and in the fourth month, a replacement should be chosen. In food
outlets, it is very unusual for items to go permanently out of stock. The collector should always try
to check future availability with the retailer.

Missing (M): Used where the outlet does not stock an item or no longer intends to stock an item
and there is no appropriate alternative replacement. In these circumstances, it is recommended
that the item is checked at subsequent collections to ensure that a suitable replacement item has
not come into stock.

Weight (W): A permanent weight or quantity change to the product.

Query (Q): Such a code may be used to supply extra retail information to the head office (some
examples are, “10 percent extra free”, “2 for the price of 17, or a strange price difference that is not
covered by one of the other indicators, such as a special edition issue of a magazine at an
increased price). Arrangements need to be in place for the head office to respond to these

comments and to treat the price quotes accordingly.

Even if the retailer says there have been no price changes since the previous month, the price

collector should confirm prices. This will require some diplomacy, but it is important because the outlet staff
may to overlook a small number of price increases, or forget when the last increase occurred. Also checks
need to be made to ensure that there have been no changes in the price determining characteristics of the
item such as package size or weight.

5.72.

As noted above, a price should be recorded only if the exact product being priced is on display and

immediately available for sale; however, for certain large items that must normally be ordered, such as
furniture or cars, the price should be recorded as long as the retailer confirms that it is available for delivery..

Unit prices
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5.73. Some food items, such as meat, fish, or cheese, are typically sold in variable weights and it is
necessary to collect prices per unit of weight. The price per unit of weight should be taken from the package
labelling or calculated directly by the collector. Roughly the same package size and type should be used
each month, as the unit price might be lower for larger pack sizes or differ between package types. Other
items, such as eggs, are often sold in specified quantities. For these, collectors record prices for the
specified quantity, as total and unit prices usually depend on the number bought. If X eggs are to be priced
and the price for the number is not quoted directly, the price of one egg can be obtained and multiplied by
X to get the required price. However, the price collector must ensure that unit price does not decrease with
guantity: significant changes in weight or quantity are to be avoided. Other examples are herbs, such as
mint, or vegetables, such as cabbage leaves, sold in bunches of variable size with no label giving the
weight. In this instance, a number of bunches should be weighed and priced to obtain an average price per
unit of weight (e.g., kilogram). It will be necessary to purchase bundles and weigh them at the head office
when reliable scales are not available at the outlet or market stall.

5.74. Certain food items, such as fruit or vegetables, are more difficult to price as some outlets might
price items per number purchased while others might price by weight. For example, peppers may be priced
either by weight or by unit no matter what the size; garlic may be priced per bulb, clove or by weight; various
types of berries may be priced either by weight or by container, which may differ in size or how full it is. In
these instances, care needs to be taken with the product descriptions. The item description given on the
price collection form should refer to the pack size, weight, or quantity being priced. Collectors need to be
aware of the importance of collecting the same item from one month to another, so that genuine price
changes are recorded and not quantity or quality price changes.

3. Practical collection procedures: quality management in the field

5.75. Adequate field procedures are required to ensure that the quality of the price index is not
compromised by errors in price collection. Price collection needs to be carefully planned and managed, and
effective instructions and training given to price collectors. In traditional price collection, most prices are
collected through price collectors visiting individual outlets. Checks need to be carried out to ensure the
accuracy of the data. This section gives guidance on field procedures relating to local price collection and
provides an overview of quality management. It focuses on data validation in the field. Chapter 13 provides
a broader look at the organization and management issues associated with central price collection and with
the complete process of producing a CPI.

Data validation in the field

5.76. Data validation should be carried out throughout the entire process of compilation of a CPI, from
the collection of individual prices to their aggregation into indices.

5.77. The questionnaires, and the data collection software if handheld computers or tablets are used,
should facilitate quality assurance of the collected prices at or close to the time of collection and record the
results of the checks made in the field as part of an audit trail.

5.78. Collected prices can be compared to the prices of the same product sold in the same outlet
previously collected, and large movements can be checked for accuracy. Preferably, the head office should
provide guidance on what are viewed as acceptable ranges for price movements based on previous price
movements. If a price has changed significantly or remained unchanged for a very long period, the retailer
should be asked to explain why.

5.79. Where resources allow, field supervisors and independent auditors should be deployed to support
price collectors in providing accurate prices for input into the CPI. Supervisors should check the validity of
the prices and related information recorded by the price collectors, provide assistance, and help when
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required as part of a collaborative effort. The required level of the validity checks may vary depending on
the nature of retailing and the data collection procedures. For example, the use of handheld computers and
tablets facilitates real time data editing and the creation of price collection reports, reducing the chance of
errors in price collection.

Data validation: field supervisors

5.80. Checks to ensure that data are complete and correct should be carried out as early as possible in
the collection and compilation processes. A return to the outlet to re-input prices becomes increasingly less
feasible as time goes on, and there is a greater risk that the prices in the outlets will have changed since
the initial collection. The use of handheld computers or tablets by price collectors facilitates much more
detailed checking at the time of the initial collection of prices in the outlet than the equivalent paper system
(see paragraphs 5.185 to 5.193 on electronic reporting).

5.81. Field supervisors have a number of important roles: training of data collectors when implementing
new procedures or methods, one-on-one training of price collectors during joint field trips to correct any
deviations from the procedures and tasks laid down in the price collection documentation; and reviewing
the work done by price collectors in previous days to verify the quality and to facilitate the correction of
errors.

5.82. In an ideal system, field supervisors will be employed to regularly check that price collectors are
adhering to the price collection schedule and are undertaking the required checks at the appropriate time.
The supervisor should check that price collectors are completing price collection forms correctly. A sample
of collection forms from each collector should be checked where it is not practical for supervisors to check
every form. Checks may be made, for example, on whether the price collector has attempted to collect all
prices from all outlets, that explanations have been given where prices were not obtained, and adequate
descriptions entered where replacements for disappearing products have been priced. The supervisor may
also be required to check the accuracy with which data are transferred from data collection forms to the
computer. This is an essential task associated with the quality assurance process and needs to be allocated
to somebody other than the person who initially inputs the data so that an independent check can be
performed.

5.83. Supervisors should also be encouraged to visit outlets and check the individual prices collected by
price collectors. These checks can be organized either on a random basis or chosen on the basis of
indicative information, such as extreme price variations. A typical audit report will include the percentage
error rate and a breakdown of whether the errors are likely to have a high impact (e.g., wrong price, wrong
item, or item available but listed as temporarily unavailable) or a low impact (e.g., incomplete product
description, or inadequate reason given for price change). The audit report should be followed up by a
formal request to the price collector asking for corrective action and confirmation that all necessary follow-
up actions have been carried out.

5.84. Field supervisors should check for consistency and credibility in price movements recorded by the
collectors under their oversight. For instance, if one location is reporting different price movements from the
other locations within the collection region, some explanation or a follow-up price collection will be required
to check the accuracy of the prices collected. Preferably, this should be done once data have been
transferred into the computer system and have been checked for errors. Tabulations of price changes
grouped by product or elementary aggregate should be provided to enable the supervisor to conduct these
checks efficiently. This will enable the supervisor to quickly identify extreme or inconsistent movements,
that may indicate either errors in collection or unexpected behavior in the market. These checks should be
conducted regularly during the price collection period.
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Quality checks in the head office: data entry queries and the role of the head
office

5.85. Once the price collection has been completed and the prices submitted to the head office, a series
of further validation checks can be run. In determining the checks to use, the validation checks carried out
in the field should be considered. For example, the use of handheld computers or tablets will increase the
potential for validation at time of price collection and reduce the need for detailed scrutiny at the head office.
In addition, it would clearly not be productive or cost-effective to repeat tests already carried out.

5.86. The range of tests carried out on individual price quotes can include:

e Price change: The price entered is compared with the price for the same product in the same outlet
in the previous month and triggers a query where the price difference is outside pre-set percentage
limits. These limits will vary, depending on the item or group of items, and may be determined by
analyzing historical evidence of price variation for the product or item concerned. If there is no valid
price for the previous month because, for example, the item was out of stock, the check can be
made against the price two months or three months before.

¢ Maximum/minimum prices: A query is raised if the price entered exceeds a maximum or is below
a minimum price for the item of which the particular variety is representative. The range may be
derived from the validated maximum and minimum values observed for that item in the previous
month expanded by a standard scaling factor. This factor may vary between items, again based on
previous experience. Where necessary and possible, the maximum/minimum price should take
account of any significant differences in average prices between, for example, regions.

5.87. If a handheld computer or tablet is used (see paragraphs 5.185 to 5.193), both tests (related to
price change and maximum/minimum prices) can be implemented easily to take place at the time of
collection; otherwise they will need to be conducted in the head office as soon as possible after collection
and prior to the computation of the index. A failure in either test should prompt the collector to check and
correct or confirm the entry, and prompt for an explanatory comment.

5.88. Queries raised may be either dealt with at the head office or sent to the price collector for resolution.
For example, scrutiny of a form might show that a significant price difference has arisen because the item
priced was a new product replacing another that has been discontinued. In this case, there may be no need
to raise a query with the price collector, unless there is evidence to suggest that labelling the item “new
product” is incorrect.

5.89. If a price collection error is discovered and is too late in the process of computing a non-revisable
CPI for the collection of the correct price, the head office will need to reject the price and exclude that item
from that month’s index and the price reference period, or treat it as a missing price and impute a price
using the price movements of similar products. Where a CPI is revisable, it can be re-compiled and the
corrected figure published the following month. In some countries, the CPl is first published as a provisional
figure to facilitate the late take-on of data including the situation just described.

5.90. Collectors should be encouraged to give feedback to the head office on their experiences of price
collecting. Collectors are a valuable source of information and often give good early feedback on changes
in the market-place and can often warn of size or product changes before the head office is able to obtain
this information from other sources such as newspaper advertisements. Collectors’ feedback can be used
to support observed price movements and to provide supplementary briefing material.

5.91. Feedback can also form the basis of a newsletter for collectors. Collectors shared experiences can
guide other collectors on how to treat different situations or circumstances.
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5.92. The periodic routine of collecting prices in the field needs to be carefully planned and monitored,
with arrangements in place to reflect local conditions. However, price collectors should send in information
when it is due, and late submissions require follow up.

Quality checks of local price collection: the role of auditors.

5.93. One way of monitoring the work being carried out by price collectors and addressing any issues is
to employ auditors to occasionally accompany collectors during the field collection, or to carry out a
retrospective check on the collected data. The function of the auditor is to check the validity of the prices
collected and to initiate corrective action that may extend beyond correcting an individual price quote to
reviewing and updating instructions to price collectors and to general re-training. The function can cover
more than one geographical area, but it does not normally extend to the supervisor's role of managing price
collectors and the price collection process. Sometimes the function of the auditor is combined with that of
the field supervisor. The observations and comments of auditors are an essential part of quality
management.

5.94. The range of tasks that an auditor carries out will vary from one NSO to another. Monitoring the
standard of price collection will always be the main focus of the auditor. There are several other areas,
however, in which auditors can be called upon to contribute. Auditors may be required to help with the
sampling of locations and items and check that proposed collection locations contain an adequate range of
outlets, and advise on economic conditions in these locations and on any dangerous areas. Auditors can
carry out product reviews. For example, if an item is causing difficulty for price collectors, auditors can
speak to collectors and retailers to determine the reasons for these difficulties. Auditors can also advise on
changes to basket composition, ensure that products suggested by the head office are available across the
country, and suggest item descriptions. Furthermore, auditors can provide reports on price collection in
existing locations. For example, the head office may raise a query about an outlet in a location, and the
auditors can visit this outlet to find the answer to the question or to persuade a retailer to continue with the
survey.

5.95. The main purpose of audits is to ensure that each collector is following the procedures laid down
for price collection so that the risk of errors is reduced. However, there are other benefits of strategic
importance in terms of continuous quality improvement:

e Raising awareness of quality.

e The identification of the scope for introducing improvements to quality, including rectifying
weaknesses in procedures, documentation, and price collection skills.

Quality checks of local price collection: back-checking

5.96. Another approach to monitoring the standard of price collection is to carry out a back-check (i.e., a
retrospective check of a proportion of the prices recorded during the collection).

5.97. Back-checks can be used to:
e Assess the standard of competence of individual price collectors.
e Audit the overall standard of price collection.
o |dentify general training needs or the specific needs of an individual.

¢ Highlight any key issues including, for example, problems with documentation or instructions issued
by the head office.
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e |dentify areas where collection is problematical; for example, all collectors may have problems in
certain types of outlets, prompting the need for more detailed instructions from the head office.

5.98. Back-checking should be done by an expert independent of the process (preferably employed by
the NSO), such as an auditor. Back-checking is carried out by visiting the selected outlet and re-collecting
the prices and other relevant information, such as attribute or description codes. This activity should be
carried out close to the original collection period to avoid problems of price changes occurring in the interim.
Back-checkers should seek permission from the outlet staff beforehand and follow the general criteria of
conduct for local collection.

5.99. Performance criteria should be determined to which all back-check results can be compared. These
criteria should set, for example, the acceptable number of pricing errors per number of items checked. Well-
defined criteria will enable performance of collectors or locations following a back-check.

5.100. A back-check may include a range of tests to identify the following:

o Price difference — if the price is different, the auditor should check with outlet staff if there has been
a price change since the original collection took place.

o Insufficient item description — incomplete descriptions should be augmented to include all price
determining characteristics.

e Wrong item priced — such as incorrect size or brand being chosen.
e |tems wrongly recorded as missing or temporarily out of stock.

5.101. A report should be sent to the head office for scrutiny once the back-check has been completed.
The head office will then need to take appropriate action, which may include, for example, retraining the
price collector or sending out supplementary instruction.

Quality checks conducted centrally by the head office
5.102. Four kinds of regular checks are necessary at the head office:

e Check that the price collectors’ reports are sent in when they are due. If this is not done, it is
necessary to find the reason and take appropriate action to obtain the reports.

e Confirm that the reports contain what they are supposed to contain (e.g., mandatory fields have
not been left blank, numeric fields contain numbers, or non-numeric fields do not contain numbers).

e Review and edit each return. Substitutions may have to be made centrally, or those made by the
collectors may have to be approved. Unusual or large price changes may need to be queried. Items
priced in multiple units or varying weights may have to be converted to price per standard unit.
Missing prices must be dealt with according to standard rules relating to the cause.

e Find and correct errors introduced when keying the numbers into the computer or transcribing them
onto worksheets. Errors preferably should be avoided by eliminating the need to transcribe.

5.103. The way the data are organized in worksheets or in the computer may differ from the way they are
arranged on receipt. For instance, the data may arrive at the head office organized for price collection
purposes by collector, outlet, and item but will be entered on to a spreadsheet designed to reflect the
computational needs of CPI compilation. The data in original format should be recorded for reference if any
problems with the data are disclosed during processing. This facilitates operational management when
dealing with queries. Furthermore, even if the same set of codes are used in price collection and in the
processing of collected prices, other codes may have to be used for information that comes in from the
collectors in non-coded form.
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5.104. The organization of the quality checks conducted centrally by the head office will vary from country
to country. In some cases, local or regional supervisors will do some of it; in other cases, it will be more
appropriate for it all to be done centrally. Some of these tasks can be done by computer and others
manually.

5.105. Procedures should be in place to check that all documents, messages, or files are returned from
the field, so that price collectors can be contacted about missing returns. Initial checks should then be
carried out to ensure that data are complete and correct. For instance, checks should be run to ensure that
unexpected duplicate prices (i.e., for the same item, in the same outlet, in the same location) are not taken
on, and that the location, outlet, and item identifier codes, which accompany each price, exist and are valid.
If any prices fail these checks, a query should be raised with the price collector for clarification. Since some
of the checking may require reference back to the price collectors (or to their supervisors or respondents
when direct mail questionnaires are used), the timetable for producing the index must allow for this
communication to take place.

5.106. In deciding on what checks should take place in the head office, account should be taken of the
validation checks carried out in the field. The use of handheld computers or tablets will increase the potential
for validation at the time of price collection and reduce the need for detailed scrutiny at the head office. It
would clearly not be productive or cost-effective to repeat all the tests already carried out locally, except as
a secondary audit or random check that those checks have been completed.

Data reports

5.107. Reports can help the head office staff identify prices for which the level or change stands out as
different from that reported for similar varieties elsewhere, or simply where a change may need to be
queried because it lies outside specified limits. Thus, a comparative analysis of other prices collected for
an item can be undertaken. A printout can list all prices that either fall well outside the range of prices
obtained for that representative item, or for which the percentage change from last time falls outside a
specified range, and a similar list can be compiled identifying outliers based on the recent price behavior of
the same item in the same outlet. The limits used will vary from item to item and can be amended in the
light of experience. The CPI compiler can then work through these lists, first ascertaining whether there has
been a keying-in error, and then examining whether any explanation furnished by the collector adequately
explains the divergent price behavior or whether a query should be sent back to the supervisor or collector.
Again, the timetable for CPI compilation should allow for this, and anomalous observations should be
discarded where an acceptable explanation or correction cannot be obtained in time.

5.108. Other reports may be produced regularly covering several periods (e.g., three monthly) to detect
accumulated patterns, thus enabling broader problems to be detected. For example:

e One collector’'s reports might show many more “outlet closed” remarks than those of other
collectors, perhaps indicating either a motivational or training need on the part of that collector, or
a change in retail trade patterns in a particular area.

e Variety substitution for a particular representative item might become more numerous than before,
suggesting a possible need for revision of the specification or the choice of another representative
item.

e Where tight specifications list several brands and models of which one is to be chosen, but a large
number of collected prices are for items not specified in the original list, this suggests that the
specified brands and models are no longer appropriate and that a review of the list is required.
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e The dispersion of price changes for a specific representative item might be much larger than it used
to be, raising the question of whether it has been appropriately specified.

5.109. Routine computer-generated reports should enable to detect such problems. Two types of reports
are particularly useful: index dispersion reports, and price quote reports.

e Index dispersion report. This is a list of the current index for each elementary aggregate, the number
of valid quotes for each item, and the number of price relatives and their values. The ratios of
current to previous valid prices can be compared and queries generated, if these ratios fall out of
acceptable ranges based on previous price behaviors and considering any special circumstances
such as the introduction of discounted prices in seasonal sales. The index dispersion reports can
be used to identify quotes with price relatives that fall outside the range of the main bulk of quotes.
These suspect quotes can then be investigated, and appropriate action taken.

e Price quote report. This consists of a range of information on an item that the index dispersion
report has highlighted as warranting further investigation. Information listed may include current
price, recent previous prices and base price, together with locations and types of outlet. The report
can be used to identify the quotes that require further investigation and to investigate rejected
prices.

5.110. While price collectors should examine every price they collect, it is not considered necessary nor
feasible for collection supervisors and index compilers to subject every collected price to the same level of
scrutiny. It is recommended that, to improve cost-effectiveness, a significance rating should be applied to
determine how much time and effort should be expended on examining and, where necessary, editing
individual prices.

e In general, prices from elementary aggregates with relatively small price samples should receive
more attention from the index compiler. This is because, if the weights of the elementary
aggregates are broadly equal, each individual price movement within these elementary aggregates
can have a much more significant influence on the index calculation than any individual price
movement from within an elementary aggregate with many price quotes.

¢ Price samples from elementary aggregates with high expenditure weights should also be examined
critically as a higher expenditure weight will cause all price movements within the sample to have
a greater influence on the CPI.

e The highest risk is associated with elementary aggregates with relatively large weights but few
price quotes and with complex index construction methods. This situation is associated with utilities
and other services that account for relatively large expenditures and where there may be only one
or a few suppliers and prices are based on complex tariffs.

5.111. Some of the techniques discussed in paragraphs 5.116 to 5.156 work best when applied to large
guantities of data and have the advantage of being automated with the intervals identified for closer
examination being generated by the prices data. Abnormal individual prices such as sale prices, or price
movements such as sale recovery prices, may be excluded from manual and automated procedures for the
detection of outliers, particularly in the calculation of upper and lower bounds, as they are not representative
of the general trend in prices. Nevertheless, such prices should be checked for accuracy, for instance by
reference to previous price history. Automated checking can be applied to seasonal sale prices and prices
for seasonal items.

5.112. Automated checking essentially performs the same basic filtering purpose for the identification of
outliers as the manual techniques described above. It is sometimes referred to as statistical checking in
contrast with the manual techniques which are sometimes referred to as non-statistical checking.
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E. Data validation and editing

1. Data validation and editing by the head office: automated (statistical)
checking and the use of algorithms

5.113. Data validation methods identify possible errors and outliers for validation. Errors are incorrect
prices, while outliers can be defined as price movements that are exceptionally large compared with most
movements. The purpose of data validation is to validate and confirm prices flagged as errors or outliers.
Any errors should be corrected. Outliers verified as correct, should be used in the calculation of the index.

5.114. The main conceptual difference between automated (statistical) checking and manual checking is
that the automated technique calculates the limits for acceptable movement based on the data collected.
These techniques have the benefit of automatically updating the acceptable limits in line with any overall
change in price volatility, as observed when new price data are received and the limits are re-calculated.
These techniques require a large amount of data to provide reliable results and so are best suited to data
handlers and index compilers in regional offices and the head office, where prices data from several
collection centers will have been collated and stored, rather than at the local level.

5.115. Automated (statistical) checking compares each price change with changes in the other items from
a given price sample. The chosen price sample is usually the sample to which the item being checked
belongs, but the sample for testing may be a combination of price samples for similar products. It can also
be updated as more prices are received from the field. For each of the methods described below, the price
ratios may measure the price change over any time period: for instance, the change from the previous
period or the change from the same period in the previous year.

The use of median and quartile values

5.116. One method of setting the limits to determine whether a movement is a possible error is based on
the median and quartile values of the price ratios (R) from the sample. The acceptable limits are set as a
predefined multiple of the range between the median and the quartiles. Any observation with a price change
outside this range is identified as a possible error. The major benefit of a method like this is that it is not
affected by any single outlier value. A numerical example is provided in Appendix C.

5.117. The basic approach to estimating sensible upper and lower limits of acceptable price movement
relies on the assumption that the observed price changes are normally distributed. Under this assumption,
the distance between each of the first and third quartiles (Rq1 and Rqs3) and the median (Rwm) will be the
same: call this distance ‘Dw’. Operating under this assumption, the proportion of price changes that are
likely to lie outside specified upper (Lu) and lower (L) limits can be estimated from a normal distribution
table. The limits can be defined as:

LU=RM+CXDM;and
(5.1)
L. =Rwm-C x Dw

where C is a user defined value.

5.118. As discussed in paragraphs 5.126 to 5.134, a variation of this basic approach is recommended to
allow for the skewed distribution of price changes that can be observed in practice.
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5.119. If Cis defined as equal to one, then approximately 50 percent of the observations will lie between
the upper and lower limits. Using the standardized normal distribution, this is equivalent to setting the limits
at plus or minus 0.7 times the standard deviation (o) from the median. Table 5.2 provides approximate
multiples of o for selected values of C and the associated percentage of the observations that will be flagged
as possible errors and outliers. In practice, there are serious shortcomings with this method as described
here.

Table 5.2 Selected Values of C and the Proportion of Observations Flagged

Expected Proportion of

¢ o Multiplier Observations Flagged
1 0.68 50.00%
2 1.37 17.00%
3 2.07 4.00%
4 2.75 0.70%
6 4.00 0.14%

5.120. In normal circumstances, the majority of observations for many products will not show any price
movement. Therefore, the values of the quartiles are likely to be very close to the median value. As a result,
using small values for C is likely to cause the majority of price movements to be flagged as possible errors
and outliers. To demonstrate this effect, in Example 2 in Appendix C, 16 additional observations indicating
no price movements have been added to the sample of 30 observations used in Example 1. A price sample
with at least one-third of the observations showing no movements would not be unusual for many categories
of items. If Cis set to 2, then 60 percent of the actual price movements would be flagged as possible errors,
compared with 30 percent in the unadjusted sample.

5.121. The index compiler should experiment with different values of C for different product groups or
outlet types to determine appropriate values for local use. It is recommended that a relatively low value of
C be used. C need not be an integer and can be expressed in terms of fractions as well.

5.122. The distribution of prices and price movements is rarely normal, rather in most cases a skewed
distribution exists. Thus, the underlying assumption of a normal distribution is not valid, and the use of
symmetrical upper and lower limits will result in a skewed distribution of prices flagged up as possible errors
or outliers. This is operationally inefficient and the examination of differing proportions of “low” and of “high”
prices and price movements could lead to bias.

A modified use of median and quartile values

5.123. To use the above method in practice, three modifications are recommended, as shown in
paragraphs 5.127 to 5.134.

5.124. Based on the simple price ratios, the distances from the median represented by price decreases
are not as large as the distances represented by price increases. As an example, consider a case where a
product is on special offer at half price. This is represented by a price decrease of 50 percent. However, to
return to the original price requires a 100 percent increase. To make the calculation of the distance from
the center the same for extreme changes for price decreases and for price increases, the price ratios should
be transformed. The transformed distance, S;, for the it" price observation can be calculated as:



167

S;=1-°4 if 0 < Ri< Ry (5.2)
Si:ﬁ— |fR|ZRM
Rm

Where: Ry =median

5.125. The observations with a price ratio lower than Rw have now been transformed into the negative of
the increase required to return the price ratio to the value of Ru. Any observations with a price ratio equal
to Rm will have a transformed price movement of zero. Observations with a price ratio greater than Ry have
been transformed to show changes as though they had increased from Ryu. The procedure is then carried
out on the set of S;.

5.126. In situations where the quartiles (Ro1 and Rg3) are quite close in value to the median (Rm), many
small price movements are likely to be identified as possible errors or outliers. To reduce this problem,
items with no price movements may be removed from the calculations. If the acceptance interval is still very
narrow, some minimum distance should be set. A starting value is five percent for monthly changes but it
is up to the CPI compiler to choose, based on past experience.

5.127. The third modification is intended to overcome the problem of using small samples. When using a
small sample, the impact of one observation on the distances between the quartiles and the median might
be considered too significant. In practice, the sample sizes for many elementary aggregates will be small.
To improve the usefulness of this method, the samples from several similar elementary aggregates can be
combined. In this regard, elementary aggregates can be considered similar if their prices are believed to
exhibit similar behavior.

5.128. The Hidiroglou and Berthelot method, as described in detail in Hidiroglou and Berthelot3? (1986),
can easily be extended according to the description in paragraphs 5.133 to 5.135. The variable s; is
independent of the price levels. To address the issue that the level of the prices can influence the
acceptance interval, s may be transformed into a new variable, E:

E;=s;- (max{pit‘l,pf})u, O<uU<1 (5.3)

5.129. E is calculated as s multiplied by the largest of the prices in period t or t-1, raised to the power U.
The variable U determines to what degree the price level influence the acceptance interval. The larger U
is, the larger the influence of the price level will be. If U = 0 the price level plays no role. This method is
helpful, if the compiler wishes to pay more attention to a price increase from 1000 to 1100 than from 10 to
11.

5.130. A further transformation can be made to ensure a minimum acceptance interval to avoid that too
many price changes being identified as possible errors for elementary aggregates (E) with only small price
changes. In this case, for each elementary aggregate, the median, Ewm, and the first and third quartiles, Eq1
and Eqgs, of the Ei's are found, and the following values calculated:

do1 = Max {Em — Eo1, |AEMm[} (5.4)

dQ3 = Max {EQ3 — Ewm, |AEm|}

5.131. Ais aconstant that enters JAEM| to ensure a minimum acceptance interval. A low value of A raises
the probability that (EM — EQ1) or (EQ3 — EM) determines dQ1 or dQ3, and vice versa. For instance, if A

32 “Statistical editing and imputation for periodic business surveys”, Survey Methodology, Volume 12, No 1, pp 73-83.
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is set to 0.05, |AEM| will be quite small so that (EM — EQ1) or (EQ3 — EM) are likely to determine dQ1 or
dQ3, even if the dispersion of the Ei's is relatively small. If, on the other hand, the dispersion of the Ei's
becomes very small, ]JAEM| determines dQ1 and dQ3. Hence, A can be used to avoid having too many
price changes identified as possible errors for elementary aggregates with only small price changes. The
acceptance interval is finally defined as:

Acceptance interval = {Eu — C*do1; Em + C*dga}, (5.5)

where (Em — C*dqu) is the lower bound and (Em + C*dqs) is the upper bound of the interval. C is an extra
variable that may be introduced. The larger C, the larger the acceptance interval, and the fewer extremes
and potential errors will be identified.

The Tukey Algorithm

5.132. The Tukey algorithm overcomes the problem of validating data when there are many observations
with no price change (i.e., where many price relatives are equal to one indicating no price movement). The
first step is to sort the sample of price relatives. The highest and lowest five percent are flagged for
examination as possible errors or outliers and removed from further calculation. All observations with no
price movement are also removed from the sample before further calculations are done. The next step is
to calculate the arithmetic mean (AM) of the remaining observations (referred to as the Tukey sample). This
value is then used as the dividing value to separate the observations into two smaller samples: an upper
and a lower set of price ratios. The arithmetic mean of each of these two samples is then calculated as
(AML, AMy). The upper and lower Tukey limits (Ty, T.) are then calculated for the Tukey set as:

Tu = AM + 2.5(AMy - AM) (5.6)
T = AM — 2.5(AM — AM,)

5.133. All observations that are greater than Ty or less than T, are flagged as possible errors or outliers.

5.134. As this method excludes all observations with no price movement, the calculated limits are unlikely
to be close to the mean. Therefore, there will be no need to impose a minimum difference. However, the
problem of requiring a reasonably large number of observations in the sample remains. Again, it may be
necessary to combine the samples of similar elementary aggregates. Example 3 in Appendix C shows that
5 observations would have been flagged by this method in comparison to 18 observations by the previous
method based on the modified use of median and quartile values (see 5.126 — 5.134).

5.135. As mentioned before, statistical methods of filtering have an advantage over simple filtering,
because the limits are set by the data and can be re-calculated over time. The disadvantage is that filtering
cannot be done until sufficient quantities of data have been collected, unless the index compiler uses
approximations from past experience. The processes can be repeated as additional prices are received.
Compilers should aim to set filters so that most of the records flagged as potential errors do turn out to be
errors (or outliers requiring explanation). The aim of all these methods of filtering is to indicate which records
require examination, not to flag records for automatic deletion from the sample. Each price movement
should be checked for credibility and representativeness. Only if the movement is an error or
unrepresentative should modification be considered. There should not be a presumption that an outlier is
“wrong until proven right”, and outliers should not be treated as incorrect prices.
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Fgure 5.1 Price Changes in Plot Chart During Sales Season
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2. Visual data validation

5.136. Using plot charts is helpful to spot the outliers on the collected data and focus validation on these
(see Figure 5.1 with arrows highlighting outliers). For visual data validation, it is easy to use plot charts that
are readily available in spreadsheet software tools or can be programmed on the information technology
(IT) system. Visualization can be more convenient than focusing validation to the change of prices,
especially when there are extreme price changes such as during sales periods or in the case of fresh fruit
and vegetables. If the plot chart is programmed into the IT system, from the outlier it is possible to make a
direct link to the observation.

3. Review of outliers

5.137. The detection of price observations that are outliers may be conducted through an examination of
both price levels and of price movements. The movements will have been verified as being based on
correctly collected and recorded data but may not be representative of the behavior of the section of the
market that they are meant to represent. This leads to the concern that a different sample would have
produced a significantly different and more representative average price movement.

5.138. Itis recommended to use resources efficiently on validation and checking of input data and to focus
on identifying the most important errors/outliers. The general rule should be to include verified prices.
Excluding or modifying prices should be the exception. The aim should be to reflect the reality.

5.139. The tests for outliers are the same as those for identifying potential errors. Outliers can be
determined by comparing the price movement relative to defined allowable limits. These may be either pre-
determined numerically or pre-defined based on statistical tests.

5.140. If, by exception, outliers are to be modified, they are usually modified to lie on the pre-defined
boundaries of acceptable movement or to be imputed by the movement of a suitable sample of prices.
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Imputation by the average price change of the product group to which the item belongs yields a similar
result as its exclusion (the same result within the elementary aggregate), but such imputations can have
operational advantages as they employ protocols already in the calculation system for the imputation of
missing prices. An automatic adjustment should generally be avoided, and not be used to reduce volatility
in an index, for example, at the elementary aggregate level. The index compiler should consider each case
on its individual merits, following agreed guidelines and deciding based on all relevant information. Prices
should be modified or discarded only if there is sufficient justification. The CPI protocols followed by the
NSO may even forbid the modification or exclusion of outliers.

5.141. Price collectors and their supervisors are responsible for providing as much information as possible
about the reasons for extreme price movements or levels and why they accepted the price quote as valid.
In addition to checking for better accuracy, supervisors can also be instructed to compare the price
movements for equivalent products obtained by all the collectors they supervise.

4. No price change

5.142. If the price observations are collected in a way that prompts the respondent with the previously
reported price, the respondent may report the same price as a matter of convenience. This can happen
even though the price may have changed, or even when the particular product being surveyed is no longer
available or has changed its price-determining characteristics. As many item prices do not change
frequently, and this kind of error is unlikely to be spotted by normal checks. Often the situation comes to
light when the contact at the responding outlet changes and the new contact has difficulty in finding
something that corresponds to the price previously reported. It is advisable, therefore, to keep a record of
the last time a respondent reported a price change.

5. Missing prices

5.143. Treatment of missing prices is dealt with in more detail in Chapter 6. This section discusses ways
of minimizing the occurrence of missing observations.

5.144. It is important to maintain the relevance of the sample of items priced. As part of the longer-term
maintenance of price samples, items and locations for which prices are missing can be examined for
common patterns. For instance, if many retailers are missing the same item, there may be a general supply
problem. This may be an indication that an item will have to be replaced. If the number of regularly missing
items is growing, then the sample might need to be reviewed. If a particular outlet is recorded as having a
relatively large number of missing prices it may no longer be appropriate for the particular items assigned
to it, or the varieties whose prices are collected in the outlet may need to be reviewed.

5.145. Where prices are collected using a questionnaire sent to the outlet, whereas individual respondents
often follow a regular pattern; some return their price surveys promptly, others take some time. Price
collectors should be encouraged to become familiar with these patterns. If the system for recording the
return of these surveys also records the expected return date, then unexpected non-returns can be flagged
even though the final deadline for return of survey forms has not passed. These respondents can be
contacted in advance of the final deadline to ensure that the survey form has not been forgotten. Early
contact can reduce the number of prices still missing by the deadline. Respondents that provide prices for
heavily weighted items can also be monitored and contacted earlier.

6. Credibility checking

5.146. Credibility checking tests the reasonableness of the input data and the results obtained. Credibility
checking of the results should take place after the checking of the numerical accuracy of the data at or
shortly after price collection as described above. These early checks are the responsibility of the price
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collectors and their supervisors but also involve outlier detection at the head office. These early checks
should discover all straightforward errors like incorrect coding (e.g., wrongly attributing a price as a sale
price) and the incorrect recording of prices.

5.147. Addressing other potential errors is less straightforward. Results that fail a data check, such as
exceeding the pre-defined movement limits described earlier, may be judged by the index compiler to be
valid as a result of referring to other information such as market intelligence. Other potential errors might
only be resolved after checking with the respondent, if time allows.

5.148. If it is possible with individual price quotations to re-survey the price or obtain a satisfactory
explanation from the respondent, the query can be sent back to the price collector and the data can be
flagged as being verified and then subsequently corrected if found to be in error. Even if it is not possible
to check with the respondent before the computation deadline, the respondent could be questioned during
the next regular visit, as the answer may assist the NSO’s understanding of market behavior for the
particular product or retail sector. When a satisfactory explanation is not available, the CPI procedures
should provide guidelines to aid the compiler in deciding how to treat the questionable price. For instance,
the compiler could omit the price, allowing the processing system to impute a price, or modify the price to
keep the price change within a pre-defined limit, but this is best avoided and should be the exception. If
prices are modified without verification from the respondent, it is recommended that price collectors be
informed of potential problems during the next collection.

5.149. NSOs can minimize problems caused by unusual prices and price movements by training price
collectors to recognize these situations, to check prices when first observed, and to collect relevant
explanatory information during the initial price collecting visit. Avoiding return visits or calls keeps costs
down and reduces the burden placed on respondents.

7. Checking by impact or data output checking

5.150. Filtering by impact, or output editing, is based on calculating the impact that an individual price
change has on an index to which it contributes. This index can be an elementary aggregate index, the total
index, or some other aggregate index. The impact that a price change has on an index is its percentage
change times its effective weight. However, the exact calculation of the impact will depend on which formula
has been applied for the elementary indices. It is possible to set a maximum value for this impact, so that
all price changes that cause an impact greater than this can be flagged for review. The impact of a price
change on a higher-level index will also depend on the weight of the elementary index in the aggregate.

5.151. At the lowest level, the appearance and disappearance of products in the sample cause the
effective weight of an individual price to change substantially. The effective weight is also affected if a price
observation is used as an imputation for other missing observations. The evaluation of effective weights in
each period is possible, though complicated. To help highlight potential errors, nominal weights, as a
percentage of their sum, will usually provide a reasonable approximation. If the impact of 12-month changes
is required to highlight potential errors, approximations are the only feasible filters, as the effective weights
will vary over the period.

5.152. One advantage of identifying potential errors in this way is that it focuses on the results. Another
advantage is that this form of filtering helps the CPI compiler describe the contributions to change in the
price indices. Much of this analysis is done after the indices have been calculated, as the CPI staff often
wishes to highlight in the statistical press release those indices that contributed most to overall index
changes. Sometimes the CPI staff findings, that some retail sectors have a relatively high contribution to
the overall price change may be considered counter-intuitive. The change may also be traced back to an
error, but it may be late in the production cycle and jeopardize the scheduled release date. There is thus a
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case for identifying such unusual contributions early as part of the data editing procedures rather than for
analytical purposes. The disadvantage of this method is that in practice the final calculation of an
elementary index change may be rejected only after the CPI has been computed.

F. Price collector training

5.153. The training of local price collectors and clear instructions for them are vital elements in ensuring
the quality of the prices data and of the CPI. Collectors need to be properly trained, require adequate
instructions and easy access to guidance, because:

e Price collection is of significant policy relevance.
e Quick judgements often need to be made.

e Collectors often work remotely and on their own
e Instant communication is not always possible.

e Collectors work in a dynamic environment.

e Errors are difficult to rectify.

5.154. Documents are needed to explain what is to be done, when it should be done, how it should be
done and why it should be done. Reviewing the documentation also provides an opportunity to review the
procedures.

5.155. Good documentation as part of an integrated quality management system is addressed in chapter
13. The current chapter deals specifically with the documentation needs of price collectors and training.

5.156. Training for price collectors should enable them to successfully perform all essential activities and
deal with potential difficulties including:

e Persuade new outlets to become price providers.

e Understand and recognize occasions when prices provided are unacceptable.
¢ Record relevant information to describe quality change in a product.

e Recognize unusual price movements when checking their collected prices.

1. Training for price collectors

5.157. Introductory training should be given to all price collectors so that they gain the necessary skills
before collecting prices for the CPI. It can also be a motivational tool.

5.158. A typical training schedule might consist of a one-day training course at the head office (which may
include some refresher training for experienced collectors) covering:

e Background to the NSO and the CPI.

e Use of the CPI and importance of accurately recording prices.

e The general principles of index compilation and price collection.

e How local price collection fits into the overall CPI compilation process.

e Instructions for retailer recruitment, getting permission to enter outlets, etc.
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e Practical price collection issues. For example: product identification or descriptions; pricing (e.g.,
item descriptions, definition of price/sale price, rules relating to seasonal items, quantity
conversions, quality adjustment - when is an item or product equivalent?).

e The timetable and administrative arrangements.

5.159. Practical examples and practice collections should be an integral part of the learning process. For
example, there should be an opportunity for:

e Discussions about “equivalent” replacements using photographs and item descriptions.
e Practice collections in office.
e Supervised practice collection in the field.

5.160. Tests and evaluation of individual performance should be an integral part of the training. This could
be achieved through:

o Written tests at the end of the training day.
e Evaluation by supervisors of practice collections in the field.
e Feedback to new collectors, including additional training needs.

e Evaluation by collectors of training provided (essential for ensuring training is relevant and
effective).

5.161. The evaluation of individual collector performance is essential. Collectors must pass the required
standards, against a checklist of tasks, before being allowed to conduct a real collection.

2. Follow-up training and refresher training

5.162. The longer-term training is just as important as introductory training to the integrity of price
collection, particularly with the evolution of the retail sector and CPI methodology and when CPI baskets
are updated. One way of facilitating this is for the price collector’s supervisor to:

e Accompany the new price collector on a live price collection.
e Conduct a back-check of the prices collected to identify any problems.

e Produce an evaluation report that will provide a basis for further training of the price collector. The
evaluation report can include a scorecard against a checklist of required actions.

5.163. Where resources allow, NSOs should conduct regular accompanied checks and background
checks of all price collectors in addition to special checks of performance issues. The information gathered
can be used to compile scorecards for individual price collectors, supervisors and groups of price collectors.

5.164. Regular refresher training workshops should be considered, especially where evidence from the
field indicates a need or where price collection procedures and conventions change, or the CPI basket or
sample of outlets has been updated. These present an opportunity to: raise awareness of the importance
of collecting correct prices; provide formal training on revised guidelines; resolve recurring or recent
problems; and provide price collectors with an opportunity to assist each other in managing problem
situations encountered in the field, such as dealing with reluctant respondents.

3. Training of supervisors and the head office staff

5.165. Supervisors must be at least as well informed as the price collectors. As the supervisor will normally
be the first point of contact when a difficult situation is encountered during price collection, they also need
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a good understanding of the methodology and theory behind the selection of the product sample.
Supervisors are part of the management team. Their training should cover:

5.166.

Team management.
Performance appraisal (where this is normal office practice).
Project management.

The head office staff should also be provided with a basic training in price collection. The benefits

are three-fold:

G.

5.167.

It gives the head office staff a better understanding of collectors’ needs.
It helps editing (staff at the head office will know what to look out for).

It supports disaster recovery (paragraphs 5.175 to 5.177) or business continuity (the head office
staff will be able to undertake price collection in an emergency).

Documentation: work instructions

Accessible, relevant and up-to-date work instructions are essential both for price collectors and

their supervisors. Documentation should cover all aspects of the job and should in large part reflect what
has been covered in training. Price collectors should be provided with work instructions on:

5.168.

How to approach outlet staff.

How to ask questions to ensure that the required information is obtained.

Appropriate personal behavior and dress codes.

Procedures for recording and passing on collected prices and other relevant information.
Data checking.

Creating collection schedules.

Recognizing when recorded prices appear to be incorrect.

The work instructions for supervisors of price collectors should be in the form of a supplement to

the price collectors’ work instructions and should cover:

5.169.

Checking the quality of the price collectors’ work.
Checking the accuracy and completeness of the prices collected.

Official recording of resource use (e.g., cars and bicycles for transport and funds for buying goods
in markets).

Official procedures for maintenance of resources (e.g., testing the accuracy of scales).

Creating complementary collection timetables for all collectors within the supervisor’'s area of
responsibility.

Most of the documentation should be prepared by the head office, with input as appropriate from

regional offices, fieldwork supervisors, and data collectors. Centrally prepared documentation will help
ensure consistent practices in the field including between regions and should be readily available to all
collectors and supervisors. The documents can be available in paper or electronic form and should be
accessible to the relevant staff.
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5.170. All documentation should be kept up-to-date. Effective documentation control systems should be
in place. With paper-based documentation this could mean keeping the instructions in a loose-leaf folder
and issuing individual updates. The amendment pages should include version number and date printed and
be kept to a reasonable number for ease of reference. Editorial access should be restricted, and password
protected. A judgement will need to be made on when a re-draft of a chapter or the complete working
instructions is justified. Documentation is an essential part of a quality management system.

5.171. An example of a documentation control template is given in Appendix D.

H. Disaster recovery

5.172. The prices data should be stored on a database with hardware and software that is robust and
supported to minimize the business continuity risks associated with running the existing system. But even
with a resilient production system, contingency planning and operational continuity in the field and the head
office are essential.

5.173. In a world of rapidly changing statistical needs, a statistical system should be able to respond
quickly and effectively to changing demands and should have the resilience needed to ensure continuity in
the production of statistics. This is not possible if systems are old, inflexible, and extensively tailored to past
requirements. Building a modern statistical infrastructure of methods, tools to implement them, and a
technical environment to support the statistical processes, is a significant component of achieving quality
CPI compilation and computation. Contingency plans are needed when the unexpected happens, for
example, when there is a systems failure, or the price collection team is affected by an unexpected iliness.
Disaster recovery plans address these risks by, for example, saving regular and frequent back-up copies
of the prices database on a secondary computer and by having the capacity to collect prices when a
significant numbers of price collectors are not available. Two strategies have been followed to
accommodate a short-term unexpected deficit in the numbers of price collectors:

e The collection of prices from a sub-sample of outlets chosen to be representative of the full sample,
thereby not needing so many price collectors. The price evolution from one period to the
subsequent period can then be calculated from the sub-sample using matched pairs of price
observations.

e The training of the head office staff in price collection (e.g., as part of their initial training), so that
they can provide cover. The head office can also be given responsibility for price collection on a
routine basis in a location close to the head office, with individual head office staff allocated the
task of price collection on a rotating basis. An added benefit of this is that the head office staff
become more familiar with the issues confronted by price collectors.

5.174. In cases where no fieldwork can be performed, for example where there is an all-out strike and no
prices can be collected by visiting outlets, an indicative figure may be possible using data from other
sources, such as retailers websites, but only if it can be established that like-for-like comparisons are being
made and that the fixed basket principle is being adhered to.

l. Other methods of price collection

5.175. This chapter has so far focused in large part on traditional methods of price collection where price
collectors visit outlets and record prices on paper forms. It now considers other methods of price collection.
As noted at the beginning of the chapter, scanner data is given a separate consideration in Chapter 10.

1. Electronic reporting
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5.176. Electronic reporting for centrally collected prices and use of handheld computers and tablets for
local price collection can introduce greater efficiency into price collection and processing and provide more
scope for effective quality assurance of prices and auditing, but both depend on the introduction of effective
quality control procedures. Electronic reporting through electronic point of sale, commonly referred to as
scanner data, is another option.

5.177. Centrally collected data can be collected electronically in several ways. Once initial contact has
been made with data suppliers, a mutually convenient electronic data collecting procedure can be initiated.
Options include:

e Emailing data collection spreadsheets between the NSO and the retailer.
e Emailing of price lists at agreed times by retailers.
e Touch-tone dialing facilities for data to be supplied in an agreed upon format.

e The use of the internet (supplemented, if necessary, by telephone calls to clarify definitions and
availability and whether the prices displayed on the internet are the same as those displayed in the
corresponding outlets). See also paragraphs 5.192 to 5.206 on collecting prices online and web
scraping and Chapter 10 on scanner data.

5.178. The use of electronic websites/portals, where respondents can report prices online, is becoming
increasingly common and can also be an excellent channel for communicating with the respondents.

2. Collection by telephone

5.179. The prices for certain items, particularly services such as electricians’ and plumbers’ charges and
the cost of home security, may be obtained by telephoning the business or organization concerned. This
applies when the outlets provide standard items or services. However, even if prices are obtained by
telephone, the outlet should be visited occasionally. This helps to maintain cooperation through personal
contact and to ensure that there are no misunderstandings over the prices. This will be more important for
some outlets than others. For example, the price of hiring a van may be less certain than the cost of an eye
exam.

3. Computer Assisted Data Collection (CADC): the use of mobile telephones,
handheld computers and tablets

5.180. A number of NSOs have successfully used mobile telephones, handheld computers, or tablets for
local price collection. These technologies are now available at competitive prices and the necessary
infrastructures are generally in place to make the use of CADC an attractive option.

5.181. A CADC system can lead to improvements in the quality of CPI data, particularly as increased
quality control at the point of data entry helps identify anomalies and ensure that prices are correct. CADC
has the potential to significantly improve the quality of the final CPI in the following ways:

e Price history. The price collection program might allow for a more comprehensive price history to
be available to the price collector, rather than just one previous price included on paper forms. The
availability of such data leads to less judgmental editing at the point of data collection and helps
ensure the comparability of items, particularly where prices for a particular item are variable. Some
price statisticians have argued that machines should be programmed to reveal the price history
only after a price quote has been entered so that collectors are not overly influenced when locating
the item to be priced or when choosing a replacement item. Others argue that an early sight of the
price history is useful information for the price collectors as it assists them in their work.
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Quality checks in the field. The price collection program can include several automatic validity
checks that can be used to identify where the price entered varies by a certain percentage (positive
or negative) from the previous month’s price and the average price for that item over a number of
months and to flag up where data were not entered in all required fields (price, weight, indicator
code). These checks provide a useful marker for when a price needs to be double-checked. In a
paper-based system, such checks are carried out in the head office after the data have been
collected, and audits can be carried out after the collection period when prices may have changed.

Transcription. There is a major risk of errors when transcribing paper forms. This is not a risk when
using CADC, where data can be transferred electronically to the head office.

The use of CADC also significantly reduces the time taken to make data available electronically at

the head office and between data collection and finalization. This can be achieved through:

5.183.
provide

Transcription: Data collected on paper must be transcribed onto a computer for computation. This
process is time-consuming and resource intensive. When data are collected on handheld
computers or tablets, the data can be directly transferred electronically to the servers at the head
office potentially in real time.

Transmission from regions: Electronic transmission will allow price collectors or regional offices to
directly transmit an electronic data file to the head office thus avoiding the need for postal or courier
services or hand delivery forms. This significantly increases the speed of data transmission to the
head office and reduces the cost of doing so. In addition, the head offices can look up the latest
returns of price data from all regions immediately on receipt and identify early any issues.

Quiality checks in advance: As the functionality is available to run certain quality checks in the field
that would normally be run in the office after data were transcribed, the time taken for quality
checking centrally can be reduced, or, alternatively, extra supplementary checks can be carried
out.

These improvements to the speed of the processing system can facilitate an earlier publication or
opportunities to spend more time on analysis and interpretation, the production of press releases

and associated briefing, or the collection of more prices.

5.184.
include:

A CADC system enables certain checks that improve the efficiency of the CPl management. These

A check that all prices have been collected before the collector leaves the outlet: an electronic data
collection form can easily check whether all prices have been collected and flag when they have
not. This mitigates the risk of the price collector inadvertently forgetting to price an item.

A check on when prices were imputed. Electronic data collection can automatically record a
date/time when the prices were entered in the machine. This is useful for validation purposes.

Indicator Codes. CADC provides the opportunity for additional features to be included in the data
collection form. One such feature would be indicator codes (represented by a single letter), that
can be used to show when a price collected is for an item on sale, a replacement item, a missing
item, a discontinued item etc. This is a simple tool to enhance the ease of validation and the
management of the item list (see paragraph 5.73).

Having price histories more readily at hand can:

o Make briefing of price collectors prior to fieldwork more effective, for example by a better
appreciation of when an “outlier” is a legitimate price change and vice-versa.
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o Add to the quality assurance processes through assisting with analysis when the index has
been compiled and the briefing is being put together. These advantages are particularly
relevant when there can be significant regional variations in price levels and trends.

5.185. There is a short-term cost associated with the introduction and implementation of CADC for CPI
price collection. Costs include:

e The purchase of equipment.

o Upgrading ‘back-office’ systems to enable interaction with the handheld computers, mobile
telephones or tablets.

e The development of appropriate software for local price collection building on the experience of
others. Costs depend on the functionality and sophistication of the program. Some NSOs have
developed software for CADC that they may be ready to share.

e Training of field staff and NSO staff on using the new systems, including pilot price collection.

5.186. There will also be longer-term costs associated with maintenance of the system and training of new
staff, but the additional expenditure on the latter is likely to not be significant as new staff must be trained
whatever system of price collection is used.

5.187. When planning to use handheld computers, mobile telephones, or tablets for local price collection,
the decision needs to be made on whether the software is designed specifically for a certain hardware or
not. If it is hardware dependent, the life cycle of the software is usually dictated by the life cycle of the
hardware. In data transmission, the issue of confidentiality needs to be addressed as well as how to secure
the transmission action in practice in terms of reliability. The speed and reliability of any network that is
used should be tested from all price collection locations.

5.188. There are several advantages when using CADC, but as with all data collection methods it has
risks and limitations. With CADC the first risks are with the devices: the battery might not last the whole day
of price collection, especially if price collection is done in extreme conditions, and the data might be lost if
the device breaks down during price collection period. Also, the devices have life cycles and if the software
is coded to operate on a certain device this may need to be re-written for a replacement device. This
limitation causes costs when the devices come to the end of their life cycle. There are also risks in data
transfer, especially if the connections are poor, for example if for any unpredicted situation the connection
fails during downloading the data from CADC to the database. Some of these risks can be avoided using
different solutions, like programming the software independently from the device choice.

4. Collecting prices online and web scraping

5.189. A distinction should be made between collecting the prices of goods and services purchased online,
to reflect the increasing importance of the internet as a channel for making purchases. A strategy to collect
prices online through automation has the potential to reduce costs when compared to the resource-
demanding process of manual price collection. Prices for online sales can differ from the prices charged at
physical outlets - even for the same retailer - and the profile of goods and services purchased online can
be different to other purchases. The prices in the CPI must be representative and accurate. The motivation
in adopting different data sources and extraction techniques is important. The motivation for collecting
prices online can be twofold - efficiency and to ensure online purchases are properly representative.

5.190. Retailers with an online presence - either as sellers of goods and services online, or as retailers
who do not sell online but use the internet to list prices - should be treated like any other retailer and be
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contacted first by the head office and be invited to participate in the price survey even though this will not
involve a physical interface.

Online collection of prices

5.191. This section relates to collecting prices online from publicly accessible websites, referring to goods
and services also sold in the corresponding physical outlets. It is a way of increasing the efficiency of price
collection for a traditional sample of retail outlets and a fixed basket of goods and services. It does not relate
to web scraping, the collection of prices for online purchases or the use of scanner data.

5.192. Instead of the traditional way of sending a price collector to a retail outlet, extracting prices online
directly from websites will significantly reduce the price collection costs. Similarly, the response burden on
data providers will be reduced to close to zero when extracting prices online directly from websites to
replace postal or online questionnaires. Collecting prices online is relatively straightforward although care
needs to be taken and checks put in place, especially when automated technical solutions are adopted.
The prices obtained online must represent the transaction price in the physical outlet. Checks need to be
made that the price advertised online is the same as the price advertised on the retailer's website and in
the physical outlet and that no overhead associated with buying online, such as delivery charges, are
included®3. Also, online data need to contain sufficient information on characteristics to detect changes in
quality. When using online data sources, checks also need to be made that product code numbers, if used
to identify the good or service, have not changed between price collection periods and that the codes are
unique.

5.193. Collecting prices online, which can be relatively easy and cheap, will not always be a suitable
substitute for price collectors.

Collection of prices for online purchases

5.194. Goods and services purchased on the internet need to be properly reflected in the sample of prices
used to compile the CPI.

5.195. Elementary product groups should be stratified to reflect products purchased online. Sale
information for weighting and the drawing of samples of internet purchases can be taken from HBSs, which
should record information about outlet-type (including internet purchases), and from information supplied
by online retailers and market research companies.

5.196. The sample of items to be priced should be representative of all online purchases and will be
different from online collection of prices charged by physical outlets. The prices recorded should represent
the full cost of purchase. Online purchases may include standard extras such as delivery charges.
Unavoidable charges that are directly connected to the purchase of the priced product and which are not
separately invoiced should be included in the price for the purpose of CPI compilation. If the charge is
separately invoiced or relates to the purchase of a number of items, then the treatment is less clear cut.
One option is to include these charges under transport services, but issues relating to the Classification of
Individual Consumption according to Purpose (COICOP) arise (for more information on COICOP, see
Chapter 2). Another option is to follow the approach used for the Harmonized Index of Consumer Prices in
European Union countries, where such unavoidable charges that are not part of the basic advertised price

33 Charges relating to a delivery service arranged by the customer for specific items, or for bulk delivery with other items
purchased, are legitimate for inclusion in a CPI but should be recorded under a separate heading as indicated in
COICOP (2018 COICOP 07.4 Transport services of goods).
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may be considered as an inseparable bundle of a good and a service and can be treated as one product
(for additional information, see the section on internet purchases in Chapter 11).

Web scraping

5.197. Web scraping is the process of automated collection of data from the internet through a set of
computer software techniques for extracting information from websites (webpages) or using an Application
Programming Interface (API), which is a set of routines, protocols, and tools for building software
applications. Web scraping identifies and retrieves relevant data and downloads and organizes them in a
suitable format for computing a CPI.

5.198. There are technical measures applied in some websites to avoid web scraping activities. These
measures block the scraper Internet Protocol (IP) address access to the website or block the response to
the scraper http browser agent identification. The action is triggered after identifying an ‘abnormal’ behavior
(by analyzing the activity log) or by filtering access from some agents (through the robots.txt server
configuration file)34,

5.199. Anti-web-scraping devices by retailers reinforce the need to gain the cooperation of online retailers
prior to data scraping to avoid being blocked from data collection. Retailers should always be informed
about the nature, extension, and frequency of web-scraping actions prior to any web scraping taking place.
NSOs should inform and ask permission from retailers and agree to the most suitable web-scraping
technique with the retailer's management. Additional measures, such as pauses between “scrapes”, may
be required to maintain access given that the technology employed to block access may be automated.
There may also be legal constraints to web scraping.

5.200. When undertaking web scraping, the same considerations apply as with online collection, most
particularly whether the aim is to download from publicly accessible websites, the prices of goods and
services sold in physical outlets to increase the efficiency of price collection or whether to download prices
paid for online purchases.

5.201. For web scraping to replace traditional price collection, it needs to be demonstrated that prices,
both online and in traditional outlets, are the same. While true for some retailers and some products, it is
almost certainly not true for all retailers and all products. When prices on the web differ from the prices in
outlets, the price collection from a website should be seen as a different outlet type, which should be
sampled along with traditional outlets. Traditional price collection would continue along with web-scraping.
It should be noted that to integrate these prices into a CPI it is necessary to evaluate if there are some extra
fees associated with the purchase and that are not included in the prices listed on the website (see
paragraphs 5.207 to 5.209).

5.202. Integration of prices from different data sources needs to consider differences in sampling regimes
(e.g., the relatively bigger samples facilitated by web scraping) and the relative values of sales. It is one of
the reasons why online purchases are often treated as separate elementary aggregates with separate
weights.

5.203. Appendix F provides more details on web scraping.

34 Web Robots (also known as Web Wanderers, Crawlers, or Spiders), are programs that traverse the internet
automatically. Search engines use them to index the web content. Website owners use the robots.txt file to give
instructions about their website to web robots; this is called The Robots Exclusion Protocol. For further information visit
http://www.robotstxt.org/robotstxt.html.
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5. Calculation of average price from different data sources in the elementary
aggregate

5.204. Another aspect to be taken into consideration when combining traditional data sources with web-
scraped data refer to the different collection frequencies. Traditional price collection deals with price
‘snapshots’ scheduled in such a way that the price series for a product in an outlet respects both frequency
and equidistance in terms of time. In contrast, one of the perceived advantages of web-scraped data is that
prices can be collected daily during a certain period, extract the average value and take that as the
‘snapshot’ price for that week. A problem arises when trying to integrate data collected in ‘continuous daily’
frequency into the regular monthly CPIl. When using web-scraped data, care must be taken not to apply the
raw collected data directly on the calculation of the average monthly price at the elementary aggregate
level. Since the number and nature of observations (probably many more than one per month per
outlet/period for price obtained by web scraping) are different, they should be transformed into compatible
data. This can be accomplished simply by calculating an ‘outlet monthly price’ for the product-offer. This
average price will then have the same importance as other prices generated by the traditional snapshot
approach. The consequences of using directly the online prices will lead to a distorted estimate of inflation,
since average prices will be calculated using a disproportionate number of prices that came from online
collection, regardless of any relative weight information. Appendix E gives a brief example of these
calculations and how a disregard of the differences in the frequency of price collection can lead to an under-
estimate of inflation. However, the use of an empirical country-based data set is needed for a more accurate
evaluation.

5.205. There is a variety of tools to aid the scraping activity. For example, many programs are available
in common programming languages (e.g., C, Python, or JavaScript), for standalone applications or, most
commonly, as add-ins to the browser. In most cases, web-scraping tools are primarily designed to fulfil web
application testing and verification. For that reason, most of the tools used are implemented as browser
add-ins (or plug-ins). This is not the ideal situation in terms of IT architecture.

5.206. When combining prices using traditional price collection techniques with prices obtained from web
scraping, allowance needs to be made in the computation of average product prices for the different
collection techniques being deployed, especially the frequency of price collection where web scraping is
sometimes carried out at a greater frequency than traditional price collection (see Appendix E).

J. Key recommendations

e Price collection methods and organization decisions will depend upon country-specific
circumstances, available resources, and could potentially vary by item.

e Collected prices should reflect actual transaction prices including any tax and reflecting any
discounts, sales, or promotions.

e Items should be priced as often as necessary to ensure that the index reflects a reliable and
meaningful measure of price change.

e NSOs should strive to calculate an index based on prices covering the whole period (e.g., month
or quarter).

e The interval between price observations should be uniform for each outlet.

e Price collection period should be made publicly available and any changes announced well in
advance.
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Proper training of price collectors is essential. Detailed documentation on data collection
procedures and processes should be drafted and made available to data collectors and CPI staff.

Quality assurance procedures should be defined and implemented to ensure the accuracy of
collected prices.

Data validation techniques are necessary to ensure the accuracy and reliability of the collected
prices.

Outlier detection methods should be defined and implemented. All questionable prices should be
verified, and errors are corrected as necessary.



Appendix A CPI price collection procedures

Figure A.1 Planning and Organizing Price Collection
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Appendix B CPI: example of a price collection form

Figure A.2 Price Collection Form

Consumer Price Index: Pricing Form - September 2019

Confidential
Collection Period: WEEK 1 Collection Date: September 5, 2019
. NAME OF OUTLET
Unigque Number: 123456789 Quote 1 of 502
Contact Person: A. Smithson Alt. Contact Person: J. Williams
Contact Number: 00 123 456 78 Alt. Contact Number: 00 234 567 89
Product Group: A. Smithson Alt. Contact Person: J. Williams
Product Subgroup: 00 123 456 78 Alt. Contact Number: 00 234 567 89
Brand Name: Brand A
Product Name: Sandwinch White Bread
Quantity: 1 Loaf Size: 700 Unit of Siz Gram
Observations: Transparent Plastic Bag With Blue Lines Has a Brand A Symbol
Origin: South Africa
Code Feature Description Other information
IK043 Product Presentation Plastic Bag
MNO018 Variety Sliced
Specific Changes: Code Feature and Description
Iltem Availability: Available
A\railable:I Out of Seasonlzl Temp.UnavaiIabIeEl Perm. Una\ailablelzl
Unique Item Season: ALL YEAR

All Year I:l Seasonal I:I

If seasonal indicate the seasonal months below:

Jan[] Feb ] Mar[] AprCd May[] o] au[] Aug[] sep[] o] Nov[] Dpec[]

2019/08 2019/09
Price: R 7.95
Type of Price: Regular RegularD Sale|:|
Quantity: 1 Loaf
Size: 700
Unit of Size: Gram
Last Regular Price Quantity Size Unit Collection Period
R 7.95 1 Loaf 700 Gram 2019/08

Previous Months Comments

Field Message:




Appendix C CPI: automated data checking

1. Example 1
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Example 1 demonstrates the use of median and quartile values to identify outliers. Table A5.1, column A,

shows the price ratios for the illustrative sample.

Table A5.1 Price Relatives Showing Movement from Previous Period (Example 1)

Price Ratio

(CY)
0.81380
0.85250
0.87600
0.89900
0.90860
0.91350
0.93390
0.94140
0.95530
0.96080
0.96580
0.96680
0.97020
0.97240
0.98170
0.98180
0.98430
0.98690
1.00340
1.00500
1.00610
1.03010
1.05710
1.08240
1.09090
1.09310
1.13000
1.15500
1.22960
1.23040

Si

()
-0.20638
-0.15161
-0.12072
-0.09205
-0.08051
-0.07471
-0.05124
-0.04286
-0.02769
-0.02180
-0.01651
-0.01546
-0.01190
-0.00962
-0.00005
0.00005
0.00260
0.00525
0.02205
0.02368
0.02480
0.04925
0.07675
0.10252
0.11118
0.11342
0.15101
0.17647
0.25246
0.25327

Flagged Using PR

Above 1.08723 or
Below 0.87628
(©)
Extreme
Extreme
Extreme
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
Extreme
Extreme
Extreme
Extreme
Extreme
Extreme

Flagged Using S;

Above 0.10894 or
Below -0.10894

(d)
Extreme
Extreme
Extreme

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK
Extreme
Extreme
Extreme
Extreme
Extreme
Extreme
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S;=1-2"it0<R< Ry (A5.1)
S;=-—+—1, ifRi=2Ry
M

The first and third quartiles (Ro1 and Rgz) and the median (Rv) can be obtained using the quartile function
in Microsoft Excel. The average distance of the quartiles from the median (D) is defined as:

Dwm = (Rqs - Rq1)/2 (A5.2)
The upper and lower limits are then calculated as:
Lu = Ruw + C x Dy; and (A5.3)

L. =Rm-C X Dwm

where the multiplier C is a user defined value and has been set equal to 2 to limit the number of observations
flagged up as potential errors.

The resulting upper and lower limits are shown in the ‘Series PR’ in column B in Table A5.2.

Table A5.2 Parameters and Derived Limits (Example 1)

Parameter Series PR Series S;
@) (b) (©)

Ro1 0.94488 -0.03907
Rw 0.98175 0

Ros 1.05035 0.06988

Dw 0.05274 0.05447
C 2 2

Lo 0.87628 -0.10894

Ly 1.08723 0.10894

The price ratio series can be transformed to provide more equal weighting between negative and positive
price movements. The transformations are repeated here as:

S; = 1—’;—"7, if 0 < Ri< Ry (A5.4)
S;==--1, ifR2Ry
M

The transformed observations are shown in the ‘Series Si’ in column C in Table A5.1. The quartiles, median
and calculated limits for the transformed series are shown in column C in Table A5.2. The increased value
for Dw for the transformed sample shows that the transformation has increased the distances for the price
decreases while leaving the distances for positive movements the same.

Columns C and D in Table A5.1 show, respectively, the observations that would be flagged for further
examination (indicated by the word ‘extreme’) for the original price ratios and the transformed price
movements.
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2. Example 2

Example 2 demonstrates the same statistical filtering method as in Example 1, but with 16 additional price
ratios added to the sample. All the new price ratios show zero change. The same calculations are done but
on a sample of 46 instead of 30 observations. Table A5.3 shows the sample of price ratios and the
transformed price movements, as well as the observations flagged for further observations. Table A5.4
shows the parameters and calculated limits.

A comparison of the results from the two examples demonstrates the effect of having a significant number
of observations with no price movement. The distance from the median (Dw) is reduced and the number of
observations flagged for further examination is significantly increased.

Table A5.3 Price Relatives Showing Movement from Previous Period (Example 2)

Flagged Using PR Flagged Using S;
Price Ratio S;
Above 1.03490 or Above 0.03598 or
Below 0.96510 Below -0.03598
@) (b) (©) (d)
0.81380 -0.22880 Extreme Extreme
0.85250 -0.17300 Extreme Extreme
0.87600 -0.14160 Extreme Extreme
0.89900 -0.11230 Extreme Extreme
0.90860 -0.10060 Extreme Extreme
0.91350 -0.09470 Extreme Extreme
0.93390 -0.07080 Extreme Extreme
0.94140 -0.06220 Extreme Extreme
0.95530 -0.04680 Extreme Extreme
0.96080 -0.04080 Extreme Extreme
0.96580 -0.03540 OK OK
0.96680 -0.03430 OK OK
0.97020 -0.03070 OK OK
0.97240 -0.02840 OK OK
0.98170 -0.01860 OK OK
0.98180 -0.01850 OK OK
0.98430 -0.01600 OK OK
0.98690 -0.01330 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK

1.00000 0.00000 OK OK
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Table A5.3 (cont) Price Relatives Showing Movement from Previous Period (Example 2)

Flagged Using PR Flagged Using S;
Price Ratio Si
Above 1.03490 or Above 0.03598 or
Below 0.96510 Below -0.03598
@) (b) (©) (d)
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00000 0.00000 OK OK
1.00340 0.00340 OK OK
1.00500 0.00500 OK OK
1.00610 0.00610 OK OK
1.03010 0.03010 OK OK
1.05710 0.05710 Extreme Extreme
1.08240 0.08240 Extreme Extreme
1.09090 0.09090 Extreme Extreme
1.09310 0.09310 Extreme Extreme
1.13000 0.13000 Extreme Extreme
1.15500 0.15500 Extreme Extreme
1.22960 0.22960 Extreme Extreme
1.23040 0.23040 Extreme Extreme
Table A5.4 Parameters and Derived Limits (Example 2)
Parameter Series PR Series S;
@) (b) ©
Ro1 0.96765 -0.03343
Rwm 1.00000 0
Ros 1.00255 0.00255
Dwm 0.01745 0.01799
C 2 2
L. 0.96510 -0.03598

Lu 1.03490 0.03598
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3. Example 3

Example 3 demonstrates the alternative statistical filtering method, the Tukey algorithm. The enlarged
sample from Example 2 is used here to demonstrate the benefit of this method when the sample has a
large proportion of price ratios indicating no movement. Table A5.5 presents the intermediate data stages
in addition to the basic sample and the indicator flagging extreme observations as possible errors.

Table A5.5 Price Relatives Showing Movement from Previous Period (Example 3)

Flagged as
Less 5% tails and T T extreme
Price Relative Less zero lower set upper set Ab 1 17184
movement ove 1. or
below 0.88332

(@) (b) (c) (d) (e)

0.8138 Extreme

0.8525 Extreme

0.8760 0.8760 0.8760 Extreme
0.8990 0.8990 0.8990 OK
0.9086 0.9086 0.9086 OK
0.9135 0.9135 0.9135 OK
0.9339 0.9339 0.9339 OK
0.9414 0.9414 0.9414 OK
0.9553 0.9553 0.9553 OK
0.9608 0.9608 0.9608 OK
0.9658 0.9658 0.9658 OK
0.9668 0.9668 0.9668 OK
0.9702 0.9702 0.9702 OK
0.9724 0.9724 0.9724 OK
0.9817 0.9817 0.9817 OK
0.9818 0.9818 0.9818 OK
0.9843 0.9843 0.9843 OK
0.9869 0.9869 0.9869 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK
1.0000 OK

1.0000 OK
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Table A5.5 (cont) Price Relatives Showing Movement from Previous Period (Example 3)

Flagged as
Less 5% tails and T T extreme
Price Relative Less zero lower set upper set Ab
movement ove 1.17184 or
below 0.88332

@) (b) (©) (d) (e)
1.0000 OK
1.0000 OK
1.0000 OK
1.0034 1.0034 1.0034 OK
1.0050 1.0050 1.0050 OK
1.0061 1.0061 1.0061 OK
1.0301 1.0301 1.0301 OK
1.0571 1.0571 1.0571 OK
1.0824 1.0824 1.0824 OK
1.0909 1.0909 1.0909 OK
1.0931 1.0931 1.0931 OK
1.1300 1.1300 1.1300 OK
1.1550 1.1550 1.1550 OK

1.2296 Extreme

1.2304 Extreme

The price ratios for the sample are shown in column A. The first step was to remove the highest and lowest
five percent of price ratios. Five percent of this sample equals 1.5 observations. This was rounded up to
two observations so the two highest and the two lowest price ratios were removed. Observations with zero
price movement were also removed. The remaining observations are shown in column B. The arithmetic
mean (AM) of the remaining set of observations was calculated. This value, along with other parameter
calculations is shown in Table A5.6. The arithmetic means of the lower and upper sets of data are then
calculated (labelled AML and AMu respectively). The lower and upper data sets have been presented in
columns C and D, respectively, of Table A5.5 purely for explanatory purposes. The Tukey lower and upper
limits are then calculated as:

TL= AM — 2.5(AM — AM,) (A5.5)

TU= AM + 2.5(AMU - AM)
The results are shown in Table A5.6.

Table A5.6 Parameters and Derived Limits (Example 3)

Parameter Value
@) (b)
AM 0.99429
AM_ 0.94990
AMy 1.06531
T 0.88332
Ty 1.17184

Using this method, five observations would be selected for further examination - many fewer than the 18
selected in Example 2.
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The documentation control template is an essential element of documentation, production, and
dissemination and control. Documentation control contributes to better quality management as access to
non-authors is restricted to "read only". It provides checks, background (including explanations for
changes), and an audit trail. Two further benefits accrue when combined with an electronic system:

e More efficient production of documentation as it helps with initial compilation and updates and
reduces the need to print and circulate paper copies.

e Better informed staff because they have immediate electronic access to the latest documentation,
including desk instructions, with search facility by subject and author.

Figure A5.3 Documentation Control Template

Date
Issued

Day/Month/Year

Documentation

Calculating CPI food
item weights 2.1
(non-seasonal)

Calculating and

updating price index

for 2.5
telecommunication

senices

Desk instructions for
checking and editing 3.1
of prices

Reference

Details of
Change

Change in process
with effect from...

(date)

Change in process
with effect from...

(date)

Additional checks to
be carried out based
on month-on-month
price change

Reason for
Change

CPI Technical Board has agreed
that in future weights should be
taken from National Accounts.

Methodology changes in pricing
structures for mobile telephones
— new methodology agreed by
CPI Technical Board.

Reflects changing market.

Last audit indicated current
checks inadequate resulting in
incorrect prices entering the
CPL.

Name of
Issuer

L. Smith, Statistician,
CPI Program

L. Smith, Statistician,
CPI Program

C. Brown, Operations
Manager, CPI
Program
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Appendix E The calculation of average product price when combining prices from
different price collection methods and for different price collection frequencies

When combining traditional and web-scraping price collection methods, there are two options for average
product price computation. Web scraping can follow the same calendar collection that is used in traditional
collection. With this option, the advantages of web scraping are disregarded. The second option will be to
collect prices more frequently with web-scraping techniques. This will increase the number of observations
used in the computation, potentially providing more reliability to the estimation. In the following simplified
example relating to just one item, the price for a specific product A is collected in a sampled local outlet in
the framework of traditional price collection twice along the considered time frame of 10 days. The price for
the same product is collected on a daily basis using web scraping. These data are collected for two months
and the price at day 1 and at day 10 is the same for both outlet/collection types. However, the price averages
and the indices will differ according to the way these are computed at the elementary aggregate level.

There are two methods of calculating the average price (geometric mean) at the elementary aggregate
level. The assumption is made that there are no expenditure weights (and each observation at a given point
in time has the same weight) and prices are collected to be representative of all sales.

¢ Method 1: compute the geometric mean in two steps: first an average price is calculated by kind of
outlet/collection method; secondly a geometric average is calculated with the two average prices
per outlet.

¢ Method 2: compute the geometric mean in a single stage using all prices (not recommended).

Taking into consideration the different collection frequencies, method 2 will undervalue price change (noting
that in this example prices are falling) since it takes into account a huge number of observations taken
every day where the price change is not significant and it is providing more ‘weight’ to the internet outlet
with a price series that is more stable than to the local outlet where the price being observed each 10 days
is recording a higher change. Due to these differences and the circumstance described, method 1 is
recommended since it will provide the same ‘weight’ to both kinds of outlets/collection methods. In
summary, the prices can only be averaged in a single step when there is an equal number of price
observations generated by each price collection for each item over a given period. Averaging prices in a
single step when the frequency of price collection varies between different price collection methods leads
to distorted results.

Table A5.7 Combining Prices from Different Price Collection Methods and for Different Price Collection Frequencies

Month 1 Geometric

Product A
Day 1 Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10 Mean

Local Shop

. . 500 480 489.898
(traditional collection)
ISR WAEEETD 500 500 500 497 497 490 489 483 480 480 491.536
(web-scraping)
Geometric Mean:
Method 1 R
Geometric Mean:
Method 2 ROL2CS

Month 2 tri
Product A ERECIS Indices
Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Day 10 Mean

SEEE) Sl : 450 430 439.886 89.79
(traditional collection)
Inifines WElDsie 450 452 452 448 445 445 445 440 435 430 444.146 90.25
(web-scraping)
Geometric Mean:
Method 1 442.011 90.02
Geometric Mean: 443.433 90.17

Method 2
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Appendix F Web scraping
1. Introduction

The collection of prices is an integral component of the production of a CPI. Several data collection modes
are available and used by countries. These include personal visits, online, telephone, administrative data,
and transactions data. More recently, with the growth of online retailing, pricing information may be obtained
directly from websites. Advances in technology and automated scraping software have enabled large scale
data collection from the internet. This is referred to as web scraping.

2. Benefits of web scraping

Web scraping enables many more products to be priced, and for these products to be priced more often
than would be possible using traditional data collection methods. Web scraping provides an opportunity to
significantly enhance the sample of products and prices collected by expanding product coverage. Other
benefits of web scraping include:

e Automated data collection at a reduced collection cost.
e Enhanced price representativity.

¢ Increased price collection frequency (i.e., daily vs once per month) allows for a more representative
price for the period to be obtained. Secondary effects of using an average period price include
reduced volatility.

o Faster identification of new and disappearing products.
e Reduced respondent burden.

¢ Rich source of metadata (i.e., product characteristics) that can be extracted, stored and potentially
used for explicit quality adjustment (e.g., hedonics). Such metadata may also complement other
data sources such as transactions data.

3. Limitations of web scraping

The lack of expenditure information from web scraping means that products/product groups cannot be
weighted by economic importance and limits the types of index formulas that can be used to compile the
index. Other potential limitations of web scraping are:

e Web scraping is limited to retail outlets that have an online presence (i.e., potential for under
coverage).

e Web scraping requires regular IT maintenance. Website changes may cause the web-scraping
program to fail. Businesses can block IP addresses if they detect the web scraping activity and
wish to prevent it.

o If performed within the NSO, web scraping requires compilers with intermediate programming
knowledge to deal with the regular IT maintenance.

e Web scraping distinct prices for different geographic regions may be difficult if the website detects
the physical location of the computers IP address. This may require assumptions that retailers use
national pricing for regional price indices.

e Web scarping may be time consuming for large retailers with many different webpages and
products.

4. The Process of web scraping
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For those NSOs using web-scraped data for research and/or production purposes, the process of
performing web scraping has focused on two main methods:

o Web scraping performed within the NSO using statistical softwares>.
e Web-scraping services procured from a third party/private company?36.

The choice to perform web scraping within the NSO or contracting with an external vendor will depend on
the local context in which the NSO operates (e.g., budgets, NSO programming capacity, maintenance
costs). With respect to those NSOs performing web scraping internally using statistical software, the
process of web scraping information from the internet can be broken down into three main steps:

e Confirm if the website allows scraping.
e Scraping the website.
¢ Cleaning the collected data.

There are two main ways to determine whether a website is eligible for web scraping. First, staff setting up
web scrapers should check the terms and conditions section of a website for “conditions of use”. Here,
websites will often specify if web scraping is allowed or prohibited. Additionally, a “robots.txt” file can be
located within the root directory of a website. These text files contain detailed information and may outline
the conditions for web scraping possibly including who is allowed to web scrape, which information is
available for scraping, and anything for which scraping is forbidden.

Once it is determined that a website is available for scraping, a scraper is set up for the website. Each
website is unique, and the optimal scraping strategy may change from one site to the next. The scraper
locates the website’s category structure and identifies all the relevant categories to be scraped,. The
programmer defines the parts of the structure to be included and excluded. For example, a website may
list all the individual product categories, then additional categories such as “new products” or “all products”
which duplicate the products in the individual categories. These additional categories can be excluded by
the programmer.

The scraper then proceeds to download all products and prices from the internet. An attempt is made to
show as many products on each page as possible, by experimenting with URL options on the website prior
to setting up the scraper. There are two options available for pulling in the information. First, data may be
collected as text that essentially uses scrappers to copy and paste from the website. In this case, the
process of cleaning the text is carried out following the scraping. Alternatively, products and prices can be
pulled in using designated HTML tags and classes which provide a more targeted approach to extracting
and cleaning the data. Another advantage of this approach is that product identifiers can occasionally be
hidden in the HTML so pulling them in using the tags allows these to be added to the product description
(as opposed to relying purely on the text description). However, the use of HTML tags is not easy for every
website.

For information collected as text, the raw data need to be cleaned post-scraping so that only the set of
products and prices remain. A pattern in the data needs to be uncovered and coded to separate the
products and prices from the “noise” (including removing all the information prior to and after the list of
products). For products which are on sale, multiple prices may be listed. In these instances, the scraper
records the sale prices as the current price of the product.

35Van Loon and Roels, 2018.

36 Bentley and Krsinich, 2017.
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In terms of the available information to construct price indices, Table A5.8 provides a summary of a typical
metadata scraped by NSOs. In summary, the data frame will typically include:

Date: specific day of the scrape (date).

Retailer: name of the retailer (text).

Category: retailer’s website classifications (text).
Product ID: text description of product (text).

Price: specific price of product (numeric).

Table A5.8 Web scraping - Typical Data Structure

Date Retailer Category Product ID Price

. . , . Brand XYZ - Short
July 10, 2019 Retailer ABC Children’s Shirts Sleeve Polo Shirt $45.00

July 10, 2019 Retailer ABC Children’s Shirts ~ orand XYZ - SIS $55.00
Regular Shirt

Brand XY - Short
July 10, 2019 Retailer ABC Children’s Shirts  Sleeve Regular T- $15.00
Shirt

Brand XYZ - Long

ly 10, 201 Retailer AB hil ’s Shi
July 10, 2019 etailer ABC Children’s Shirts Sleeve | Regular Shirt

$65.00

July 10, 2019 Retailer ABC Children’s Shits  Srand XYZ-Short - o0 54
Sleeve Regular Shirt

5. Practical considerations

The basic information required to compile a price index includes prices, expenditure information (or
reasonable assumptions on substitution if no expenditure information is available), and classifications (both
for products and product groups). While web-scraped data (such as the example in Table A5.8) may appear
reasonably consistent with these requirements, it is important to ensure the conceptual requirements of the
CPI (e.g., quality adjustment) are maintained. “Big data (transaction, online, and administrative data) is
‘found data’ in the sense that measuring CPI inflation is a secondary use of the data — the data were not
created with this use in mind”®”.

This sub-section describes some of the main challenges identified by NSOs when using web-scraped data,
including:

Classifying web-scraped data.

87 Bentley and Krsinich (2017, p.6).
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e Options to define individual products.
¢ Index aggregation options.
Classification of web-scraped data

The classification of web-scraped data involves similar considerations as described in Chapter 10 for the
use of scanner data. Web-scraped data typically have some basic product text and category description
that are required to be mapped to a NSOs hierarchical classifications (e.g., COICOP). Approaches
considered by NSOs to solve these classification problems include:

e Text string searches: check for the presence or absence of keywords in the description string for
classification.

e Category mapping: some of the datasets (or parts thereof) contain retailer categories for each
product; if one of these categories sits within a classification, the category can be mapped to the
classification.

e Manual mapping: a compiler looks at the description string. This is the most feasible option for
small datasets.

e Supervised learning algorithms: provide training data (e.g., using one or multiple methods above)
to statistical learning algorithm that identifies patterns between text and training decision for
automatic classification.

Options to define individual products

An essential part of price measurement is accounting for quality change and the introduction of new
products. The CPI measures the price inflation in a basket of goods and services priced at constant quality.
If the quality of a product changes over time, then prices are adjusted so that the index movements reflect
pure price change. This has important implications for web scraping.

The appearance and disappearance of products from a CPI sample has the potential to bias the index
unless any corresponding changes in the quality of the sample are dealt with appropriately. This poses a
problem for the calculation of indices incorporating all (or most) web-scraped prices due to the large number
of prices these datasets contain, the high rate of product attrition, and the tendency for products to have
unusual price movements near the start and end of their life cycles.

One approach for dealing with this problem is to estimate the price change between two periods using the
products available at both time points only, thus excluding the prices of new and disappearing products.
The matched model method (as described in Chapter 6) involves discarding information about new and
disappearing products. However, it gains strength from the comprehensive coverage from the census of
products represented in the full web-scraped dataset. This can be considered as an application of the
overlap method, as it is almost certain that sales of new and disappearing products would overlap with the
sales of other products that consumers would use as substitutes.

An assumption behind the overlap method is that price differences between products are reflective of quality
differences. This assumption seems reasonable in a competitive marketplace and in normal circumstances.
However, disappearing products are sometimes sold at discounted prices to clear remaining stock (end of
lifecycle), and if not linked to a product of comparable quality, may produce a “relaunch” problem and could
potentially create a downward bias in the index3® This problem has been identified in various price index

38 Chessa, 2016.
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studies on different types of products including high technology goods?, clothing*® and personal care
products*t,

To overcome this problem, several practical strategies have been proposed, primarily focused on extracting
characteristics information (e.g., brand, shirt type) from text strings to form broader product definitions. Key
techniques proposed are:

o Use of a broader product category (e.g., children’s shirts in Table A5.8).

e Text/regular expression functions: used to extract characteristics from semi-structured text data
(e.g., “XYZ” in Table A5.8 extracts the characteristic “brand”).

e Approximate (fuzzy) matching functions: used to approximately match text strings using a penalty
function.

e Supervised learning algorithms*2; provide training data to statistical learning algorithm that
identifies patterns between text and training decision for product classification.

e Unsupervised learning algorithms#3: use characteristics (e.g., text string, price) and algorithms to
automatically define “clusters” of products.

Options to aggregate prices

Web-scraped data do not contain quantity or expenditure information. This would naturally restrict the
choice of index formula to an unweighted price index formula (e.g., Jevons), which is the current choice for
many NSOs in the CPI production.

The use of web-scraped data in compiling price indices continues to be the subject of extensive research.
Some researchers have experimented with approximating expenditure weights based on data observed
from the websites*4. Using brand and product type definitions and the number of products as a proxy for
quantity data, results demonstrate that the web-scraped data approximate a benchmark index (scanner
data) using the Geary-Khamis (GK) method. Additional published studies (e.g., Metcalfe et al 2016)
experiment with several bilateral and multilateral price index methods. Research findings showed a
substantial amount of drift across most bilateral and multilateral indices with granular product definitions for
clothing products.

6. Country case study —web scraping

As part of a broader project to modernize the CPI, one NSO began collecting prices using web scrapers
beginning in May of 2016. Web scrapers are currently programmed and maintained by the NSO staff using
Microsoft Excel (Visual Basic for Applications), collecting approximately 500,000 prices per week across
more than 50 retailers. Web scraping increases the sample of prices used to compile the index, thus
providing a more meaningful measure of price change. From the second quarter of 2017, the NSO began
using web-scraped data in the calculation of the CPI. Varieties are selected using the same methods as

39 Silver and Heravi, 2005.

40 Chessa, 2017.

41 Chessa, 2016.

42 Abe and Shinozaki, 2018.
43 Metcalfe et al, 2016.

44 Chessa and Griffioen, 2016.
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other forms of price collection (field collection, online collection, or other methods). An average price is
calculated for each item over a given period.

Representative and stable products are selected. When transitioning a respondent from using traditional
data collectors to web-scraped prices, an attempt is made to link the current field collected product to the
identical product on the website. A determination regarding quality adjustment is made for each product to
ensure that the new web-scraped product’s base period price is correct.

For each web-scraped product in the sample, the price for a given period (month or quarter) is an arithmetic
average of the prices which fall within the specified period. If a product disappears, a replacement product
is selected from among the other products within the relevant category from that respondent. A quality
adjustment is performed to ensure that only pure price change is shown. The combination of category
name, brand/product description and price history of both the old and new product is sufficient to enable an
accurate quality adjustment to be applied.

This NSO has adopted a phased approach to implementing new retailers and price index methods using
web-scraped data. With respect to respondents, an assessment is made for each respondent to be
transitioned to web-scraped data, taking into account the quality of web-scraped data over a period of time,
the correlation between online prices and field-collected prices in each city, and the potential for collection
efficiencies and sample improvements. With respect to price index methods, development work continues
within the NSO on text mining techniques (to form broader product definitions, especially for clothing) and
price index methods (both bilateral and multilateral index methods) that maximize and automate the use of
web-scraped data.
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Chapter 6 Temporarily and Permanently Missing Prices and
Quality Change

A. Introduction

6.1. Chapter 6 focuses on the treatment of temporarily and permanently missing varieties and their
prices. While Chapter 5 focuses on the collection of data, Chapter 6 highlights the important role of the
price collector in the context of the treatment of missing prices and starts by providing an overview of the
matched models method (MMM). While the MMM serves as the underlying method regarding the treatment
of missing prices, the chapter describes how the MMM can potentially fail, the consequences of this failure,
and how to deal with the effects of such failure on price measurement.

6.2. Temporarily missing prices and the methods used for the treatment of missing varieties are
reviewed in this chapter. The concept of quality is defined and discussed. Explicit (direct) and implicit
(indirect) methods for quality adjustment are identified and described.

6.3. Some introductory notes are provided on general measurement issues including the use of additive
versus multiplicative quality adjustments, price reference versus current period quality adjustment, short-
term versus long-term comparisons, and geometric aggregation formula. Finally, this chapter considers the
need of price measurement in product markets with a rapid turnover of models“%, usually in the electronic
and high-technology product markets.

B. Background

6.4. The measurement of changes in the level of consumer prices is complicated by the appearance
and disappearance of new and old goods and services, as well as changes in the quality of existing ones.
If there were no such complications, a representative sample could be taken of the varieties of goods and
services households consumed in a reference period 0, their prices recorded and compared with the prices
of the same matched varieties in subsequent periods. In this way the prices of like would be compared with
like. In practice, some complications do exist. Varieties change in quality over time and replacements are
of a different quality compared to the original. New and old models of varieties appear and disappear.

6.5. Changes in the quality of varieties should be treated as changes in the volume of the good or
service provided, as opposed to changes in the price. For example, increases over time in the concentration
of a detergent (hnumber of washes per 1-kilogram (kg) packet), faster internet service (megabits per second,
Mbps), and inclusion of a warranty in the price of a dishwasher, all contribute to effective decreases in price;
consumers get more for their money. Similarly, quality decreases, for example less legroom in economy
flights, when prices remain constant, are effective increases in price. A volume change for an individual
variety may be comprised of a quantity and quality change. The change in the variety’s nominal value of
consumption expenditure is the product of its price and volume change. It follows that the price change is
the change in value divided by the change in volume.

6.6. National Statistical Offices (NSOs) go to great lengths to ensure measured price changes are not
influenced by changes in the quality of items. By measuring the price change of a fixed, constant-quality
basket of goods and services, NSOs use the MMM. When updating the basket, price collectors visit
selected outlets with broad details of an item and identify the most popular, regularly stocked, varieties sold

45 The term “model” of a good or service is used in this chapter mainly in the context of high-technology goods such as
laptops, household appliances, or cars. This use of the term model follows general usage and refers to a specific variety
whose characteristics are updated regularly.
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in each of the outlets. Next, they develop a detailed description of the variety including all the price-
determining characteristics (e.g., brand or size) and record the price. This specification must be sufficiently
detailed to include all price-determining characteristics to define a unique, specific variety. The detailed
specification allows the price-collector to easily identify the variety or model in subsequent periods and
record its matched price.

6.7. The measurement of changes in the level of consumer prices using the MMM is appropriate when
variety prices are not missing. However, the use of the MMM is complicated by temporarily unavailable
prices, for example for one, two, or three months, because of a variety being out-of-stock and not yet
replenished. A matched price is unavailable in these intervening months. The treatment of prices of
temporarily missing varieties is considered in more detail in paragraphs 6.52 to 6.72, but typically requires
the missing variety’s price to be imputed for the month(s) in which it is missing using the price changes of
similar goods or services, or price changes drawn from a higher level of aggregation. Actual prices are then
compared with imputed prices for the measurement of the Consumer Price Index (CPI).

6.8. If varieties become permanently unavailable a replacement variety is required that is preferably
comparable in terms of the price-determining characteristics of the missing variety. If the replacement is of
a comparable quality (i.e., possesses the same price-determining characteristics), its price can be directly
compared with the last actual or imputed price for the missing variety. If the replacement is non-comparable,
for example it is of a better quality, the improvement in quality has to be explicitly quantified in terms of its
“worth” or its contribution to the price. Using this value, compilers make a price adjustment to reflect the
difference in quality allowing the price of like be compared with like. If a reliable explicit quality adjustment
to the price is not possible, for data or resource reasons, implicit methods of quality adjustment are
available. Details of explicit and implicit methods of quality adjustment are provided in paragraphs 6.90 to
6.188, and methods for dealing with new and disappearing goods and services are illustrated in Chapter 8.

6.9. Products that are “strongly” seasonal, that is, missing in particular months when out-of-season but
expected to return in the next season, could also be treated as temporarily missing and imputed. Chapter
11 describes in more detail the different options that can be used for the treatment of seasonal products.
Strongly seasonal products include some fresh fruits, vegetables, and clothing. Also considered in Chapter
11 is the treatment of “weakly” seasonal products: available throughout the year but whose prices, sales,
and quality fluctuate. The prices of weakly seasonal products are not missing and are treated differently
from strongly seasonal ones, as discussed in Chapter 11.

6.10. The matching of models facilitates the measurement of constant-quality price change. When the
matching breaks down because of missing prices, temporary imputations are necessary until the variety’s
temporarily missing price becomes available or a replacement can be introduced, thus helping to update
the sample. However, there are product markets where the matching breaks down on a regular basis
because of high turnover of models, with new models of different quality compared to the old ones, such
as laptop computers. In this case, a failure to match and replace models would lead to a seriously depleted
and unrepresentative sample. Yet, a continual process of linking in new replacement varieties has been
found to lead to a bias in CPl measurement. Paragraphs 6.141 to 6.177 of this chapter outline an alternative
approach making use of hedonic regressions.

C. Potential errors in the matched models method

6.11. Three potential sources of error arise from the MMM: missing varieties, representativity of sample
space, and new products.

1. Missing varieties
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6.12. The first source of error in the MMM, and the focus of this chapter, occurs when a variety is no
longer available in the outlet. It may be temporarily out of stock, discontinued, or one or more of the price-
determining characteristics may have changed. Whatever the reason, the variety is effectively missing in
the current period and a price cannot be collected. The variety’s price may be missing for other reasons: it
may be a seasonal variety or one whose price does not need to be recorded so frequently, or it may be a
custom-made good or service, supplied each time to the customer’s specification.

6.13. It is necessary to distinguish between varieties that are permanently and temporarily missing.
Varieties that are temporarily missing are varieties that are not available and not priced in the current period,
but that are available and priced in subsequent periods. The treatment of varieties missing because demand
and/or supply is seasonal, as is the case with some fruits and vegetables, is described in Chapter 11.

6.14. The different methods for the treatment of missing prices, and the implied assumptions, are listed
in Figure 6.3 and discussed in some detail in paragraphs 6.90 to 6.234. By definition, the prices of the
unavailable varieties cannot be determined and the accuracy of some of the assumptions about their price
changes is difficult to establish. The matching of prices of varieties allows for the measurement of price
changes unaffected by quality changes. When varieties are replaced with new ones of a different quality,
then a quality-adjusted price is required. If the adjustment is inappropriate, there is an error, and if it is
inappropriate in a systematic direction, there is a bias. Careful quality adjustment practices are required to
avoid error and bias. Such adjustments are the subject of this chapter.

2. Sampling issues

6.15. There are three sampling concerns when using the MMM. First, the MMM and the use of
replacements is designed to meet the needs of constant-quality price measurement and while the sample
of varieties priced might initially be designed to be representative of price changes of the population of
varieties, it is effectively following a static sample of varieties that, over time, can become increasingly
unrepresentative. The matching of prices of identical varieties over time, by its nature, is likely to lead to
the monitoring of a sample of varieties increasingly unrepresentative of the population. The sample
deteriorates over time because the MMM fails to incorporate new models/varieties into the sample, except
as replacements to obsolete ones. For example, substantial developments in telecommunication hardware
and services, reflected in the growing number of models available, are excluded from the sample covered
by the CPI. This omission would not be problematic if the (implicit) quality-adjusted price changes of the
excluded varieties were similar to those of the included matched model sample. However, this is unlikely
to be the case. The (quality-adjusted) prices of old models being dropped may be relatively low and the
(quality-adjusted) prices of new ones relatively high as part of a sales strategy of dumping old models at
relatively low price to make way for the introduction of new models priced relatively high.

6.16. A second sampling concern with the use of the MMM relates to the timing of the substitution and
to when a replacement variety is chosen to replace an old one. In general, the prices of varieties continue
to be monitored until they are no longer sold. This means that old varieties with limited sales continue to be
monitored and included in the sample. Such varieties may show unusual price changes as they approach
the end of their life cycle because of the marketing strategies of firms. Firms typically identify gains to be
made from different pricing strategies at different times in the life cycle of products, particularly at the
introduction and end of their life cycle. The (implicit or explicit) weight of end-of-cycle varieties in the index
would thus remain relatively high, being based on their sales share when they were sampled. Furthermore,
new unmatched varieties with possibly relatively large sales would be ignored. Consequently, greater
weight would be given to the unusual price changes of matched varieties at the end of their life cycle.

6.17. The final sampling concern with the use of the MMM results from the price collector collecting prices
until the variety is no longer available, thus forcing a replacement. Data collectors replace the missing
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discontinued variety with the most popular or typically-consumed variety. This improves the coverage and
representativity of the sample. But it also makes reliable quality adjustments of prices between the old and
new popular varieties more difficult. The differences in quality are likely to be beyond those that can be
attributed to price differences in some overlap period, as one variety is in the final stages of its life cycle
and the other in its first. Furthermore, the technical differences between the varieties are likely to be of an
order that makes it more difficult to provide reliable, explicit estimates of the effect of quality differences on
prices. Finally, the (quality-adjusted) price changes of very old and very new varieties are unlikely to meet
assumptions of “similar price changes to existing varieties or classes of varieties”, as required by the
imputation methods. Many of the methods of dealing with quality adjustment for unavailable varieties may
be better served if the switch to a replacement variety is made earlier rather than later. Sampling issues
are closely linked to quality adjustment methods. This topic is discussed in Chapter 8.

6.18. This chapter references to the need to permanently replace missing varieties to ensure that the
sample of varieties does not become unrepresentative. Samples of representative varieties and outlets are
generally updated when an index is updated. Where there is a lengthy period between rebasing, the sample
can become seriously deteriorated. It is feasible to update/rotate the sample between periods of revising
the index and Chapter 7 outlines how this can be done in the context of maintaining the representativity of
the sample. Chapter 6 refers to the need for regular updating of the sample which could be achieved through
sample rotation.

3. New products

6.19. Another potential source of error when using the MMM arises when a new product is introduced
into the marketplace. When a really new product is introduced, there is an immediate gain in welfare or
utility as demand switches from the old variety to the new variety. For example, the introduction of mobile
telephones represented a completely new good that led to an initial gain in utility or welfare to consumers
as they switched from the old (landlines) to the new technology. This gain from the introduction of mobile
telephones, and subsequently of increasingly smarter telephones, would not be properly brought into the
index by waiting until the index was rebased, or by waiting for at least two successive periods of prices for
mobile telephones and linking the new price comparison to the old index. Subsequent prices might be
constant or even fall. The initial welfare gain would be calculated from a comparison between the price in
the period of introduction and the hypothetical price in the preceding period, during which supply would be
zero. The practical tools for estimating such a hypothetical price are neither well developed nor practical for
CPI compilation, as referenced in more detail in Chapter 7. For a CPI built on the concept of a base period
and a fixed basket, this situation, strictly speaking, does not represent a problem. The new product was not
in the old basket and should be excluded. Although an index properly measuring an old fixed basket would
be appropriate in a definitional sense, it would not be representative of what households purchase. Such
an index would thus be inappropriate. For a cost-of-living index (COLI) concerned with measuring the
change in expenditure necessary to maintain a constant level of utility, there is no doubt that it would be
conceptually appropriate to include the new product and any welfare gain from its introduction, though as
outlined in Chapter 8, this is highly problematic in practice.

D. Useful concepts for the treatment of missing prices
1. Multiplicative versus additive adjustment

6.20. Explicit quality adjustments to prices can be made by adding a fixed amount (additive adjustment)
or multiplication by a ratio (multiplicative adjustment). For example, consider m, an old variety, and n its
replacement; for a price comparison over periods t, t + 1, and t + 2, the price of m is only available in periods
tandt+ 1 and n only available in periods t + 1 and t + 2. The measurement of constant-quality price change
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between periods t and t +1 is based on variety m, p;:'l/p; , and the price change between periods t + 1
and t + 2 on variety n, pi*z/p;”. Although not necessary for the compilation of the price index, the previous
calculation can be elaborated in an equivalent, though more complex, form that enables the nature of the
quality adjustment from m to n to be identified and the multiplicative formulation demonstrated.

6.21. A price relative over periods t, t + 1, and t + 2 requires an overlap ratio p:'l/pf;l to be used as a
measure of the relative quality difference between the old variety and its replacement. This ratio could then
be multiplied by the price of the old variety in period t, p; to obtain the quality-adjusted prices pfl* as
outlined later in equation (6.6), and illustrated in Table 6.1:

Table 6.1 Example of a Replacement Variety with Overlap

t t+ 1 t+2
t t+1
Old Variety m i P
Replacement *t t+l t+2
Variety n P, P Pn

6.22.  Such multiplicative formulations are generally recommended, as the adjustment is invariant to the
absolute value of the price. If the overlap ratio equals, for example, 1.2, the new variety costs 20 percent
more than the old. There may be some varieties for which the worth of the constituent parts is not
considered to be in proportion to the price. In other words, the constituent parts have their own, intrinsic,
absolute, additive worth, which remains constant over time. For example, retailers selling on websites may
include free-shipping in the price. In some instances, the cost of shipping may remain the same in the short
to medium-term irrespective of what happens to the price of the variety (exclusive of shipping). If the price
no longer includes free-shipping, this fall in quality should be valued as a fixed additive sum.

2. Price reference versus current period adjustment

6.23. Two variants of the approaches to quality adjustment are to make the adjustment either to the price
in the price reference period or to the price in the current period. For example, in the overlap method,
described above, the implicit quality adjustment coefficient was used to adjust p’ to p*’. An alternative
procedure would have been to multiply the ratio pf;ll p,tfl by the price of the replrgcemeﬁt variety p:’z to
obtain the quality-adjusted price p;”z. The first approach is more straightforward since, once the reference
period price has been adjusted, no subsequent adjustments are required. Each new price of a replacement

can be compared with the adjusted reference price.

3. Long-term versus short-term comparisons

6.24. Much of the analysis of quality adjustments in this Manual is undertaken by comparing prices
between two adjacent periods, say, month-on-month period t prices with those in a subsequent period t+1.
For long-term comparisons, the price reference period is taken as, for example, period t and the index
compiled by comparing prices in period t first with t+1; then t with t+2; t with t+3, etc. The short-term
framework allows long-term comparisons built up as the product of links: t first with t+1; then t+1 with t+2;
t+2 with t +3, etc.; built up as a sequence of links joined together by successive multiplication. This chapter
focuses on short-term comparisons, for reasons of their inherently better properties and for focus of
exposition; In particular, as outlined in paragraphs 6.51 to 6.71, the short-term approach enables superior
imputations to be made for temporarily missing prices and facilitates the incorporation of replacement
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varieties as and when an old variety’s price is permanently missing. The short-term approach is generally
recommended.

Treatment of missing variety prices and quality adjustment within an elementary
aggregate: short-term comparisons

6.25. This chapter uses a short-term framework of comparing period-on-period prices rather than a long-
term framework of comparing the current period’s price with a fixed price reference period. The use of
matching is particularly problematic for long-term price comparisons. For long-term price comparisons a
selection of representative models in period 0, for example the year (or a month in) 2020, have their prices
compared with those in January 2021; in February, for the 2020-February price relative; in March, for the
2020-March price relative; continuing for what may be, in some countries, several years. The sample is
increasingly depleted over time as 2020 varieties become obsolete.

6.26. The short-term approach has several advantages. An illustration of the short-term against the long-
term approach is included in Chapter 7. This chapter is concerned with temporarily and permanently
missing variety prices. Temporarily missing variety prices return to the sample, as do seasonal ones (as
described in Chapter 11); and there is no issue with maintaining the sample. However, permanently missing
variety prices need a replacement variety so that, over time, the sample does not become increasingly
depleted and degraded. Yet such one-on-one replacement is unlikely to be sufficient to maintain the
representativity of the sample, which may be based on variety selection when updating the index (Chapter
9) or sample rotation that may for some countries be many years ago. Since this initiation, many newer
varieties/products may have been introduced and old ones become obsolete. Maintaining the
representativity of the sample is addressed in Chapter 7 and a related use of web-based and scanner data
sources in Chapter 10. The treatment of permanently missing variety prices was set within the context of
an elementary aggregate, where weights were neither available nor used. A modified Lowe price index
number is used. The formulas are presented in more detail in Chapters 7 and 8 (see 8.109 — 8.116).

6.27. The example in Table 6.10 might be used to illustrate an individual elementary aggregate with
geometric mean prices compiled from several outlets. If a variety is temporarily not available an imputation
can be based on a short-term month-on-month price relative, rather than a long-term price that might
assume similar price movements over several years. Similarly, for permanently missing prices where
imputations are used to form an overlap comparison for the missing variety price and its replacement,
assumptions based on similar short-term month-on-month price movements are more reasonable than the
less plausible ones based on long-term price movements.

6.28. This mechanism facilitates the inclusion of new specifications when old specifications become
obsolete and enables the index to better represent the dynamic changes taking place in consumer choice.
A direct comparison between the price of a new replacement variety specification in April 2020 with its old
specification in 2019 is likely to be challenging given the quality differences between the two variety
specifications over a long period.

6.29. The short-term formula will differ (be improved) from its fixed base long-term counterpart since the
monthly imputations will differ.

6.30. This chapter’s work has for the large part been concerned with short-term price relatives compiled
within an elementary aggregate, i. The larger picture of weighted aggregation across elementary
aggregates is for this context of missing prices and sample representativity, considered in Chapter 7, with
illustrative calculations of the aggregation formulas in Chapter 8, and the introduction of new weights in
Chapter 9.

4. Aggregation formula for elementary price indices
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6.31. A ratio of geometric means (i.e., the Jevons price index number formula) is used to measure price
changes at the unweighted level of the elementary aggregate. Alternative formulas include a ratio of
arithmetic means (i.e., the Dutot price index number formula) and an arithmetic average of price ratios—
the Carli price index number formula. The Jevons price index formula is used here for reasons of its better
properties and focus of exposition. Chapter 9 provides detail, an illustration, and the relative merits of the
use of the Dutot and Carli price index number formula.

6.32. With scanner and other such data, information on prices, expenditure values, and quality
characteristics will often be available for most individual models sold by major outlets. This availability of
data on transaction values allows weights to be used at this detailed level of aggregation and thus the use
of weighted price index formulas as outlined in Chapter 9.

5. Therole of price collectors

6.33. Price collectors have a critical role to play in the treatment of missing price observations. They
observe and record that a price is missing; whether it is temporarily or permanently missing; if permanently
missing, whether a comparable or non-comparable replacement is available, and in the latter case, the
price and details of the replacement variety. When selecting a sample of prices, the outlets are visited in a
process referred to as initiation. During the initiation phase of price collection, collectors identify the detailed
specifications of representative varieties sold. For example, for the general class of “large white bread,
unsliced,” the more detailed, “large loaf, white, unsliced, brand A, 800gm” may be selected and its details
entered along with its price for subsequent periodic repricing. Ideally, price collectors should have in their
possession a checklist of these specifications when visiting outlets in subsequent periods. The detailed
specifications serve many purposes including: (i) to help identify the variety to be priced; (ii) to review and
verify the variety’s specification to ensure there have been no changes in the price determining
characteristics; and (iii) if the variety is non-comparable, to use the specifications to identify a replacement
variety to be priced and record any changes in the price-determining specifications. Initiation activities occur
only when it is necessary to select a new variety for pricing.

6.34. The price collector also plays an important role in determining whether the missing price should be
treated as temporarily or permanently missing. A variety’s price is considered temporarily missing if the
same variety is likely to return to the market within a reasonable time period. On finding that the specified
variety is not available for immediate sale, the price collector should check with the manager or informed
member of outlet staff whether it is temporarily or permanently missing. If temporarily missing, record the
expected duration: one, two, or more periods should be recorded along with the reason for it being
unavailable and an indication of the likelihood of its return.

6.35. Temporarily missing varieties have their prices imputed; permanently missing ones require a
replacement. As these are different issues requiring different treatments, it is important for the price collector
to establish whether the unavailability of the variety is temporary or permanent. Consider the case of a
monthly CPI. When a price is temporarily missing, it should be imputed using an overall mean imputation,
a targeted mean imputation, or a class-mean imputation. Some NSOs use a method referred to as carry-
forward (repeating the last observed price). As stressed in paragraph 6.65, this is not recommended.

6.36. Permanent unavailability occurs when the variety is withdrawn from the market with no prospect of
returning. In some instances, it might be absent the next month and confirmed by the outlet manager or
informed staff that it is not going to be replaced. With such information the price collector should immediately
look to collecting the price and specifications of a replacement variety. In other cases, if a variety is out of
stock, for example during three consecutive months, the price collector should be instructed to choose a
replacement that matches as closely as possible the missing variety’s specification. After being unavailable
for three months and with no indication that the variety will return, it is treated as being permanently missing
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and a replacement variety is sought. There may be particular products or circumstances in which the three-
month rule can be relaxed, such as a temporary withdrawal of products for health reasons, national
emergencies, or the logistics of restocking where there is a sound basis for a belief that the product will
return in the near future, but not within three-months.

6.37. Decisions on the treatment of missing prices are made by CPI staff based on information provided
by the price collector and, in some instances, by a follow-up telephone contact or visit to the outlet.

6.38. Variety prices may be missing for products because they are seasonal and out of season. Products
that are out-of-season, but expected to return in the next season, are treated differently from those
considered in this chapter and their treatment is the subject of Chapter 11.

6.39. Data collection codes, such as those illustrated in Table 6.2, should be used to justify or explain
each missing price to ensure proper treatment. Metadata should be collected on those products in which,
for example, there is a high level of missing prices of different forms and the extent to which the prices are
missing. lllustrative variety codes are given in Table 6.2 and NSOs should build on the detail required to
meet their specific needs.

Table 6.2 lllustrative Variety Codes for Price Collector for Missing Values

Collection Ccode Description

Temporarily Missing:

T
the variety is unavailable but is expected to be available again in the near future.
Permanently Missing:
P L . . .
the variety is no longer available and is unlikely to return.
s Seasonally Missing:
the variety (product group) is strongly seasonal and is out of season.
c Comparable Replacement:
a replacement variety that is comparable to the old variety in all major aspects.
NG Non-comparable Replacement:
a replacement variety that is not comparable to the old variety.
E. The treatment of temporarily and permanently missing variety prices

6.40. To measure aggregate price changes, a representative sample of varieties is selected from a
sample of outlets, along with detailed item descriptions that define each variety and its specifications. For
each selected variety, detailed item specifications, or descriptions, define a unique, specific variety that will
be priced each period. The detailed specifications are included on the re-pricing form each period and serve
as a prompt to help ensure that the same varieties are being priced. Detailed checklists of variety
descriptions should be used, as any lack of clarity in the specifications may lead to errors. Attention should
also be devoted to ensuring that the specifications used are not just to identify the variety on a subsequent
visit, for example its location in the outlet, but contain all pertinent, price-determining characteristics,
otherwise it will not be possible to identify if changes in quality have occurred.

6.41. The MMM succeeds in ensuring the prices of like being compared with like. The detailed variety
specifications facilitate this process, and the method ensures that the measurement of price change is not
influenced by quality changes. However, when a price is missing there is potential for mismeasurement.
The treatment of missing prices depends on whether the variety is temporarily missing (i.e., the product will
be available in the near future) or permanently missing (i.e., the variety will not be available in the future).
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Each month, all imputed prices are used in the calculation of the index. For example, an imputed March
price would be compared with the actual price collected in February in order to calculate the price change
from February to March. If the variety returns in April, the imputed March price is compared with its actual
price collected in April to calculate the March to April price change. All permanently missing prices require
a replacement.

6.42. When a variety is missing in a month a number of approaches may be used. Details of each
method are provided in separate sections of this chapter. While terminology may differ between NSOs, the
methods include:

e Imputation: the price change for the missing variety is assumed to be the same as the price
changes of all varieties in the item group, or targeted similar ones. Such imputations can be used
for temporarily missing varieties. Permanently missing varieties, however, require a comparable or
non-comparable replacement;

e Direct comparison: if a variety is permanently missing and a replacement variety is directly
comparable, that is, it is so similar it can be assumed to have had more or less the same quality
characteristics as the missing one, its price replaces the price of the unavailable variety. Any
difference in price level between the new and the old is judged to be price change and not quality
change;

o Explicit quality adjustment: if a replacement variety is non-comparable (i.e., there are identifiable
quality differences) estimates of the impact of the quality differences on the price enable quality-
adjusted price comparisons to be made between the old and the new varieties;

e Implicit quality adjustment - overlap: if a replacement variety is non-comparable and no
information is available, or resources are too limited to allow reasonable explicit estimates to be
made of the impact of a quality change on the price, the price difference between the old variety
and its replacement in the overlap period is then taken to be a measure of the quality differential.

6.43. Specific attention needs to be devoted to products with relatively big weights, where large
proportions of varieties are turned over. Some of the methods are not straightforward and require a higher
level of expertise and experience. Quality adjustment should be implemented by developing a methodical
approach on a product-by-product basis. Such concerns should not be used as excuses for failing to
attempt to estimate quality-adjusted prices. Ignoring quality change results in an implicit quality adjustment.
This approach assumes that any difference in price is pure price change and not changes because of a
difference in quality. Such an implicit approach may not be appropriate and may even be misleading.

6.44. The treatment of missing price quotes is divided into two types, depending on if these are for
temporarily or permanently missing variety prices. These two types cannot always be readily identified and
treated accordingly. Some form of mechanism or rule is required to enable a transition from temporary to
permanently missing variety prices. A price collector, supported by the head office, would regard a variety
as permanently unavailable if verified by an informed member of the outlet’'s staff or, following a three-
month period, the variety is no longer available and there is no evidence that it will reappear. A price index
suffers from sample depletion if an increasing number of temporary missing prices are imputed over a
lengthy period. Once judged to be a “permanently missing” variety type a replacement is found. If non-
comparable, a quality adjustment is made, and imputations are no longer necessary.

6.45. It may also be the case that a replacement, comparable or not, is unavailable (e.g., for a
videocassette player when it became obsolete). The topic of introducing new goods and services and
removing obsolete ones is the subject of Chapter 7. Alternatively, a price collector may find the variety to
be permanently missing in the outlet visited, and with no comparable or non-comparable replacement,
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although the variety is sold in other outlets. An informed outlet staff may inform the price collector that the
product is no longer being stocked. For example, considering bicycles in a sports shop, a price index for
bicycles could be continued by imputing the price change for this outlet using the price change in other
outlets as described in paragraphs 6.51 to 6.71. Such a procedure depletes the sample and in the longer
run this should be remedied by a forced outlet replacement, sample rotation, or rebasing (see Chapter 7).

6.46. Adjustments to prices are not a simple matter of applying routine methods to prices in specified
product areas, and alternative approaches are suggested in this chapter. Some approached are more
appropriate than others for specific product areas. An understanding of the consumer market, technological
features of the producing industry, and alternative data sources will be required for the successful
implementation of quality adjustments.

F. The treatment of temporarily missing price observations
1. Overall mean imputation

6.47. The overall mean imputation method uses the price changes of other similar varieties as estimates
of the price change of the missing variety. Considering a Jevons elementary price index (i.e., a geometric
mean of price relatives, equivalent to the ratio for geometric means of prices*6), the price of the missing
variety in the current period, t + 1, is imputed by multiplying its price in the immediately preceding period t
by the geometric mean of the price relatives of the remaining matched varieties in the product group
between these two periods. This method provides the same result as simply dropping the variety that is
missing from both periods from the calculation. In practice, the series is continued in the database by
including the imputed prices; and, as described in Table 6.3, this forms a complete table of the variety prices
in outlets A to F. The imputations are based on assumptions of similar price movements.

6.48. In the example in Table 6.3, a product with broad specifications is sold in six outlets, A to F, with
different detailed outlet-specific specifications adopted for each outlet. The price reference period is
December 2019 with successive prices collected for each outlet’s specification in January, February, March,
April, May, June, and July 2020. The price collector finds the variety temporarily missing in outlet F’s price
collection for March 2020, and likely to remain missing for the next month or two, but to return thereafter.
In Table 6.3, the figures in red for prices of March to May 2020 in outlet F represent two alternative
imputation methods, as explained in the paragraphs below.

46 Chapter 8 provides further examples of imputations and replacements using the Jevons index, as compared with the
Dutot (ratio of arithmetic means) and Carli indices (mean of the ratio of price relatives) and outlines the relative merits
of the three indices.
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Outiets Pricing period

19-Dec 20-Jan 20-Feb | 20-Mar | 20-Apr | 20-May | 20-Jun 20-Jul
Az supermarket 5.25 5.25 5.49 5.49 5.49 5.49 5.49 5.49
B: supermarket 5.10 5.10 5.10 5.25 5.25 5.25 5.25 5.25
C: supermarket 5.20 5.20 5.20 5.20 5.20 5.25 5.25 5.25
D: independent trader 5.49 5.49 5.49 5.65 5.75 5.80 5.80 6.00
E: independent trader i) 6.50 6.50 6.90 6.90 6.90 6.90 7.00
F: independent trader 5.09 5.99 5.99 6.13 6.15 6.18 6.25 6.25
Overall Mean Imputation: F Mar:May
Geo-mean: AE 5.54 5.67 5.69 571
Geo-mean: A:F 5.49 5.57 5.61 5.74 5.76 5.78 5.79 5.84
5-T price relatives: A:F 1 1.013712 | 1.007478 | 1.023765 | 1.003515 | 1.003652 | 1.001977 | 1.008081
L-T indices as product of 5-T 100.00 101.37 102.13 104.56 104.92 105.31 105.52 106.37
Targeted imputation: indep traders
D: independent trader 5.49 5.49 5.49 5.65 5.75 5.80 5.80 6.00
E: independent trader i) 6.50 6.50 6.90 6.90 6.90 6.90 7.00
F: independent trader 5.09 5.99 5.99 6.26 6.32 6.34 6.25 6.25
Geo-mean: A:C & D:TF 5.49 5.57 5.61 5.76 5.79 5.81 5.79 5.84
5-T price relatives: A:F 1 1.013712 | 1.007478 | 1.027309 | 1.004396 | 1.003766 | 0.997531 | 1.008081
L-T indices as product of 5-T 100.00 101.37 102.13 104.92 105.38 105.78 105.52 106.37

S-T: short term
L-T: long term

6.49. The Jevons index number formula is shown in equation (6.2) as a direct or long-term index

comparing, in its second last term, the geometric mean of the prices of each matched variety in the current
month t with the geometric mean of the prices in the price reference period, hereafter referred as period 0,
and in the last term, for the example in Table 6.3, July 2020 with the price reference period (= 100.0) of
December 2019.

(6.2)

1
1 =
= N Jul2020\n
Pi’:)n Hi=1(Pi )
l= ) =71

Pj(POJPt) = TLNl (P-O 1
i Hli\l=1(PiDec2019)n
Where p=price

6.50. In practice the use of the Jevons formula in this long-term form is not advised. Instead a short-term
formulation is recommended as the product of month-on-month Jevons indices. The short-term cumulative
Jevons index for December 2019=100 to July 2020 is:

ES 1 1 1
H]\i P_]an2020 n N_ PFebZOZO n N_ P_MarZOZO n 1-[1\]: P/ulzozo n

P](PDec2019’ P]u12020) _ 1 1( i )lxnl_l( i )lxnl—l( i )l - 1( i )1 (6.3)
H%\Ll(PiDeczow)n H?L1(Pi]an2019)n H{vzl(PiFEDZ()lg)n H?I:1(Pi]un2019)n

6.51. The long-term and short-term approaches in equations (6.2) and (6.3) provide the same result as
the numerator of each term on the right-hand-side of equation (6.3) cancels with the denominator of the
next. However, a major advantage of the short-term formulation is that when an individual variety is missing,
its price can be imputed using the month-on-month price changes of similar or higher-level aggregates
rather than the long-term comparison of the current month to the price reference period, which may be
several years ago.
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6.52. The right-hand-side of equation (6.3) requires monthly geometric mean prices to be calculated for
the numerators and denominators for each month-on-month comparison. Table 6.3 shows the geometric
means for the price reference period, December 2019, January, and February 2020, missing prices for
March, April, and May, and with prices returning in June and July. The first task is to impute the missing
price for March 2020. This is obtained using the ratio of geometric mean prices for each of the matched
sample of outlets A to E in February and March to provide the short-term price relative:#”

1 1
E (pMar2020Y5 5.49x5.25x5.20x5.65x6.90)5  5.67
P](PFebZOZO' PMarZOZO) _ Iica(? )° _ (5.49x5.25x5.20x5.65x )1 — = 1.02347 (6.4)
ME A(PFEDZOZO) 5.54
1= 1A

1
5 (5.49x5.10x5.20x5.49x6.50)5

This change in the (geometric) mean price for the matched prices A to E is from February to March. The
increase of 1.02347 when multiplied by the February price of 5.99 yields an imputed March price of 1.02347
x5.99 =6.13.

6.53. The price collector subsequently finds April and May prices for variety F to be temporarily missing.
The respective imputed prices are: 1.0353 x 6.13 = 6.15 and 1.00351 x 6.15 = 6.17. The imputed prices
are entered in Table 6.3, highlighted in red, providing a complete table of prices for outlets A to F over the
price reference period and subsequent months.

6.54. The short-term month-on-month price relative for all outlets A to F for February to March 2020 is
given as:

1
P](PFebZOZO' PMaTZOZO) — HiF=A(PiMar2020)16 — ﬂ =1.02317 (65)
Hf:A(PlFebZOZO)E 5.61

47 Geometric means over large samples are more accurately computed as the equivalent:

exp [% (X, mPf =3I, inP? )]
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6.55. The short-term price relatives for outlets A to F calculated from imputed prices, as in equation (6.5),
provides the same measure as the price relative calculated from outlets A to E since the price for outlet F
is computed from the price change for outlets A to E. Other short-term price relatives are shown in Table
6.3. The long-term price index (December 2019 =100.00) to July 2020 is shown in Table 6.4 and in Table
6.3 as the cumulative product of short-term relatives.

Table 6.4 Overall Mean and Targeted Mean Imputations

Overall Targeted
Mean Imputation Mean Imputation

(@) (b)
Dec-19 100 100
Jan-20 100.00*1.013712=101.37 100.00*1.013712=101.37
Feb-20 101.37*1.007478=102.13 101.37*1.007181=102.13
Mar-20 102.13*1.023765=104.56 102.13*1.026738=104.92
Apr-20 104.56*1.003515=104.92 104.92*1.004396=105.38
May-20 104.92*1.003652=105.31 105.38*1.003766=105.78
Jun-20 105.31*1.001977=105.52 105.78*0.997531=105.52
Jul-20 105.52*1.008081=106.37 105.52*1.008081=106.37

2. Targeted mean imputation

6.56. The overall mean imputation is based on assuming that the price change of the temporarily missing
variety is similar to the overall price change at a higher level of aggregation. A targeted form of the method
would use price movements of an elementary aggregate or an aggregate of similar varieties that is, varieties
expected to have similar short-term price changes. The sample of observations used for the targeting may
be specific to a type of outlet and/or region and/or cluster of features, for example, “up-market” television
sets. It would generally be a subset of varieties within a higher level of aggregation. The decision to target
the imputation using similar varieties in the subset or to use a wider subset of the higher level of aggregation
will depend in part on the adequacy of the sample size for the subset of similar varieties and the
homogeneity of the elementary aggregate at the higher level.

6.57. Column B in Table 6.4 shows imputed prices for the missing variety prices in outlet F for March,
April, and May 2020, based on adjusting the preceding period’s price by the price movements of the
remaining matched pairs of prices at other independent traders, D and E, rather than all outlets, presented
in column A for comparison. Changes in the geometric mean price relative as applied to adjust the
preceding period’s price, are:

5.99 x (5.65 x 6.90)2 / (5.49 x 6.50)M2 = 5.99 x 1.04522 = 6.26 for March 2020; and (6.6)
6.26 x (5.75 x 6.90)2 / (5.65 x 6.90)12 = 6.26 x 1.00881 = 6.32 for April 2020; and
6.32 x (5.80 X 6.90)2 / (5.75 x 6.90)12 = 6.32 x 1.00434 = 6.34 for May 2020.
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6.58. The price index is compiled as the cumulative product of the short-term price relatives, as shown
in Tables 6.3 and 6.4, again highlighted in red.

6.59. The higher levels used at this elementary stage of aggregation are country-specific and follow the
country’s CPI aggregation structure, as described in Chapter 8 (paragraphs 8.9—-8.10) and Figure 8.1. The
higher level might be a region and type of outlet. For example, in Figure 8.1, this would be Brand A of whole
grain bread sold in supermarkets in the Northern region; if there is an insufficient sample size for Brand A,
similar Brands A and B, or all brands, might be used for all types of outlets in the region. Imputation of the
missing price by the average change of the available prices may be applied for elementary aggregates
where the prices can be expected to move in the same direction. The imputation can be made using all of
the remaining prices in the elementary aggregate. This is numerically equivalent to omitting the variety for
the immediate period, but it is necessary to make the imputation (see 6.69 to 6.71).

6.60. An imputed price should always be directly compared with the actual price on the variety’s return
as this provides a self-correcting measure. For example, if the imputation was not accurate and showed
decreases in prices over the period, when in fact the price of the variety sold elsewhere or, if not sold, being
held in storage, was increasing, then a direct comparison between the last imputed and the returning actual
price would bring the index back to its longer-term trend. The long-term price indices in Table 6.3 using an
overall imputation for June and July 2020 are 105.42 and 106.37 respectively. These are the same results
as those given in Table 6.3 for targeted imputations. Both series have self-corrected the imputations to
return to the long-term price changes as properly measured using actual prices in outlet F. The overlap
method described in paragraphs 6.90-6.118, links-in a replacement variety’s price change and can be used
for permanently missing varieties. The overlap method does not have this self-correcting feature and should
not be used for temporarily missing varieties.

3. Carry forward imputation

6.61. Carrying forward the last observed price should be avoided and is acceptable only in the case of
fixed or regulated prices. Special care needs to be taken in periods of high inflation or when markets are
changing rapidly as a result of a high rate of innovation and product turnover. While simple to apply, carrying
forward the last observed price biases the resulting index towards zero change. In addition, when the price
of the missing variety is recorded again, there is likely to be a large compensating step-change in the index
to return to its proper value. The adverse effect on the index will be increasingly severe if the variety remains
unpriced for some length of time. In the example in Table 6.3, if carry-forward imputation was used the
missing prices in March 2020 would be imputed with the February 2020 price of 5.99, as would be the
imputed prices in April, and May 2020. In June, on the variety’s return, there would be the step increase in
price from May to June of 5.99 to 6.25. In general, carrying forward is not an acceptable procedure or
solution to this problem. Exceptions may be well-established and well-advertised periodic increases of fixed
or controlled prices and tariffs.

4. General considerations

6.62. As a general principle, temporarily missing prices require an explicit imputation entered into the
data compilation. The overall mean imputation should, by default, be based on a higher-level of
aggregation; however, it also may refer to a variety within a region or type of outlet. The higher-level of
aggregation may comprise more than one variety, some with different price changes. For example, if the
missing price observation is for “canned tuna,” where the higher weighted level aggregate is “canned fish”
which includes “canned tuna” and “canned salmon,” then subject to a sufficient sample size, the imputation
should be based on price movements of “canned tuna.”
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6.63. An overall mean imputation benefits from an automation of its implementation, and the
transparency of this methodology contributes to the integrity of the index. By using an overall imputation,
NSOs guard themselves against criticisms of influencing the CPI by their choice of “similar varieties,”
particularly where there are missing prices for heavily weighted elementary aggregates. However, this
method should not be used when there are strong a priori or empirical grounds to believe a targeted
imputation would improve the results. NSOs should have retrospective monthly price data available at
higher levels of aggregation and be able to examine differences in short-term month-on-month price
changes between the missing variety's price changes, and price changes of similar varieties and higher
levels of aggregation, to choose between an overall or targeted imputation accordingly. In the much-
simplified illustration of Table 6.3 price changes of supermarkets are very different from independent traders
and a target imputation is illustrated for outlet F using independent traders. Outlet F might also have been
imputed using the price index at a higher level of aggregation or even a single outlet’'s price. Similar
principles of aggregation apply.

6.64. Typically, a price collector reports a variety price as temporarily missing; this is then passed to the
head office for confirmation and then, perhaps, further at a higher level. If confirmed, a decision is made as
to use a targeted or overall imputation. If the overall mean imputation is chosen, an appropriate computer
routine is applied which enters the imputed price with a designation as being imputed into the data system.
If a targeted imputation is used, the CPI compiler selects the variety rows regarded as likely to have similar
price changes, and the imputation is applied accordingly. For quality assurance, the computer routine
should record the decisions made and tabulate the number of temporarily missing varieties by elementary
aggregate and their treatment.

6.65. Imputations are preferable to simply omitting the missing price observation for the calculation of
the index. For example, consider a variety priced at 4 in January, temporarily missing in February, and
returning at 6 in March. If the price change between January and February for the remaining varieties in
the elementary aggregate was 25 percent (a price relative of 1.25). The imputed variety price for February
would be 1.25” 4 =5. The actual price is not known, but the imputation serves as a benchmark without
impairing the 25 percent price index measure based on observed matched prices. The February to March
price relative for the missing variety is 6/5=1.20. This is referred to as a self-correcting imputation; it self-
corrects in the sense that the long-run February to March calculation would allow the index to return to its
appropriate level: 5/4 x 6/5 = 6/4 = 1.5. Similar principles apply for the treatment of seasonal products as
outlined in Chapter 11. Simply omitting the February price, and basing the February to March price relative
on matched prices in these two months, would not have this self-correcting property.

6.66. Omitting a missing variety’s price from the calculation is equivalent to an overall imputation using
the other matched prices in the elementary aggregate. The entering of an imputed value allows for the
flexibility of using a targeted imputation, if desired.

6.67. The designation of an imputed value by a different tab or color clearly shows in the prices database
the extent to which imputations are used, the length of their runs, and product codes where they are over-
used. Summary counts of imputed prices should be monitored by type, product code, frequency, and
duration as part of quality assurance. This is particularly important to identify if or where temporarily missing
variety prices have continually imputed values well over a three-month run, with the possibility of continuing
sample depletion as other variety prices go missing.

G. The nature of quality change

6.68. Understanding the meaning of quality change requires well-defined conceptual and theoretical
background, so that adjustments to prices for quality differences are made against this framework, as
described in this section.
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6.69. Over time the quality of what is produced changes. For example, new automobiles typically have
an increasing number of options and become more reliable, durable, safer, powerful, and economical.
Another example is smart phones, as each new model includes faster processing speeds and power, more
memory, improved screen resolution, and other technological advances such as facial recognition. In
matching the prices of a sample of models selected in a price reference period with the same models in
subsequent periods, the quality mix remains constant to avoid affecting the price measurement with quality
differences. However, the resulting sample of models gives less emphasis to newer models that have
benefited from more recent technological change and have different price changes given the quality of
services they provide.

6.70. Observed changes in prices arise in theory from several sources, including quality changes,
changes in tastes and preferences, and changes in the technology of producers. Price differences of similar
products are often taken to be measures of differences in quality. However, differences in prices are often
observed for varieties of the same quality. This may arise for a number of reasons:

e some consumers may be unaware of the availability of the same varieties at lower prices, as there
may be “search costs” to exploring the market to discover lower priced varieties;

¢ there may be price discrimination because the seller is able to charge different prices to different
categories of consumers, such as movie tickets for children and senior citizens;

e prices may be sticky with some retailers changing their prices infrequently to avoid the costs of
doing so, including adverse customer reaction, or as strategic competitive behavior, such as loss
leaders, leading to different retailers changing prices at different times;

e cases where there are parallel markets, an official market subject to government or official control
at which products are rationed and an unofficial unregulated market. The unofficial market may be
at a lower price because it avoids taxes and regulations, or at higher price since the official price is
a subsidized one, but has limited, possibly varying, quantities available for sale (System of National
Accounts 2008, paragraphs 15.64-15.75).

6.71. In addition to the changing mix of the characteristics of varieties, there is also the practical problem
of not always being able to observe or quantify characteristics such as the style, reliability, ease of use, and
safety of what is produced. The same product provided at a different and more convenient location may
result in a higher price and be considered to be of a higher quality. Furthermore, different times of the day
or periods of the year may also give rise to quality differences, for example, electricity or transport provided
at peak times must be treated as being of higher quality than the same amount of electricity or transport
provided at off-peak times. The fact that peaks exist shows that purchasers or users attach greater utility
to the products at these times and/or reflect supply-side pressure. Other differences, including the
conditions of sale and circumstances or environment in which the products are supplied or delivered, can
make an important contribution to differences in quality. For example, a retailer may attract customers by
providing free delivery, financing, or better variety, by being more accessible, by offering shorter order
times, smaller tailor-made orders, clearer labeling, better support and advice, more convenient car parking,
or a wider range of brands, or simply by operating in a more pleasant or fashionable environment. Although
these sorts of benefits are not always specified in the variety description, such quality improvements should
conceptually not be outside the scope of the index.

6.72. To consider how to adjust prices for quality changes, it is first necessary to define quality. While
there may be an intuition as to whether a variety consumed in one period is better than its counterpart in
the next, a theoretical framework will help in establishing the basis for such comparisons. For example, a
variety of clothing is sampled and, after a few periods, is missing. One option is to replace it with a similar
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variety, but the most comparable option may have more cloth in it, or have a lining, a different color or
buttons, better stitching, or be considered more fashionable. There is a need to put a price estimate on the
difference in quality between the old and new varieties so that the price of like can be compared with like.
To propose or criticize a quality adjustment procedure requires some concept of what is ideally required
and how it is done in practice.

6.73. In Chapter 3 of Consumer Price Index Theory a COLI is defined as the ratio of the minimum
expenditure in the base and current period required to achieve a given standard of living or utility. Quality
adjustments to prices involve attempting to measure the price change for a product that has exhibited some
change in its characteristics from an earlier period that provides a different level of utility to the consumer.
Equating of the value of a quality change with the change in utility derived by the consumer, while falling
naturally under a COLI framework, is not exclusive to it. A cost of a goods index (COGI) can also benefit
from regarding quality in this way. While a COGI requires the pricing of a fixed basket of products, some
varieties will become unavailable and the replacement varieties selected to maintain the sample may not
be of the same quality. A COGI based on a fixed basket concept has the pragmatic need to adjust for quality
differences when a variety becomes unavailable, and in the definition of a fixed basket index does not
preclude differences in utility being used as a guideline. If variety A is better than its old version, variety B,
it is because it delivers more utility to the consumer who in turn is willing to pay more.

6.74. The definition of a quality change is based on equating some change in characteristics to a different
level of utility provided. For example, consider the case in which a new variety with improved quality is
made available, and the consumer has to choose between the old and new varieties in period t. If both
varieties were offered to the consumer at the same price, pt = 100, the consumer would naturally prefer the
new variety. If the price of the old variety was then progressively reduced until p* = 75, at which the
consumer was indifferent between purchasing the old variety (at p* = 75) and the new variety (at pt = 100),
the consumer might select the old variety or the new one and would obtain the same utility from both. Any
further decrease below p* = 75 would cause the consumer to switch back to the old variety.

6.75. The difference between pt and p* would be a measure of the additional utility that the consumer
placed on the new variety as compared with the old. It would measure the maximum amount that the
consumer was prepared to pay for the new variety over and above the price of the old variety. In economic
theory, if consumers are indifferent between two purchases, the utility derived from them is the same. The
difference between pt and p* (75 and 100) must therefore arise from the consumers’ valuation of the
difference in utility they derive from the two varieties: their quality difference.

6.76. The utility-based framework provides insights into the question of how consumers might choose
between varieties of different qualities. Consumers derive more utility from a variety of higher quality than
from a variety of lower quality, and thus they prefer it. But this does not explain why consumers buy one
variety rather than the other. For this, it is also necessary to know the relative price of one variety with
respect to the other, since if the lower-quality variety is cheaper, it may still be purchased (p* < 75 in the
previous example) and to determine the price below which the old quality would be purchased.

H. Permanently missing price observations

6.77. Tables 6.5a, 6.5b, and 6.5c illustrate the treatment of permanently missing price observations. In
these tables, prices are observed for outlets A to E over the seven months of December 2019 to June 2020.
For outlet F, the price observations for the variety is reported as permanently missing from May 2020, and
the price collector has to find a replacement variety (the prices in red for May and June are imputed as
explained below). The use of replacement varieties maintains the original sample sizes at the last rebasing
and the representativity of the varieties selected. Informed outlet staff should be asked to confirm that the
missing variety is permanently missing and help identify a best-selling replacement variety, its
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specifications, and how these specifications differ from those of the old variety. For logistical reasons the
selected replacement variety would be expected to have high sales for the foreseeable future. The CPI staff
at the head office would confirm or reject the choice of replacement variety.

1. Comparable replacement

6.78. The price collector should use the missing variety’s specification and identify a comparable variety
with the same specifications, for example a washing machine with the same spin-speed, capacity, brand or
equivalent brand. If a comparable replacement exists, its detailed specifications should be confirmed by the
price collector against the specifications for the missing variety. Any changes in the specification deemed
to be not sufficiently price-determining should be noted for the head office to confirm, for example color,
and trim.

Table 6.5a Illustration of Treatment of Comparable Replacements

Price Reference Period

Outlets
Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20
A Supermarket 5.25 5.25 5.49 5.49 5.49 5.49 5.49
B Supermarket 5.10 5.10 5.10 5.25 5.25 5.25 5.25
C Supermarket 5.20 5.20 5.20 5.20 5.20 5.25 5.25
D Independent Trader 5.49 5.49 5.49 5.65 5.75 5.80 5.80
E Independent Trader 5.99 6.50 6.50 6.90 6.90 6.90 6.90
F Independent Trader 5.99 5.99 5.99 6.13 6.15 6.20 6.25

Permanently Missing: F, May, June; F1: Comparable Replacement

Geometric Mean: A:F 5.49 5.57 5.61 5.74 5.76 5.79 5.79
Short-term Price Relatives: A:F 1.00000 1.01371 1.00748 1.02370 1.00347 1.00440 1.00134
Long-term Indices as Product of Short term 100.00 101.37 102.13 104.55 104.91 105.37 105.52

6.79. The comparable replacement method requires the price collector to make a judgment that the
replacement is of a similar quality to the old variety and any price changes are unaffected by changes
resulting from quality differences. In Table 6.5a there is a comparable variety F1 to replace variety F, also
from outlet F. The replacement variety is considered by the price collector and confirmed by the head office
as being directly comparable and its prices in May and June (respectively, 6.20 and 6.25), are entered into
the data system as a continuation of the outlet F series. The price index is calculated using short-term price
relatives built into a long-term price index. The price index in July 2020 (December 2019=100.00) is 105.52,
a 5.52 percent increase over this period. The price index remains as a constant-quality index since in May
and June 2020 the prices of like quality varieties continue to be compared with like.

6.80. A common practice of manufacturers of electronic goods, such as televisions, household
appliances, computers and computer-related hardware and software, and of automobiles is to have major
quality changes in some years but relatively minor ones in other years. A new “comparable” model would
have a new model number with a new production run, though physically not much has changed. The method
of comparable replacement relies on the efficacy of the price collectors, head officer and, in turn, on the
completeness of the specifications used as a description of the varieties. NSOs may tend towards
designating replacements as comparable since they are concerned with sample sizes being reduced by
dropping varieties, and the intensive use of resources to introduce non-comparable replacements or make
explicit estimates of quality differences. The use of varieties of a comparable specification has practical
advantages. However, if the quality of varieties is improving, the preceding variety will have inferior quality
compared to the current one. Continually ignoring small changes in the quality of replacements can lead to
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an upward bias in the index. The extent of the problem will depend on the proportion of such occurrences,
the extent to which comparable replacements are accepted as being so despite quality differences, and the
weight attached to those varieties. Chapter 8 includes proposals to monitor types of quality adjustment
methods by product group providing a basis for a strategy for applying explicit adjustments where they are
most needed.

2. Non-comparable replacements

6.81. Non-comparable replacements result when the price determining characteristics of the
replacement variety are different from those of the old variety. This means that the collected price of the
replacement variety cannot be compared directly to the price of the old variety because the difference in
these prices reflects not only pure price change, but also differences because of changes in quality. Non-
comparable replacements require some form of quality adjustment.

6.82. Methods of quality adjustment for prices are classified into implicit (or indirect) quality adjustment
methods and explicit (or direct) methods. Implicit and explicit methods are discussed in paragraphs 6.90-
6.188. Both decompose the price change between the old variety and its replacement into quality and pure
price changes.

6.83. Implicit (or indirect) quality adjustment methods estimate the pure price change component of the
price difference between the old and new products based on the price changes observed for similar
products. The difference between the estimate of pure price change and the observed price change is
considered as change due to quality difference. The most commonly used implicit method is the overlap
method. The replacement’s price change is linked to the old variety’s price change using an overlap period
that includes both the old and the replacement variety’s price. Where an overlap price for the replacement
variety does not exist, it might be imputed.

6.84. Explicit (or direct) quality adjustment methods directly estimate the value of the quality difference
between the old and new product and adjust one of the prices accordingly. Pure price change is then
estimated as the difference in the adjusted prices. Explicit methods include quantity adjustments,
option/feature costs, and “patched” hedonic regression methods.

6.85. Some of these methods are complex, costly and difficult to apply. The methods used should as far
as possible be based on objective criteria.

l. Implicit methods of quality adjustment

6.86. This section discusses the following implicit methods for obtaining adjusting for quality differences:
overlap method; class mean imputation; and link to show no change.

1. Overlap method

The use of an overlap price
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6.87. A numerical illustration of the overlap method is shown in Table 6.5b. In this example, in outlet F
there is a pre-existing old model F available up to April 2020, and a non-comparable new replacement
model, F2, available from May 2020, with the same actual price of 5.25 in both May and June. The prices
are lower than would be expected from the prices of F, but this is a non-comparable replacement: it is a
replacement variety with a major share and is expected to remain on the market in the foreseeable future.

Table 6.5b lllustration of Treatment Using the Overlap Method, Non-comparable Replacements: Actual Preceding Period Price

Price Reference Period

Outlets
Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20

A" Supermarket 5.25 5.25 5.49 5.49 5.49 5.49 5.49
B Supermarket 5.10 5.10 5.10 5.25 5.25 5.25 5.25
C  Supermarket 5.20 5.20 5.20 5.20 5.20 5.25 5.25
D Independent Trader 5.49 5.49 5.49 5.65 5.75 5.80 5.80
E  Independent Trader 5.99 6.50 6.50 6.90 6.90 6.90 6.90
F Independent Trader 5.99 5.99 5.99 6.13 6.15

Permanently Missing: F, May, June; F2: Non-comparable Replacement

F2  Non-comparable Replacement 5.25 5.25 5.25
Geometric Mean: April, May, June: A:E,F2 5.61 5.63 5.63
Short-term Price Relatives 100.00 1.0137 1.0075 1.0237 1.0035 1.0030 1.0000

Long-term Indices as Product of Shortterm ~ 100.00 101.37 102.13 104.55 104.91 105.23 105.23

6.88. The overlap method requires a price for both the old and new model in an overlap period. In the
example in Table 6.5b, F exists up to and including April, F2 exists in May, June, and thereafter. The
guestion is how to determine an overlap price in this case. One source of information for this overlap price
(of 5.25 in April) is the price collector.

Use the actual price of the replacement in the preceding period, if it exists

6.89. The price collector may have anticipated falling sales of a variety and the switch of consumers to a
new model, brand, or variety, and recorded the price for the replacement prior to its adoption, obtaining in
this way an overlap price. In the example in Table 6.5b, the price collector would start to record the price of
the new variety F2 in April rather than May. Price collectors should be trained to anticipate such changes,
to corroborate them with informed outlet staff, and to relay the information to the head office for possible
action. In the example, the price collector would have seen diminishing sales and a poorer positioning for
display in the outlet for the variety F, and it would have been apparent that it was to be replaced by F2.
Outlet staff would confirm that F2 was to effectively replace F as a model aimed at that the same segment
of the market, and the price for F2 and its quality characteristics should have been recorded alongside that
of F to provide an overlap April price to facilitate the introduction of F2 in May. As a general principle, the
replacement of models is best not undertaken when the old model has limited sales and is at the end of its
life cycle.

6.90. Alternatively, the price collector may have asked informed outlet staff in May whether the new
model was sold in the previous month to obtain an overlap price for April, or if sold in other outlets, whether
there is a pricing agreement with the supplier that this outlet would have followed had it been supplied to
them, and what would have been the price. The head office should confirm such details by visit or contact
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with informed staff of outlet F. Table 6.5b shows 5.25 to be entered as an estimated price in April 2020 for
the new model, to provide an overlap price in April for the old and replacement models, F and F2.

6.91. The price index is measured through and including April 2020 using the prices of the old model:
from Table 6.5a the geometric mean of the prices of the old model in April 2020 is 5.76, and in March it is
5.74, with a short-term price relative of 5.76/5.74=1.0035. The price index to April 2020 is the cumulated
product of the old index’s price relatives: for April 2020 it is 104.91=104.55x1.0035 (December
2019=100.00).

6.92. In Table 6.5b the index from May onwards no longer uses F, but switches to F2. For this there is a
need for the overlap prices: average prices up to and including April using the old variety F and for May,
June and onwards, using the new variety F2. The prices for outlet F in May and June (5.25 in both), are
based on F2. The overlap in April for the new model F2 is 5.25. This overlap price is used to calculate the
index for May. Using the overlap price, the short-term price relative for April to May in outlet F is
5.25/5.25=1.00000. This completes the price table. The geometric means are calculated as before, and
their ratios form the short-term price relatives, and, in turn, the cumulative product of the price relatives,
starting in December 2019 is the price index, at 105.23 for June 2020 (December 2019=100.00). The index
from December to April is calculated using A-F and the index beginning in May onward is based on the
prices of A-E and F2.

Imputed overlap prices

6.93. In the previous example, the new replacement variety may not have existed in April or the price
collector may not have been able to obtain a reliable estimate of its price. In this situation, the overlap price
in April can be imputed. The validity of this imputation is critical to the quality-adjustment methodology. In
Table 6.5b there was a price of 6.15 for the old model and 5.25 for the new model for April 2020. As shown
in equation (6.6), this method implicitly attributes the price difference in the common April overlap period as
an indicator of the quality difference between the old and new model.

Table 6.5c Illustration of Treatment Using the Overlap Method, Non-comparable Replacements: Imputed Succeeding Period Price

Price Reference Period

Outlets
Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20

A Supermarket 5.25 5.25 5.49 5.49 5.49 5.49 5.49
B Supermarket 5.10 5.10 5.10 5.25 5.25 5.25 5.25
(3 Supermarket 5.20 5.20 5.20 5.20 5.20 5.25 5.25
D Independent Trader 5.49 5.49 5.49 5.65 5.75 5.80 5.80
E Independent Trader 5.99 6.50 6.50 6.90 6.90 6.90 6.90
F Independent Trader 5.99 5.99 5.99 6.13 6.15 6.17

Permanently Missing: F, May, June; F3: Non-comparable Replacement

F3 Non-comparable Replacement 5.25 5.25
Geometric Mean: May, June: A:F 5.76 5.78
Geometric Mean: May, June: A:E,F3 5.63 5.63
Short-term Price Relatives 100.00 1.0137 1.0075 1.0237 1.0035 1.0037 1.0000
Long-term Indices as Product of Short term 100.00 101.37 102.13 104.55 104.91 105.30 105.30

6.94. If the new model was not sold in April, an imputation for the May price of the old model can be
made to provide an overlap price. The imputation may be an overall-mean or a targeted imputation following
the principles outlined for temporarily missing variety prices (as described in paragraphs 6.52-6.72 and
illustrated in Table 6.3). Table 6.5c¢ illustrates a forward imputation of the old model’s price to provide an
estimate of the price in May 2020 had it existed then. The imputed price is given in Table 6.5c as 6.17. It is
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calculated by taking the ratio (relative) of the geometric mean of the May prices of outlets A to E to the
geometric mean of the April prices for the same outlets, 5.78/5.76=1.0037, and multiplying this by the old
variety’s price in April. The index in Table 6.5c¢ is calculated by multiplying the short-term May to June price
relative for the new replacement F3, 5.63/5.63=1.0000, by the value of the long-term index for May, 105.30.
The 5.63 are the geometric means of the prices in outlets A to E and that of the replacement F3.

Forward versus backwards imputation

6.95. In Table 6.5b the overlap took place in April, while in Table 6.5c, it was in May. In Table 6.5b an
actual price was sought and found for the new (replacement) variety in April. There would be no equivalent
May price for the permanently missing old variety. Given that an actual price may be preferred to an
imputation based on the price movements of varieties priced in other outlets, the use of a backwards price
to provide an overlap in April can be used. In Table 6.5¢ a forward imputation is used for the old variety’s
price in May, which is also an acceptable means of making an imputation. But one could apply a backwards
imputation for the new (replacement) variety’s price in April to provide an overlap in April as the one in Table
6.5c. It is relatively straightforward to demonstrate algebraically that the result would be the same if the
index is calculated either way. Both methods impute the missing price using the price movements of
varieties in the outlets A to E for which prices exist in both April and May. The backwards imputation is
simply the inverse of the forward one. The ratio of prices in the overlap periods, as shown by equation (6.6),
is the implicit measure of the quality differential between the old variety and the replacement variety, will be
numerically the same for backward and forward imputations. As a result, either forward or backward
imputations can be made.

2. Class-mean imputation

6.96. The overall imputation method has many advantages considering the use of resources. It can be
automated as a default measure to readily link-in replacement varieties keeping the sample up to date.
However, the (forward) imputation assumes that the price movements of existing continuing varieties would
be the same as that for the old variety, if it had continued to exist. A backwards imputation assumes the
price movement of the new (replacement) variety would be the same as existing continuing varieties had
the new variety existed in the period prior to its introduction. Such assumptions are unlikely to be valid for
high-technology goods being replaced at the end of their life cycle. An alternative imputation procedure
designed to mitigate this problem is the class-mean imputation which in principle, is more suited to this
context of imputing replacement variety prices for permanently missing varieties, as opposed to temporarily
missing ones.

6.97. The class-mean imputation method is a specifically designed targeted imputation used to
introduce a replacement when a variety’s price is permanently missing. The class-mean method of implicit
quality adjustment to prices arose from concerns that unusual prices were charged at the start and end of
a model’s life cycle. Thus, the price movement of continuing varieties appears to be a flawed proxy for the
pure price component of the difference between old and replacement varieties. A class-mean imputation is
mainly considered as a means of quality adjustment where there is a relatively high rate of frequent
replacements, such as different models of automobiles launched each year.

6.98. The class-mean method is a form of targeted imputation, for the treatment of replacements for
permanently missing varieties, in which only the price changes of “comparable” replacements are used to
impute the overlap price. The comparable replacements are being limited to those that have exactly the
same price-determining characteristics, or those varieties with replacements that have been declared
comparable after review or have already been quality-adjusted through one of the "explicit" methods, as
described in paragraphs 6.120 to 6.188. For example, when the arrival of a new model of a particular kind
of motor vehicle forces price collectors to find replacements, some of the replacements will be of
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comparable quality, and others comparable with explicit quality adjustments, but imputed prices for an
overlap month will be needed for the remaining ones. Class mean imputation calculates imputed price
relatives using only the prices of comparable and, where appropriate, explicitly quality-adjusted varieties or
models. In general, it does not use the prices of the varieties or models that were not replaced, because
these are likely to be different from those of the new models. The prices of old models tend to fall as they
become obsolete, while the new models (represented by the replacements) tend to have a higher price
before falling.

6.99. Class mean-imputations rely on other explicit quality adjustments and comparable replacements.
The other explicit quality adjustments may be from an available option or feature prices and may be limited
in nature, covering only some of the differences in product attributes, available for only a small proportion
of unrepresentative model or variety changes, and the availability of comparable replacements may be
limited. Given a substantial churn in the market and difficulties with such imputations and estimates, an
alternative recommended approach is that of hedonic indices, as outlined in paragraphs 6.140 to 6.176.

6.100. In some cases, sufficiently large samples of comparable substitutes or directly quality-adjusted
varieties are unavailable, or the quality adjustments and selection of comparable varieties are not deemed
sufficiently reliable. In that case, a targeted imputation, may be considered. The targeted mean is less
ambitious because it seeks only to capture price changes of similar varieties, irrespective of their point in
the life cycle. However, it is an improvement on the overall mean imputation, as long as sufficiently large
sample sizes are used.

Assumptions and concerns on the use of the overlap method

6.101. The accuracy of the estimates obtained with the overlap method depends on the validity of its
underlying assumptions, as described in this section. If pf, and p5* denote the prices of an old variety m
in periods t and t+1, and p5*t? denote the price of a new replacement variety n in period t+2; an overlap can
be made by imputing a price for the new replacement variety in period t+1, p5*** . In the case where variety
n replaces m, and is of a different quality, the measured price index between periods t and t+2 (shown by
the right-hand-side expression in equation (6.7)) is the price change of the old to new variety between these
two periods, multiplied by (adjusted for) the price overlap for m to n in period t+1 which the method implicitly
takes to be a measure of the quality difference.

6.102. A forward imputation is used in the example above for the price of the old variety in period t+1.
Equation (6.7) also shows for this forward imputation that the overlap method depends on the validity of the
relative difference in the prices of the old and new varieties in period t+1 as a measure of the quality
difference between the varieties, and on the reliability of the imputed price, designated with an asterisk(*),
of the old variety m in period t+1, p5f*, as an estimate of p5t.

ti42 _ p;,‘{l* p;[f'z . p?t:l+2 p"l;:—l*
I - t X t+1 — t X t+1 (6 7)
Pm Pn Pm Pn

Table 6.6 Introducing a Non-comparable Replacement via an Overlap

Model Jan Feb Mar Apr May Jun

old (m) 25 28 30

New (n) 35 38 40 41
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6.103. Table 6.6 shows an old model m permanently missing from March (t+1) and replaced by a new
model n in April (t+2), with an overlap in March (t+1). The price index for February (t) to April (t+2), obtained
using the overlap method, is given by the first expression in equation (6.7) as the product of the old model’s
price change between February and March and the new model’s price change between March and April.
This is equivalent to the second expression in equation (6.7) which is a direct price comparison between
the new and old models between February and April with a quality adjustment as the value of the relative
prices in the overlap month March (t+1). The overlap method implicitly values the quality difference as the
ratio of the two prices in the overlap period.

* A A *
IFeb,Apr — phiar x pnp-r — pnpr x pm® — 30 X 38 — 38 X 30 = 1.163 (6 8)
pre” T on T pm® T pp® 28735 28735 .

6.104. Moreover, for a longer-term price comparison, say January to June, the valuation of the quality
difference remains as the price ratio at March, the time of the splice.

* A M *
[rebapr — P DO (O on o B ) _pa o DM 41,30 _ g 4057 (6.9)
Sl T e T e @ T ppPT T pp@Y) g ol 25 T3s .

6.105. The price of a missing variety is, by definition, not usually observed at the same time period as the
price of the replacement variety, since the decision to replace the variety is only made after it has
disappeared. Additionally, the list of specifications is not always comprehensive, since the main aim is to
identify the variety in the outlet rather than to compare the varieties. However, the replacement variety may
have been sold in the previous period and outlet staff may have a record of its price.

6.106. The underlying assumption in this case is that the quality difference in any period is equal to the
price difference at the time of the splice. The timing of the switch from the old variety m to the new variety
n is thus crucial. Unfortunately, price collectors usually maintain a variety until the decision to replace it is
taken, so the switch may take place at an unusual period of pricing, near the end of variety m’s life cycle
and the start of variety n’s life cycle. This analysis is more formally given in Annex A.

6.107. Relative prices may not always reflect quality differences. For example, a new replacement model
or brand of an improved quality may be stocked and sold at the same price as the old model, and the outlet
competes in the market in part by changing the quality of what is sold, as opposed to the price. In other
cases, retailers may reflect unusual pricing policies aimed at minority segments of the market. For example,
the ratio of prices in an overlap period of a generic and a branded pharmaceutical drug may reflect the
needs of two different market segments, rather than quality. The overlap method can be used with a careful
choice of the overlap period. If possible, the overlap period should be a period before the use of the
replacement, since in such periods the pricing may reflect a strategy to drop the old model to make way for
the new one.

6.108. The overlap method is based on the law of one price: when a price difference is observed it must
arise from a difference in quality or similar factors for which consumers are willing to pay a premium, such
as the timing of the sale, location, convenience, or conditions. Economic theory would dictate that such
price differences would not persist, given that markets are made up of rational producers and consumers.
However, as outlined in paragraph 6.74, there are many reasons why identical varieties can be sold at
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different prices, and the law of one price does not hold in practice. These reasons include lack of information
caused by search costs, price discrimination, and the existence of parallel markets.

6.109. The overlap method is commonly used as a default procedure for introducing replacements when
varieties are permanently missing. NSOs that rebase the CPI less frequently may experience sample
deterioration with many varieties becoming permanently missing and, without replacements, the sample
becoming increasingly composed of imputed prices. Replacements serve to maintain the sample
composition and to update the representativity of the varieties being priced.

6.110. In some cases, only non-comparable replacements (i.e., those of a different quality) of varieties
with missing prices are available. In these cases, an explicit adjustment to the price to account for the
quality difference should be made to compare the prices of the non-comparable replacements in one period
with the price of the now missing varieties in a previous period. The widely used overlap method has a
major advantage of not requiring an explicit quality adjustment. Explicit quality adjustments (described in
paragraphs 6.119 to 6.187) are more resource intensive than the implicit overlap method. Furthermore, it
is recommended that the overlap method be automated with information from the price collector, reported
to the head office, and used in a computational routine. The recommendation is that in accepting the use
of the overlap method, the CPI compiler should ensure that relative prices at the time of the overlap reflect
quality differences. For example, a much-improved new model of a smart phone may be launched at the
same price as the old model, and the relative price would not reflect the differences in quality. If the relative
price does not reflect quality differences and resources allow, an explicit quality-adjustment method should
be used.

Table 6.6a Introducing a Non-comparable Replacement to Illustrate Link-to-show-no-change

Model Jan Feb Mar Apr May Jun
old (m) 25 28 28
New (n) 35 38 40 41

6.111. The overlap method is implicitly employed when samples of varieties are rotated. That is, the old
sample of varieties is used to compute the category index price change between periods t-1 and t, and the
new sample is used between t and t+1. The “splicing” together of these index movements is justified by the
assumption that — on a group-to-group rather than variety-to-variety level — differences in price levels at a
common point in time accurately reflect differences in qualities.

6.112. The bias in using the overlap method within an elementary aggregate depends on (i) the ratio of
missing to total observations, and (ii) the difference between the mean of price changes for existing varieties
and the mean of quality-adjusted replacement price changes. As noted above in paragraph 6.91,
imputations can be made either forward or backward. The bias decreases as either of these terms
decrease. A formal analysis is given in Annex B.

3. Link-to-show-no-price-change method

6.113. Returning to the example in Table 6.6, reproduced in Table 6.6a, where the new replacement
variety is non-comparable (i.e., of a different quality), the link-to-show-no-price-change method imputes the
price in March for the old model m to be the same as its February price, 28. The new variety is linked-in to
show no price change in the period of replacement: February to March. This method is used for the
treatment of a non-comparable replacement variety and should not be confused with carrying forward a
previous period price for the treatment of temporarily missing prices (described in paragraph 6.65). This
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method biases the index downward when prices are rising and biases them upward when (true, quality-
adjusted) prices are falling. The link-to-show-no-price-change method attributes the price difference
between the new and old model in February to quality difference. The new model is of a better quality,
valued at being worth an additional 7, from 28 to 35. The (quality-adjusted) price is therefore constant
between February and March. The February to April price change is%x% = 1.0857, an 8.57 percent
increase in price.

In equation (6.6) p;ﬂ = pf: Pt = ph and

t t+2 t+2
tt+2 _ Pm Pn'" _ Pn
[o0e = B D P (6.10)

m n pn

That is, a (quality-adjusted) price change between February (period t) and April (period t+2) is measured
as that for the new variety between March (t+1) and April (t+2).

6.114. The bias is perpetuated through subsequent periods of measurement. For example, the February
to June index would still have its price change measured as the product of month-on-month price changes
which would include the February to March link that would show no price change.

6.115. The link-to-show-no-price-change method is not recommended. As with carry forward, the method
is particularly harmful since it can be readily incorporated into a regular automatic compilation routine and
not noticed: the price of the replacement is automatically imputed to form the overlap price and the index
compiled.

J. Explicit methods of quality adjustment

6.116. The methods described above do not rely on explicit information on the value of the change in
quality. This section discusses methods that rely on obtaining an explicit valuation of the quality difference:
guantity adjustment; differences in production or option costs; and the hedonic approach.

1. Quantity adjustment

6.117. Quantity adjustment is one of the most straightforward explicit quality adjustment methods. It is
applicable when the size of the replacement variety differs from that of the available variety, and any change
in quantity is considered a change in quality. In some situations, there is a readily available quantity
measure that can be used to compare the varieties. Examples are the number of units in a package (e.g.,
paper plates, or vitamin pills), or the size or weight of a container (e.g., kg of flour, or liter of cooking oil).
Quantity adjustment to prices can be accomplished by scaling the price of the old or new variety by the
ratio of quantities. The index calculation system may do this scaling adjustment automatically, by converting
all prices in the category to a price per unit of size, weight, or number. For example, if the weight of a candy
bar is 450 grams in the current period, 500 grams in the previous period, and the price remains unchanged,;
an adjustment is needed so that the index reflects the implicit price increase.

6.118. The specification of a variety is often to a specific size, for example, a 1 kg packet of flour. If only 2
kg packets are now sold in a specific outlet, the price collector should choose a representative 2 kg packet,
but mark the new specification as such and, after confirmation by the head office, prices should continue
to be collected for the 2 kg packet. In this example, an adjustment would be needed to ensure that the index
reflects only pure price change and not changes resulting from differences in quality (i.e., the change in
size). This is particularly important where price variances are computed, or use is made of a Dutot price
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index number formula (i.e., an elementary index formula sensitive to the homogeneity of the varieties
used).*®

6.119. When replacing a variety, changes in the size of different varieties sold can be dealt similarly,
however, there are some caveats. For example, in the pharmaceutical context, prices of bottles of pills of
different sizes differ: a bottle of 100 pills, each having 50 milligrams of a drug, is not the same as a bottle
of 50 pills of 100 milligrams, even though both bottles contain 5,000 milligrams of the same drug. If there is
a change, for example, to a larger size container, and a unit price decrease of 2 percent accompanies this
change, then it should not be regarded as a price fall of 2 percent if consumers gain less utility from the
larger and more inconvenient containers. In practice, it will be difficult to determine what proportion of the
price fall is attributable to quality and what proportion to price. A general recommendation is not to
automatically interpret unit price changes arising from packaging size changes as pure price changes, if
contrary information is available.

Table 6.7 Example of Size, Price and Unit Price of Bags of Flour

Size First First Second Second
(kilograms) Price Unit Price Price Unit Price
0.25 0.75 3.00 1.25 5.00
0.50 1.50 3.00 1.50 3.00
0.75 2.25 3.00 2.25 3.00

6.120. Consider another example shown in Table 6.7: a branded bag of flour previously available in a 0.5
kg bag priced at 1.5 is replaced by a 0.75 kg bag priced at 2.25. The main concern here is with rescaling
the quantities. The method would use the relative quantities of flour in each bag for the adjustment. The
price may have increased by [(2.25/1.5) X100 = 150] 50 percent but the quality-adjusted price (i.e., price
adjusted by size) has remained constant [(2.25/0.75) = (1.5/0.5) = 3]; 3 per kg. The approach can be
outlined in a more elaborate manner as illustrated by Figure 6.1. The concern here is with the part of the
unbroken line between the (price, quantity) coordinates (1.5, 0.5) and (2.25, 0.75), both of which have unit
prices of 3 (price = 1.5/0.5 and 2.25/0.75). There should be no change in quality-adjusted price. The symbol
A denotes a change. The slope of the line is 8 which is Aprice/Asize = (2.25-1.5)/(0.75-0.50)=3, (i.e., the
change in price arising from a unit (kg) change in size). The quality- (size-) adjusted price in period t-1 of
the old m bag, to make it equivalent to the new bag, n, is:

Pl = ptil + BAsize = 1.5 + 3(0.75 — 0.5) = 2.25 (6.11)
The quality-adjusted price change shows no change, as before:

ph 2.25
f = E = 1.00 (6.12)

48 A Dutot elementary price index number formula is a ratio of arithmetic means of matched prices. More weight is given
to price changes with higher prices in the reference period. Thus, if the price of a container in the price reference period
doubles, while others remain the same, the implicit weight given to its price change will also double (see Chapter 8).
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6.121. The approach is outlined in this form so that it can be seen as a special case of the hedonic
approach (discussed in paragraphs 6.140 to 6.176), where price is related to a number of quality
characteristics of which size may be only one.

Figure 6.1 Quality Adjustments for Different Sized Varieties
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6.122. Now assume that the 0.5 kg bag was not available (missing) and a 0.25 kg replacement packet
was used, priced at 0.75, as shown by the continuation to the coordinate (0.75, 0.25) of the unbroken line
in Figure 6.1 and in Table 6.7; the quality-adjusted prices would again not change. However, if the unit (kg)
prices were 5, 3 and 3 for the 0.25, 0.5- and 0.75 kg bags, respectively, as shown in Table 6.7 and in Figure
6.1 (including the broken line), then the measure of quality-adjusted price change would depend on whether
the 0.5 kg bag was replaced by the 0.25 kg one (a 67 percent increase) or the 0.75 kg one (no change).
This result is not satisfactory because the choice of replacement size is arbitrary. The rationale behind the
quality adjustment process is to separate pure price change from changes caused by differences in quality
(in this case, quantity changes).

2. Differences in feature/option costs

6.123. Consider an example of the price of an option being used to adjust for quality. Let the prices for a
variety in periods t-1 and t be 10,000 and 10,500, respectively, but assume the price in period t is for the
variety with a new feature, as standard, that previously in period t-1 had to be purchased as an “option” for
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an additional 300. Then between periods t-1 and t, the price change including the feature in both periods
would be 10,500/10,300=1.01942 or 1.942 percent.

6.124. Option costs are useful in situations in which the old and new varieties differ by quantifiable
characteristics that can be valued in monetary terms by reference to market prices. The valuation of a
guantifiable product feature may be readily available from the comparison of different product prices. This
is especially, and convenient because some goods and services sold on the internet can be identified by
their brands and price-determining characteristics.

6.125. Consider the addition of a feature to a product, for example an automatic icemaker in the door of a
refrigerator, and refrigerators for a particular brand may be sold as standard or with a door-installed
automatic icemaker. The price collector may always have collected prices on the standard model, but this
may no longer be in production, being replaced by a model with an installed automatic icemaker. The cost
of the option is thus known from before and a continuing series can be developed by simply adjusting the
old price in the price reference period to include the option price. However, this process may have problems.
First, the cost of producing an option as standard may be lower than when it was an option, and this saving
may be passed on, at least in part, to the consumer. The option cost method would thus understate the
price increase. Further, by including an option as standard, the consumer’s valuation of it may fall since
buyers cannot refuse it, and some consumers may attribute little value to the option. The overall effect
would be that the estimate of the option cost, priced for those who choose it, is likely to be higher than the
implicit average price consumers would pay for it as standard. Estimates of the effect on price of this
discrepancy should in principle be made, though in practice they are difficult to quantify.

6.126. Quality differences are not necessarily positive, for example an airline may charge for a second
piece of baggage when previously it did not. Again, there will be an option price available for the additional
piece of baggage so that the price of like —two pieces of baggage — is compared with like.

6.127. Option cost adjustments can be seen to be similar to quantity adjustments, except that instead of
size being the additional quality feature of the replacement, the added quality can be an individual
option/feature. The comparison is: p' / f)r‘n‘l where pi'=ptt+pAz for an individual z characteristic where
A7 = Z; — Zrtn_1 . The characteristics may be the size of the memory (RAM) of a computer when a specific
model of computer is replaced by a model that is identical except for the amount of RAM it possesses. For
example, the webpages of sellers of laptops allow buyers to customize their purchase, an extra 4 gigabyte
(GB) of RAM, from 8 to 12 GB, for a specific brand and model of a laptop may cost an additional 70.
Consider that the standard laptop used for CPl measurement has 8 GB of memory and costs 900 and is
not available in the next period. The new standard model in period t has 12 GB but costs the same 900, p;
. To compare the (constant-quality) price of the new model with the old model in t -1, the latter should have
its price adjusted to include an extra 4 GB of RAM. The price of an additional GB of memory for this
brand/model in period t-1 is 70/4= 17.5, and its quality-adjusted price in period t-1 is
P! =900+17.5x(12-8) =970 . The period t (unchanged) price of 900 is now compared with its comparable
period t -1 price to yield a constant-quality price change of 900 / 970 = 0.9278, which is a price fall of 7.22

percent, while the package price is constant.

6.128. The previous description of the calculation is more complex than required: the adjustment is to
simply add 70 to the old price, 70+900=970. However, it serves to demonstrate some limitations of this
approach as special case of the hedonic method, as outlined in the section on hedonic prices.

6.129. This calculation conveniently makes the quality adjustment to the old model’s price in period t -1
so that the new model’s price in future months can be directly compared with the quality-adjusted old price
for the life of the new specification. However, the required information on the value of the option cost (an
extra 4 GB) may only be available in period t and not be applicable to a period t -1 adjustment. NSOs should
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ideally keep a record of, for example, web customizations of specified varieties along with comparable/non-
comparable replacements especially for products with a high degree of technical change and turnover of
models and maintain good relations with outlet staff.

6.130. Inthe previous example, if the relationship between price and RAM is linear, the above formulation
is appropriate. Many webpages give the price of additional RAM as being independent of other features of
PCs, and a linear adjustment is appropriate. A linear formulation values the worth of an additional fixed
amount of RAM to be the same, irrespective of the amount of RAM the computer possesses or a number
of other features.

6.131. The relationship between price and the product features may be non-linear. Denote the price-
determining characteristics as z and assume there are k of them. The change in z is intended to reflect the
service flow, but the non-linearity in the price—z relationship may reflect consumer’s decreasing marginal
utility to the scale of the provision. In the previous example, the price a customer is willing to pay per GB
falls as increasing amounts of GB are purchased. For some features there will be economies of scale:
supplying much more of a feature makes the price fall, possibly substantially; while for others it may become
technically difficult, and more expensive, to compress higher amounts of a feature into the available space.
The data should reveal some of this relationship, and caution is needed against applying linear relationships
outside of the range in which they are warranted. Further, data should give some insight into the required
adjustments for such non-linear relationships, though this may be better estimated using a regression
formulation and non-linear specification, as considered in the section on hedonic prices.

6.132. The similarity between the quantity adjustment and the option cost approaches is apparent since
both relate price to some dimension of quality: the size or the option. The option cost approach can be
extended to more than one quality dimension. Both approaches rely on estimates of the change in price
resulting from a unit change in the option or size: the g slope estimates. In the case of the quantity
adjustment, this was taken from a variety identical to the one being replaced, aside from the fact that it was
of a different size. The g slope estimate in this case was perfectly identified from the two pieces of
information. It is as if the nature of the experiment controlled for changes in the other quality factors by
comparing prices of what is essentially the same thing except for the quantity (size) change.

6.133. This same reasoning applies to option costs. For example, two varieties are identical except for a
single feature. Their difference in price allows the value of the feature to be determined. Yet sometimes the
value of a feature or option has to be extracted from a much larger data set. This may be because the
quality dimension takes a relatively large range of possible numerical values without an immediately
obvious consistent valuation. Consider the simple example of only one feature varying for a product, the
speed of a computer. It is not a straightforward matter to determine the value of an additional unit of speed.
To complicate matters, there may be several quality dimensions to the varieties and not all combinations
of these may exist as varieties in the market in one period. Furthermore, the combinations existing in the
second period being compared may be quite different from those in the first. Considering these aspects
leads to a more general framework, known as the hedonic approach.

3. Differences in production costs

6.134. An alternative approach to quality adjustment is to adjust the price of an old variety by an amount
equal to the resource costs of the additional features of the new variety. An important source of such data
is the manufacturers. In this approach, the NSO can ask the manufacturer to provide data on direct and
indirect production costs for the embodied quality change which would include research and development
(R&D) costs, assembly and installation associated with the change, the manufacturer’s established mark-
up, the retail margin, and associated indirect taxes. This method is similar to estimating market-equivalent
option prices in the absence of market prices. This approach is most practicable in markets where there is
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a relatively small number of manufacturers, and where updates of models are infrequent and predictable.
Additionally, it can only be successfully implemented if there is good communication between
manufacturers and the NSO staff. It is particularly suitable when the quality adjustments are also being
undertaken to calculate the producer price index (PPI) and export and import price indices (XMPIs). As an
example of the practical use of this approach, an NSO uses production cost estimates to value quality-
adjustments arising in from model changes in new vehicles. Allowable product changes for the purpose of
quality adjustments include reliability, durability, safety, fuel economy, maneuverability, speed,
acceleration/deceleration, carrying capacity, and related changes and/or additional parts required to
accommodate the principal change in a component. Only price-determining characteristics are included,
and any characteristics or features that do not affect or impact the price are excluded. Also excluded for
the CPI, unlike the PPI, are changes mandated by government that provide no direct benefit to the
purchaser, including modifications to meet air pollution standards. When a new model of a specified
automobile is introduced, its changes in quality components are identified, valued, and added to the price
of the old model so that the price of the old and new models can be compared on a like to like basis.*®

6.135. A critical feature of this method is its reliance on estimates of the retail margin for the new
components. With the option cost approach, a consumer’s valuation of the new feature was available. If
only production cost data are available, estimates of the retail mark-up must account for the (average) age
of the models under consideration. Mark-ups will decrease as models come to the end of their life cycles.
Therefore, retail mark-ups based on models at the start of their life cycle should not be applied to the
production costs of models during their life cycle, and particularly at the end. Moreover, estimates of the
retail margin of a component may well not be available. A pragmatic practice in one NSO is to use the
proportionate retail mark-up on the vehicle. The proportionate retail mark-up is calculated based on the
price charged by the manufacturer to the dealer for the identical vehicle and the manufacturer’s suggested
retail delivered price for the equipped vehicle.

4. Hedonic approach: patching

6.136. The hedonic approach is an extension of the two preceding approaches, the feature/option cost
and the production cost approach. First, in the hedonic approach the change in price arising from a unit
change in quality (i.e., the quantity or option/feature) is estimated from a data set comprising prices and
quality characteristic values of a larger number of varieties. Second, the quality characteristic set is
extended to cover, in principle, all major characteristics that might determine price, rather than just the
quantity or option/feature adjustment.

6.137. The hedonic approach is particularly useful when the market does not reveal the price of the quality
characteristics required for the adjustment. Markets reveal prices of varieties, not quality characteristics,
and it is useful to consider varieties as tied bundles of characteristics. A sufficiently large data set of varieties
with their characteristics and sufficient variability in the mix of characteristics between the varieties allows
the hedonic regression to provide estimates of the implicit prices of the characteristics. For example, the
price of (clothes) washing machines will be listed, though a new (replacement) model for a brand may have
a (cotton) capacity load size not previously available, say 12 kg, instead of the preceding model’'s 10 kg.
To make an explicit quality adjustment the price of the additional 2 kg is required. The regression approach
using a dataset of many models’ prices and characteristics can estimate the price of additional kg of
capacity from data for models of washing machines on their price, capacity, year (age of model), color,
running cost, and so forth.

49 An illustration of the procedure used in the United States is available at: https://www.bls.gov/cpi/quality-
adjustment/new-vehicles.pdf.
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6.138. Under the MMM, each price collector needs to select a representative variety, record its price and
specifications, and re-price the same variety in subsequent periods. The extension required in the hedonic
approach is that the prices and price-determining characteristics should be collected for all, or a large
sample of models. The method is particularly suitable when there are no immediately apparent comparable
replacements and the non-comparable ones vary in their characteristics over more than one variable. A
new model of car, household appliance, computer or related hardware and software, or telecommunications
equipment, can differ from the old model in many respects, yet there is a single price for each new and old
model. This approach is particularly necessary when there is a frequent turnover of models in the market,
where new models with quite different values for their characteristics are frequently replacing old ones.

6.139. The requirement that data be collected on the prices and specifications of a large sample, if not all
models, is not as demanding as it might appear. Extensive data on prices and characteristics of models of
consumer goods and services are generally readily available on websites (e.g., many comparing prices and
salient characteristics), can be copied with relative ease, and automated using web scraping. Such detailed
information is also available as scanner data (see Chapter 10).

6.140. Figure 6.2 is a scatter diagram relating the price (in Pounds sterling, £) to the (cotton) capacity (kg)
of models of washing machines sold in one country (the data are from a well-known consumer magazine).
It is apparent that washing machines with larger capacities have higher prices — a positive relationship. It is
also apparent from Figure 6.2 that there are several models of washing machine with the same capacity
but quite different prices, resulting from the fact that other features differ. For example, 12 kg capacity
machine prices range from £754 to £1,349.

Figure 6.2 Scatter Diagram of Price Against Capacity: Washing Machine Data
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6.141. To estimate the value given to additional units of capacity, an estimate of the slope of the line that
best fits the data is required. The equation of a straight line is: Price = 3 + B12.
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6.142. The slope B, is a measure of the change in Price that arises from a one-unit change in the
characteristic, z; , Capacity. The » (hat) above denotes that it is estimated from the data. The estimated
slope is from the equation of a line that best fits the data (i.e., that best represents the underlying pattern
of the relationship). In Figure 6.2, the equation of the line that best fits the data was derived using an
ordinary least squares (OLS) regression. The intercept and slope of the line that best fits the data are
estimated as ones that minimizes the sum of the squared differences between the individual prices and
their counterpart prices predicted by the line: the least squares criterion. Tools for regression analysis are
available on standard statistical and econometric software, as well as spreadsheets.>® The estimated
(linear) equation in this instance is presented in Table 6.8.

Table 6.8 Estimated (linear) Equation of Price Against Capacity: Washing Machine Data

Coefficients Standard Error t Stat P-value
Intercept -436.229 86.310 -5.054 3.09E-06
Capacity 117.298 9.949 11.789 1.43937E-18
Price = —436.229 + 117.298 Capacity R?= 0.65 (6.13)

6.143. Formula (6.13) is the estimated regression equation of Price on Capacity; although there are many
other price-determining variables, this regression equation only includes Capacity, for illustration. In Table
6.9 the regression model is expanded to include other variables.

6.144. The coefficient on Capacity is the estimated slope of the line: the change in price (£117.30) resulting
from a 1 kg change in Capacity. This can be used to estimate quality-adjusted price changes for washing
machines of different capacities. The value of R? (i.e., the adjusted coefficient of determination) is 0.65; this
indicates that 65 percent of price variation is explained by variation in Capacity. A t-statistic to test the null
hypothesis of the coefficient being zero was found to be 11.789: recourse to standard tables on t-statistics
found the null hypothesis was rejected with a p-value of 1.43937E-18. The fact that the estimated coefficient
differs from zero cannot be attributed to sampling errors at this level of significance. There is a very low
probability that the test has wrongly rejected the null hypothesis.

6.145. Hedonic regressions should generally be conducted using a semi-logarithmic formulation. The
focus is thus on the semi-logarithmic form. The estimated (semi-logarithmic) regression equation in this
instance is:

log(Price) = 4.776 + 0.174 Capacity R?=0.61 (6.14)

6.146. The coefficient of 0.174 has a useful direct interpretation: when multiplied by 100 it is the
percentage change in price arising from a 1 unit (kg) change in capacity. There is an estimated 17.4 percent
change in price for each additional kilogram of capacity.

50 The illustrative empirical work in this section was undertaken using R, though it would be equally
applicable with any such standard statistical software including EViews, SAS, and STATA.
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6.147. The range of prices for a given capacity was noted to be substantial which suggests that other
guality characteristics may be involved. Table 6.9 provides the results of a regression equation that relates
price to a number of quality characteristics as listed in the Column A.5! While the results are given for both
linear and semi-logarithmic regression specifications, the focus here is on the latter functional form.

Table 6.9 lllustrative Hedonic Regression Estimates for Washing Machines

Linear Log-linear

Coefficient Std. Error p-value Coefficient Std. Error p-value
(Intercept) -206.939 112.3 0.06986+ 5.217 0.17 < 2e-16***
Age -1.579 2.1 0.44971 -0.006 0.00 0.054218+
Capacity 81.024 13.2 5.32e-08*** 0.108 0.02 4.86e-07***
Warranty -138.651 48.7 0.00592** -0.265 0.07 0.000466***
Steel 144.036 74.0 0.05608+ 0.266 0.11 0.017575*
Energy cost 10.103 3.4 0.00430** 0.019 0.01 0.000353***
LG -115.816 43.9 0.01044* -0.220 0.06 0.001167**
Steam 191.196 92.3 0.04233* 0.257 0.14 0.063056+
Hyg_AllergyP 63.627 40.2 0.11842 0.153 0.06 0.012198*
LED display 49.409 52.9 0.35391 0.166 0.08 0.036833*
R? 0.701 0.721
F-statistic 20.25 22.22
p-value 1.06E-15 2.20E-16

=+ *x * and + denote statistically significant at 0.1, 1, 5, and 10 percent levels, respectively.

6.148. A semi-logarithmic hedonic multiple regression model is given by:

InPrice=ﬁo+Zlﬁ1+Zzﬂz+Z3ﬂ3+....Znﬁn+ & (615)

where ¢ is an error term assumed to have the usual properties to satisfy OLS assumptions (see paragraph
6.171). For this semi-logarithmic form, logarithms are taken only of the left-hand-side variable (i.e., Price).
Each of the z characteristics enters the regression without having logarithms taken. This has the advantage
of allowing dummy variables for having or not having a feature included on the right-hand-side. Such
dummy variables assume the value of one if the variety has the feature and zero otherwise. The taking of
logarithms of the first equation in (6.15) allows it to be transformed in the second equation to a linear form,
and a conventional OLS estimator can then be used to yield estimates of the logarithms of the coefficients.
These are given as the coefficients for the semi-logarithmic model in Table 6.9. The estimated coefficients
in Table 6.9 are based on a multiple regression model: for example, for Capacity, the estimated coefficient
of 0.108 is of the effect of a unit change in capacity on price, having controlled for the effect of other variables
in the equation. The scatter diagram in Figure 6.2 clearly shows the inadequacy of relying on a single price-
determining variable and this approach can be justified because it addresses this issue. The preceding
estimated coefficient of 0.174 was based on only one variable and is different from this improved result.

51 These include: Age (months since model was launched); Capacity (for cottons, kg); Warranty (if 5 years, benchmark:
2 years); Steel (stainless steel outer); (Annual) Energy cost, in £; LG (manufactured, benchmarked on Samsung);
Steam (wash/refresh); Hygiene /Allergy program; LED display (benchmarked on LCD); and price for 74 models as
advertised on November 2017 in Which? for three up-market brands: Brand A, Brand B, and Brand C. A much larger
general regression model with more variables was first estimated but reduced to this smaller specific model using
standard econometric principles and practice. The White (studentized) Breusch-Pagan test for homoscedastic residuals
was not rejected at conventional significance levels with a p-value of 0.2197.
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6.149. When dummy variables are used, the coefficients, when multiplied by 100, are estimates of the
percentage change in price, given by (eBl - 1) X 100. For example, from Table 6.9, Brand A models have
a (e0219743 — 1) x 100 = 19.73 percent lower price than their benchmarked Brand B counterpart, having
controlled for other differences in their price-determining characteristics as specified in the regression
equation.52

6.150. The value R%=0.721 is the proportion of variation in (the logarithm of) price explained by the
estimated equation.53 A high value of R 2 canbe misleading for the purpose of quality adjustment, although,
such values indicate that the explanatory variables account for much of the price variation over a relatively
large number of varieties in the period concerned. This, of course, is not the same as implying a high degree
of prediction for an adjustment to a replacement variety of a single brand in a subsequent time period.
Predicted values depend for their accuracy not just on the fit of the equation, but also on how far the
characteristics of the variety whose price is to be predicted are from the means of the sample. The more
unusual the variety, the higher the prediction probability interval. Second, the value R? indicates the
proportion of variation in prices explained by the estimated equation. It may be that 0.90 is explained while
0.10 is not explained. If the dispersion in prices is very large, this still leaves a large absolute margin of
prices unexplained. A high R isa necessary, though not sufficient, condition for the use of hedonic
adjustments.

The interpretation of estimated hedonic coefficients

6.151. Concerning the interpretation of the coefficients from hedonic regressions, there used to be a
mistaken perception that these represented estimates of user value as opposed to resource cost. The
former is the relevant concept in constructing a CPI, while for PPl compilation it is the latter. Yet hedonic
coefficients may reflect both user value and resource cost, both supply and demand influences. There is
an identification problem, as referred in econometrics; the observed data do not permit the estimation of
the underlying demand and supply parameters. What is being estimated is the actual point of intersection
of the demand curves of different consumers with varying tastes and the supply curves of different
producers with possible varying technologies of production.

6.152. In many cases, the implicit quality adjustment to prices arising from the use of the overlap method
may be inappropriate because the implicit assumptions are unlikely to be valid (as described in paragraphs
6.104 to 6.112). In such instances, the practical needs of reliable economic statistics require explicit quality
adjustments. However, the use of the hedonic approach may only be justified, when the weight, churn, and
extent of the quality adjustment is substantial, due to the cost of implementing the method,

6.153. The proper use of hedonic regressions requires an examination of the coefficients of the estimated
equations to ensure their plausibility. It might be argued that the very multitude of distributions of tastes and
technologies, along with the interplay of supply and demand, that determine the estimated coefficients,
make it unlikely that “reasonable” estimates will arise from such regressions. For example, a firm may cut
a profit margin pertaining to a characteristic for reasons related to long-run strategic plans; this may yield a
coefficient on a desirable characteristic that may even be negative. This situation does not invalidate the

52 There is some bias in these coefficients; and in the (semi-) logarithmic equation, half the variance of each coefficient
should be added to the coefficient before using it. For the Brand A coefficient the standard error from Table 6.9 is
0.064687, its variance is (0.064687)?=0.00418: the adjustment is to add 0.00418/2 to —0.219743, giving -0.21765; a
lower price of -(e7021765 — 1) x 100 = 19.56 percent; see Triplett (2006) for further details.

53 More formally, where pf is the price of washing machine i in period t, R? is 1 minus the ratio of the variance of the

residuals, ¥V, (pf — p)° /N , of the equation to the variance of prices,YN,(pf — p)? /N . The bar on the term R?

denotes that an appropriate adjustment for degrees of freedom is made to this expression, which is necessary when
comparing equations with different numbers of explanatory variables.
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usefulness of examining hedonic coefficients as part of a strategy for evaluating estimated hedonic
equations. First, there has been extensive empirical work in this field and the results for individual
coefficients are, for the most part, quite reasonable. Over time, individual coefficients can show quite
sensible patterns. Unreasonable coefficients on estimated equations are the exception and should be
treated with some caution. Second, the CPI compiler should rely more on an estimated equation whose
coefficients make sense, and which makes good predictions, than on one which may also predict well but
whose coefficients do not make sense. Third, if a coefficient for a characteristic does not make sense, it
may be due to multicollinearity, a data problem, and should be examined using, for example, variance
inflation factors, to see if this is the case.

The implementation of a hedonic quality adjustment

6.154. The implementation of hedonic methods to estimate quality adjustments for matched non-
comparable replacements can take two forms. The first form is referred to as “patching”: undertaking a
quality adjustment to the price of the old model to make it comparable with the new model. For many
varieties this can be seen as a one-off process for individual varieties within the lifetime of updating a
sample. The second form is the more comprehensive process for rapidly changing high-technology
products with substantial changes in quality within relatively short periods.

6.155. Patching is the term used in this Manual for introducing non-comparable replacements (i.e.,
replacements of a different quality), using hedonic regression estimates. Consider varieties |, m and n in
Table 6.10a where variety | is available in all periods, the “old” variety m is only available in periods t, t+1,
and t+2 and the replacement variety n is only available in period t+3 and subsequently. The varieties are
defined by their z quality characteristics; for example, for variety m, in period t these are Zﬁn and the price
of variety m is prtn The example assumes that there is no problem with comparing the prices of matched
variety | with characteristics Z, , as they have the same quality characteristics, but there is a problem when
comparing vanetles m and n. Variety m’s replacement n is non-comparable, so p 2 cannot be directly
compared with p * An imputed price is required in order to have prices for both the old and new varieties
in the same period. This could be achieved by imputing the price of the new variety n in period t+2 to form
an overlap in this period with the actual price of the old variety m, in that period, as illustrated in Table 6.5c.
This is a backwards imputation. In this case, as illustrated in Table 6.10a, the overlap period is period t+2.
However, variety n does not have a recorded price in period t+2, and it may not have been sold then. The
backwards hedonic imputation approach would predict the price of variety n in period t+2 using a hedonic
regression estimated in period t+2 and the characterlstlcs of the new variety n, taken from period t+3 (i.e.,
the predicted price of variety n in period t+2, p ?__the hat over the price, p, denotes a predicted value
from the regression). The predicted prices are for the characteristics of the replacement variety n. This is
an estimate of how much the price for the characteristics of the new replacement variety would have been
if it had been sold in period t+2.

Table 6.10a Hedonic Regression Imputation of New Variety’s Price

Variety/Period t t+1 t+2 t+3 t+4
t t+1 +2 +3 t+4
| pl p1 pl p[ pl
t t+2
m pm 1 pm

A (42 t+3 t+4



235

Where data are not available to support he monthly estimation of regression coefficients, as described in
the paragraph above, an alternative approach would be the hedonic quality adjustment method. %

6.156. For short-term comparisons an overlap method is used with a price relative for t+2 compared with
t+1 given by pt2/pt+l | and for t+3 compared with t+2 given by pt*3/p5*2, and subsequently, without the
need for an imputation, by p5**/pt*3 .

6.157. The simple example outlined before using data on washing machines is used here to illustrate the
methodology. Assume that the linear regression equation (6.13) was estimated using period t+2 data, the
old model m had a capacity of 10 kg, and the new model n in period t+3 had a capacity of 12 kg. In this

case, model n’s price in period t+2 would be the predicted price, p=1173"12-436.23= 971'37. The ratio
of the actual price of model m in period t+2, for example £750, to the predicted price in period t+2, is the
quality adjustment shown for the overlap method in equation (6.6), though for period t+2 in this example,

t+2 . 7 . . .
Pm_ , that is: = 0.7721. The models are not comparable. The new model in period t+2 is more
pL*? 971.37

expensive even when its superior quality, its capacity, has been considered.

6.158. Given the availability of an estimate of the worth of an extra unit of capacity, an alternative approach
would be to simply add 2 x 117.3 to the price of m in period t+2, rather than use predicted prices. Such use
of individual coefficients is not recommended. In practice, a hedonic regression will include several
explanatory price-determining variables, that may be linearly related and thus not strictly independent. For
example, larger (higher capacity) washing machines may also have higher spin-speeds or be more likely
to have a steam feature. The estimated coefficient of each such multicollinear variable would be imprecise,
though the predicted price of a regression equation that includes them would be unbiased.

6.159. With the option cost example, the quality adjustment might be for a single characteristic and an
explicit valuation of the price of further units of this characteristic (e.g., a GB of storage for a computer,
available from another source). Hedonic regressions are used where the market does not reveal the implicit
shadow prices of individual characteristics; these shadow prices have to be estimated from price data for
many varieties with differing bundled sets of characteristics.

6.160. The hedonic method makes use of short-term month-on-month comparisons. Predicting the price
of variety n in period t+2, if it was sold then, is only for this one-off period as the new variety replaces the
old, with a quality adjustment. Variety n’s characteristics are held constant for month-on-month comparisons
from t+2 onwards, and variety m’s characteristics are held constant for month-on-month comparisons from
period t up to, and including, period t+2.

6.161. Alternatively, a forward imputation might have been used, a procedure similar to that adopted in
Table 6.5c. The price of variety m might be predicted from a hedonic regression run on period t+3 data,
pPLF3. As with the preceding methodology, a predicted price is only required for the overlap period, after
which the replacement variety forms the continuing index. It is not obvious which of the two approaches,
predicting prices for m or n, is preferred. Resources permitting, a geometric mean of the two would be
defensible, as would a clear rule from the outset as to the method applied based on some retrospective
research on the outcome of using either method for particular product groups.

6.162. Table 6.5c shows that the backward and forward imputation methods yield the same result when
the imputation is based, for both methods, on the price movements of varieties available in all periods.

54 Triplet, J. 2006. Handbook on Hedonic Indexes and Quality Adjustment in Price Indexes. OECD. Available at
https://www.oecd-ilibrary.org/science-and-technology/handbook-on-hedonic-indexes-and-quality-adjustments-in-
price-indexes_9789264028159-en.
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However, in this case the backwards prediction is based on a hedonic regression run in period t+2 and the
forward imputation on a hedonic regression run in period t+3. The practical advantage of running a hedonic
regression in a prior period argues for a backward imputation, as in Table 6.10a, as the most feasible
procedure.

Table 6.10b Hedonic Regression Imputation of Old Variety’s Price

Variety/Period t t+1 t+2 t+3 t+4
| pi p P P o
m Pr p 2 b,
. p:s p;+4

6.163. A refinement to these approaches is to use predicted values, for varieties m and n, in the overlap
period, pL3/pL? . For this purpose, consider a misspecification problem in the hedonic equation, for
example, there may be an interaction effect between a brand dummy and a characteristic. Having a
characteristic for a particular brand may be priced higher than all other brands, say a 5 percent premium.
The use of f);fl f);jz would be misleading since the actual price in the denominator would incorporate the
premium, while the one predicted from the hedonic regression would not. It is stressed that, in adopting this
approach, a recorded actual price is being replaced by an imputation. This is not desirable, but neither is
the omitted variable (interaction term) bias. The dual imputation approach is preferred whenever there are
concerns about the suitability of the regression equation’s specification to fully model prices, as would

generally be the case.

6.164. A further approach would be to not use a replacement variety. Variety m’s characteristics would be
held constant in the comparison from period t+2 onwards. However, this would require a hedonic regression
being run for each subsequent period, p5+3 pLt*. It would also lead to a continuing degradation of the
sample as an obsolete old variety m would have its characteristics repeatedly priced into the future, rather
than being replaced by a new variety. For this reason, this method is not recommended.

6.165. In the above examples, short-term price comparisons are used and are preferable to long-term
ones. A long-term equivalent of Table 6.10a is shown in Table 6.10c. A predicted price for any replacement
variety n in its month of introduction is estimated for the reference period t using a hedonic regression based
on that period’s data. The regression is estimated using period t prices and characteristics, but the predicted
prices are for the characteristics of the replacement variety n in t+3 and subsequently. It is an estimate of
what the characteristics of the new replacement variety would have been priced at had it been sold in period
t.

6.166. The long-term method has the significant advantage of only requiring a hedonic regression to be
estimated in the single reference period. For periods t+3 and t+4 the price relatives are p5*t3/pL and
ptt* /pt respectively. However, as time passes, such comparisons become less meaningful. For example,
comparing the actual price this month of a model of a laptop with one predicted 18 months ago using the
hedonic approach, would estimate market valuations of each characteristic which is then applied to the
characteristic set of a laptop sold now. Indeed, the need for a double imputation becomes more important
as time passes by, yet a double imputation requires monthly estimation of hedonic regressions that hinder
the advantage of this approach. If hedonic regressions are to be used on this long-term basis, it is important
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that the regressions are re-estimated regularly at a rate that will depend on the rate of the technological
innovations, and changes in consumer preference specific to that product. For example, it may be that
consumer’s valuations of characteristics of washing machines, including spin-speed, front-loaders,
capacity, or number and types of wash programs, are fairly constant over time, even if the technology is
changing rapidly. Frequent, say monthly, updating of estimated hedonic regression equations is not
required. Prior empirical studies on the stability over time in hedonic characteristics would be valuable in
this respect. As a general principle, short-term hedonic imputations are preferred to long-term ones.

Table 6.10c Hedonic Regression Imputation of New Variety’s Price

Variety/Period t t+1 t+2 t+3 t+4
t 1+1 1+2
g t+4
| P D, D, o P,
t t+1 t+2
m Pn P, P,
n Al t+3 t+4
n n n

Limitations of the hedonic approach

6.167. The limitations and challenges of implementing the hedonic approach should be considered by the
NSO.

a. First, the hedonic approach requires statistical expertise for the estimation and
maintenance of the hedonic regression equations. The availability of user-friendly
statistical/econometric software with regression tools makes this less problematic. Yet staff
must possess sufficient expertise and understanding of statistical regression methodology
applied to hedonic regression equations, and the interpretation of the results and diagnostic
statistics of regression models.

=  Statistical and econometric software carry a range of diagnostic tests to help judge
if the final formulation of the model is satisfactory. These include R? as a measure
of the overall explanatory power of the equation, and F-test and t-test statistics that
test whether the differences between the estimated coefficients of the explanatory
(price-determining) variables are jointly and individually different from zero at
specified levels of statistical significance. These statistics make use of the errors
from the estimated regression equation.

= The regression equation can be used to predict prices for each variety by inserting
the values of the characteristics of the varieties against the estimated coefficients
of the explanatory variables. The differences between the actual prices and these
predicted results are the residuals. Statistical/econometric software calculate
predicted values and residuals as a routine. A hedonic regression equation
estimated using OLS requires assumptions on the nature of the distribution of the
residual errors. These include: (i) the error term has a constant variance — if this
assumption is violated, the errors are heteroscedastic; consequently, standard
tests of statistical significance can be biased and unreliable; (ii) that explanatory
variable(s) are not correlated with the error term, they are not endogenous - this is


https://en.wikipedia.org/wiki/Mathematical_constant
https://en.wikipedia.org/wiki/Variance
https://en.wikipedia.org/wiki/Explanatory_variable
https://en.wikipedia.org/wiki/Explanatory_variable
https://en.wikipedia.org/wiki/Correlation
https://en.wikipedia.org/wiki/Errors_and_residuals
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particularly important when explanatory price-determining characteristics are
omitted from the hedonic regression: if an omitted variable is correlated with an
included one, the estimated coefficient on the included one is biased; (iii) the price-
determining explanatory independent variables are not truly independent, but
correlated with each other—multicollinearity; the coefficient estimates and their
tests become sensitive to change in the model and/or data. While the estimated
coefficients are imprecise, the predicted prices in a hedonic regression would be
unbiased.

= A full account of all OLS assumptions, consequences, means of detection of
violation, and treatment, that may involve use of an alternative to OLS estimators,
can be found in any introductory econometrics/statistical text. Modern software
provides the appropriate tests for, and means of overcoming, violations of these
assumptions and thus, validation of the hedonic model used. It is recommended
that the NSO develops and publishes detailed metadata on the hedonic regression
model used and its supporting diagnostic statistics to demonstrate the validity of
the model and satisfy the need for transparency.

Second, the estimated coefficients require regular updating. Consider that the predicted
price is for the new model in a reference period, as presented in Table 6.10c. Although it
might seem that there is no need to update the estimated coefficients each period, the
valuation of characteristics in the price reference period may be quite out of line with their
valuation in the new period. For example, quite dramatic falls in the price of storage and
processing speed of computers, among other attributes, make the valuation of additional
GBs of a new model, introduced a few years after the hedonic regression was estimated,
a less meaningful exercise. Continuing to use the coefficients from some far-off period to
adjust prices in the current period is similar to using out-of-date reference period weights.
The comparison may be well defined but have little meaning. There is a need to update
the hedonic regression estimates if they are considered out of date, because of changing
tastes or technology, and to splice the new estimated comparisons onto the old. The
regular updating of hedonic estimates when using imputations or adjustments is thus
recommended, especially when there is evidence of instability in the parameter estimates
of the hedonic regression over time.

Third, the sample of prices and characteristics used for the hedonic adjustments should be
suitable for the purpose. If they are taken from a particular outlet or outlet type, trade group,
or webpage, and then used to adjust non-comparable prices for varieties sold in quite
different outlets, there must at least be an intuition that the marginal price differences for
characteristics are similar between the outlets. A similar principle applies for the brands of
varieties used in the sample for the hedonic regression. It should be borne in mind that
high R?statistics do not alone ensure reliable results. Such high values arise from
regressions in periods prior to their application and indicate the proportion of variation in
prices across many varieties and brands. They are not a measure of the prediction error
for a particular variety, sold in a specific outlet, of a given brand in a subsequent period,
though they can be an important part of this.

Fourth, the functional form and choice of variables to include in the model should be
considered. Simple functional forms generally work well, though there is a class of more
complex flexible-functional forms. These include linear, semi-logarithmic (logarithm of the
left-hand side) and double-logarithmic (logarithms of both sides) forms. Semi-logarithmic
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models are often employed since many of the price-determining explanatory variables are
binary, 1 or 0, depending on whether or not a model has a particular feature (dummy
variables). The specification of a model should include all price-determining characteristics.
Typically, a study would start with a large number of explanatory variables and a general
econometric model of the relationship, while the final model would be more specific, having
dropped a number of variables. The dropping of variables would depend on the result of
experimenting with different formulations, and analyzing their effects on diagnostic test
statistics, including the overall fit of the model and the accordance of signs and magnitudes
of coefficients with prior expectations.

e. Fifth, the resources requirements for hedonic regression should be considered. Hedonic
regressions require data on prices and price-determining characteristics for varieties
(models) sold. Extensive data sets may be readily available on the internet or from scanner
data, containing all pertinent price-determining characteristics, either from the websites of
individual retailers or specialist websites comparing prices and features of laptops,
household appliances, and many other such goods and services. For example, the data
used for the above example of (patched) hedonic explicit quality adjustments for washing
machines was taken from a website and was copied and pasted relatively quickly. Web-
scraping software can reduce even this workload substantially.

f. Finally, while data and software may not be problematic, NSO staff resources will be
required in devising the specification, estimation, and validation of the estimated hedonic
model for each product. Such hedonic models should be estimated regularly prior to their
use in the CPI and the results made available as part of the detailed metadata for the
purpose of transparency and feedback. In this regard, the resource requirements can be
substantial compared with an implicit overlap method. At least at first, hedonic methods
should be applied only to products with a relatively high weight and profile for which the
implicit assumptions of alternative methods are found to be invalid and badly distort the
results, especially if they provide a reputational risk to the NSO.

6.168. Hedonic methods may also improve quality adjustment procedures in the CPI by indicating which
product attributes do not appear to have material impacts on the prices. That is, if a replacement variety
differs from the old variety only in characteristics that have been rejected as price-determining variables in
a hedonic study, this would support a decision to treat the varieties as comparable. Care has to be exercised
in such analysis because a feature of multicollinearity in regression estimates is an imprecision of the
estimated parameter estimates. This may give rise to statistical tests that do not reject null hypotheses that
are false. However, econometric/statistical software provides the tools to explore the nature and extent of
multicollinearity; these include variance inflation factors (VIF). The results from VIFs provide valuable
information on the nature and extent to which different explanatory variables (characteristics) are inter-
related and this in turn can help in the selection of replacement varieties. The results from hedonic
regressions thus have a role to play in identifying price-determining characteristics and may be useful in
the design of quality checklists in price collection.

5. Choice between quality adjustment methods

6.169. The choice of the method to be used for quality adjustments is not straightforward. The CPI
compiler must consider the technology and market for each product and devise appropriate methods,
considering that the methods selected for one product area might not be independent of those selected for
other areas. Expertise built up using one method may encourage its use elsewhere, and intensive use of
resources for one product may lead to less resource-intensive methods for others. The methods adopted
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for individual product groups may vary between countries as access to data, relationships with the outlet
managers, resources, expertise and features of the production, and market for the product vary. Guidelines
on choice of method arise directly from the features of the methods outlined in this chapter. A good
understanding of the methods, and their implicit and explicit assumptions, is essential to the choice of an
appropriate method.

6.170. Figure 6.3 provides a guide to the decision-making process. Assume that the MMM is being used.
If the variety is matched for re-pricing in a subsequent period, there is no change in the specifications and
no quality adjustment is required. This is the simplest procedure. However, there is a caveat: if the variety
belongs to a product group where model replacement is rapid, and replacements are non-comparable, the
matched sample may become unrepresentative of the universe of transactions. Continued long-term
matching would deplete the sample. This is a matter for the frequent re-basing and maintenance of the
sample (see Chapter 7).

Figure 6.3: Guide to Treatment of Missing Prices
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6.171. Consider a variety found to be temporarily missing. If it was a seasonal product, its treatment would
follow the principles and practices outlined in Chapter 11. If it was temporarily missing but not a seasonal
product, a price imputation is required, and if subsequently determined to be permanently missing (e.g.,
either from information from outlet staff, or use of a three-month rule) a replacement needs to be found.
Overall or targeted price imputations for temporarily missing prices may be used; the carry forward method
is not recommended except for controlled or regulated prices.

6.172. For permanently missing varieties, the selection of a comparable variety is preferred, as is the use
of its price as a comparable replacement price which is then directly compared with the preceding variety
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price. This direct price comparison would require that none of the price difference between the comparable
replacement and the previous variety is attributable to quality, and confidence that all price-determining
factors are included in the specification. In practice, varieties may be considered comparable if there are
limited price-determining differences, as might be the case with styling, color, even some more substantial
technical changes, including performance and reliability, that may not be immediately apparent to the
consumer. A decision on the comparability of a replacement must be made by CPI staff with appropriate
information on product differences supplied by the price collector. A comparable replacement variety should
also be representative and account for a reasonable proportion of sales. Caution is required when replacing
near obsolete varieties with unusual pricing at the end of their life cycles with similar ones that account for
relatively low sales, or with ones that have quite substantial sales but are at different points in their cycle.
Strategies for ameliorating such effects are discussed in Section K and in Chapter 7, including early
substitutions before pricing strategies become dissimilar. With comparable replacements, the price of the
old variety is directly compared with the price of the comparable replacement in the next period.

6.173. Figure 6.3 considers the case where only non-comparable replacements are available. If explicit
estimates of the price dimension of the quality differences are unavailable, and no replacement varieties
are deemed comparable, implicit estimates might be used. One such method is the continued use of
imputations as they are applied to temporarily missing varieties. Such use is not recommended as a default
procedure.

6.174. The use of imputations has advantages resource-wise, as it is relatively easy to employ and
requires no judgment (unless it is a targeted mean imputation) and is therefore objective. Targeted mean
imputation is preferred to overall mean imputation as long as the sample size upon which the target is
based is adequate. The bias from using imputations for permanently missing variety prices is directly related
to the proportion of missing varieties and the difference between quality-adjusted prices of available
matched varieties and the quality-adjusted prices of unavailable ones. The nature and extent of the bias
depends on whether short-term or long-term imputations are being used (the former being preferred) and
on market conditions. Imputation, in practical terms, produces the same result as deletion of the variety for
an elementary aggregate. The inclusion of imputed prices may give the illusion of larger sample sizes.
Imputation should by no means be the overall catch-all strategy, and NSOs are strongly advised against its
use as a default device that may lead to serious sample degradation.

6.175. Imputations can be used to extend the period of search for a replacement, though the absence of
the old variety and the unavailability of a replacement should indicate to the CPI compiler that the weight
for that variety might be better attributed to a quite different variety. Such changes naturally take place on
updating an index, as described in Chapter 7.

6.176. If the old and replacement varieties are available simultaneously, and if the quality difference
cannot be quantified, an implicit approach can be used whereby the price difference between the old and
replacement varieties in a period in which they both exist is assumed to be attributable to quality. This
overlap method, in replacing the old variety by a new one, takes the ratio of prices in a period to be a
measure of their quality difference. It is implicitly used when new samples of varieties are taken. The
assumption of relative prices equating quality differences at the time of the splice is unlikely to hold if the
old and replacement varieties are at different stages in their life cycles and different pricing strategies are
used at these stages. For example, there may be deep discounting of the old variety to clear inventories,
and price skimming of market segments that will purchase new varieties at relatively high prices. As with
comparable replacements, early substitutions are advised so that the overlap is at a time when varieties
are at similar stages in their life cycles. It may well be the case, however, that overlap prices are unavailable.
In such cases, a range of imputation approaches is available to estimate an overlap price.
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6.177. The quality differences between the replacement and missing variety may be explicitly quantified.
Explicit estimates of quality differences are generally considered to be more reliable, although they are also
more resource intensive, at least initially. Once an appropriate methodology has been developed, it can
often be easily replicated. General guidelines are more difficult to provide as the choice depends on the
factors already discussed in this chapter, which are likely to make the estimates more reliable in each
situation. Central to all of this is the quality of the data upon which the estimates are based. Estimates
based on objective data are preferred. A relatively straightforward quality adjustment is when the quantity
differs. The standardization of quantity units sold across outlets, for example to price-per-kg, is relatively
straightforward, though a change in the quantity of a variety included in the price—a quantity adjustment—
may be more complicated than expected.

6.178. The replacement variety may differ from the old one for having a different characteristic. Often it is
the price collector who is best placed to provide an estimate of the price difference in quality of a non-
comparable replacement. For example, if a specified brand of a bottle of tomato ketchup used for pricing is
missing in the current period, and a non-comparable replacement of the same brand is available, though
the bottle has been restyled to now stand on its head, and the label has been reversed. The price collector
might note that other brands have both sizes sold with a 25 percent price margin for the new one. The price
collector in selecting a non-comparable replacement might also provide the basis for the head office staff
to make an explicit quality adjustment. The head office staff might also make use of the internet to identify
the percentage markup for a quality characteristic, for example, for additional memory for a computer, or
blue-tooth technology in an automobile. The option cost approach is applicable when a new feature is first
sold as an option and then becomes a standard component included in the basic price. This requires that
the old and new varieties differ by easily identifiable characteristics that are or have been separately priced
as options. The use of production cost estimates critically relies on the availability of suitable estimates for
the price cost margin.

6.179. The use of hedonic regressions for patching price changes because of quality differences is most
appropriate where data on price and characteristics are available for a range of models and where the
characteristics are found to predict and explain price variability well in terms of a priori reasoning and
econometric terms. Their use is appropriate where the cost of an option or change in characteristics cannot
be separately identified and should be collected from the prices of varieties sold with different specifications
in the market. The estimated regression coefficients are the estimate of the contribution to price of a unit
change in a characteristic, having controlled for the effects of variations in the quantities of other
characteristics. The estimates are particularly suited to valuing changes in the quality of a variety when only
a given set of characteristics changes and the valuation is required for changes in these characteristics
only. The results from hedonic regressions may be used to target the salient characteristics for variety
selection. The synergy between the selection of prices according to characteristics defined as price
determining by the hedonic regression, and their subsequent use for quality adjustment, should reap
rewards. The method should be applied where there are high ratios of non-comparable replacements,
though not a frequent churn, and where the differences between the old and new varieties can be well
defined by its characteristics.

6.180. As previously discussed in this chapter, the use of the link-to-show-no-price-change method for
permanently missing and the carry-forward method for temporarily missing variety prices are not generally
advised for making quality adjustment and imputations.

6.181. While Figure 6.3 is appropriate for the treatment of temporarily and permanently missing prices in
the routine compilation of a CPlI, there is a context in which a quite different strategy is required. The context
is where there is a rapid turnover or “churn” in the models or varieties sold. For example, television sets are
sold by several manufacturers each having a range of models with different features. Over time many new
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phases of technological development have occurred including the cathode ray tube, color televisions,
wireless remotes, plasma, LCD televisions, digital, high definition, larger screens, smart functions, 3D,
LEDs, ultra HD resolution, OLED, and roll-up OLED. New features and restyling extend the life cycle of
each model in each phase. As with automobiles, computers, computer-related hardware and software,
telecommunications equipment, or household appliances, the product-market is characterized by different
manufacturers producing several varieties (models) each of different quality, such as screen size for a
computer or television set, aimed at different segments of the market. These will, over time, usually have a
rapid turnover in their quality characteristics. The methods outlined above if applied to these markets may
lead to a biased CPI. Figure 6.3 notes that matching, class-mean imputations, and hedonic price indices
may be used, though there may be severe bias in the use of the former. The next section considers CPI
measurement for these product markets.

K. High-technology and other sectors with a rapid turnover of models

6.182. The measurement of price changes of varieties unaffected by quality changes is primarily achieved
by matching models; however, when the matching breaks down the implicit or explicit methods can be used.
But what should be done in the case of industries where the matching breaks down on a regular basis
because of the high turnover in new models of different qualities then the old ones? The matching of prices
of identical models over time, by its nature, is likely to lead to a seriously depleted sample. There is both a
dynamic universe of all varieties consumed, and a static universe of the varieties selected for re-pricing.
For example, if the sample is initiated in December, by the subsequent May, for a long-term price
comparison, the static universe will be matching prices of those varieties available in the static universe in
both December and May but will omit the unmatched new varieties introduced in January, February, March,
April, and May, and the unmatched old ones available in December but unavailable in May. For December
to May cumulative month-on-month short-term comparisons, similar considerations apply. Although there
will be improved imputations for temporarily missing variety prices and an improved timelier introduction of
replacements, the replacements only draw from the dynamic universe of new models on a one-on-one
basis. This example refers to a December to January matched price comparison. For many countries,
matching may effectively continue for many years until the CPI is updated leaving an extremely degraded
sample. Two empirical questions indicate whether there will be any significant bias. First, is sample
depletion substantial? Substantial depletion of the sample is a necessary condition for such bias. Second,
are the unmatched new and old varieties likely to have quality-adjusted prices that substantially differ from
those of the matched varieties in the current and the reference periods?

6.183. The matching of prices of identical models over time may lead to the monitoring of a sample of
models that is increasingly unrepresentative of the population of transactions. Some of the old models that
existed when the sample was drawn are not available in the current period; and new models that enter the
sample are not available in the reference period. It may be that the models that are disappearing have
relatively low prices, while the entrants have relatively high ones. By ignoring these prices, a bias, known
as sampling bias, is being introduced. Using old low-priced varieties and ignoring new high-priced ones has
the effect of biasing the index downwards. For some products the new variety may be introduced at a
relatively low price though the old one may continue at a relatively high price, serving a minority segment
of the market. In this case, the bias would take the opposite direction. The nature of the bias will depend
on the pricing strategies of firms for new and old varieties. Some strategies for the introduction of new
models, and implications for CPlI measurement, are considered in Annex C.

6.184. This sampling bias exists for most products. However, the concern here is with product markets
where the NSOs are finding the frequency of new variety introductions and old variety obsolescence
sufficiently high that they may have little confidence in their results. Three procedures will be considered:
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an extensive use of the matched model (overlap) technique, class-mean imputation, and the use of hedonic
price indices (as opposed to the partial, hedonic patching discussed in Section J).

1. Matching and the overlap method for markets with rapid turnover of

models

Table 6.11 lllustration of Rapid Model Turnover
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6.185. The first approach to address markets with rapid turnover of models is simply a more extensive use
of the overlap approach outlined previously for permanently missing prices. In this case, it is adopted for
permanently missing varieties that occur frequently, as is usual for changes in models of electronic goods
and automobiles. Matching prices of a few representative varieties becomes a less feasible approach in
this context. A backwards imputation is illustrated in Table 6.11 though, as outlined in the illustration for
Table 6.5¢, a forward imputation can be equally justified and both methods provide the same results when
the imputations are based on the price changes of overlapping matched samples.

6.186. Considering model 1 in Table 6.11, in November there is no overlap price for the new model 1R,
so its price is imputed “backwards” by using the ratio of geometric means of the December to November
prices but only including those for which matched models exist, that is models 2R, 4R, and 5. These are all
constant-quality price comparisons; of like with like. As shown in expression 6.13, its imputed price is
0.974” 30=29.2.

1 1
CrRe) = (a2 Z) = 0974
(40x30x29)3 4030 29
6.187. The imputed price for the replacement model 2R in June is based on the price changes of matched
1
models 1, 3, and 5 for June and July, that is: M = 1.00
(25x30x29)3

and its imputed price: 1.00 ~ 30 = 30.The imputed prices for 3R in November, and 4R in June are 32.15
(rounded to 32.2, for simplicity of exposition) and 30.0 respectively.

6.188. The overall price relatives for each model, and their linked-in replacements, can now be computed
as the product of short-term month-on-month price changes, that is model 1 and its replacement 1R, for
January to January, using the overlap month of November:

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
b1 b1 41 121 41 (41 Py 41 b1 D1 Dir X Pir

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
pl pl pl pl pl p1 pl pl pl pl leimp le

Nov Dec Jan
_ P D1R Pir
- _Jan X Nov X Dec (6-163)
P D1R; 1R

imp
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=20,3% 439 _ 08219
25 29.2 30

(6.16b)

6.189. The price relative for model 1 from January in the preceding year to January in the current year
shows a (1 — 0.8219)x100 = 17.81 percent price decrease. It is clear from Table 6.11 that the price for
model 1 has been constant up to October, and there was a price fall in November, but this was to clear the
market for the replacement. There should be a November to December price increase for the old model 1
to the new replacement 1R that reflects that part of the price difference between model 1 and model 1R
was not due to quality differences. But the imputation is based on the constant price movements of models
4R and 5 and a coincidental price increase in model 2R; it assumes that short-term price movements of
matched pairs will proxy the price change of model 1. However, in this context, the constant price changes
of matched models are an inappropriate proxy badly biasing the measured price change downwards. At
fault are first, the use of the unrepresentative price for model 1 at the end of its life cycle in November, and
second, the inappropriate imputation for the replacement variety.

6.190. The January to January price decreases for models 2, 3, and 4, using replacements, and 5 are
respectively: 1.2, 6.3, and 3.4 percent and no change for model 5. With a substantial churn of models,
possibly more frequently than annual, the bias from using overlaps can be substantial.

6.191. As an advantage, the method is simply an extension of the linking-in of new products and can be
readily applied by an NSO, especially one with limited resources. However, this approach biases the CPI
because it bases the imputations on price changes of matched varieties not subject to the price changes
that occur on the replacement of a model.

6.192. The overlap method may be subject to bias if applied to where there is substantial churn in the
product market and an active policy by the supplier of introducing upgraded replacement models. The
nature and extent of the bias depends on the pricing strategy. Table 6.11 illustrates a policy of lower pricing
at the end of the life cycle and a higher price at the start. Importantly, the example has no price change for
other matched models, from which the imputation was drawn, and thus a biased imputation at this critical
overlap period. The bias is substantial and downwards. Alternative pricing strategies are given in Annex C
along with their implication for bias from using the overlap matching. It has been demonstrated in empirical
studies that the method can introduce substantial bias under quite reasonable conditions. The nature and
extent of the bias depend on business pricing strategies that may change over time and are unpredictable,
which is a concern for CPI compilation in this important product area. The overlap method is thus not
recommended for product markets with a high rate of model churn.

2. Use of a class-mean imputation

6.193. The previous example showed that an imputation based on price movements of other matched
models not at the end of their life cycle, could introduce a bias. An alternative, though more resource
intensive method, is to base the imputations not on price changes of matched varieties but to use, where
possible, explicit quality adjustments for linked-in non-comparable replacement. For example, internet
webpages of prices of similar products may show the difference in characteristics and prices of the old
models and the replacement models. The replacement may simply have a higher value of some
performance characteristic or feature for which the price is available as an option. If an enough explicit
quality adjustments can be made, imputations might be better made on the basis of only those models that
have had explicit quality adjustments to their price.
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6.194. The nature of the high frequency of replacements makes the procedure resource intensive and, in
some instances, not viable because of to the absence of explicit information on prices of features or options.
However, if enough models have an explicit adjustment, an average of their price change could be used to
impute the price change of other models being replaced. This is the basis of using class-mean imputations.
The method requires care that the linking-in of replacement models does not take place at the end of the
model’s life cycle when pricing might be abnormally low for a variety that relatively few consumers are
purchasing. This not only has a detrimental effect on the quality adjustment methodology, but also on the
representativity of the models upon which the prices change measurement is based.

6.195. The class-mean imputation method was outlined in Section I. It is similar in procedure to the overall
mean imputation and is a form of targeted imputation. The “target” is measured price changes of
replacements for permanently missing products. Only the price changes of “comparable” replacements are
used to impute the overlap price, the replacements being limited to those that have exactly the same price-
determining characteristics, or those varieties with replacements that have been declared comparable after
review and/or have already been quality-adjusted through one of the "explicit" methods. For example, when
the arrival of a new model of a particular kind of automobile forces price collectors to find replacements,
some of the replacements will be of comparable quality, while others can be made comparable with explicit
quality adjustments, but the remaining ones will need imputed prices for an overlap month

3. Hedonic price indices

6.196. Itis important to distinguish between the use of hedonic regressions for patching and their use as
hedonic price indices, which are measures of quality-adjusted price changes. Patching adjusts individual
item prices for quality differences when a non-comparable replacement is used while hedonic price indices
are measures of quality-adjusted price changes. Hedonic price indices are suitable when the pace and
scale of replacements of varieties are substantial because, first, an extensive use of these overlap quality
adjustments may lead to bias and, second, the sampling will be from a static matched/replacement universe
likely to be biased. With new models being continually introduced and old ones disappearing, the coverage
of a matched sample may deteriorate, and bias may be introduced as the price changes of new/old models
differ from those of the matched ones. What is required is a sample to be drawn in each month and price
indices constructed; but instead of controlling for quality differences by matching, they will be controlled for
in the hedonic regression. Note that all the indices described below use a fresh sample of the data available
in each period. If there is a new variety in a period, it is included in the data set and its quality differences
controlled for by the regression. Similarly, if old varieties drop out, they are still included in the data for the
indices in the periods in which they exist. Paragraphs 6.110 to 6.115 stress the need for caution in the use
of hedonic regressions for quality adjustments.

6.197. Consider a price comparison between two adjacent time periods, periods t and t+1. The models
sampled do not have to be matched, they may simply be all recorded models sold in the two periods, and
they comprise a different mix of qualities. The hedonic formulation regresses the price of model i, pi, on the
k=2,....K characteristics of the varieties zi. A single regression is estimated on the data in the two time
periods compared, the equation also including a dummy variable D*! being 1 in period t+1, zero otherwise.

The time dummy variable approach

6.198. A single hedonic regression equation is estimated with observations across models over adjacent
time periods, including the reference period 0 and a subsequent period t. The logarithm of prices of
individual models are regressed on their characteristics and a dummy variable for time, taking the values
of Di1 =1 if the model is sold in period 1 and 0 otherwise. A log-linear specification is given by:
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6.199. The O are estimates of the proportionate change in price arising from a change between the
excluded reference period t=0 and successive periods t=1,T having controlled for changes in the quality
characteristics via the term YX_, z.'{x In B.

6.200. In principle, the index 100 x exp(A) requires an adjustment for it to be a consistent (and almost
unbiased) approximation of the proportionate impact of the time dummy variable%. In practice, the
adjustment usually has little effect.

6.201. The method implicitly restricts the coefficients on the quality characteristics to be constant over
time: for example, for an adjacent period January and February regression, for k= 1,...,K characteristics
and where period 0 and t are January and February respectively, 8, = 8% = p£e’. The (relative) valuation
of a characteristic, for example for a washing machine with an additional 100 revolutions per minute spin
speed, is the same in January as in February. The index, 100 x exp(§7¢?) , is an estimate of the quality-

adjusted price change for February (January=100).
The characteristics/repricing approach

6.202. A hedonic regression is run to determine the price-determining characteristics of models, for
example in a reference period 0. The average model in period 0 can then be defined as a tied bundle of the
averages of each price-determining characteristic. In the previous example for washing machines, these
would include: spin-speed: 1,375 revolutions per minute; capacity (cotton load): 8.5 kg; annual energy cost:
£36.5; steam facility: 4 percent; brand A: 15 percent; warranty period: 5.4 years; and run-time (cotton): 18.8
minutes. These are the Ek averages for each of the k price-determining characteristics.

6.203. The average values of each characteristic are held constant in each period but valued in turn using
period 0 and period t hedonic regressions. One form of the (average) characteristics approach is as a
measure of the price change of a set of average period 0 characteristics valued first, at period t hedonic
valuations, and second, at period 0 hedonic valuations. A ratio of the results is a constant (period O
characteristics) quality price index. The numerator, the period t hedonic valuation, provides an answer to a
counterfactual question: what would be the estimated transaction price of a model with period 0 average
characteristics, were it on the market in period t?

6.204. A constant-quality hedonic geometric mean characteristics (HGMC) price index from a log-linear
hedonic regression equation is a ratio of geometric means with average characteristics held constant in the
reference period 0, E]?:

K, . \2° K A
[1(5:) exp[folnb;]
0—¢ — k=0 — k=0
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(6.18)
-0 _ 1 0
where Zp = mZieNO Zj

6.205. Equation (6.18) holds the (quality) characteristics constant in period 0, though a similar index could
be equally justified by valuing in each period a constant period t average quality set:

55 See Triplett (2006) for more details.
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N° = N’ are the number of matched observations (varieties) in the sample. Neither a period 0 constant-
characteristics index nor a period t constant-characteristic quantity basket can be considered to be superior,
both acting as bounds for their theoretical counterparts. Some average or compromise solution is required.
An index making symmetric use of period 0 and period t characteristics values is intuitive:

(6.20)

where Z; =(z7 +7,;)/2

6.206. Equations (6.18), (6.19), and (6.20) all use predicted prices in both the denominator and numerator.
This follows the recommendation below to use dual imputations. However, this method also entails running
hedonic regressions in each period. Yet a fortuitous result is that a feature of the OLS estimator is the mean
of actual prices being equal to the mean of predicted prices:

1 . 1 1 . 1
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Thus, while the numerator of equations (6.18) and denominators of equation (6.19) must be
counterfactual—the valuing period O (t) average characteristics at period t (0) prices—the denominator of
equations (6.18) and numerator of (6.19) can use actual prices, since the means are the same for an OLS
estimator. This leads to the important results that equation (6.19) does not require a hedonic regression to
be estimated in every current period t, only in the price reference period 0. This is an important result since
it aids the practical work of compilers who do not have to estimate a hedonic regression equation in each
period, but maybe once every one or two years, depending on the amount of churn in the market and
shifting technologies and preferences. The hedonic indices from one regression can be chained to its
preceding hedonic indices, and so forth, using successive multiplication.

The hedonic imputation approach

6.207. In contrast to the characteristics approach, the imputation approach works at the level of individual
varieties/models, rather than the average values of their characteristics. The rationale for the imputation
approach lies in the MMM. Consider a set of models transacted in period 0. The objective is to compare
their period O prices with the prices of the same matched models in period t. In this way there is no
contamination of the measure of price change by changes in the quality-mix of models transacted. However,
for goods and services with a high model turnover, not all the period 0 models were sold in period t—there
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is no corresponding period t price in many cases. The solution—in the numerator of equation (6.21)—is to
predict the period t price of each i period 0 model, f)l’l 0

6.208. A constant-quality hedonic geometric mean imputation (HGMI) price index from a log-linear hedonic
regression equation is a ratio of geometric means with characteristics held constant in the reference period
=0
0,z :
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6.209. Alternatively, the value in the numerator of equation (6.21) is the geometric mean of the period t
price for the price-determining characteristics in that period, Z;k. This is compared, in the denominator, with
the geometric mean of the period O predicted price of the same period t price-determining characteristics,
Z;k. For each model, the quantities of characteristics are held constant in period t, Z o only the
characteristic prices change.
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6.210. As with the characteristics approach, a compromise solution of whether period 0 or period t
constant characteristics should be used, is to apply an average of the two. However, as with the
characteristics approach, equation (6.22) has the advantage of only requiring a single hedonic regression
to be estimated in the price reference period 0. If this is used, the regression should be re-estimated every
year or so, the frequency being determined by the turnover of products.

Table 6.12 Equivalences of Hedonic Approaches

(6.21)

(6.22)

. . Characteristics Approach: Imputation Approach:
Hedonic Regression: .
. Form of Average of Form of Average of Predicted
Functional Form i, ;
Characteristics Prices
Linear Arithmetic mean Arithmetic mean
Log-linear Arithmetic mean Geometric mean
Log-log Geometric mean Geometric mean

6.211. The three approaches have different, yet valid, intuitions. As long as the functional form of the
aggregator is aligned to the hedonic regression in the manner shown in Table 6.12, the imputation and
characteristics approaches yield the same result. This consolidation not only markedly narrows down the
choice between approaches, but also validates the measure as one resulting from quite different intuitions.

6.212. For a log-linear functional form of a hedonic regression, the requirements are that (i) for the
characteristics approach, zk and Z, are arithmetic means of characteristic’s values, the right-hand-side of
the hedonic regression, and (ii) for the imputation approach, the ratio of average predicted prices is a ratio
of geometric means, the left-hand-side of the regression.
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6.213. The important feature of the hedonic indices is that they require no matching of individual models
in the periods compared. Matching is required so that the price of a model in period 0 can be compared
with that in period t, without a concern that the price change is affected by changes in quality. Such matching
restricts the sample and, importantly in this context of a high level of churn in models and where prices
change when models change, can lead to bias. This was illustrated in Table 6.11. The price comparison of
matched models effectively removes from the sample price changes in the important period of a price
comparison when models change. The imputation for November to December for model 1 in Table 6.11 is
based on matched prices only. Hedonic indices adjust for quality change not by any meticulous or time-
consuming matching and, for that matter, identification of replacements, but by applying a hedonic
regression to value constant-quality characteristics.

6.214. Hedonic indices use data on matched and unmatched observations and, again importantly, can
naturally be applied to large monthly data sets, such as scanner and web-scraped data, as opposed to a
small sample of what may have been in some long-past reference period, a representative variety.

6.215. An advantage of the imputation approach over the dummy variable approach is that explicit
weighting systems can be more readily, accurately, and intuitively applied at this elementary level. For
example, equation (6.22) may be defined for models i over a set of models of television sets sold in period
t. The formula gives equal weight to each model sold. A major improvement would be to apply to each
model’s quality-adjusted price change the weight of that price change, that is, the individual model’s share
of transaction expenditure values, for example from scanner data. Silver (2018) outlines the methodology
for the imputation approach, in the context of house price indices, to include quasi-superlative and
superlative formulations. The weighted imputation approach also has a correspondence to a weighted
characteristics approach, and the more intuitive application of weights, if formulated as in Table 6.12.

6.216. Hedonic indices are particularly well suited for large data sets, as web-scraped or scanner data
(see Chapter 10), for which there is no matching of varieties. It is at initiation that a price collector selects a
representative variety and matches its characteristics in subsequent periods in order to track the price of
this same variety. In doing so, the sample of prices collected is highly restricted to what may be a single
price. With hedonic indices, it is the varying values of the characteristics of the models that enable a
constant quality price change. There may be datasets in which accurately matched sampled prices form
part of the sampled data. In such a case there would be no need for predicted prices to be used for constant
quality price change. The overall measure for this data set would contain: (i) actual price changes for the
matched sample; (ii) hedonic price changes for the period 0 models not sold in period t (as, for the hedonic
imputation approach, in equation (6.21)); and (iii) hed