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Chapter 15: Price and volume measures

A. Introduction

15.1 Chapter 14 describes how the goods and services account may be
compiled and elaborated within a supply and use table. The changes in the
values of flows of goods and services can be directly factored into two
components, one reflecting changes in the prices of the goods and services
concerned and the other the changes in their volumes. One major advantage
of compiling price and volume measures within an accounting framework,
such as that provided by the supply and use tables, is that a check is provided
on the numerical consistency and reliability of the set of measures as a whole.
This is particularly important when every flow of goods and services in the
economy has to be covered, including non-market goods and services whose

valuation is even more difficult in volume terms than at current prices.

15.2 Another advantage of compiling price and volume measures within an
accounting framework is that implicit price or volume measures can be
derived for certain important balancing items. In particular, gross value
added can be measured in real terms by subtracting intermediate
consumption in volume terms from output in volume terms, the so-called
“double deflation” method. Double deflation may be used at the level of an
individual enterprise, industry or sector. However, the primary objective of
the SNA is not simply to provide guidelines on measures of changes in prices
and volumes for the main aggregates of the SNA but to assemble a set of

interdependent measures that make it possible to carry out systematic and
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detailed analyses of inflation and economic growth.

1. Index number theory

15.3 Section B gives an overview of the theory of index numbers as applied in
the SNA. There have been significant developments in this area over the last
decade. New manuals have been published on the theory and practice of
consumer price indices (CPIs) and on producer price indices (PPIs). These are
Consumer Price Index Manual: Theory and Practice, (International Labour
Organization, International Monetary Fund, Organisation for Economic and
Co-operation and Development, Eurostat, United Nations Economic
Commission for Europe and World Bank (2004)) and Producer Price Index
Manual: Theory and Practice, (International Labour Organization,
International Monetary Fund, Organisation for Economic Co-operation and
Development, United Nations, Economic Commission for Europe and the
World Bank (2004).) A further manual on export and import price indices
(XMPIs), Export and Import Price Index Manual® Theory and Practice
(International Labour Organization, International Monetary Fund,
Organisation for Economic Co-operation and Development, United Nations
Economic Commission for Europe and World Bank (2009)). These manuals
have been prepared with a common structure to help readers. In particular
chapter 14 of the CPI and PPI manuals and chapter 15 of the XMPI manual

outline how such indices fit into the framework of the SNA.

15.4 The first topic in section B concerns the choice of an appropriate
methodology for compiling inter-temporal price and volume measures for

flows of goods and services in a national accounting context. Section B also
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deals with the consequences of price variation due to price discrimination;
that is, how to treat goods or services that are sold to different purchasers on
the same market in the same period at different prices. Such differences need
to be clearly distinguished from price differences attributable to differences
in qualities. This section also discusses the treatment of changes in quality
over time, including the appearance of new products and the disappearance

of old products.

2. Inter-temporal price and volume series

15.5 Section C shows how the considerations in section B can be applied to
the SNA and time series of volumes and prices be derived. It discusses not
only the elements of the goods and services account but also how stocks of
non-financial assets can be decomposed into price and volume elements.
Further, the section addresses the question of expressing key aggregates of
the SNA that do not themselves have price and volume components in real
terms, allowing an analysis of the impact of terms of trade on national

income, for instance.

15.6 Like section B, section C does not aim to be exhaustive in its coverage
but draws on, and refers to, other manuals developed over the last decade,
specifically the Handbook on Price and Volume Measures in National
Accounts (Eurostat, 2001) and chapter IX of Quarterly National Accounts
Manual: Concepts, Data Sources and Compilation (International Monetary
Fund (IMF), 2001b).
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3. International price comparisons

15.7 Although most price and volume index numbers were developed to
measure changes in prices and volumes over time, they can also be adapted

to compare levels of prices and volumes between different regions or

countries in the same period of time. Such comparisons are needed in order to

be able to compare standards of living, levels of economic development or

levels of productivity in different countries.

15.8 These topics are addressed in section D, first in theoretical terms and
then in terms of the implications for national accountants. The Global
Purchasing Power Parities and Real Expenditure - 2005 International
Comparison Program Methodological Handbook (World Bank, 2008)
describes the methodology underlying the 2005 round of the International
Comparison Program (ICP).

4. Further information

15.9 This chapter aims to do no more than introduce the most important
concepts and considerations of the application of index number theory to the
derivations of volume series within the SNA. Further information should be

sought from the other manuals cited.
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B. An overview of index number theory

1. Quantities, prices and values
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15.10 For each individual type of good or service it is necessary to specify an
appropriate quantity unit in which that good or service can be measured.
Goods or services may be supplied in units that are either discrete or
continuously variable. Automobiles, aircraft, microcomputers, haircuts and
appendectomies are examples of goods or services provided in discrete or
integral units. The quantities of such goods and services are obtained simply
by counting the number of units. Oil, electricity, sugar and transportation are
examples of goods or services provided in units that vary continuously in
respect of characteristics such as weight, volume, power, duration and
distance. The choice of physical unit, and its price in relation to the unit
selected, is therefore a matter of convenience. For example, the price quoted
per tonne is one thousand times greater than one quoted per kilo. As long as
the price is expressed in a manner consistent with the unit of volume, the
value (v) at the level of a single, homogeneous good or service is equal to the
price per unit of quantity (p) multiplied by the number of quantity units (g),
thatis: v=pxq.

Additivity of quantities, prices and values

15.11 Certain important properties in relation to the additivity of quantities,

prices and values may be briefly noted:

a. Quantities are additive only for a single homogeneous product. For
example, it 1s not economically meaningful to add 10 tonnes of coal to 20
tonnes of sugar. Less obviously, the addition of 10 automobiles of one type to
20 automobiles of another type would not be economically meaningful either

if they differ in quality.
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b. The price of a good or service is defined as the value of one unit of that good
or service. It varies directly with the size of the unit of quantity selected and

in many cases can be made to vary arbitrarily by changing the unit of

quantity, for example, by choosing to measure in tonnes instead of in
kilograms. Prices, like quantities, are not additive across different goods or
services. An average of the prices of different goods or services has no

economic significance and cannot be used to measure price changes over time.

c. Values are expressed in terms of a common unit of currency and are
additive across different products. Values are invariant to the choice of

quantity unit.

15.12 In a market system, the relative prices of different goods and services
should reflect both their relative costs of production and their relative
utilities to purchasers, whether the latter intend to use them for production
or consumption. Relative costs and relative utilities influence the rates at
which sellers and buyers are prepared to exchange goods and services on
markets. An aggregation of the values of different goods and services
necessarily reflects the choices of which goods and services have been

produced and consumed at the currently prevailing prices.

Volume, quantity, price and unit value indices

15.13 A volume index is an average of the proportionate changes in the

quantities of a specified set of goods or services between two periods of time.
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The quantities compared over time must be those for homogeneous items and
the resulting quantity changes for different goods and services must be
weighted by their economic importance, as measured by their relative values
in one or other, or both, periods. For this reason volume is a more correct and
appropriate term than quantity in order to emphasize that quantities must

be adjusted to reflect changes in quality.

15.14 Unfortunately, it may sometimes happen, especially in the field of
foreign trade statistics based on customs documentation, that the data from
which price and volume indices have to be calculated are not sufficiently
detailed or are otherwise inadequate for the purpose. For example, the basic
information available may be limited to the total number of units of some
group of products imported or exported, or their total weight, for example, the
total number of pairs of shoes, or total weight of equipment of a certain type.
Indices built up from information of this kind are not volume indices when
the numbers, or weights, cover different items selling at different prices.
They are sometimes described as “quantity indices” for this reason. The
“price” indices associated with such indices are usually described as average
or “unit value” indices. Unit value indices measure the change in the average
value of units that are not necessarily homogeneous and may be affected by
changes in the mix of items as well as by changes in their prices. Unit value
indices cannot therefore be expected to provide good measures of average

price changes over time for groups of non-homogeneous items.

2. Inter-temporal index numbers of prices and volumes

15.15 The index numbers of interest within the SNA are designed to
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decompose changes in value aggregates into their overall change in price and
volume components. A price index can be written and calculated as a
weighted average of the proportionate changes in the prices of a specified set
of goods and services between two periods of time, say a reference period 0
and current period ¢ Similarly, a volume index can be written and calculated
as a weighted average of the proportionate changes in the volumes of a
specified set of goods and services between two periods of time, say a
reference period 0 and current period ¢ There are many index number
formulae differing from each other mainly in the weights which they attach
to the individual price or quantity relatives and the particular form of
average used, whether it is arithmetic, geometric, harmonic, etc. These
alternative formulae, their properties and relative merits, are outlined in
detail in the CPI and PPI manuals.

Laspeyres and Paasche indices

15.16 The two most commonly used index formulae are the Laspeyres and
Paasche indices. The Laspeyres price index (Lp) is defined as a weighted
arithmetic average of the price relatives using the value shares of the

reference period 0 as weights:
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0

that is, where pio, qi0 and Vi0 = pi0 x (Q; are the prices, quantities and

n
,nproducts and s =V;/ ZV,O , the value shares
i1

values in period 0 of =1,...

in period 0. Similar expressions with superscripts ¢refer to period %

15.17 Note from (1) that the Laspeyres price index can be defined as the
change in value of a basket of products whose composition is kept fixed as it
was in the reference period 0. The Laspeyres volume index (L) can be
similarly defined as the change in the value of a basket whose composition
every period is updated but the prices of the reference period 0 are applied to

the new quantities (or volumes), that is:

MO

15.18 Paasche indices also exist in both price and volume forms. The Paasche
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index differs from the Laspeyres index in two respects. It uses a harmonic
mean instead of an arithmetic average and the fixed period volumes or prices

are those of the current period t. The Paasche price index is given by:
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and a Paasche volume index, with fixed current period weights or prices, by:

(4)
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Deflation and volume series using Laspeyres and Paasche formulae

15.19 The index of the change in monetary values between two periods, IV

=1, :anvit
=

changes. When Laspeyres and Paasche indices are used, the value change

n
Z:Vit 1 reflects the combined effects of both price and quantity
i-1

will exactly decompose into a price index times a volume index only if the

Laspeyres price index is matched with the Paasche volume index, that is:

L, x By =1, or the Laspeyres volume index is matched with the Paasche

price index L, x P, =1, . For example, a price index, 1.05 representing a 5

per cent change multiplied by a volume index of 1.08, an 8 per cent change,

yields a value change index of 1.134, a 13.4 per cent change.
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15.20 This relationship can be exploited whenever the total current values for
both periods are known and either of a price or volume index. Suppose, for
example, compilers want to derive a volume index. Laspeyres and Paasche

volume indices are derived by dividing (deflating) the value change by
appropriate price indices: L, =1, /P, and =1 /Ly respectively. Note

that L@ from the right-hand side of equation (2) generates a time series of

Laspeyres volume indices, for periods £=1,...,7T of:
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Multiplying through the series by the common denominator Zin:l pi0 qio yields

the volume series:

(6

Zp.q..Zp.q., -------- Zp.q.

The relative movements from period to period for this series are identical
with those of the associated Laspeyres volume indices given by (5), the two

series differing only by a scalar that is the value in period O.

15.21 Series using the prices of a base year throughout, as illustrated by (6),
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are easy to understand but are not best practice in national accounts if the
time period 7'is a lengthy one over which there are changes in the structure
of the economy. For example, if volume changes are measured over a 10 year
period, say 1995 to 2005, at constant 1995 prices, then the volume
movements in later years are based on a price configuration that is likely to
have changed. A better practice is to change the weights of (rebase) the
Paasche deflator in 2000 and link the resulting index to the 1999 one. The
resulting volume series over the 10 year period will no longer be at constant
1995 prices, but be a more representative volume index. Even better practice,
resources permitting, is to form a series of annual links of constant price
comparisons. It is preferable to use the term volume series to describe such

series rather than “in” or “at constant prices”.
The relationship between Laspeyres and Paasche Indices

15.22 Before considering other possible formulae, it is useful to establish the
behaviour of Laspeyres and Paasche indices vis-a-vis each other. In general,
a Laspeyres index tends to register a larger increase over the base year than

a Paasche index, that is, in general:

both L, >P, and LQ > PQ (7)

It can be shown that relationship (7) holds whenever the price and quantity
relatives (weighted by values) are negatively correlated, that is, as prices go
up the quantities purchased go down or vice versa. Such negative correlation

is to be expected for price takers, including consumers and firms purchasing

WCERETCE D, HWITR, REHBEDZILT 5L 6 WVEWHIRE & 2255613,
ERRFEHREORBEOFEM & 1372 v, 7ob 21E, 1995405200540 X 9
2. 10 EBZ 5 X 5 2 OB L4 1995 itk TRIET 5725, £ 0%
POEOKBEOEE L, T UL L T LE > A0 @O liks g I -5 <
LT D, X0 BWERNL, 200000/ —2 2 F T L—H—D 7 = A NEE
B (TbbERELE) UTERE L TR E 19990 falk L B S 5
ZETHRLND, ZOMENOELNZI0FEMOEERSNT, HITL19954F D
RIS TRV, L RFEME > - HEERTH D, 2k v b BT
(X IR TR R DAk O L & e L2 RAIE TR T 5 2 &L Th D,
ZOED BRI AR T HIIE TREMKICE D) £ IREME T LY,
BERHNEF O MFELZEHT DI BAFE LY,

T AL L AMEFESR & N — 2 = Wil E R D PR

15.22 ZDOMOARERFE R AT DRI, 7 AR, LV AFER E N—v =D
MHAEDEN X ZHLNILTREBLL ZENFWRTH D, —fKIZ, 7 AS L AFEHIT
N— x5 L0 LM LD K& ERAZRHETA2HEAR DD, Thbb,
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L. >P, . Ly>P, (7)
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intermediate inputs, who react to changes in relative prices by substituting
goods and services that have become relatively less expensive for those that
have become relatively more expensive. A positive correlation would be
expected for price setting firms that substitute output towards goods and
services that have become relatively more expensive. In such circumstances

the inequalities in equation (7) would be reversed.

15.23 Consumers are assumed to maximize utility, which in turn is related to
combinations of goods and services purchased. Theoretical cost of living
indices (COLIs) are defined as the ratio of the minimum expenditures
required to enable a consumer to attain a fixed level of utility under the two
sets of prices. The COLI increases if it becomes more expensive to maintain
the same level of utility. A Laspeyres COLI would hold the preferences and
utility fixed in the reference period and a Paasche COLI would hold them

fixed in the current period.

15.24 The Laspeyres price index provides an upper bound to the theoretical
Laspeyres COLI. Under the COLI, consumers can substitute products that
have become relatively less expensive for ones that have become relatively
more expensive to obtain the same level of utility, whereas the fixed basket
Laspeyres index does not allow such substitution. Similarly, the Paasche
index can be shown to provide a lower bound to the theoretical Paasche
COLI.

Other index number formulae

15.25 Because different formulae give different results, a consideration of

—EREMET D 2 LIS L o THHMERE OZRLICHIET 2 L 2T T4 AT A
N —& LTOHBEEB LOPRBRAZBAT BRSOV TTHRENSBDOT
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DOARFERITH & 72 D,

15.23 WHEE X M ZHEKRICT D LIESND, 22T 2 ALY -
P—EADMAE DI FE LCIRE ST D, BlamEitEfELk (COLD 1%, 2
DOAfifEE > O T TIHEE IR U HKEEZ ER T 52 L AR b LD
TOICHE L SNDRDOXHOLERE L TERSIND, [7 UohAKEZ MR
HI2HDaA MPREL 2AUXCOLLIE ERT %, 7 234 L ACOLLIE, 2R
TEGEPMEEE LD, = =COLIFZN S ZB/EHR THRE L
DTHD,
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alternative approaches to choosing among them is needed and this in turn

gives rise to a consideration of further index number formulae.

15.26 It is apparent from the Laspeyres and Paasche price indices in
equations (1) and (3) that both indices hold the basket of quantities fixed. The
formulae differ in that Laspeyres holds the basket fixed in the reference
period and Paasche in the current period. If the objective is simply to
measure the price change between the two periods considered in isolation,
there is no reason to prefer the basket of the earlier period to that of the later
period, or vice versa. Both baskets are equally justifiable from a conceptual
point of view. Thus, although they yield different results, neither formula can

be judged superior to the other.

15.27 A compromise solution for the price index is to use a formula that
makes symmetric use of the base and current period information on
quantities. The Fisher index can be shown to be the most suitable in this
regard. (For an explanation of why this is so, see chapter 15 of the CPI and
PPI manuals.). The Fisher index (#) is defined as the geometric mean of the
Laspeyres and Paasche indices, that is, for price and quantity indices

respectively:

Fo = {L,.P. 2and F, ={L P} ®)

15.28 Economic theory postulates indifference curves that show how
consumers would alter their expenditure patterns in response to changes in

prices. Unless the utility functions the indifference curves represent are

BT ENRMELRY  FOZERSIHITEHERICHT M 2RI YD
B L2 5,
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similar in periods O and t, a Laspeyres and a Paasche index for this period
will each refer to a differently shaped utility function. In general, the
Laspeyres index will provide an upper bound to its underlying utility
function while the Paasche index will give a lower bound to its underlying

utility function but the two utility functions will be different.

15.29 In order to resolve this dilemma, a series of indices called superlative
indices have been derived that relate to utility functions that adapt over time
to the changes in quantities brought about by changes in prices. The Fisher
index is one example of a superlative index; a Térngvist index is another
example. A Térnqvist index is the geometric average of the price relatives
weighted by average expenditure shares in two periods. Thus the Térnqvist

price and volume indices are defined as:

0 pt (si°+si‘)/2 n qt (SiOJrSit)/Z
T, = H(FJ and T, = H(q—OJ

9)

Both Fisher and Térnqgvist indices utilize and attach equal importance to
information on the value shares in both periods for weighting purposes. For
this reason they may be expected to lie between the bounds of Laspeyres and
Paasche indices, as is desired. The difference between the numerical values of
the Tornqvist and Fisher indices and other such symmetric indices is likely to
be very small. Neither Térnqvist or Fisher volume indices use the prices of a
specific single period. The term “at constant prices” is a misnomer for such

series; the correct term is a series in volume terms.

FOR—v 25U, TN TFNERDIRONRENEZSRT 52 Lk b, —fiX
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FOEERBIILTO LI ITER SN D,
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15.30 The above analysis has been from the consumer’s or purchaser’s
perspective. Economic theory also defines Laspeyres and Paasche bounds
from the producer’s perspective. Revenue maximizing producers are expected
to increase the relative quantities they produce in response to increases in
relative prices. The resulting Laspeyres- Paasche bounds are the reverse of
those described above, as quantities produced are substituted towards
commodities with above average changes in prices. But the implication for
removing substitution bias by the use of Térnqvist and Fisher indices still
holds.

Desirable index number characteristics

15.31 There are two frequently quoted characteristics that it is felt index
numbers for deflating national accounts should satisfy. These are the “time
reversal” and “factor reversal” tests. The time reversal test requires that the
index for period ¢ compared with period 0 should be the reciprocal of that for
period O compared with z The factor reversal test requires that the product of
the price index and the volume index should be equal to the proportionate
change in the current values. It follows from the discussion in the preceding
section that Laspeyres and Paasche indices on their own do not pass either of
these tests. However, it follows from the definitions of Fisher indices in (8)

that the Fisher index does pass these tests.

15.32 The Fisher index therefore has a number of attractions that have led it
to be extensively used in general economic statistics. Indeed, Fisher
described his index as “ideal”. However, the Fisher index requires both

reference and current period information for weights, which may affect the
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—HEEEHNTREANAAS T ZAZRMV RS ZEIFERRH L L Th D,

EE LR

15.31 HERFEHEEZT 7 L — M 2720 0BENHETRETH I EEZD
D 2OORER, LIZUIEREN D, TAUTMERPERT A b & BRI T
A N ThD, RERPFHET A ME, 0 HIEEOH ORI ED 0 Mo fsiko
WETRFER SR, L T5T A N ThD, BHRERLEET A NI, Mk s
BRI O YU ED LRI E L RO R TER LRV, & T57
ARNTHD, ATEZ v a s TOELENDL, 7 AR, LABIUOVS—v = f88UTE
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timeliness of the index, nor is it as easy to understand as Laspeyres or

Paasche indices.

15.33 The CPI and PPI manuals provide in chapters 15, 16 and 17 an
extensive account of the various approaches to choosing among index
numbers. Also included in chapter 16 is the stochastic approach that favours
the Térnqvist index. What is apparent from this extensive body of work is
that all three approaches favour the Fisher index; that superlative indices
such as the Fisher and Térnqvist indices produce very similar results and can
all be justified from the economic theoretical approach and that the difference
between superlative indices and the Laspeyres or Paasche indices, or their

spread, is due to substitution bias.

Index numbers in practice

15.34 The Laspeyres price index in equation (1) has the same price and
weight reference period 0. In practice, especially for CPIs where timeliness is
of the essence, the price reference period 0 differs from the earlier weight
reference period, say b, since it takes time to compile the results from the
survey of households, establishments and other sources for the weights to use
in the index. The Laspeyres index given by the first expression in equation (1)
may have as its weights Sb; instead of S%. This index is a Young index and,
like the Laspeyres index, has the undesirable property of failing the time

reversal test.

15.35 Statistical offices often try to overcome this by adjusting the value

shares used as weights by the changes in prices between b and 0 to form a

bY ., FT2T AN VAR =BT LB 5 2 LIRS TiEAR W,
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Lowe index given by:

(10)

3. Chain indices

The rebasing and linking of indices

15.36 As noted in the previous section, over time the pattern of relative prices
in the base period tends to become progressively less relevant to the economic
situations of later periods to the point where it becomes unacceptable to
continue using them to measure volume changes from one period to the next.
It is then necessary to update the weights. With long time series, it is as
inappropriate to use the most current weights for a date long in the past as it
is to use the weights from a long time in the past for the current period. It is
therefore necessary to link the old series to the new reweighted series by
multiplication. This is a simple numerical operation requiring estimates for
an overlapping period of the index or series calculated using both the old and

new weights.

15.37 The linking calculation can be undertaken in a number of ways. The
current index on the new weights can be multiplied by a linking coefficient of

the old to new index to convert the new index to the old index reference

ToXnbEbhnsn viksEHd 5,
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period. Alternatively, the index may have its reference period changed at the
time of the introduction of new weights and the old index may be revised by
dividing it by the linking coefficient. The process of linking an old series and

a new one by means of a link for an overlap period is referred to as chaining.

15.38 Whether the chaining is done so as to preserve the earlier reference
period in the new series or to change the reference period of the old series to
the new one, the calculations have to be undertaken at each level of
aggregation. Each component as well as each aggregate has to be linked

individually because of non-additivity.

Chaining each period

15.39 The more frequently weights are updated the more representative will
the resulting price or volume series be. Annual chain indices result from
compiling annual indices over two consecutive years each with updated
weights. These “links” are combined by successive multiplication to form a
series. In order to understand the properties and behaviour of chain indices
in general, it is necessary to establish first how chain Laspeyres and Paasche

indices behave in comparison with fixed base indices.

Chain Laspeyres and Paasche indices

15.40 A chain Laspeyres volume index, L), connecting periods 0 and t, is an

index of the following form:

BL-ZBHIEE L, dV R R TR T 5 2 L IC L » THGRT %, 20
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PRSI, FEINEMEO T= DI ERNC B L 722 i B e,

f 1 [A] D 8K

15.39 BV = A FAEFH INIUTEIN DT E R L L TR S LA MR
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i=1

The corresponding chain Paasche volume index, P@), has the following form:

Zp.q. Zn)p

i=1 i=
Q n Xowny

Zp.

(11b)

>

tat-1

Piq;
1

Laspeyres and Paasche price indices are obtained by interchanging the p's

and ¢'s in the expressions for the volume indices.

15.41 In general, if fixed base indices are replaced by chain indices, the index
number spread between Laspeyres and Paasche is likely to be greatly
reduced. Chain indices thus have an advantage over fixed base ones. The
relationship between a fixed base index and the corresponding chain index is
not always the same, however, as it depends upon the paths followed by

individual prices and quantities over time.

15.42 If individual prices and quantities tend to increase or decrease steadily
over time it can be shown that chaining will significantly reduce the index
number spread, possibly almost eliminating it. Chapters 9 and 19 of the CPI
and PPI manuals provide illustrative examples and chapter 15 explains the

theory underlying these findings.
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15.43 On the other hand, if individual prices and quantities fluctuate so that
the relative price and quantity changes occurring in earlier periods are
reversed in later periods, chaining will produce worse results than a simple

index.

15.44 On balance, situations favourable to the use of chain Laspeyres and

Paasche indices over time seem more likely than those that are unfavourable.

The underlying economic forces that are responsible for the observed
long-term changes in relative prices and quantities, such as technological
progress and increasing incomes, do not often go into reverse. Hence, it is
generally recommended that annual indices be chained. The price and
volume components of monthly and quarterly data are usually subject to
much greater variation than their annual counterparts due to seasonality
and short-term irregularities. Therefore, the advantages of chaining at these
higher frequencies are less and chaining should definitely not be applied to

seasonal data that are not adjusted for seasonal fluctuations.

Annually chained quarterly Laspeyres-type indices

15.45 Quarterly chain indices can be constructed that use annual weights
rather than quarterly weights. Consider a quarterly Laspeyres-type volume
index that measures the volume change from the average of year y-I to

quarter cin year y.
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Py -14c.y
(y-D-(cy) _ Z i _ z q sV
LQ Z Py—lQ y-1 y—l S

(12a)

The upper case letters Pand ¢ denote average quarterly values over a year,

while p and g denote specific quarterly values. The superscripts denote the

year (5 and quarter (9. P’ denotes the average price of item 7in year y-I

and pI Y7 denotes the price of item 7in quarter ¢ of year y-1 and Sy is the

base period value share, that is the share of item 7in the total value in year

y-1
Thus:
c,y-14c,y-1 c,y-1
P = Z;qcy Q' = ZZ ;and
) ) Z pc ,y-1 c,y- -1
Siy_l = Piy 1%), : 1 c, 1 cy-1 (12b)
Zpiy Qiy zzp y- y-

15.46 The quarterly Laspeyres-type volume indices can then be chained
together with annual links. One of two alternative techniques for the annual
chaining of quarterly data is usually applied, annual overlaps and
one-quarter overlaps. In addition to these two conventional chaining
techniques, a third technique sometimes is used based on changes from the

same period in the previous year (the “over-the-year technique”). While in

y-1-cy
> P g,

Lﬁ—%c,y) i

N a7
z P y—1Q y-1 Z y—l l

(12a)
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L7221 -> T,
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Zp

y-1 y-1
I:)i ch y-1 ’Qi 4 0
cy-1yc,y-1
sVt = PiH?iy_l Z i (12b)
i Zpileiyl zzpcyl cy-1
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many cases all three techniques give similar results, in situations with strong
changes in relative quantities and relative prices, the over-the-year
technique can result in distorted seasonal patterns in the chained series.
While standard price statistics compilation exclusively uses the one-quarter
overlap technique, the annual overlap technique may be more practical for
Laspeyres-type volume measures in the national accounts because it results
in data that aggregate exactly to the corresponding direct annual index. In
contrast, the one-quarter overlap technique and the over-the-year technique
do not result in data that aggregate exactly to the corresponding direct
annual index. The one-quarter overlap provides the smoothest transition
between each link in contrast to the annual overlap technique, which often
introduces a step between each link, that is, between the fourth quarter of

one year and the first quarter of the following year.

15.47 The technique of using annual overlaps implies compiling estimates for
each quarter at the weighted annual average prices of the previous year, with
subsequent linking using the corresponding annual data to provide linking
factors to scale the quarterly data upward or downward. The technique of
one-quarter overlaps requires compiling estimates for the overlap quarter at
the weighted annual average prices of the current year in addition to
estimates at the average prices of the previous year. The ratio between the
estimates for the linking quarter at the average prices of the current year and
at the average prices of the previous year then provides the linking factor to
scale the quarterly data up or down. The over-the-year technique requires
compiling estimates for each quarter at the weighted annual average prices
of the current year in addition to estimates at the average prices of the

previous year. The year-on-year changes in these volume series are then used
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to extrapolate the quarterly volume series of the chosen reference period.

15.48 Discrepancies between an annual chain volume series and the sum of
the four quarters of an annually chained quarterly volume series derived
using the one-quarter overlap technique can accumulate over time. Hence,
quarterly chain volume series derived this way are usually benchmarked to
the corresponding annual chain volume series using a procedure that
minimizes the disturbance to the quarterly volume series whilst achieving
consistency with the annual chain volume series. There is discussion on this

in chapter VI of Quarterly National Accounts.

15.49 If annual volume series are derived from data balanced in a supply and
use table expressed in the prices of the previous year as recommended in
section C, then it is standard practice to benchmark quarterly data to the
corresponding annual balanced estimates. The benchmarking eliminates all
discrepancies between the quarterly and annual chain volume series,

including those arising from the use of the one-quarter overlap technique.

15.50 To conclude, chaining using the one-quarter overlap technique
combined with benchmarking to remove any resulting discrepancies between
the quarterly and annual data gives the best result. In many circumstances,
however, the annual overlap technique may give similar results. The

over-the-year technique should be avoided.

Chain Laspeyres or chain superilative indices?

15.51 As explained earlier, the index number spread between Laspeyres and
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Paasche indices may be greatly reduced by chaining when prices and
quantities move smoothly over time. In such circumstances the choice of
index number formula assumes less significance as all relevant index
numbers lie within the bounds of the Laspeyres and Paasche indices.
Nevertheless, there may still be some advantages to be gained by choosing an
index for chaining, such as the Fisher or T6rnqvist, that treats both periods

being compared symmetrically.

15.52 Such indices are likely to approximate more closely the theoretical
indices based on underlying utility or production functions even though
chaining may reduce the extent of their advantages over their Laspeyres or
Paasche counterparts in this respect. A chain symmetric index, such as
Fisher or Tornqvist, is also likely to perform better when there are
fluctuations in prices and quantities. Chain Laspeyres indices, however, do
not require current period data for weights and thus may lead to more timely
estimates. Retrospective studies of the difference in national accounts
estimates from using chain Laspeyres as against chain Fisher or Térnqvist

can help in determining the advantage of using the latter formulae.

Annually chained quarterly Fisher-type indices

15.53 Just as it is possible to derive annually chained Laspeyres-type
quarterly indices, so it is possible to derive annually chained Fisher-type
quarterly indices. For each pair of consecutive years Laspeyres-type and
Paasche-type quarterly indices are constructed for the last two quarters of

the first year, year y-7 and the first two quarters of the second year, year y.
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The Paasche-type quarterly indices are constructed as backward-looking
Laspeyres-type quarterly indices and then inverted. This is done to ensure
that the Fisher-type quarterly indices are derived symmetrically. In the
forward-looking Laspeyres-type indices the annual value shares relate to the
first of the two years, whereas in the backward-looking Laspeyres-type

indices the annual value shares relate to the second of the two years.

R

L(nyl)ﬁc = ley le -1 _ZQy 1o| (13)

Py—>c — I:L(Yg—m]“ (148)
2R :

0= % o (14b)

and qiC is the quantity of item 7in quarter c¢in the second two quarters of

year y-1 or the first two quarters of year y.

15.54 For each of the four quarters a Fisher-type index is derived as the
geometric mean of the corresponding Laspeyres-type and Paasche-type
indices. Consecutive spans of four quarters can then be linked using the
one-quarter overlap technique. The resulting annually chained Fisher-type

quarterly indices need to be benchmarked to annual chain Fisher indices to
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achieve consistency with the annual estimates.

15.55 A difficulty arises at the end of the series because it is not possible to
construct Paasche-type quarterly indices that use annual weights for the
current year, at least using actual observed data. One solution is to construct
“true” quarterly chain Fisher indices for the latest year or two and use these
to extrapolate the annually chained Fisher-type indices. But this should only
be done using seasonally adjusted data. As long as the irregular variation in
quarterly price and volume relativities is not very great, quarterly chain
Fisher indices of seasonally adjusted data can be expected to produce

satisfactory results in most circumstances.

Chaining and data coverage

15.56 One major practical problem in the construction of index numbers is
the fact that products are continually disappearing from markets to be
replaced by new products as a result of technological progress, new
discoveries, changes in tastes and fashions, and catastrophes of one kind or
another. Price and volume indices are compiled by comparing the prices or
quantities of goods of the same characteristics or quality (that is,
homogenous goods) over time. This is not easy in product areas such as

personal computers where quality changes rapidly.

15.57 Chaining helps ameliorate the problems of such constant quality
comparisons since the likelihood of an overlap of a product in two consecutive
price periods is almost bound to be greatest and the chain indices can

accommodate the changes in weight that accompany a new and a

15.55 D 7e LR BEBNT — X ZEHT D L YHOFERY = A b &N
— ¥ o RIPDEIIFR AT 5 2 LIXTE RV DO T, RYNO etk TR RTE )
FBAET D, ZHUCKHT HOE DOMRFIL, BB E 72 I3hcH O 2 £ 5
(B OPEEREE 7 ¢ v —EEEAMRBE L. ThAEHER L THREREH T (v
Uy —BEHA MRS 2 8 Th D, L L, TN TE 2 OIXFHiHET
— 2N 2HEOHTH 5, WHEHIIE S X O EO R HAIZE 8 Zh
FERELSARWVIRDIE, IFEAEDEEITBWT, FHiET — % 2 Wiz
WhEgH 7 > vy —FRENHE D P ERE LT O T LN THRTE S,

HENEET =2 DO Y

15.56 FEEOIERRICHIIT 2 FHRER EORBED —S1%, HfrtEdx #ig i,
WELFOWAT DAL, T2 A BIOFAD KK FFORR L LT, LEMHH LE
PEMINC K- TEEMAOND Z LI THATHHENLHERL TS Z LT
%, kg L OKEREEIL, RICFREEWE (D0, FEM) ORFEzZE T
TS £ RO Z T 5 Z L TR SN D, Zhid, Y 3 EowmE
AL BRI EE) TR S TR,

15.57# ke L7 28 Cld, EFEWNEE L T A AREMER R B RE <20 | #iH
BT, FB L ONEH L-AEMICET 5 =24 FOEEEZHFRTE HDT,
HHIC L > T ENE COlBOMEANET L LN TE S,

-993 -




disappearing product.

Additivity and chaining

15.58 An aggregate is defined as the sum of its components. Additivity in a
national accounts context requires this identity to be preserved for a volume
series. Although desirable from an accounting viewpoint, additivity is
actually a very restrictive property. Laspeyres volume indices are the only

index number formulae considered here that are additive.

15.59 A single link in a chain index is sufficient to destroy additivity even
when additive indices, such as Laspeyres volume indices, are linked together.
Consequently, if chain volume indices are converted into time series of values
by using the indices to extrapolate the values of the base period, the index
components may fail to add to aggregates in later periods. A perverse form of
non-additivity can occur when the chain index for the aggregate lies outside
the range spanned by the chain indices for its components, a result that may
be regarded as intuitively unacceptable by many users. Whether published in
monetary terms or indices, it is advisable to inform users via a footnote or

other meta-data that chain volume series are not additive.

15.60 There is a general tendency for the discrepancies from chaining to
become larger the further a period is away from the reference year. If the
reference year is chosen to be near the end of the series then the
discrepancies will be relatively small for the latest quarters. Indeed, if the
chain Laspeyres formula is used and if the reference year is chosen to

coincide with the latest base year then the quarters following the reference
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year are additive. Another advantage of having the reference year near the
end of chain volume series is that when they are expressed as monetary
values their magnitudes do not differ greatly from the current values for the
latest periods if price change is occurring at a modest rate. Maintaining this
situation requires rereferencing the series every year when a new link is
added to the chain and this entails revising the chain volume series for their
entire lengths. Note that rereferencing entails revising levels but not growth

rates.

15.61 Although additivity may be preserved by never undertaking a weight
change this advantage is significantly outweighed by the disadvantage of
increasing irrelevance of the weights in use. Rates of change for subperiods of
a series, including annual rates, can be usefully phrased in terms of

contributions to change, as explained below.

Variables that change sign

15.62 Index number formulae are generally not applicable to time series that
can take positive, negative and zero values. Nevertheless, there are ways of
deriving pseudo chain volume series expressed in terms of monetary values
in such cases. The most commonly used approach is to identify two associated
time series that take only positive values and are such that when differenced
yield the target series. An example is the stock of inventories at the start and
end of the period as opposed to the change during the period. Chain volume
series are not additive and so it is evident that this is an imperfect method
since by construction an additive relationship is produced. It follows that the

series to be differenced should be as closely aligned in terms of price and
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volume composition as possible with the target series. Hence, a chain volume
series of changes in inventories is derived as a chain volume series of closing
inventories less a chain volume series of opening inventories. Sometimes
public gross fixed capital formation can take negative values as a result of the
sale of assets to the private sector, in which case the chain volume series of

acquisitions and sales could be differenced.
Contributions to growth

15.63 When the Laspeyres formula is used and the base year and reference
year coincide, the resulting volumes are additive in subsequent periods and
the contribution by a component /i to the growth of an aggregate, such as

GDP, between two periods (¢#-n)and ¢can be obtained readily as follows:

100(15 =15

%At = (15)

When chain volume series are derived using either the Laspeyres formula for
annual indices or the annual chaining of Laspeyres-type quarterly indices,
then year-to-year or quarter-to-quarter contributions to growth can be
derived easily using data expressed in the prices of the previous year prior to
chaining. Such data are additive and so equation (15) can be used with n=1. If
contributions to growth are not published by the national statistical office,
the user can estimate them. Assuming the one-quarter overlap technique has
been used, the formula for calculating the contribution to the percentage

change from period -7 to period ¢is:

Hahod, e LT, AREEEATEMIL, REMMA~OEERTEOMRE L
T, ADMHEZIRY 155, TOBR, HfF L IRFEOEEEERY|OELZ D,

PR ~DFF 5

15.63 7 A/NA L ARXBMEH v, EHEE L BZREN—BT S, fERELTO
BT F OB O S CTIEMERH Y . 20D (tn) 2HtORTO . Rk
FI OGDPEOEFEOREICHT2HGE T, LFoXHIcE6n5,

100(15 =15

%At = (15)

HEBESRYID, FERIEEATHT 5 T A LRFERS L IET 280 L 2RO
OIS O FVGESBE DO W T I 2 L CEH S5 L |82 7 2 B iE
Dffits TR SN T =2 2 L CLRTERB S L TR 2L Ol ~0 %
BREIERICEE T2 LN TED, TOL I T — X IMEERH DL DT, )5
A (15) In=1L 7%, b LEOHFRPME~OFLGEL AR L TR T
b, T AR HEN TN TH 2 LIETE D, WA — =T o TIENME
HENDDOTHIUZ, FiSt-10 St ~D =t v ML ~DFEE &5 H
HARITLLTFDOEBY TH D,

- 996 -




100(1¢ = 1118t

Z I it—lsit—l

WAL = (16)

where the s are the shares of the items in the total as in equations (12).

4. Causes of price variation

Price variation due to quality differences

15.64 In general, most types of goods or services, whether simple food
products such as potatoes or high technology products such as computers, are
available on the market in many different qualities whose physical
characteristics differ from each other. For example, potatoes may be old or
new, red or white, washed or unwashed, loose or pre-packed, graded or
ungraded. Consumers recognize and appreciate the differences and are
prepared to pay different prices. For some goods and services, such as
personal computers and telecommunication services, there is a rapid
turnover in the highly differentiated varieties and this, as considered below,

creates severe problems for the measurement of price changes.

15.65 The same generic term, such as potato, computer or transportation is
used to describe goods and services that differ from each other in their
price-determining characteristics. The price or quantity of a good or service of
one quality cannot be directly compared to that of a different quality.

Different qualities have to be treated in exactly the same way as different
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kinds of goods or services.

15.66 Differences in quality may be attributable to differences in the physical
characteristics of the goods or services concerned and be easily recognized,
but not all differences in quality are of this kind. Goods or services delivered
in different locations, or at different times, such as seasonal fruits and
vegetables, must be treated as different qualities even if they are otherwise
physically identical. The conditions of sale, or circumstances or environment
in which the goods or services are supplied or delivered can make an
important contribution to differences in quality. For example, a durable good
sold with a guarantee, or free after-sales service is higher quality than the
same good sold without guarantee or service. The same goods or services sold
by different kinds of retailers, such as local shops, specialist shops,
department stores or supermarkets may have to be treated as different

qualities.

15.67 It is generally assumed in economic analysis that whenever a
difference in price is found between two goods and services that appear to be
physically identical there must be some other factor, such as location, timing
or conditions of sale, that is introducing a difference in quality. Otherwise, it
can be argued that the difference could not persist, as rational purchasers
would always buy lower priced items and no sales would take place at higher

prices.

15.68 When there is price variation for the same quality of good or service,
the price relatives used for index number calculation should be defined as the

ratio of the weighted average price of that good or service in the two periods,
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the weights being the relative quantities sold at each price. Suppose, for
example, that a certain quantity of a particular good or service is sold at a
lower price to a particular category of purchaser without any difference
whatsoever in the nature of the good or service offered, location, timing or
conditions of sale, or other factors. A subsequent decrease in the proportion
sold at the lower price raises the average price paid by purchasers for
quantities of a good or service whose quality is the same and remains
unchanged, by assumption. It also raises the average price received by the
seller without any change in quality. This must be recorded as a price and not

a volume increase.

Price variation without quality differences

15.69 Nevertheless, it must be questioned whether the existence of observed
price differences always implies corresponding differences in quality. There
are strong assumptions underlying the standard argument which are seldom
made explicit and are often not satisfied in practice: for example, that
purchasers are well informed and that they are free to choose between goods

and services offered at different prices.

15.70 In the first place, purchasers may not be properly informed about
existing price differences and may therefore inadvertently buy at higher
prices. While they may be expected to search for the lowest prices, costs are
incurred in the process. Given the uncertainty and lack of information, the
potential costs incurred by searching for outlets in which there is only a
possibility that the same goods and services may be sold at lower prices may

be greater than the potential savings, so that a rational purchaser may be
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prepared to accept the risk that he or she may not be buying at the lowest
price. Situations in which the individual buyers or sellers negotiate, or
bargain over prices, provide further examples in which purchasers may
inadvertently buy at a higher price than may be found elsewhere. On the
other hand, the difference between the average price of a good purchased in a
market or bazaar in which individual purchasers bargain over the price and
the price of the same good sold in a different type of retail outlet, such as a
department store, should normally be treated as reflecting differences in
quality attributable to the differing conditions under which the goods are
sold.

Price discrimination

15.71 Secondly, purchasers may not be free to choose the price at which they
purchase because the seller may be in a position to charge different prices to
different categories of purchasers for identical goods and services sold under
exactly the same circumstances, in other words, to practice price
discrimination. Economic theory shows that sellers have an incentive to
practise price discrimination as it enables them to increase their revenues
and profits. However, it 1s difficult to discriminate when purchasers can
retrade amongst themselves, that is, when purchasers buying at the lowest
prices can resell the goods to other purchasers. While most goods can be
retraded, it is usually impossible to retrade services, and for this reason price
discrimination is extensively practised in industries such as transportation,
finance, business services, health, education, etc., in most countries. Lower
prices are typically charged to purchasers with low incomes, or low average

incomes, such as pensioners or students. When governments practise or
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encourage the practice of price discrimination it is usually justified on
welfare grounds, but market producers also have reasons to discriminate in
favour of households with low incomes as this may enable them to increase
their profits. Thus, when different prices are charged to different consumers
it is essential to establish whether or not there are in fact any quality
differences associated with the lower prices. For example, if senior citizens,
students or schoolchildren are charged lower fares for travelling on planes,
trains or buses, at whatever time they choose to travel, this must be treated
as pure price discrimination. However, if they are charged lower fares on
condition that they travel only at certain times, typically off-peak times, they

are being offered lower quality transportation.

The existence of parallel markets

15.72 Thirdly, buyers may be unable to buy as much as they would like at a
lower price because there is insufficient supply available at that price. This
situation typically occurs when there are two parallel markets. There may be
a primary, or official, market in which the quantities sold, and the prices at
which they are sold, are subject to government or official control, while there
may be a secondary market, either a free market or unofficial market, whose
existence may or may not be recognized officially. If the quantities available
at the price set in the official market are limited there may be excess demand
so that supplies have to be allocated by rationing or some form of queuing.
As a result, the price on the secondary or unofficial market will tend to be
higher. It is also possible, but less likely, that lower prices are charged on the
secondary or unofficial market, perhaps because the payment of taxes on

products can be evaded in such a market.
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15.73 For the three reasons just given, lack of information, price
discrimination or the existence of parallel markets, identical goods or
services may sometimes be sold to different purchasers at different prices.
Thus, the existence of different prices does not always reflect corresponding

differences in the qualities of the goods or services sold.

15.74 When there is price variation for the same quality of good or service,
the price relatives used for index number calculation should be defined as the
ratio of the weighted average price of that good or service in the two periods,
the weights being the relative quantities sold at each price. Suppose, for
example, that a certain quantity of a particular good or service is sold at a
lower price to a particular category of purchaser without any difference
whatsoever in the nature of the good or service offered, location, timing or
conditions of sale, or other factors. A subsequent decrease in the proportion
sold at the lower price raises the average price paid by purchasers for
quantities of a good or service whose quality is the same and remains
unchanged, by assumption. It also raises the average price received by the
seller without any change in quality. This must be recorded as a price and not

a volume increase.

15.75 It may be difficult to distinguish genuine price discrimination from
situations in which the different prices reflect differences in quality.
Nevertheless, there may be situations in which large producers (especially
large service producers in fields such as transportation, education or health)
are able to make the distinction and provide the necessary information. If

there is doubt as to whether the price differences constitute price
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discrimination, it seems preferable to assume that they reflect quality

differences, as they have always been assumed to do so in the past.

5. The measurement of changes in quality over time

15.76 Goods and services and the conditions under which they are marketed
are continually changing over time, with some goods or services disappearing
from the market and new qualities or new goods or services replacing
them.National accountants use disaggregated price indices to deflate changes
in consumption, production and investment values as the principle means of
determining volume changes in such aggregates. Deficiencies in price indices
carry over to estimates of volume changes. For example, estimates of price
indices for computers that do not fully incorporate the increases in quality
over time will overstate price changes and understate volume changes.
National accountants need to be aware of the extent and nature of methods
used by price compilers to take account of such quality changes, if they are to
use them properly as deflators. This in turn requires that price compilers
keep explanatory notes on such methods used, a policy advocated by chapter
8 in each of the CPI and PPI manuals.

15.77 There are, of course, costs associated with implementing quality
adjustment procedures tailored to the specific product groups. What is
important for national accountants and price index compilers to appreciate is
that quality change is an increasing feature of product markets. The default
procedures of dealing with quality change, specifically by treating all
replacements as comparable, or dropping varieties from the sample if

missing, implicitly incorporate valuations of quality differences. Such
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valuations are unlikely to be appropriate and improvements can and should

be made.

15.78 An unfortunate common procedure to deal with missing values is to
carry forward the price from the previous period into the current period. This

may well bias the index and is strongly discouraged.

15.79 A brief overview of some of the more common techniques follows. More
extensive discussion can be found in all the three price manuals, those for
CPI, PPI and XMPI. The techniques can be divided into those that are direct

or explicit methods and those that are indirect or implicit.

Direct methods

15.80 In principle, the price relatives that enter into the calculation of
inter-temporal price indices should measure pure price changes by comparing
the prices of a representative sample of identical goods and services in
different time periods. This is called the matched-models method. Price index
compilers maintain detailed product descriptions of the items being priced in
successive periods to ensure proper matching. When a model is missing
because it is obsolete, a problem of quality adjustment arises. A number of
methods can be used to take account of the quality change in order to

continue the series.

15.81 One possibility is to use the estimated relative costs of production as
the basis for estimates of their relative prices and hence their relative

qualities. It may often be feasible for producers to provide such estimates. If,
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however, the new quality feature was available as an option in the previous
period, but now is a standard feature, the estimate of the valuation of the

quality change may be based on the (relative) price of this option.

15.82 An extension of the costs of production approach is known as model
pricing. It is often applied to products made to order. A particular case in
point is measuring building costs. The characteristics of buildings and other
structures are so variable that it may be almost impossible to find identical
buildings and structures being produced in successive periods of time. In
these circumstances, a small number of hypothetical and relatively simple
standard buildings and structures may be specified and their prices
estimated in each of the periods. The specifications of these standard
buildings or structures are chosen on the advice of construction experts who
are also asked to estimate what their prices would be in each of the periods.
Model pricing for services is described in Methodological Guide for
Developing Producer Price Indices for Services. (Eurostat and the

Organisation for Economic Co-operation and Development, 2005)

Hedonics

15.83 A more general and powerful method of dealing with changes in quality
is to make use of estimates from hedonic regression equations. Hedonic
regression equations relate the observed market prices of different models to
certain measurable price-determining characteristics. Provided sufficiently
many differentiated models are on sale at the same time, the estimated
regression equation can be used to determine by how much prices vary in

relation to each of the characteristics or to predict the prices of models with
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different mixes of characteristics that are not actually on sale in the period in

question.

15.84 Hedonic regression equations have been estimated for high technology
goods such as computers and electronic goods and for services such as air
transportation. The technique has also been used for housing by regressing
house prices (or rents) on characteristics such as area of floor space, number
of rooms or location. The method has been used not only for inter-temporal

price measurements but also for international comparisons.

Indirect methods

15.85 When the two qualities are not produced and sold on the market at the
same time it becomes necessary to resort to indirect methods of quantifying
the change in quality between the old and new qualities. In such cases it is
necessary to estimate what would be the relative prices of the old and new
models, or qualities, if they were produced and sold on the market at the
same time and to use the estimated relative prices to determine measures of

the relative qualities.

15.86 When a model is missing a replacement of a comparable quality may be
found and the price comparisons continued. If there is no comparable
replacement, the price in the missing period may be imputed using the
measured price changes of a product group expected to experience similar
price changes. Dropping the product from the calculation is equivalent to an
imputation that assumes the price change for the missing model would follow

those of all goods and services in the index. The assumptions behind such
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imputations are less soundly based than those behind the more targeted
imputation. In either case, items subject to quality change tend to be atypical
and unrepresentative, so that assuming that their prices change at the same
rate as for goods or services whose characteristics do not change is

questionable.

15.87 If the replacement model is not directly comparable in quality, then the
price change of the new model may be readily linked to the price series of the
old one if the two models are for sale in the market at the same time, in an
overlap period. The implicit assumption is that the difference in prices at the
time of the overlap link is a good valuation of the difference in quality, an
assumption that will not be valid if the overlap period is at an unusual point
in time in the model’s life cycle, for example when it is about to become
obsolete and discontinued or has just been introduced at an unusually high

price to obtain temporary monopoly profits in a segmented market.

Rapidly changing differentiated product markets

15.88 Problems of adjusting price changes for changes in quality in product
markets with a rapid turnover of differentiated varieties require special
consideration. The matched model method breaks down. Models of like
quality can only be compared over relatively short periods and are not
representative of the overall market. The summation in index number
formulae such as the Laspeyres price index in equation (1) is misleading
since in period ¢ the nitems produced or consumed may be quite different

from those on the market in period O.
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15.89 Price index number compilers use a short-run formulation to
ameliorate the difficulties of comparing the prices of like with like when there
is a rapid turnover in differentiated goods and services. A Laspeyres price

index, for example, comparing prices in period 0 and ¢, is given as:

n t-1 t
S o 2| B
LP — i=1 . i i
> pla?
= i i

17)

15.90 If a new type of good, for example a digital camera, is introduced in
period #-1 to replace a non-digital one, then the compiler has only to wait for
the good to be on the market for two successive periods before it can be
included in the index. This provides a mechanism for changing the
representative items to include the new, higher quality, item within a
product category that has an assigned weight. Additional weighting
information may be required to augment the weighting given to cameras
within the wider group. However, a chain formulation in which weights are

regularly updated would be a better mechanism to achieve this.

15.91 While a chain index with a short-run formulation such as in equation
(17) will ameliorate the measurement problem in markets with a rapid
turnover of differentiated varieties, it cannot take account of the effect on the
overall price change from period #-1 to period #of the new variety introduced
in period ¢ and of the old model that was dropped in period ¢-1. Two
successive price quotes are required to implement the formula in (17) and a

chain index. Hedonic indices are a means of incorporating such affects. They
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can take a number of forms, but essentially the prices and values of
price-determining quality characteristics, say the speed, RAM, etc. of
different varieties of personal computers are collected in each period. A
Paasche-type hedonic imputation (or characteristics) price index would be
derived by first estimating a hedonic regression of price on quality variables
based on period ¢-7 data and then using the estimated coefficients to impute
for ¢ -1 the prices of the varieties available in period ¢ including those not
available in #-1. Prices for period ¢ characteristics valued at period ¢ prices
can be directly compared with the estimated period ¢-1 valuation of period ¢
characteristics to yield a Paaschetype price index. A Laspeyres-type hedonic
index can be similarly defined using an estimated period ¢ regression and
constant period ¢-1 characteristics set, as can a Fisher-type hedonic index as
a geometric mean of the two. An alternative formulation is to pool the two
sets of observations in periods 0 and ¢ and include a dummy variable in the
hedonic regression equation to distinguish observations in one period from
those in the other. The coefficient on the dummy variable would be an
estimate of the price change between the two periods having controlled for

the effect of quality changes.

Further elaboration

15.92 A detailed account of all the methods referred to above is available in
chapters 7 and 8 of the CPI and PPI manuals. These chapters include the use
of imputations, overlap prices, comparable replacements, non-comparable
replacements using estimates from production costs, option costs and hedonic
regressions, as well as methods for markets with a rapid turnover of

differentiated varieties including short-run relatives, chaining, product
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augmentation and hedonic indices.

15.93 Further discussion of this topic can also be found in Handbook on
Hedonic Indices and Quality Adjustments in Price Indexes- Special
Application to Information Technology Products (Organisation for Economic

Cooperation and Development, 2004).

6. Practical advantages of compiling chain indices

15.94 It has been shown on theoretical grounds that long time series of
volume and price indices are best derived by being chained. The question is
how often in the time series should a link occur. It has been argued that
annual chaining is generally best on theoretical grounds, but what of the
practicalities? There are a number of matters to consider, including data
requirements, computing requirements, human resource requirements, loss

of additivity, revisions and informing users.

a. If annual current values and corresponding volume or price data are

available, then annual chaining is possible. No other data are required.

b. The computing requirements of deriving annual chain indices are greater
than those for fixed-weighted Laspeyres-type indices and should not be
attempted without adequate, tailored software. The complexity of the
software needed depends on the formula used and the method of linking. For
Instance, it is quite simple to develop software to derive annually chained

Laspeyres-type quarterly volume measures using the annual overlap method.
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c. Experience has shown that if the benefits of chain volume measures, along
with the loss of additivity, are carefully explained to users via documentation
and seminars before their introduction, chain volume measures are generally
accepted. Particular attention should be given to informing the key users,

including economic journalists, well beforehand.

d. When volume estimates are rebased, say every five or ten years, then it is
typically the case that the growth rates are revised. If price and volume
relativities have been changing rapidly, then the changes in the growth rates
can be dramatic. Such is usually the case for any aggregate in which
computers have a significant share. With annual chaining history is only
“rewritten” a little each year, not in one large jump every five or ten years.
Not surprisingly, the sort of big revisions associated with chaining only every
five or ten years can have a detrimental effect on user confidence in the
national accounts, not least because users learn they can expect similar
revisions in the future. Annual chaining not only measures changes better, it
is likely to increase confidence in the resulting national accounts volume

indices.

. IREAIN D AT, WA ERIEE L. F O ADOFICHNEDEL L & 1
DFFRIZHOWTERRE I S —THEAFICEREERSHA SN TWD R 5 —,qx -
ZHFANLND, RFEV Yy —F VR M EERFAFIC, HoICREME L o T
AT A Z L1, FHOICERET R THhH B,

d. 72 & 2T B FEFETITI0F I L IR EMFHEOEELEZTR I 0 b, —KAY
WCRERLHET 200886 Th 5, b L, flitkds L OFEEOFEXHE A 2P 2
b, lEROBIESL RIEIZRS, 290V o72Z &ld, I Ea—Z—30n
RODOY =T HEHOTWHEFTHE TIEI KR Z L THDH, FREHIZHBNT
X, EBRIFEFED LT IFEEMZ) T, 5FEELFIFEITLICRELI Uy T
SR, B AREZ L TIEARWVA, 7272 5 EE 72X 104E OE B IS B 5
REBEZME I, ERBFHE T 2 EHE OB EICAEEREELY 52 5
REVED B> D, DD BB ML, FIAE D POROFERRUWER TRISND &
BXDHEICRD LT D, FREHIT, Zba L0 LI<HETH7ETF TR,
fiR & U COERRBRFEHE LB OGEEME AT /R,

- 1011 -




C. Derivation of volume measures in the national accounts

1. Introduction

15.95 This section is concerned with the application of the theory described in
section B to the practice of deriving volume measures of parts of the SNA.
The parts concerned are primarily the components of the goods and services
account. Ideally this should be done within the context of supply and use
tables, as explained below. Just as flows of capital formation can be expressed
in volume terms, so can stocks of non-produced assets. It is not considered
possible to separate all income flows into price and volume components but

some limited measures of real income are possible, as also explained below.

15.96 The ideal way of producing volume estimates of macroeconomic
aggregates is to work at a very detailed level, deflating each component by a
strictly appropriate price index. There are cases, though, where this approach
is not possible; either appropriate price indices do not exist, or there may be
inconsistencies in the current value data or the price indices, that make the
results of deflation questionable. In such cases, alternative approaches must
be considered including the possibility of projecting (or extrapolating)
forward estimates for earlier years or using alternative indicators of the

volume growth in a particular case.

15.97 Once a set of volume measures is available for a given period, it needs
to be presented with data for other periods in time series form. This is when
chaining should be introduced for data derived by deflation of individual

components. As recommended in section B, this should ideally be done
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annually using price indices of the previous year but if this is not possible,
chaining over a longer period should be adopted. Major changes in economic
structure, such as the impact of rapid fluctuations in oil prices on an oil
exporting economy indicate that using the same base year before and after
the change is likely to give quite misleading indications of the evolution of the
economy. Chaining becomes essential rather than just desirable in such

cases.

Terminology for volume estimates

15.98 When time series are constructed by dividing the current values for
each year at the most detailed level possible by fixed base year Laspeyres
price indices, it is appropriate to describe the resulting series as being at the
constant prices of the base year. (This is because as long as the work is done
at a sufficiently detailed level, the result approximates using a Paasche price
index.) However, when each year’s value is deflated by a price index with a
different base year, it is no longer strictly correct to describe the resulting
time series in this way. More accurate terms are “chain volume series”,
“chain volume measure” or “chain volume index” if the series is expressed in
index number form. If it is desirable to specify the reference year in the term,

then “chain volume series in reference year [currency units]” may be used.

15.99 The use of the term “at constant prices” is also inappropriate for series
that are linked less frequently than annually and to volume series based on
the use of Fisher or Térnqvist formulae, whose price configurations are not
constant over the duration of the series. For such series the terms “volume

series” or “volume index” are appropriate to describe a series or index.
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15.100 The change of terminology also reflects the loss of additivity of the
resulting time series since only series expressed in the same set of prices

throughout, for example by using Laspeyres indices, are additive.

1. Price deflation vs. quantity revaluation

15.101 Volume and price indices can only be derived for variables that have
price and quantity elements. All transactions involving the exchange of goods
and services and the levels of stocks of non-financial assets have this
characteristic but income flows and financial assets and liabilities do not.
Some balancing items have the characteristic but others do not and so they

need to be considered individually.

15.102 While both volume and price measures are of major importance in the
national accounts, the principal focus of users is on the growth rates of
volume measures, rather than prices. The compilation of the national
accounts in volume and current value terms reflects this priority, with the
price aggregates being derived implicitly, by dividing the current values by

the corresponding volumes.

15.103 When independent, reliable and comprehensive data are available at
current values it is generally not necessary to construct volume measures by
aggregating quantity relatives. In most cases it is preferable and more
practicable to use price indices to deflate current value data. Even for cases
like electricity where the volume measure seems to be easily available, a

direct volume measure is inappropriate because of the treatment of prices

15.100 ZORZEOEFIL., TANR,L LAEKAFEHLE-LXD LY 2, ALY
Uy FOiKE CTEREINTZRINDOLDINEEZ -T2 &b 5 %;htﬁ%ﬁ,ﬁ
SIOIEEOE R BB TV 5D

1. T 7 L—3 a Rt EFEAR

15.101 FoiEds L OIS a2, Mtk LOWEEFRE O H 585K L ToHE
MENnd, ZORMEIE, M- P —ERAOREOIESFMEED A~ v 7 LV )
B3 22 TORGINRA L TWD0, Fiff 7 v —B X O@fE ER LAk
ALTWRW, NI URAEAOHIZIE, ZORMEZFOLDOLH L0, FFizlan
LOLHDL, EDD, AT RERBIHMEMNNIKRETT 2 Z ENRMETH D,

15.102 [EERBRFEFHA CIIsE & ks ORI I3RS EHE Th 525,
DERIT, I L HEEOREDRERICAIT TV D, FHERRB X
O Wik R I & 2 ERBFEEHROER TIE. 2 OESEIEM A KBS Tk
0| T D ECE Y BIMAE A bR D 2 & TS OEFHIEIX MBI E H ST
W5,

— 7 TR

15.103 JESZO(ERE LGS . GG M HUIEEET — # DRI A RETH 5 72 H IR,
— IR, WELRAEFT LT, BENEEZEET L Z L ISE TR,
e A EDGE IR E > CTHHHEEET — X 2T 7L — 3752 L13LD

HELWI LT, FARFHCEVRBENTLH L5, FENEPRLIHATE S LA
BNOBEBND L) 7o r —ZITB TS &, 15.69B0> 515,758 Tili 7= K 5 (2
B BB DA N S D RIRTEEDY & 2 720 | HES R K@@

-1014 -




applying in different markets as explained in paragraphs 15.69 to 15.75. A
change in the composition of the type of user leads to a change in the price
and volume of electricity in the SNA even though the physical measure of

electricity distributed may not have changed.

15.104 As explained in section B, price information is easier to collect and
aggregate than volume information because all prices are expressed in a
common unit whereas volumes come in a multitude of units. Further, price
relatives for a representative sample of goods and services can be used as
typical for all goods and services in the same group in a way that volume
measures would not be representative. More importantly, the volume
changes associated with new and disappearing products can be properly
reflected when current values are deflated by price indices as described in

section B.

15.105 For some products, for example closely specified agricultural products
or minerals, it may be that the current value data have been constructed by
multiplying a volume measure by an appropriate price. These are instances
when there is no aggregation problem across the group of products and
adjustments for quality differences are more easily and more satisfactorily
made to the volume measures directly. While some such products may be of
significant value in some countries, it will be a small number of the total

number of products that can best be treated in this way.

15.106 To obtain a Laspeyres volume measure the appropriate price index
used to deflate the current value is a Paasche index and vice versa. However,

the available price indices are nearly always constructed using the Laspeyres
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or Lowe formulae, because construction of a Paasche price index has exactly
the same data requirements as the direct derivation of a Laspeyres volume
index and faces the same problems. If robust current value data and
Laspeyres price indices are available at a sufficiently detailed level then
Paasche volume indices, at the detailed level, can be aggregated using the
Laspeyres formula to obtain an approximation of a true Laspeyres volume

measure of the aggregate.

15.107 A Fisher volume index can be obtained either by taking the geometric
mean of Laspeyres and Paasche volume indices or by deflating an index of

the current values by a Fisher price index.

2. Available price indices

15.108 There are four major types of price index available to derive volume
measures in the national accounts: consumer price indices (CPIs), producer
price indices (PPIs), export price indices (XPIs) and import price indices
(MPIs). CPIs are measures of purchasers’ prices and PPIs are measures of
basic prices. XPIs are measures of FOB prices; MPIs may measure FOB or

CIF prices.

15.109 There are two defining aspects of recording transactions: timing and
valuation. It is therefore critical that the price indices and the current values
they are used to deflate correspond in both these aspects, as well as scope.
The four types of price indices are usually available monthly and so quarterly
and annual deflators can be obtained for flow and stock variables by

averaging the monthly indices appropriately to centre the average at the
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desired valuation point. For flow variables this is usually the mid-point of the
period, while for stock variables it is usually, but not always, the end of the
period. For flow variables, the average price of the period should reflect
known variations within the period. This is particularly important when
there is a strong seasonal pattern, large irregular movements in certain
months or hyperinflation. When none of these factors is present, the average
price will be close to the observed price at the middle of the time period. The
fact that this is frequently the case does not imply that the mid-period price

is always the conceptually correct one to take, however.

3. The supply and use tables as the basis for volume measures of GDP

15.110 Chapter 14 describes the supply and use tables. It explains how the
supply table itemizes the products each industry produces which are then
identified in the use table where the allocation of each product between
intermediate consumption and final demand is spelled out. Compiling supply
and use tables at current values ensures consistency in the different
measures of GDP. More powerfully, compiling supply and use tables in
volume terms ensures that both the volumes and prices in the SNA are
consistent. In principle, tables at current values and in volume terms should
be compiled at the same time in order to make the best use of all the

information available to the compiler.

15.111 It is often the case that not all the detailed data required for compiling
supply and use tables are available each period and estimates have to be
made to fill the empty cells. For example, detailed data for intermediate

consumption by product by industry are often collected. It is generally better
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to make an initial assumption of a constant composition of intermediate
inputs over time in volume terms than in current values. Furthermore,
adjustments to the raw and estimated data can be greatly assisted by
evaluating growth rates in prices and volumes from the previous or following
period. For these reasons it is recommended that supply and use tables
should be compiled at current values and in volume terms at the same time

and balanced simultaneously.

15.112 In order to derive a set of supply and use tables in volume terms that
are additive, the appropriate way to proceed is first to express the table in the
prices of the previous year, that is, as Laspeyres volume indices linking the
previous year to the current year, referenced to the values in the previous
year. In order to obtain annual chain Fisher volume measures, it also
necessary to derive supply and use tables of the previous year in the prices of
the current year. Such values are in effect backward-looking Laspeyres
indices referenced to the prices of the current year. Paasche volume indices
are obtained by taking the inverse of the backward-looking Laspeyres
indices. Fisher volume indices can then be derived as the geometric mean of

the Laspeyres and Paasche volume indices between two adjacent years.

4. Volume measures of the output estimate of GDP

Market output

15.113 In principle, PPIs can be compiled for all market output and then they

can be used to deflate current values to obtain volume estimates.
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15.114 In practice, there are some products for which it is very difficult to
derive price indices and special steps must be taken to derive the
corresponding volume measures. A particular case is those of margin
industries including financial services. Output of a margin industry is
usually calculated as the margin rate times the value of a transaction. To
determine a volume figure the base year rate is applied to the value of the
transaction suitably deflated to base year values. In the case of FISIM, the
reference rate and the rates of bank interest are used in conjunction with
figures of loans and deposits deflated by the general price increase since the

base year.

15.115 In other cases where there is no suitable deflator to apply to a current
value, volume indices may be derived by extrapolating the current values in

the base period by suitable indicators.

Non-market output of government and NPISHs

15.116 The current value of the output of non-market goods and services
produced by government units or NPISHs is estimated on the basis of the
sum of costs incurred in their production, as explained in chapter 6. This
output consists of individual goods and services delivered to households and
collective services provided to the community as a whole. The fact that such
output is valued on the basis of the value of inputs needed to produce them
does not mean that it cannot be distinguished from the inputs used to
produce it. In particular, the change in the volume of output can be different
from the change in the volume of inputs. Changes in productivity may occur

in all fields of production, including the production of non-market services.
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15.117 In practice, there are three possible methods of compiling volume
estimates of the output of non-market goods and services. The first is to
derive a pseudo output price index such that when it is compared to the
aggregate input price index the difference reflects the productivity growth
thought to be occurring in the production process. Pseudo output price indices
can be derived in various ways, such as by adjusting the input price index
according to the observed productivity growth of a related production process
or by basing the growth of the pseudo output price index on the observed
output price indices of similar products. However, such data are rarely
available for the goods and services produced by government and NPISHs.
15.118 The second approach, the “output volume method,” is recommended
for individual services, in particular, health and education. It is based on the
calculation of a volume indicator of output using adequately weighted
measures of output of the various categories of non-market goods and
services produced. These measures of output should fully reflect changes in

both quantity and quality.

15.119 The third approach, called the “input method”, may be used for
collective services such as defense for which the “output volume method” is
hardly applicable because there are, in general, no adequate quality-adjusted
quantity measures of output. The “input method” consists of measuring
changes in output by changes in the weighted sum of volume measures of all
the inputs. The latter should fully reflect both changes in quantity and
quality. They are generally best derived by deflating the various input costs

by corresponding constant-quality price indices, or when such price indices
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are unavailable, using volume indicators that reflect input volume change

(for example, number of hours worked by employees).

15.120 It is useful at this stage to define the terms input, activity, output and
outcome. Taking health services as an example, input is defined as the labour
input of medical and nonmedical staff, the drugs, the electricity and other
inputs purchased and the consumption of fixed capital of the equipment and
buildings used. These resources are used in the activity of primary care and
in hospital activities, such as a general practitioner making an examination,
the carrying out of a heart operation and other activities designed to benefit
the individual patient. The benefits to the patient constitute the output
associated with these input activities. Finally there is the health outcome,
which may depend on a number of factors apart from the output of health

care, such as whether or not the person gives up smoking.

15.121 The measurement of the volume of output of non-market individual
services should avoid two pitfalls. The first of these is that it should not be
restricted to reflect the inputs or the activity of the unit producing the
services. Inputs are not an appropriate measure and while activities may be
the only available indicator and hence have to be used, they too are an
intermediate variable. What should be measured is the service rendered to
the customer. The second risk is that if outcome is defined in terms of the
welfare objectives of the non-market service (for example, changes in the
quality of health for the measurement of the health service, or changes in the
quality of education for the measurement of the education service) the change
in the volume of the output of the non-market unit cannot be reflected by the

change in the indicators of outcome. This is because indicators of outcome can
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be affected by other aspects that are not directly related to the activity of the
non-market services. For example, in the case of health, it is well-known that
there are many factors other than the output of the non-market health units,
such as sanitation, housing, nutrition, education, consumption of tobacco,
alcohol and drugs, pollution, whose collective impact on the health of the
community may be far greater than that of the provision of health services.
Similarly, the output of education services is quite different from the level of
knowledge or skills possessed by members of the community. Education
services consist principally of teaching provided by schools, colleges,
universities to the pupils and students who consume such services. The level
of knowledge or skills in the community depends in addition on other factors,
such as the amount of study or effort made by consumers of education

services and their attitudes and motivation.

15.122 In the light of these observations, the “output volume method” is the
recommended method for compiling indicators of volume change of
non-market services. The method is based on quantity indicators, adequately
quality adjusted, weighted together using average cost weights. Two criteria
should be respected to compile adequate indicators of volume change. In the
first place, the quantities and costs used should reflect the full range of
services for the functional area under review and cost weights should be
updated regularly. If part of the costs of the functional area is not covered by
the quantity indicator, it should not be assumed that the uncovered part
follows the changes of the part that is covered. If no direct output volume
method is applicable for this part, an input method should be used for it.
Secondly, quantity indicators should be adjusted for quality change. For

example, services should be sufficiently differentiated with the aim of
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arriving at categories that can be regarded as homogeneous. An aspect of
quality change is then captured by changes in the proportions of different
categories if the weights assigned to each category are frequently updated. In
addition, the quantity indicator of each category can be augmented by an
explicit quality adjustment factor. One way of identifying explicit quality
adjustment factors is by reviewing the effects that the service has on

measures of outcome.

15.123 It is recommended these volume indicators be tested for a substantial
period of time with the aid of experts in the domain prior to their
incorporation in the national accounts. Expert advice is particularly relevant
in the areas of health and education, which usually dominate the provision of
individual services. Further, the consequences of the estimates including the
implications for productivity measures should be fully assessed before
adoption. Unless and until the results of such investigations are satisfactory,

it might be advisable to use the second best method, the “input method”.

15.124 Measuring changes in the volume of collective services is generally
more difficult than measuring the volume changes in individual services
because the former are hard to define and to observe. One reason is that
many collective services are preventative in nature, protecting households or
other institutional units from acts of violence including acts of war, or
protecting them from other hazards, such as road accidents, pollution, fire,
theft or avoidable diseases are concepts that are difficult to translate into

quantitative measures. This is an area in which further research is needed.

15.125 When it 1s not possible to avoid using an input measure as a proxy for
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an output measure, the input measure should be a comprehensive one, it
should not be confined to labour inputs but cover all inputs. In addition,
explanatory information should accompany the national estimates that draw

users’ attention to the methods of measurement.

Output for own final use

15.126 Output for own final use falls into two categories, goods produced and
consumed by households and fixed assets produced for own use. Included in

the above are changes in inventories of finished goods and work-in-progress.

15.127 For most output for own final use the use of pseudo output price
indices is an effective, low-cost option. For goods produced and consumed by
households, CPIs are likely to be available for similar goods. (However, for
agricultural output grown and consumed by households, the price index used
should not include any margins or taxes not actually incurred.) For some
types of fixed asset produced on own account there may be no output price
indices available for similar products and different strategies may need to be

considered. This is discussed further in the section on gross fixed formation.

Intermediate consumption

15.128 As noted earlier, the most robust way of estimating intermediate
consumption in volume terms is within the framework of a supply and use
table in volume terms where information on volume growth rates as well as

price information may be used.
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15.129 Countries that compile PPIs generally do so for outputs, though
countries with developed statistical systems may also compile input PPIs.
Such input PPIs are directly applicable to the deflation of intermediate

consumption.

15.130 If input PPIs are not compiled, output PPIs, MPIs and, to a limited
extent, CPIs may be used instead. Intermediate consumption is valued at
purchasers’ prices, while output PPIs are valued at basic prices. There is thus
a margin between the valuation of goods used as intermediate consumption
at purchasers’ prices and output PPIs, which is accounted for by
transportation costs (unless the producer provides these services without a
separate invoice), possible insurance costs, wholesale and retail trade
margins and taxes less subsidies on products. The size of this margin will
depend on circumstances. Often trade margins on goods for intermediate
consumption are much smaller than for final consumption and the taxes may
be smaller under a VAT system. For services used as intermediate
consumption, the difference in valuation usually consists of only taxes less

subsidies on products.

15.131 Chapter 14 describes how the intermediate consumption part of the
use matrix can be partitioned to show the domestic inputs at basic prices,
imports, margins and taxes separately. If this information is available, the
quality of the resulting deflation exercise will be improved since it will not be
necessary to use the assumption that import, tax and margin proportions

apply uniformly across the elements of the rows of the use matrix.
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Gross domestic product and gross value added

15.132 When gross domestic product (GDP) is derived by summing final
domestic expenditures and exports and subtracting imports, or by
subtracting intermediate consumption from output and adding taxes less
subsidies on products, volume measures of GDP can be obtained provided
that the volumes being aggregated are additive, (that is, are based on the

Laspeyres formula).

15.133 The gross value added of an establishment, enterprise, industry or
sector 1s measured by the amount by which the value of the outputs produced
by that establishment, enterprise, industry or sector exceeds the value of the

intermediate inputs consumed. This may be written as:

(18a)

> PQ->pq

where the ¢Js refer to outputs, Ps their basic prices, ¢'s to intermediate
inputs and p§ their purchasers’ prices. Value added in year ¢ at prices of year

t is given by:
(18b)

Z PtQt _Z ptqt

while value added in year ¢ at the prices of the base year, 0, is given by:

PR APE & R IfEL

15.132 EWN#RAFE (GDP) 1%, HAEWNHE X0 H A2 A5 LAz 2 L5l
L&, EFERNPOTHEEEZZE LS X, EEMISRINDBI~ A T A4
a2 D ETHB SN, B ENIBEIIMEERH D (0FD, TR
NA LAERITESL) b, GDPOEKERERGHND,

15.133 HHFT, K. FEED D WITEMOMMIMEEILE OFZERT, B3, E
B DTN & o THARE SN2 EEHAERAN M S 7 PR A IER 2 - %
DOMEIC L > THE SN D, AT FOATERS D,

2.PQ-2> py (182)
Z 2T, QIFFEH., PIEXEARMAE, qiEHRBA, pldE AEMmE A&,

tHEIT, tERAlEE TFR L72AIMEE L FORXTRO b b,

ZPtQt _Z ptqt (18b)

—J7. t BT D EEEERARF RO IMBE IR D X S ickb SN 5,
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(18¢)

Z pOQ! _z p°q'

This measure of value added is generally described as being obtained by
“double deflation” as it can be obtained by deflating the current value of
output by an appropriate (Paasche-type) price index and by similarly

deflating the current value of intermediate consumption.

15.134 While the double deflation method is theoretically sound, the
resulting estimates are subject to the errors of measurement in the volume
estimates of both output and intermediate consumption. This may be
especially true if output PPIs are applied to inputs, many of which are
imported. Because value added is the relatively small difference between two
much larger figures, it is extremely sensitive to error. It is therefore
advisable to compare the growth rates of the price and volume measures of
value added over recent years with the corresponding growth rates of output
and intermediate inputs and, if possible, with volume estimates of inputs of

labour and capital services to check for plausibility.

15.135 Because of the possible problems in trying to estimate value added
using the double deflation approach, it is also common to estimate the volume
movements of value added directly using only one time series, that is a
“single indicator” method instead of double deflation. One such single
indicator method is to extrapolate value added in proportion to the volume

changes in the corresponding levels of output.

15.136 The choice to be made between the use of a single indicator method

(18¢)

Z pOQ! _z p°q'

Z ORI E ORI X, YHUREEOEH A Y e (S— =B o) ik &
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LiZkoTROENDEDT, [FTNTFT7L—var] ITLoTROLNIZLD
E—RICERBLS LTV D,
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AL, FRCE D TH D, IMIEIX. 2 >DF o &KX 25l o o bk
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BAOBEREFME S LT 2 L 28D 5,
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T 5 LV OREH OB L T 20 b THMET L0 D TH D,

15.136 H—f5i51E (R 7 REE WREMDR H D) 3 FTNAT 71—

- 1027 -




(which may yield biased results) or a double deflation method (which may
yield volatile results) must be based on judgment. The same choice need not
be made for all industry groups. Further, the single indicator method may be
used for quarterly figures until the year is complete and better double

deflation estimates are available.

15.137 In certain non-market service industries, it may be necessary to
estimate movements in the volume of value added on the basis of the
estimated volume changes of the inputs into the industries. The inputs may
be total inputs, labour inputs on their own or intermediate inputs on their
own. For example, it 1s not uncommon to find the movement of the implicit
volume of value added estimated by means of changes in compensation of
employees at constant wage rates, or even simply by changes in numbers
employed, in both market and non-market service industries. (There is
extensive work being carried out to improve these working assumptions by
trying to measure the outputs of government-provided health and education

more objectively.)

15.138 Compilers of data may be forced to adopt such expedients, even when
there is no good reason to assume that labour productivity remains
unchanged in the short- or long-term. Sometimes, volume changes for
intermediate inputs may be used, for example, short-term movements in
value added in real terms for the construction industry may be estimated
from changes in the volume of building materials consumed such as cement,
bricks, timber, etc. The use of indicators of this kind may be the only way in
which to estimate short-term movements in output or value added, but they

are not acceptable over long time periods.
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5. Volume measures of the expenditure estimate of GDP

15.139 Each of the components of the expenditure estimate of GDP should be
expressed in volume terms. The main approaches to deriving these estimates

are described in turn below.

Household final consumption expenditure

15.140 Household consumption expenditure should be deflated at as detailed
a degree as possible. In general this will involve making use of CPIs though
care is needed to ensure that the coverage of the CPI being used matches the
category of consumption expenditure being deflated. Even where detailed
estimates of consumption expenditure are not compiled from household
surveys and other primary sources, having an estimate of household
consumption expenditure by type of product from a supply and use table for
deflation will significantly improve the estimate of consumption expenditure

in volume terms as compared with the single deflation of a total figure only.

15.141 A major component where CPIs are unlikely to be available is the
measure of the rental services of owner-occupied dwellings. Three alternative
approaches are outlined in chapters 10 and 23 of the CPI manual, but only
the use based approach is recommended for measuring the consumption of
housing services in the national accounts. This approach can take either a
user-cost formulation that attempts to measure the changes in the cost to
owner occupiers of using the dwelling, or a rental-equivalence formulation

based on how much owner-occupiers would have to pay to rent their

5. GDPOX HHtEEt OB EHIE

15.139 GDPO X HHEFHEDO SHERERIL, HETERTREITHDH, TOH
FHMEAEHT L7200 FERT VY a—F &2 UL FIZBERRT,
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FRENTWARNE LTH, FE(LDTZ DI « D D AEM OFEEER D5
FHEE X HOWH AT 52 LT AMEOR —T 7L —a L ORIk 55
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WNZES S EREHELYERXROWT 2 AT 5, %B&EOF LI, CPIIZDW
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dwellings. The latter method is more generally adopted for CPIs.

Final consumption expenditure by government and NPISHs

15.142 The final consumption expenditure of general government and
NPISHs consists of their non-market output less any revenue from incidental
sales plus the value of goods and services purchased from market producers
for onwards transmission to individual households at prices that are not
economically significant less any partial payments. (The derivation of this

identity is discussed in chapter 9.)

15.143 Each of these items should be expressed in volume terms separately.
The problem of measuring non-market output in volume terms is discussed
above. For goods and services transferred to households, the price indices
used should be those paid for the goods less the proportion that households
pay. If the proportion of the price paid by government (or NPISHs) alters
from one year to another, this is seen as a volume change in expenditure on

the part of both general government (or NPISHs) and households.

Gross fixed capital formation

15.144 The availability of appropriate price indices for gross fixed capital

formation varies considerably between different types of asset.

15.145 There are often CPIs for new dwellings and PPIs for new buildings
and structures. The costs of ownership transfer should be deflated

separately. The current value and volume estimates are usually derived from

BUF & R aHFEE RIS & 2 R&THESH
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separate estimates of the constituent parts, legal fees, transport and

installation costs etc.

15.146 For standard products used as capital formation, PPIs are likely to be
available but much capital formation is specific to the purchaser and
appropriate indices may have to be developed using the best information

available.

15.147 Price indices for equipment vary considerably in their growth rates.
For example, price indices for computer equipment have fallen rapidly year
after year while price indices for transport equipment have tended to
increase. It is important in such cases that the different types of equipment
are deflated separately using the matching price indices (or, equivalently, an

appropriately weighted Paasche price index is used to deflate the aggregate).

15.148 Intellectual property products are generally not well covered by
available price indices. There are several reasons for this. One is that many
intellectual products are produced for own use and there may be no observed
market prices. Another is that intellectual property products are very
heterogeneous. However, these are not insurmountable difficulties and there
are strategies for addressing them. As examples, the two major items in this
category, software and databases and research and experimental

development, are considered.

15.149 When deriving volume estimates of the capital formation of software
and databases it is advisable to decompose software into three components:

packaged (or off-the shelf), custom-made and own account and to deflate
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them and databases separately. There are several reasons for doing this.

a. The three components of software and databases vary in the extent to

which price data are available to compile price indices.

b. It is likely that their prices and volumes grow at different rates,
particularly between packaged software, the other two software components

and databases.

c. Despite the previous point, price indices for packaged software may be used
to construct price indices for the other two software components if more

appropriate price indices are unavailable.

d. Volume estimates of the items are useful indicators in their own right.

15.150 Packaged software is purchased on a very large scale, generally via
licenses-to-use and there is an abundance of price data available. The
challenge is to construct price indices free of the effects of changing

specifications and any other aspects of quality change.

15.151 Custom-made software is also sold on the market, but each
custom-made software product is a one-off, which presents an obvious
problem for compiling price indices. Although each custom-made product is
different, different products may share common components, or a strategy
used to develop one product may be able to be used for another. This not only
suggests a possible way of compiling a price index, but also suggests means

by which productivity gains could be made that would put downward
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pressure on prices. In section B the use of model pricing was outlined for
measuring price changes of custom-made buildings. A similar approach may

be applied to custom-made software.

15.152 Methods for compiling price indices for heterogeneous groups of
products and products whose specifications are changing rapidly are
described in the Handbook on Hedonic Indices and Quality Adjustments and
in Producer Price Index Manual: Theory and Practice, (the International
Labour Organization, International Monetary Fund, Organisation for
Economic Co-operation and Development, United Nations, Economic
Commission for Europe and the World Bank, 2004).

15.153 A substantial proportion of software in gross fixed capital formation is
undertaken on own account. Hence, it is not possible to derive a true output
price index for such software. It is then a matter of choosing between a
pseudo output price index and an input price index, obtained by weighting
together price indices of the inputs. As already noted, input volume estimates
used as a proxy for output do not reflect any productivity growth and so this
1s not recommended. In the absence of a better alternative, the most obvious

option is to use the price index for custommade software.

15.154 Databases are generally heterogeneous products with a small market
since most databases are made for in-house purposes. For own-account
software, it is difficult, if not impossible, to develop a true output price index
and once again the choice is between a pseudo output price index and an

input price index though a pseudo output index may be difficult to envisage.
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15.155 Research and experimental development (R&D) is another activity
that is often undertaken on own account. However, given the heterogeneous
nature of R&D, the choice for deflation lies between deriving pseudo output

price indices and using input price indices.

Changes in inventories

15.156 Although changes in inventories may be small relative to other
components of GDP, the fact that their relative size might change quite
significantly from one period to the next means that they can make a
significant contribution to changes in the size of GDP particularly in the
quarterly national accounts. For this reason, the calculation of changes in
inventories in volume terms is particularly important. However, it is also a
challenging task. As noted in paragraph 15.62, because changes in
inventories can take positive, negative or zero values, a chain index should
not be derived directly. Chain volume estimates of changes in inventories
should be derived by first deriving chain volume estimates of the opening and

closing stocks of inventories and then differencing them.

15.157 Volume estimation should be undertaken at a detailed level for
different types of inventories, (work-in-progress, finished goods, materials
and supplies, goods for resale). Deflation of stocks of inventories must be
related to the composition of those inventories in terms of products rather
than to the industry holding those inventories. PPIs, MPIs, CPIs and labour
cost indices are all commonly used in deriving deflators, with adjustments to
the appropriate valuation basis. It is important to understand how

enterprises value their inventories as this can provide information on not
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only the type of products but also the average length of time over which goods

are kept in inventories.

15.158 When goods are sent abroad for processing without a change of
ownership, it must be remembered that some inventories may be held outside
the national territory but national prices should be applied to them to derive

their corresponding volumes.

Acquisition less disposal of valuables

15.159 National statistical offices generally do not compile specific price
indices for valuables. The major constituents should be deflated using the

most suitable price indices available.

Exports and imports

15.160 Exports and imports consist of both goods and services. For both
exports and imports, goods and services are expressed in volume terms using
quite different deflators because of the very different sources available for
goods and services. New initiatives are under way to improve price indices for

external trade in services that should lead to improved data in this area.

15.161 The valuation of imports and exports of goods is discussed in chapter
14. In principle, they should be valued when change of ownership between a
resident unit and a nonresident owner takes place and include or exclude
transportation costs according to whether the supplier does not or does

include transportation to the purchaser in the price charged. In practice,
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however, many countries are dependent for data on imports and exports of
goods on customs declarations that value imports on a CIF basis but exports
on a FOB basis. This assumes that change of ownership always takes place at
the border of the exporting country. For balance of payments purposes,
imports of goods should be converted to a FOB basis also but this is usually
done at an aggregate level and may only be disaggregated in the supply and

use context if at all.

15.162 Given the existence of detailed XPI and MPI for goods, it should be a
simple matter to deflate the current value estimates of exports and imports of
goods at as detailed a level as practical in order to approximate the use of
Laspeyres volume or Paasche price indices. In order to compile detailed
volume estimates of imports of goods in the supply and use tables either the
CIF estimates should be put onto a FOB basis or the MPIs need to be
adjusted to a CIF basis. The usual working assumption is that CIF and FOB
approximate purchasers’ and basic prices respectively but as explained in
chapter 14, the adequacy of the approximation depends on circumstances

surrounding transport margins.

15.163 XPIs and MPIs are compiled by three general methods the nature of
which is largely dependent on the source data used. The first and
predominant method, at least in terms of the number of countries using it, is
unit value indices compiled from detailed import and export merchandise
trade data derived from administrative customs documents. As pointed out in
section B, unit value indices are not price indices since their changes may be
due to price and (compositional) quantity changes. However, they are used by

many countries as surrogates for price indices. The second method is to
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compile price indices using data from surveyed establishments on the prices
of representative items exported and imported. The surveyed prices will be of
items that are defined according to detailed specifications so that the change
in price of the same item specification can be measured over time. The third
method is a hybrid approach that involves compiling establishment
survey-based price indices for some product groups and customs-based unit

value indices for others.

15.164 The case for unit value indices derived from merchandise trade
figures is based on the relatively low cost of such data. Their use as deflators
requires some caution as they have been shown to be subject to bias when
compared with price indices. The bias in unit value indices is mainly due to
changes in the mix of the heterogeneous items recorded in customs
documents, but also to the often poor quality of recorded data on quantities.
The former is particularly important in modern product markets given the
increasing differentiation of products. Unit value indices may suffer further
in recent times due to an increasing lack of comprehensiveness of the source
data with increasing proportions of trade being in services and by
e-commerce and hence not covered by merchandise trade data. Further,
countries in customs and monetary unions are unlikely to have trade data as
a by-product of customs documentation. Finally, some trade may not be
covered by customs controls, such as electricity, gas and water, or be of
“unique” goods, such as ships and large machinery, with profound

measurement problems for unit values.

15.165 As noted above, current data sources for price indices for international

trade in services are less comprehensive than in other areas. If MPIs and
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XPIs are available for exports and imports of services they can be readily
used to derive the required volume estimates. If they are not, volume
estimates of exports of services can be mostly derived using an assortment of
PPIs and CPIs. For example, volume estimates of freight transport services
could be derived using PPIs according to the form of transport, while volume
estimates of accommodation services could be derived using the appropriate
CPIs. If MPIs are not available for imports of services then price indices of
the countries exporting the services, adjusted for changes in the exchange

rate, may have to be used.

15.166 It must be remembered that if imports of goods are valued including
transport services, then these transport services should be excluded from

total imports of services.

6. Volumes and prices for stocks of fixed assets and consumption of fixed

capital

15.167 Consider first a single type of asset. The stock of this type of asset
consists of a number of items, typically of different vintages, that are valued
and aggregated with a consistent set of prices. “Consistent” is to be
understood here meaning the prices relate to the same period or point in time
and being based on the same price concept, such as purchasers’ prices.
Measuring stocks at historical prices, that is, by adding up quantities that
have been valued with prices of different periods is therefore an inconsistent
valuation. It is sometimes found in enterprise accounts but does not

constitute an economically meaningful measure in the context of the SNA.
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15.168 The price vector used to value the quantities of assets has to refer to a
point in time (beginning or end of period) when the values of stocks are
compiled for the opening or closing balance sheets. For other purposes,
quantities of assets may be valued with a price vector that refers to the
average of an accounting period. For example, measures of consumption of
fixed capital may be derived by subtracting the closing stock of assets from
the opening stock plus gross capital formation as long as average-period
prices are used for each component in order to eliminate holding gains and

losses (and assuming no other volume changes in assets).

15.169 The process by which many capital stock measures are constructed is
the perpetual inventory method (PIM). For a given type of asset, time series
of gross fixed capital formation are deflated by means of the purchasers’ price
index of the same asset type, so that the quantities of assets are expressed in
volume terms of a particular reference period. These time series in volume
terms are then aggregated to yield a stock measure, where account is taken of
retirement, efficiency losses or consumption of fixed capital, depending on the
nature of the stock measure constructed. The resulting stock measure is thus
expressed in volume terms of the reference period chosen. This reference
period may be the current period and stock measures valued in this way have
often been labeled “current price capital stocks”. However, this is not entirely
accurate; as the description of the PIM showed, deflation is needed to arrive

at these measures. Thus, they constitute a special case of a constant price

valuation, namely valuation at the price vector of the current period.

15.170 Even when the PIM is not applied, for example in the case of direct

surveys of assets, the valuation of different vintages of a particular asset
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should not use book values that reflect historical prices. Consistent valuation
requires that older vintages are valued by the prices of assets of specified

ages at the point in time to which the survey refers.

15.171 The next step is to aggregate the movements in capital stocks of
individual asset types in volume terms. The use of linked or chain indices, as
discussed earlier, is appropriate when building up a series that extends to the
distant past since the current period price configuration will not remain

representative.

15.172 Further details on the PIM, on the different types of capital stocks and

their measurement are provided in chapter 20 and in Measuring Capital.

7. Components of value added

15.173 The price and volume measures considered up to this point relate
mainly to flows of goods and services produced as outputs from processes of
production. However, it is possible to decompose some other flows directly

into their own price and volume components.

Compensation of employees

15.174 The quantity unit for compensation of employees may be considered to
be an hour’s work of a given type and level of skill. As with goods and

services, different qualities of work must be recognized and quantity relatives
calculated for each separate type of work. The price associated with each type

of work is the compensation paid per hour which may vary considerably
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between different types of work. A volume measure of work done may be
calculated as an average of the quantity relatives for different kinds of work
weighted by the relative values of compensation of employees in the previous
year or a fixed base year. Alternatively, a “price” index may be calculated for
work by calculating a weighted average of the proportionate changes in
hourly rates of compensation for different types of work, again using relative
compensation of employees as weights. If a Laspeyres-type volume measure
is calculated indirectly by deflating the compensation of employees at current
values by an index of hourly rates of compensation, the latter should be a

Paasche-type index.

Taxes and subsidies on products

15.175 Taxes on products are of two kinds, specific taxes linked to the volume
of the product and ad valorem taxes levied on the value of the product. A
measure of the tax volume of the former can be derived by applying the base
year rate of the specific taxes to suitably deflated current value figures of the
items bearing the specific tax and for the latter by applying the base year ad
valorem rates to current values of items subject to ad valorem taxes deflated
by appropriate prices. It is possible to derive a ratio of the tax data in current
values and in volume terms but it is difficult to interpret this as a price index
since it reflects changing tax rates and changing composition of the
purchases of items subject to tax. The calculation for subsidies is carried out

in an analogous manner.

15.176 There is more discussion on this in paragraphs 14.148 to 14.152.
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Net operating surplus and net mixed income

15.177 When GDP is determined as the difference between output and
intermediate consumption plus taxes less subsidies on production, gross
value added is derived as an accounting residual. This is so in both current
values and volume terms. In order for there to be an identity between
different estimates of GDP in volume terms, it is not possible to give a price
and volume dimension to gross value added. Rather the residual item is
described as being “in real terms”. If volume estimates of consumption of
fixed capital and compensation of employees are available, net operating
surplus and net mixed income can be derived but only in real terms and
without a volume and price dimension. Thus it is not possible to derive an
independent measure of GDP from the income approach since one item is

always derived residually.

15.178 The limit to a set of integrated price and volume measures within the
accounting framework of the SNA is effectively reached with net operating
surplus. It is conceptually impossible to factor all the flows in the income
accounts of the SNA, including current transfers, into their own price and
volume components into unequivocal price and volume components.
However, any income flow can be deflated by a price index for a numeraire
set of goods and services to measure the increase or decrease of the
purchasing power of the income over the numeraire but this is quite different
from decomposing a flow into its own price and volume components. A
particular instance where this is common is in the calculation of the terms of

trade effect on real income as described in section D.
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8. Quarterly and annual estimates

15.179 In principle, the same methods used to derive annual volume
estimates should be used to derive quarterly volume estimates. Guidelines on
data sources and methods for compiling price and volume quarterly estimates
are given in chapters 3 and 9 of the Quarterly National Accounts Manual.
The main considerations are those described in paragraphs 15.45 to 15.50. In
practice, annual data are generally more comprehensive and accurate than
quarterly data. Although there are important exceptions, such as exports and
imports of goods, the overall situation is one of a much richer and more
accurate, albeit less timely, set of annual data than quarterly data. For this
reason, a sound approach is to compile balanced annual supply and use
tables expressed in current values and in the prices of the previous year and
to derive quarterly estimates that are consistent with them. This approach
lends itself to the compilation of annually chained quarterly Laspeyres
volume measures, although it can be adapted to the compilation of annually

chained quarterly Fisher measures, too.

9. Summary recommendations

15.180 The recommendations reached above on expressing national accounts

in volume terms may be summarized as follows:

a. Volume estimates of transactions in goods and services are best compiled
in a supply and use framework, preferably in conjunction with, and at the
same time as, the current value estimates. This implies working at as

detailed a level of products as resources permit.
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b. In general, but not always, it is best to derive volume estimates by
deflating the current value with an appropriate price index, rather than
constructing the volume estimates directly. It is therefore very important to

have a comprehensive suite of price indices available.

c. The price indices used as deflators should match the values being deflated

as closely as possible in terms of scope, valuation and timing.

d. If it is not practical to derive estimates of value added in real terms from a
supply and use framework and either the volume estimates of output and
intermediate consumption are not robust or the latter are not available then
satisfactory estimates can often be obtained using an indicator of output, at
least in the short term. For quarterly data this is the preferred approach,
albeit with the estimates benchmarked to annual data. An output indicator
derived by deflation is generally preferred to one derived by quantity

extrapolation.

e. Estimates of output and value added in volume and real terms should only
be derived using inputs as a last resort since they do not reflect any

productivity change.
f. The preferred measure of year-to-year movements of GDP volume is a
Fisher volume index; changes over longer periods being obtained by chaining,

that is, by cumulating the year-to-year movements.

g. The preferred measure of year-to-year inflation for GDP and other
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aggregates is, therefore, a Fisher price index; price changes over long periods
being obtained by chaining the year-to-year price movements, or implicitly by
dividing the Fisher chain volume index into an index of the current value

series.

h. Chain indices that use Laspeyres volume indices to measure year-to-year
movements in the volume of GDP and the associated implicit Paasche price
indices to measure year-to-year inflation provide acceptable alternatives to

Fisher indices.

1. Chain indices for aggregates cannot be additively consistent with their
components whichever formula is used, but this need not prevent time series
of values being compiled by extrapolating base year values by the appropriate

chain indices.

j. A sound approach to deriving quarterly current value and volume
estimates is to benchmark them to annual estimates compiled in a supply
and use framework. This approach lends itself to the construction of annually
chained quarterly volume measures using either the Fisher or Laspeyres

formulae.
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D. Measures of real income for the total economy

1. The concept of real income

15.181 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.

15.182 It is possible by use of a numeraire to deflate any income flow in the
accounts and even a balancing item such as saving may be deflated by a price
index in order to measure the purchasing power of the item in question over a
designated numeraire set of goods and services. By comparing the deflated
value of the income with the actual value of the income in the base year, it is
possible to determine by how much the purchasing power of the income has
increased or decreased. Income deflated in this way is generally described as

“real income”.

15.183 Despite the terminology used, “real” incomes are artificial constructs

that are dependent on two points of reference.

a. Real incomes are measured with reference to the price level in some
selected reference year; they vary depending upon the choice of reference

year.
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b. Real incomes measure changes in purchasing power over some selected

numeraire; they vary according to the choice of numeraire.

15.184 As there may often be no obvious or uncontroversial choice of
numeraire there has always been some reluctance to show real incomes in
national accounts on the grounds that the choice of numeraire should be left
to the user of the statistics and not the compiler. However, when major
changes in prices occur, it can be argued that compilers of statistics are under
an obligation to present at least some measures of real income. Not all users
of the accounts have the opportunity, inclination or expertise to calculate the
real incomes which may be most suited to their needs. Moreover, there is a
demand from many users for multipurpose measures of real income, at least
at the level of the economy as a whole and the purpose of this section is to

indicate how such measures may be compiled.

2. Trading gains and losses from changes in the terms of trade

15.185 In a closed economy without exports or imports, GDP is equal to the
sum of final consumption plus capital formation. This sum is described as
domestic final expenditures. GDP is also a measure of the income generated
in the economy by production. Although income cannot be expressed as the
product of prices and volumes, if GDP can be deflated, then in effect this
must also be a measure of income in real terms. However, with the inclusion
of imports and exports, GDP is no longer identical to domestic final
expenditure and deflation of GDP must allow for the deflation of imports and

exports as well as of domestic final expenditures. Even if imports and exports
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are equal in current values, they usually have different prices so there is an
impact on real income measures of import and export prices. This is generally
done by considering the terms of trade and calculating what is known as the

trading gains and losses from changes in the terms of trade.

15.186 Further, the total real income that residents derive from domestic
production depends also on the rate at which exports may be traded against

imports from the rest of the world.

15.187 The terms of trade are defined as the ratio of the price of exports to
the price of imports. If the prices of a country’s exports rise faster (or fall
more slowly) than the prices of its imports (that is, if its terms of trade
improve) fewer exports are needed to pay for a given volume of imports so
that at a given level of domestic production goods and services can be
reallocated from exports to consumption or capital formation. Thus, an
improvement in the terms of trade makes it possible for an increased volume
of goods and services to be purchased by residents out of the incomes

generated by a given level of domestic production.

15.188 Real gross domestic income (real GDI) measures the purchasing
power of the total incomes generated by domestic production. 1t is a concept
that exists in real terms only. When the terms of trade change there may be a
significant divergence between the movements of GDP in volume terms and
real GDI. The difference between the change in GDP in volume terms and
real GDI is generally described as the “trading gain” (or loss) or, to turn this
round, the trading gain or loss from changes in the terms of trade is the

difference between real GDI and GDP in volume terms. The differences
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between movements in GDP in volume terms and real GDI are not always
small. If imports and exports are large relative to GDP and if the commodity
composition of the goods and services that make up imports and exports is
very different, the scope for potential trading gains and losses may be large.
This may happen, for example, when the exports of a country consist mainly
of a small number of primary products, such as cocoa, sugar or oil, while its
imports consist mainly of manufactured products. Trading gains or losses, T,

are usually measured by the following expression:

(19)

where

X=exports at current values

M =1imports at current values
Px = the price index for exports
Pm = the price index for imports

P=a price index based on some selected numeraire.

Px, Pmand Pall equal 1 in the base year. The term in brackets measures the
trade balance calculated at the export and import prices of the reference year
whereas the first term measures the actual current trade balance deflated by
the numeraire price index. It is perfectly possible for one to have a different

sign from the other.

15.189 There is one important choice to be made in the measurement of
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(19)
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trading gains or losses, the selection of the price index P with which to deflate
the current trade balance. There is a large but inconclusive literature on this
topic, but one point on which there is general agreement is that the choice of
P can sometimes make a substantial difference to the results. Thus, the
measurement of real GDI can sometimes be sensitive to the choice of P and

this has prevented a consensus being reached on this issue.

15.190 It is not necessary to try to summarize here all the various arguments
in favour of one deflator rather than another, but it is useful to indicate the
main alternatives that have been advocated for P. They can be grouped into

three classes, as follows.

a. One possibility is to deflate the current balance, X-M, either by the import
price index (which has been strongly advocated) or by the export price index,
with some authorities arguing that the choice between Pm and Px should

depend on whether the current trade balance is negative or positive.

b. The second possibility is to deflate the current balance by an average of Pm
and Px various different kinds of averages have been suggested, simple

arithmetic or harmonic averages, or more complex trade weighted averages.

c. The third possibility is to deflate the current balance by some general price
index not derived from foreign trade; for example, the price index for gross

domestic final expenditure, or the consumer price index.

15.191 The failure to agree on a single deflator reflects the fact that no one

deflator is optimal in all circumstances. The choice of deflator may depend on
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factors such as whether the current balance of trade is in surplus or deficit,
the size of imports and exports in relation to GDP, etc. On the other hand,
there is general agreement that it is highly desirable and, for some countries
vitally important, to calculate the trading gains and losses resulting from
changes in the terms of trade. In order to resolve this deadlock it is

recommended to proceed as follows:

a. Trading gains or losses, as defined above, should be treated as an integral
part of the SNA;

b. The choice of appropriate deflator for the current trade balances should be
left to the statistical authorities in a country, taking account of the particular

circumstances of that country;

c. If the statistical authorities within a country are uncertain what is the
most appropriate general deflator P to be used, some average of the import
and export price indices should be used, the simplest and most transparent
average being an unweighted arithmetic average of the import and export
price indices. (This is referred to in the specialist literature on the subject as

the Geary method.)

15.192 These proposals are intended to ensure that the failure to agree on a
common deflator does not prevent aggregate real income measures from
being calculated. Some measure of the trading gain should always be
calculated even if the same type of deflator is not employed by all countries.
When there is uncertainty about the choice of deflator, an average of the

import and the export price indices is likely to be suitable.
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3. The interrelationship between volume measures of GDP and real income

Aggregates

15.193 The usual way to calculate real income figures is to start from real

GDI and then follow the normal sequence of income aggregates, but with

every intervening adjustment deflated to real terms. This is illustrated as

follows:

a. Gross domestic product in volume terms;

plus the trading gain or loss resulting from changes in the terms of trade;

b. equals real gross domestic income;

plus real primary incomes receivable from abroad;

minus real primary incomes payable abroad;

c. equals real gross national income;

plus real current transfers receivable from abroad;

minus real current transfers payable abroad;

d. equals real gross national disposable income;
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minus consumption of fixed capital in volume terms;

e. equals real net national disposable income.

15.194 The transition from (a) to (b) is the trading gain from changes in the
terms of trade explained immediately above. The steps needed in order to
move from (b) to (d) above involve the deflation of flows between resident and
nonresident institutional units, namely, primary incomes and current
transfers receivable from abroad and payable to abroad. There may be no
automatic choice of price deflator, but it is recommended that the purchasing
power of these flows should be expressed in terms of a broadly based
numeraire, specifically the set of goods and services that make up gross
domestic final expenditure. This price index should, of course, be defined

consistently with the volume and price indices for GDP.

15.195 Each step in the process should first be calculated for adjacent years

in additive volume terms and longer series derived as chain indices.

15.196 A possible alternative approach is to move from GDP in volume terms
to net domestic final expenditure in volume terms and then make a single
adjustment for the impact on purchasing power of the current external
balance using the deflator for net final domestic expenditure to reduce the
current external balance to real terms. The advantage of this alternative is a
single numeraire, the set of goods and services making up net domestic final
expenditures being used throughout. It may be easier, therefore, to grasp the

significance of real net national disposable income as this deflator is explicit.
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15.197 However, the alternative framework measures the trading gain or loss
by using the deflator for net domestic final expenditures as the general
deflator P, for the trading gain or loss from changes in the terms of trade
whereas it can be argued that P ought always to be based on flows which
enter into foreign trade. On balance, therefore, the original framework

presented above is to be preferred.
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E. International price and volume comparisons

1. Introduction

15.198 Users want to compare GDP and its components not only over time for
a given country or countries in analyzing economic growth, for example, but
also across countries for a given time period in analyzing relative economic
size. A commonly used method of making such comparisons is to adjust
national accounts values to a common currency using exchange rates, which
has the advantage that the data are readily available and completely up to
date. This is adequate if users need a ranking of a country’s relative spending
power on the world market. However, it is not adequate for comparisons of
productivity and standards of living because it does not adjust for the
differences in price levels between countries and thus does not give a
measure of countries’ relative sizes in the volume of goods and services they

produce.

15.199 Purchasing power parities (PPPs) are used in producing a reliable set
of estimates of the levels of activity between countries, expressed in a

common currency. A purchasing power parity (PPP) is defined as the number
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of units of B’s currency that are needed in B to purchase the same quantity of
Individual good or service as one unit of A’s currency will purchase in A.
Typically, a PPP for a country is expressed in terms of the currency of a base
country, with the US dollar commonly being used. PPPs are thus weighted
averages of the relative prices, quoted in national currency, of comparable
items between countries. Used as deflators, they enable cross-country

comparisons of GDP and its expenditure components.

15.200 This section first examines the index number issues in aggregate
comparisons of prices and volumes across countries. The ICP produces
internationally comparable economic aggregates in volume terms as well as
PPPs and price level indices (PLIs). Established in 1968, the ICP has grown
to cover all regions of the world and for the 2005 round involved 107
countries. The results were combined with the OECD/Eurostat PPP program

for 43 countries, bringing the total to 150 countries.

15.201 Compiling PPP-based data is a costly and time-consuming exercise, so
it is not possible to make such comparisons as a matter of course. Worldwide
coordination is required to collect the data and compile the PPP-based
estimates. However, national accountants in participating countries need to
understand the basic principles of the comparison and the practical demands
that are made on them for data to compile PPP indices and thus GDP volume

comparisons. This material is the subject of the last part of this section.

2. Index number issues

15.202 The theory of index numbers developed in a time series context cannot

5 DICLELTIBEOBEEBEMOE L LTERSND, WAL, EOPPP
3, REEBEEN—RACLTHED SN, KE VAL HWORD, LIZH
- TPPPIZ, 45 [E M THBATEEZ M H OEWNME TR S iz, FXHEE O
Y THDH, 77 b—F—L L THEMASIIE, GDPELUZDOHIER D%
[E AN ATRE & 72 D

15.200 At 27 v a it £7. EEEHOMEE & B0REOEFHE R O FEEIE
ZRRET 5, ICPIE, PPP 36 X OMI#&/KYERES (PLI) (2hnx., #x&icB L CHE
BREOIC BB AT RB 2R R IE SRR HMIE A & 72 3, ICPIE, 1968 ICRR L &4, o4
TOHIRZMR L5 FTHRE L, 200547 7> RIZIZ107H [EA S LTV
%5, ZDOkEFRIT, OECD/EUMR R D430 EE %L L LIZPPP7 0 /' T A LA
i, AFFIB0HEICOWTOT —Z MBEET D L H > T 5,

15.201 PPPRX—ADT — X ZAERT 2 Z L1k, BARD»NY . RO 5 F
BThHO, TOEOZOKELYIROZ L L5 LIXTE R, T— X INE,
PPPR—ZDHEFHEAVER T 2 72 DICH RO BN LETH D, L, &
INE o E R FE RS F 1, RO AT & | PPPRELOIERK, L7223
> CGDPEEHIR A AR T 2 T2 DT — X Tkt L TIT 9 FH~DOEGE 2 PR3
HTENVETHD, ZOMMMN, KT a  ORBEOHTOBETHD,

2. FEERIE

15.202 WERFNDORIE TR ST E PR 4. BIC THIM) Luvwo 28X

- 1055 -




be applied mechanically to international comparisons simply by replacing the
term “period” by the term “country.” International comparisons differ in a

number of respects.

a. Time series are ordered by the date of the observation, but countries have
no such a priori ordering. In consequence there is no predetermined way to

order countries when compiling chain indices.

b. For international price comparisons different price collectors will be
reporting on the prices of the items in different countries. There thus is a
need for flexible but detailed structured product descriptions (SPDs) for each
item so that only the prices of like items are compared, either by comparing
the prices of exactly the same item specification drawn from the SPD in both
countries, or by adjusting the prices of different specifications drawn from the

SPD for quality differences.

c. International comparisons are conducted on a less regular basis, in part
because they present a large scale coordination challenge, involving the
statistical offices of all participating countries as well as international

organizations.

15.203 At the heart of the PPPs are price comparisons of identical or closely
similar product specifications. The 2005 ICP round used SPDs to define these
specifications and to ensure the quality of the detailed price comparisons. For
each item there is a specification describing the technical characteristics of
the item in detail so a price collector can precisely identify it in the local

market. Besides the technical characteristics, the specification also includes
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other variables that need to be considered when pricing the item, such as the
terms of sales, accessories and transportation and installation costs. The
database formed from these structured descriptions and the prices collected

for them permit more precise matching of items between countries.

Representativity versus comparability

15.204 Two critical criteria in selecting products to be priced for calculating
PPPs are “representativity” and “comparability”’. Representative products are
those products that are frequently purchased by resident households and are
likely to be widely available throughout a country. Representativity is an
important criterion in the ICP because the price levels of non-representative
products are generally higher than those of representative products.
Therefore, if one country prices representative products while another prices
for non-representative products in the same expenditure category, then the
price comparisons between the countries will be distorted. On the other hand,
comparability relates to the physical characteristics of a product. Products
are considered to be comparable if their physical characteristics, such as size
and quality, and economic characteristics, such as whether candles are used

as a primary source of light or are primarily decorative, are identical.

15.205 In practice, difficult trade-offs are involved in selecting products that
are both representative and comparable to use in calculating PPPs. The
product lists for calculating PPPs are developed in a way that balances the
competing aims of within-country representativity and cross-country
comparability. In this respect, they are generally quite different from the

products that would be priced by any individual country to compile its price
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Hzu LY EREII~S vy T IHED,

IREAEXS i T RENE

15.204 PPPOF R T DM AT 1T S D AEEW 2 BIRT DB 2 SO HE
AL, TRGERMED & THTseErE) Th o, REEEMIL, HEEFFHI X
S THEIBA SN EEY T, EPR TR AFARERSH 5, RFEMIL, ICP
DEELRIETH L5, TOBMIT, JEALEY OMKKIET, WH, R
HEEDOMIFEAKEL YV GNNETHD, LEBn->T, b L. HDHENDMMENRE
PEWNAfS 2 A0, € 0—J7 THIDED, [ UK h 7 3 ) —OIFRKRA R AL RE
WA T 29 %70 b, WG OEOR O RS ED b s, —77, ]
REVEIE. EEEM OW PRI BT 5, EEWIT. A X0 B R EOW BRI
BI B Y 7 RNERNHRE L THEH SN EIIEMHTH L0089
D XD TR ERIRHENR —Th 5 L 2, HIGARETH D & AR SN D,

15.205 EERITIX, PPPOGHEIZMEMNT 272 OICREMNRH Y . L ik rATRE
ThDHEEWZRINT 5 Z L IEREE b L— R 7 D553 5, PPPEEHET
HI2ODAEFEM Y A NI, EN TOREM & A EHRB O ATREE S WO BT 5
2ODHBIDNT VA% ED LI ITHFBEEIN TS, ZOHRICELT, £5 Lk
UZ MIEENDEEMIT—MRIC, FETOMmER (HEZWMER. £72134%
FED A PEFMREFEED) A AERRT D 7o OISR 2 S, [E R A O EHE

- 1057 -




indices (such as the consumer price index or any of a range of producer price
indices) and which are used in producing the deflators used to calculate
volume estimates in the time series national accounts. In the case of time
series within a country, representativity is the key criterion in selecting the
products to be priced while comparability with other countries is
unimportant. Once a representative product is selected for pricing, the
important issue is to price the same product in subsequent periods so that
price changes in the product can be measured over time. For the ICP,

representativity is required only at a point in time and not over time.

Aggregation

15.206 PPPs are calculated and aggregated in two stages: estimation of PPPs
at the level of basic headings and aggregation across basic heading PPPs to
form higher-level aggregates. The estimation of basic heading level PPPs is
based on price ratios of individual products in different countries. Typically
no information about quantities or expenditures is available within a basic
heading and, thus, the individual price ratios cannot be explicitly weighted
when deriving PPPs for the whole basic heading. Two aggregation methods
dominate PPP calculations at this level, the EKS method (described below)
and the Country Product Dummy (CPD) method. A description of these
methods can be found in chapter 11 of the 2005 ICP Methodological
Handbook. Weights are of crucial importance at the second stage when the
basic heading PPPs are aggregated up to GDP. The main approaches used in

the aggregation are summarized in the paragraphs below.

Binary comparisons
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15.207 As outlined in section C, the monetary value of GDP, or one of its

components, (/1) reflects the combined differences of both price and

. Price and volume indices

quantities, thatis Ly, xP, =1, or LyxPF, =1,

may be compiled between pairs of countries using the same kinds of index
number formula as those used to measure changes between time periods. A
Laspeyres-type price index for country B compared with country A is defined

as-:

pp), 2P
L, = z[p_-A]slA = le (20a)
i=1 i AN A
pi ql
and a Paasche-type index as
1 i p_Bq_B
= (20b)

z piAqlB
i=1

where the weights s and s® are component shares of GDP at current

values of countries A and B.

15.208 Given the complementary relationships between Laspeyres and
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Paasche price and volume indices noted earlier, it follows that a
Laspeyres-type volume index for B compared with A can be derived by
deflating the ratio of the values in B to A, each expressed in their own
currencies, by the Paasche-type price index (20b). A Paasche-type volume
index is similarly derived by deflating the ratio of values of B to A by a
Laspeyres-type price index (20a).

15.209 The differences between the patterns of relative prices and quantities
for two different countries tend to be relatively large, compared with those
between time periods for the same country. The resulting large spread
between the Laspeyres- and Paasche-type intercountry price and volume
indices in turn argues for an index number formula, such as Fisher, that

makes symmetric use of both country’s price and quantity information.

Multilateral comparisons

15.210 The need for multilateral international comparisons may arise, for
example, to determine GDP aggregates for blocks of more than two countries
or rankings of the volumes of GDP, or per capita GDP, for all the countries in

a block. It is desirable that such rankings are transitive.
Transitivity
15.211 Consider a group of m countries. As binary comparisons of volumes

and prices may be made between any pair of countries, the total number of

possible binary comparisons is equal to m(m-1)/2. Let the price, or volume,
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index for country jbased on country 7 be written as ;| j- A set of indices is

said to be transitive when the following condition holds for every pair of

indices in the set:

< L=, (21)

This condition implies that the direct (binary) index for country k based on
country 7is equal to the indirect index obtained by multiplying the direct
(binary) index for country jbased on country 7 by the direct (binary) index for
country k based on country J. If the entire set of indices is transitive, the
indirect indices connecting pairs of countries are always equal to the
corresponding direct indices. In practice, none of the standard index formulae

in common use, such as Laspeyres, Paasche or Fisher, is transitive.

15.212 The objective is to find a multilateral method that generates a
transitive set of price and volume measures while at the same time assigning
equal weight to all countries. There are four quite different approaches that
may be used. The first approach achieves transitivity by using the average
prices within the block to calculate the multilateral volume indices. The
second approach starts from the binary comparisons between all possible
pairs of countries and transforms them in such a way as to impose
transitivity. The third method uses regression techniques to estimate
missing prices by using price relatives for other products on a
country-by-country basis. The fourth method is a multilateral chaining

method based on linking bilateral comparisons such that countries that are
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most similar in their price structures are linked first.

The block approach

15.213 The most widely used form of the block approach uses the average
prices of the block to revalue quantities in all countries in the block. This
automatically ensures transitivity. The volume index for country B relative to

country A is defined in the first expression in equation (20)

as:
dYpad Y pas D’

GK, =+ =t x (22)
> pat Dopat D pos
i=1 i=1 i=1

and can be seen to be transitive. The average price for each individual good or
service is defined as its total value in the block, expressed in some common

currency, divided by its total quantity:

icj pijqij m m i
b :jzlm— where Zq —z%
Zqii j=1 j=1 VMi

(23)

and the summation is over the m different countries in the block. The term in

expression (23) is a currency converter which could be either a market
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exchange rate or a PPP used to convert each country’s expenditure on item 1,

into the common currency.

15.214 The most common block method is the Geary Khamis (GK) method in
which the currency converters used in (23) are the PPPs implied by the
volume indices defined by (20). In this method, the average prices and PPPs
are interdependent being defined by an underlying set of simultaneous
equations. In practice, they can be derived iteratively, initially using
exchange rates as currency converters for average prices, for example. The
resulting volume indices are then used to derive the implied set of PPPs,
which are themselves used in turn to calculate a second set of average prices,

volume indices and PPPs, etc.

15.215 The advantages of a block method such as the GK method include:

a. The block of countries is recognized as an entity in itself;

b. The use of a single vector of prices ensures transitivity and the volume
measures are additively consistent and can be presented in value terms using
the average prices of the block (it is possible to present the results for a group
of countries in the form of a table with countries in the columns and the final
expenditure components in the rows, in which the values add up in the

columns as well as across the rows); and

c. It is possible to compare ratios, such as the shares of GDP devoted to gross

fixed capital formation, because the same vector of prices is used for all
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countries.

15.216 However, comparisons between any two countries, based on the
multilateral block results, may not be optimally defined. It was shown in the
description on transitivity that best practice price and volume comparisons
between countries A and B should make symmetric use of information on
their prices and quantities. If A’s relative prices are higher than average and
B’s are lower, the use of average prices decreases A’s expenditures expressed
in average international prices and increases those of B relative to a country
whose prices are close to the international average. Such a disparity is often
noted in the case of services between developed and developing countries.
Consequently, when using the GK method, PPP-based expenditures are

generally overstated for poor countries.

The binary approach

15.217 An alternative approach to the calculation of a set of multilateral
volume measures and PPPs is to start from the binary comparisons between
all possible m(m-1)/2 pairs of countries. If each binary comparison is

considered in isolation, the preferred measure is likely to be a Fisher index.

15.218 Fisher indices are not transitive but it is possible to derive from them
a set of m-71 transitive indices that resemble the original Fisher indices as
closely as possible, using the least squares criterion. Minimizing the

deviations between the original Fisher indices and the desired transitive

indices leads to the so-called EKS formula, proposed independently by Elteto,

Koves and Szule.
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15.219 The EKS index between countries 1 and & is the geometric average of
the direct index between 7 and k and every possible indirect index connecting
countries 7 and %, in which the direct index is given twice the weight of each
indirect index. Transitivity is achieved by involving every other country in

the block in the EKS index for any given pair of countries.

15.220 The EKS index:

a. provides the best possible transitive measure for a single aggregate
between a pair of countries, in much the same way as a chain Fisher index
may provide the best possible measure of the movement of a single aggregate

over time;

b. gives equal weights to the two countries being compared; and

c. 1s not affected by the relative sizes of the countries, a desirable attribute.
However, the consequences are similar to those for chain indices in a time
series context. It is not possible to convert the EKS volume indices for an
aggregate and its components into a set of additively consistent values. This
1s in contrast to the GK method.

Ring comparisons

15.221 The outline of the above methods assumes that there is one set of

comparisons comprising all the countries in a block. As the number of
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countries participating increases, it becomes difficult to administer them as a
single group. Moreover, it is difficult to find items that are both nationally
representative and globally comparable at the same time for countries far
apart both geographically and in their level of development. There are thus
advantages to a regionalized approach to the compilation of PPPs. Product
specifications are prepared for each region and independent sets of PPPs

prepared for countries on a region by region basis.

15.222 While this approach probably improves the quality of PPPs at the
regional level, there is still the need to combine the regions to obtain a global
comparison. Traditionally, a “bridge country” was chosen to provide the link
between regions. The bridge country participated in the price surveys of more
than one region. The ring approach extends this idea and identifies a subset
of countries in each region to act as “ring countries”. These countries
comprise a synthetic “region” that intersects with all of the regions whose

comparisons are to be linked together.

15.223 The method chosen depends on a number of factors including the
purpose of the analysis, level of aggregation, sparseness of data, whether the
aggregation is within regions, across ring countries, or for the whole data set
and the importance attributed to additivity and symmetric treatment of

countries.

3. Practical considerations for national accountants

PPPs and the national accounts

IN—TEL LU CTERT LI LIIREE 70, D10, HIBIWICH, BAROL~L
LWV RTHRIEY OHDENIK LT, ENANICREER SV | [FIRHZ R
LR AR L H 2 [RIRFIC o 5 Z LN CTH D, Z 9 L7 T, PPPOLERK
X Bk LT 7 a —FIERRR S D, EEY D ALy 7 (SEAR) A Z &
ICHE S, AHURIZ DWW T, S — L OPPPRMER S L5,

15222 ZO7 7r—FiE, BELHIE L~V OPPPOME A S ET 55,
S DIZEHBEH AT 0 T2 DITIFEHIROFER A O L DICE LD DHNENE D,
EHEAICIE, THEIE LIE) 2Huusif o U 7 24829 5 72 I8R5, MBI L
Eix, 120 FOHIROMEREICSINT 2, V77 7r—FTiX, 20&Ex
AILEL, SHIICEENDEORHSEEEREL T [V JEH] L35, Zh
SOFEEIL, U7 SNDHRG L D HIR O _T L I@E Y 2 b oAk i |
MR D,

15.223 HIEDOERIL, Z< OERIUEKFL TV D, Thid, B, £t
X T DRZOESN, FERHPHIBA TR I, UV ZTEEED, &
HNIT =y MRIENREWD Z & I 5T, INEMER X ONE O SRR Z
ENTETOEREENG 2 N0 ETH L,

3. ERBEHFFEMIHERAELEH D12 O ZHERIRE

PPP & [E R F A

- 1066 -




15.224 One of most important uses of PPPs is to calculate comparable
estimates of GDP and its major components, expressed in a common currency
where the effects of differences in price levels between countries are removed.
The national accounts are integral to PPP estimates in two ways. In the first
place, the national accounts provide the weights that are used to aggregate
prices from a detailed level to broader aggregates, up to GDP itself. Secondly,
the national accounts provide the values that are “deflated” by the PPPs to
provide the volumes (also referred to as “real expenditures”) expressed in a
common currency that enable GDP and its expenditure components to be

compared between countries.

15.225 The PPP exercise also produces comparative price level indices (PLI).
A PLI is the ratio of the PPP for a country relative to the official exchange
rate, both measured with respect to a reference currency. PLIs are generally
expressed on a base of 100, with the base being either a single reference

country or a regional average.

15.226 If a country has a PLI less than 100, then its price level is lower than
the numeraire country (or region). Similarly, any pair of countries can be
compared directly. If one has a PLI less than the other, then the country with
the lower PLI would be considered “cheap” by the other country, regardless of
whether its PLI is above or below 100.

15.227 In practice, PPPs do not change rapidly over time and so a large

change in a country’s PLI is usually due to a large change in exchange rates.

15.228 It is important that the volumes in the ICP not be confused with the
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time series volumes described earlier in this chapter because they are
different measures, although there are some similarities in that they are both
designed to measure values that have had the direct effects of price
differences removed from them. In a time series of volumes, the effects of
price changes from one period to another are removed to produce the volume
measures from which rates of economic growth are calculated. In the case of
an intercountry comparison, which is the basis for PPP-based volume
measures, the effects of differences due to exchange rates and those due to
different price levels within each country are removed from the national
accounts values to provide a comparison between the volumes in the

countries concerned.

15.229 The lowest level for which PPPs can be compared across all countries
involved in a comparison is referred to as the “basic heading” and it is also
the lowest level for which national accounts values are required as weights.
In effect, the national accounts values provide the weights to aggregate the
basic heading level data to broader national accounting aggregates, including
GDP itself. The basic heading is also the level at which product specifications
are determined, with a number of products representative of the expenditure

within each basic heading being specified for pricing.

15.230 Expenditure-based estimates of GDP have been used in most
PPP-based comparisons during the past half-century or so because the prices
for final expenditures are more readily observable than those for outputs and
inputs, which would be required for a comparison of the production based
estimates of GDP. Consistency in the national accounts is critical in

producing comparable estimates across countries so the SNA has played an
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important part in PPP-based comparisons by providing the framework for

obtaining consistent estimates of GDP and its major aggregates.

15.231 The ICP is the broadest-based project to produce PPPs; about 150
countries participated worldwide in the 2005 round of the ICP. The volume
estimates produced from the 2005 ICP present a snapshot of the
relationships between countries from all over the world, expressed in a
common currency. The ICP is a very expensive and resource consuming
project and so it provides benchmarks at infrequent intervals. As a result,
PPP benchmarks, such as the one from the 2005 ICP, have to be extrapolated
using time series from the national accounts of the countries involved. It is
interesting to compare the outcomes of an extrapolation with the benchmarks
from two sets of PPPs compiled several years apart. In practice, the
extrapolated series do not tie in exactly with the benchmarks and there are
several reasons for the differences that arise. An important one is the issue of
the consistency between the prices used in the time series national accounts
and those used in calculating PPPs as explained in the section on
representativity and comparability earlier. Further, the price and volume
structure may change significantly over time in a way not picked up in the

extrapolation techniques.

Why ICP growth rates differ from national growth rates

15.232 The method commonly used to extrapolate PPPs from their
benchmark year to another year is to use the ratio of the national accounts
deflators from each country compared with a numeraire country (generally

the United States of America) to move each country’s PPPs forward from the
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benchmark. The PPPs derived are then applied to the relevant national
accounts component to obtain volumes expressed in a common currency for

the year in question.

15.233 Theoretically, the best means of extrapolating PPPs from a
benchmark year would be to use time series of prices at the individual
product level from each country in the ICP to extrapolate the prices of the
individual products included in the ICP benchmark. In practice, it is not
possible to use this type of procedure in extrapolating PPP benchmarks
because the detailed price data needed are not available in all the countries.
Therefore, an approach based on extrapolating at a macro level (for GDP or
for a handful of components of GDP) is generally adopted. Leaving aside the
data problems involved in collecting consistent data from all the countries
involved, a major conceptual question arises with this process because it can
be demonstrated mathematically that it is impossible to maintain
consistency across both time and space. In other words, extrapolating PPPs
using time series of prices at a broad level such as GDP will not result in a
match with the benchmark PPP-based estimates even if all the data are

perfectly consistent.

15.234 One of the reasons for differences between GDP time series and PPP
benchmark comparisons stems from the definition of a product. As explained
in paragraphs 15.66 to 15.67, location is an essential product characteristic in
the national accounts whereas the PPP comparisons use average prices of the
whole country. Another problem is that the weighting patterns underlying
the deflators in the time series national accounts will differ from those in the

PPP benchmarks over time. In addition, as noted above, the products priced
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for the PPPs will differ from those underlying the time series because of the
requirements in spatial price indices for representativity within each country
and comparability between countries, while in time series the main
requirement is for consistency over time. Generally, many more products will
be priced for a country’s price indices than it is possible to price for
calculating PPPs. Finally and often most critically, the prices underlying the
deflators in the national accounts are adjusted to remove changes in quality
over time and the methods of making such quality adjustments can differ
significantly between countries. In particular, the extent of using hedonic
methods for adjusting products whose characteristics change rapidly varies
significantly from country to country. Electronic products (such as
computers) feature prominently in hedonic quality adjustment, although
some countries also use hedonics to quality adjust products such as clothing
and housing. Comparing price changes in a country that uses hedonics in
quality adjusting the price indices underlying its national accounts deflators
with those in one that does not do so will lead to potentially large

inconsistencies between the benchmarks and the extrapolated series.

15.235 Possibly the single biggest factor that affects the difference between
extrapolated GDP series and PPP benchmark results is due to exports and
imports. GDP volume measures in the national accounts are unaffected by
changes in terms of trade whereas they influence real GDP in spatial
comparisons directly. For example, an increase in energy prices results in an
increase in nominal GDP. In a spatial comparison, the outcome will be an
increase in GDP volumes for energy exporting countries relative to other
countries because the net trade PPPs are based on exchange rates, which do

not respond to a change in the terms of trade to a significant extent in the
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short term. The result is that the increase in the terms of trade is treated as a
volume effect in the PPP-based benchmark. On the other hand, in the
national accounts of energy exporting countries, GDP volumes remain
unchanged if the same amount of energy is exported and so the increase in
the terms of trade is treated as a price effect, which is observed in the GDP

deflator used as the price extrapolator.

Non-market services

15.236 Another area that leads to consistency problems between countries’
PPP-based volumes is the group of so-called “comparison-resistant services”.
They are predominantly (although not exclusively) non-market services, with
government services being a major part of the non-market services that have
to be priced for PPP projects. The main problems in pricing non-market
services relate to the quality of the services being produced and the
productivity of the labour used in producing them. One of the conventions
used in producing the estimates for the government sector in most countries’
national accounts is that the value of output is measured as the sum of the
labour and material inputs used in producing the service(s), which involves
an assumption that an increase in costs translates into an equivalent
increase in output. In addition, an assumption that is commonly made in the
national accounts is that the productivity of the labour involved in producing
such services does not change over time either. A similar assumption, that
productivity is identical in all the countries in a comparison, generally has to
be made between countries in calculating PPPs. It is a reasonable
assumption when countries at roughly the same level of economic

development are involved in the PPP comparison. However, when countries
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at very different levels of economic development are being compared then the

validity of the assumption breaks down.

15.237 The choices faced by the compilers of PPPs are either to assume that
productivity levels are identical across countries, even when they are at very
different stages of economic development, or to adjust the non-market
services estimates in some way to account for productivity differences. Apart
from the problems involved in determining an appropriate conceptual
approach to adjust for productivity differences between disparate economies,
obtaining the data required to make such adjustments also proves
problematical particularly when the method involves adjustments based on
relative levels of capital intensity in the countries involved. Despite the
problems, it is sometimes necessary to make productivity adjustments for
non-market services because the problems involved in doing so are rather
less than the consequences of assuming equal productivity in all the

countries in a comparison.

Conclusion

15.238 PPP-based comparisons of activity levels between countries are an
1mportant use of national accounts. Despite the conceptual and empirical
difficulties, PPP-based volumes provide a much firmer basis for international
comparisons than the commonly used alternative of converting national

accounts aggregates to a common currency using exchange rates.
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