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INTRODUCTION OF CHAIN VOLUME AND PRICE MEASURES - THE AUSTRALIAN
APPROACH

Introduction

1.  The ABS changed its national accounts during the course of 1998 in accordance with the
recommendations made in  System of National Accounts, 1993 (SNA93). The change was
introduced in October 1998 in a reissue of the June quarter national accounts publication. The most
important change as far as most users were concerned was that chain volume measures were used to
measure real growth. Accordingly, the ABS has expended a good deal of effort on this topic.

2. Chain volume measures were first presented as experimental measures for the expenditure
components of GDP in the December quarter 1997 issue of Australian National Accounts: National
Income, Expenditure and Product (Cat. no. 5206.0), and were an addition to the long-standing
constant price estimates which were still the 'official' volume estimates. This was repeated in the
March and June quarter issues of 5206.0. Subsequently, in the June quarter 1998 reissue of 5206.0
and the following September quarter issue, the constant price estimates of both the expenditure and
production components of GDP were replaced with chain volume measures from the September
quarter 1986, and they became the ABS's 'official' volume estimates.

3. The ABS's work on chain volume measures began several years earlier. First of all, an empirical
analysis was undertaken to determine what differences there were between the growth rates of the
major expenditure components of GDP derived from the existing constant price estimates and
various different types of chain index (Laspeyres, Paasche and Fisher - annually-reweighted
quarterly and annual data, and quarterly-reweighted quarterly data). Second, the results of the
empirical analysis and ABS proposals were presented to major users for discussion on several
occasions. Third, the ABS published an information paper Introduction of Chain Volume Measures
in the Australian National Accounts (Cat. no. 5248.0) in March 1998 which was supplied, free of
charge, to all national accounts publication customers. Fourth, the ABS conducted seminars in all
the nine capital cities, to which all major users were invited, explaining what the ABS intended to
do and why, and presenting 'experimental chain volume measures'.

4. The ABS also offered major users a seminar presenting the technical details of how the chosen
chain volume measures were derived. The Queensland state treasury department was the only one to
take up the offer. The ABS conducted further seminars later in 1988, encompassing all of the
SNA93 changes being made as well as the introduction of chain volume measures. In August 1998 a
workshop was conducted for econometric modellers (both private and public sector) at which
options for coping with the lack of additivity of the chain volume measures were considered.

5. The purpose of the information paper was to explain to users why the ABS was introducing chain
volume measures and the rationale for all the particulars relating to them. As a result much of the
information paper comprises a fairly comprehensive explanation of the properties of popular
indexes, the advantages and disadvantages of chain volume indexes, Laspeyres versus Fisher, and so
on. It assumes the reader is unfamiliar with mathematical formulae and uses  numerical examples to
explain the properties of the different types of index. It also presents some of the results of the
empirical analysis and time series of the chosen chain volume measures for all the major
expenditure components of GDP. The latter are labelled as 'experimental measures' to avoid them



being confused with the official volume measures of the time.

6. The ABS received unqualified support for the changes. It was anticipated that there might be
some objections to the discontinuation of constant price estimates, but there were none. Users have
accepted the ABS arguments that chain volume measures provide better indicators of real growth -
which is after all the reason for having volume measures. Indeed, the ABS's programme of
education and discussion was so successful, particularly with the major users, that the ABS would
have found it difficult not to go through with the change.

7. The remainder of this paper comprises:

an extract from the information paper entitled Summary of findings and proposed changes

a summary explanation of ABS methods to derive chain volume and price measures

details of information papers, user consultations and seminars, and key dates.

SUMMARY OF FINDINGS AND PROPOSED CHANGES - EXTRACT FROM THE
INFORMATION PAPER (CAT. NO. 5248.0)

8. In general, annually linked and reweighted chain volume measures provide better indicators of
movement in real output and expenditures than constant price estimates, because, unlike constant
price estimates, they take account of changes to price relativities that occur from one year to the
next. It is the price relativities that determine the weight given to each component of a volume
index.

9. In practice, the advantages of annual chain volume measures depend on the variability of the
price and volume relativities between the components of the value series. In Australia's case, the
most important changes in price relativities relate to the prices of computer equipment relative to the
prices of other goods and services, and the aggregates most affected are the components of GDP(E)
where computer equipment is prominent - private gross fixed capital expenditure on equipment and
imports. However, the effects of chaining on those components that include computer equipment are
largely offsetting when compiling GDP(E) because Australia's production of computer equipment is
relatively small, and so the effects of chaining are not very noticeable for GDP as a whole.

10. Effective from the September quarter 1998 issue of Australian National Accounts: National
Income, Expenditure and Product (Cat. no. 5206.0), the existing constant price estimates will be
replaced with annually-reweighted, chain Laspeyres volume measures. All subsequent national
accounts publications, and special and standard data services will contain chain volume measures
rather than constant price estimates.

11. The annually-reweighted, chain Laspeyres volume measures are to be published in terms of
dollars rather than as index numbers. The reference year will be the year prior to the latest complete
financial year. This will mean that the volume measures to be released in the September quarter
1998 issue of 5206.0 will be expressed in terms of 1996-97 dollars. In the June quarter 1999 issue of
5206.0 the reference year will be changed to 1997-98, and every year thereafter the reference year



will change with the release of the June quarter issue of 5206.0. This will entail revising the levels
of the volume measures for their entire history every year, but re-referencing will not alter growth
rates. Re-referencing the volume measures each year will ensure that the accounting relationships
are maintained for the latest 4 to 7 quarters. It is not possible to have additivity for earlier quarters
without compromising the quality of the volume measures. Revisions to growth rates will continue
to occur as a result of revisions to the underlying data.

12. The fixed-weighted price indexes currently published in 5206.0 will be replaced by annually-
reweighted, chain Laspeyres price indexes. Implicit price deflators will continue to be published.

13. Experimental annually-reweighted, chain Laspeyres volume measures of GDP(E) and its
components, consistent with the December quarter 1997 issue of 5206.0, are presented in
Appendixes 2 and 3 (of 5248.0).

14. Updates of these experimental measures will also be published in the March and June quarter
1998 issues of 5206.0, in addition to the constant price estimates.

15. There is to be a second release of the June quarter 1998 issue of 5206.0 in which the data will be
presented on the basis of the ABS's implementation of System of National Accounts, 1993 (SNA93).
This will include annually-reweighted, chain Laspeyres volume measures of GDP, including both its
expenditure and production components.

16. The move from constant price estimates to chain volume measures will apply also to other ABS
statistics for which constant price estimates are currently released, namely: retail trade, new capital
expenditure, stocks and sales of selected industries, building approvals, building activity,
engineering construction, and research and experimental development. The move from constant
price estimates to chain volume measures will be made progressively, and the timing of the changes
will be announced in the relevant publications.

SUMMARY OF ABS METHODS TO DERIVE CHAIN VOLUME AND PRICE MEASURES

CHAIN VOLUME MEASURES

Introduction

17.  The reason for having either chain volume or constant price estimates in the national accounts is
to provide time series of expenditure and production aggregates which are free of the direct effects
of price change. All the current price aggregates of expenditure and production appearing in the
national accounts are estimates of the sums of the values of individual transactions. Each of these
transactions has two components: a price and a quantity. From one period to another the quantities
and prices comprising the transactions change. This means that when the current price value of an
aggregate, such as GDP, in one period is compared with the current price value in another period the
difference between them usually reflects both changes in quantity and changes in price of the
constituent transactions. In order to estimate by how much the 'volume' of GDP has changed
between the two periods we need to measure the value of GDP in each period using the same unit
prices.



18.  For many years the ABS derived constant price estimates as a means of measuring changes in
the volumes of aggregates. Constant price estimates are derived by fixing the unit prices of goods
and services to those of some base year. These base year unit prices are effectively the weights used
to combine the quantities of the different goods and services purchased or produced. The unit prices
of different goods and services tend to grow at different rates -- some at dramatically different rates,
e.g. the prices of computer equipment are estimated to have declined by about 75 per cent between
1989-90 and 1997-98 and almost 50% between 1997-98 and December quarter 1999, while the
prices of most other goods and services have increased. Therefore, over time, the price relativities of
some goods and services change appreciably. This adversely affects the usefulness of constant price
estimates for periods distant from the base year, and implies that the base year used to derive
constant price estimates needs to be changed from time to time. It used to be ABS practice, in
common with many other national statistical agencies, to change the base year every five years.
However, it has been found that rebasing every five years is commonly insufficient, and SNA93
recommends rebasing every year and linking the resulting indexes to form annually reweighted
chain volume measures. ABS analysis of Australian data has confirmed the need to adopt annually
reweighted chain volume measures.

The chaining method

19.  There are many different ways of compiling a chain volume measure. The essential features of
the ABS chain volume measures are as follows:

Annual chain volume estimates are derived using the Laspeyres formula. Under this
formula, year-to-year volume indexes of an aggregate are derived by expressing the
value of the aggregate in each pair of consecutive years in the prices of the earlier year,
and then dividing the value for the later year by the value for the earlier year. This is
equivalent to weighting together the year-to-year volume indexes of the elementary
components of the aggregate with the current price values of the earlier year. A year-to-
year Laspeyres volume index at time is given by:

=

where
= Quantities in year t;  and
= Prices in the year t-1, the base year for values in  year t.

The year-to-year indexes are compounded to form a long, continuous time series, which
is then referenced to the current price value of the latest base year, i.e. the second last
year for which there is an annual value. In general, chain volume estimates are not
additive, i.e. the accounting relationships that apply to current price data do not generally
apply to their chain volume counterparts. Only the values in the reference year and the
following year are additive. So by ensuring that the latest base year coincides with the
reference year, the ABS approach ensures additivity for the latest two years.  An annual



chain Laspeyres volume measure in year t, , is given by:

=

=

=

where

= chain Laspeyres volume measure at year t
Pi-1 = prices in year i-1, the base year for values in period i

Pr = prices in year r, the reference year

Qi = quantities in year i

Qi-1 = quantities in year  i-1

Qr = quantities in year r, the reference year

Similarly, quarter-to-quarter indexes are derived from quarterly data expressed in the
prices of the previous year. These are compounded to form a long, continuous time
series, which is then benchmarked (described below) to the annual chain volume series.

20.  The steps to be followed in compiling annually reweighted chain Laspeyres volume measures
for a quarterly series are best illustrated using an example. Set out below are the steps to be
followed for household final consumption expenditure (HFCE). Assume that there are n financial
years (Australian financial years start on 1 July) of data to be linked, t =1 to n.

Step 1:  For each of the 89 elemental components for each State (a total of 712
components) derive volume estimates in the prices of year t-1 for the five quarters from
June quarter year t-1 to June quarter year t for years 2 to n-1. For the quarters of the
final, incomplete year, year n, derive the estimates in the prices of year n-2.

Step 2:  Sum all 712 components in each time period.

Step 3:  Calculate quarter-to-quarter indexes of the aggregate. For each year t up to year
n-2, the indexes from September quarter to December quarter, December quarter to
March quarter and March quarter to June quarter are calculated at year t-1 prices, but the
following June quarter to September quarter index is calculated at year t prices. For year
n-1 and the final, incomplete year, year n, all quarter-to-quarter indexes are calculated at
year n-2 prices.



Step 4:  Compound the quarter-to-quarter indexes to form a chain index.

Step 5:  Benchmark the quarterly, annually reweighted chain Laspeyres volume index of
HFCE to the annual Laspeyres chain volume index referenced to the annual current price
value in the reference year.

21.  All aggregates are formed in this way with the exception of Changes in inventories. The
procedure produces unsatisfactory results for this aggregate, and so chain volume measures are
derived for inventory levels which are then differenced to produce volume measures of change in
inventories. The normal procedure is followed for change in inventories when it is incorporated in a
major aggregate, such as gross domestic product.

22.  With the release of the June quarter accounts each year another base year is introduced, and
because the latest base year is always chosen to be the reference year, the latter is also advanced one
year. Rereferencing results in revisions to the levels of the chain volume measures, but it does not
result in revisions to growth rates, although growth rates can be revised for other reasons. One
reason is that the introduction of a new base year results in revisions to growth rates for the latest
two years.

23.  There are two major reasons for reweighting the quarterly volume measures annually rather
than quarterly. First, the prices required to derive quarterly reweighted volume measures for the
industry-based measure of GDP are unavailable. Only quarterly reweighted measures of the
expenditure-based measure of GDP could be derived. Second, quarterly reweighted measures
should only be compiled using seasonally adjusted data, and this would require seasonally adjusting
at the most detailed level. The ABS believes that better seasonal adjustments are often obtained by
seasonally adjusting at a more aggregate level. Furthermore, some users require quarterly original
data. For example, some econometricians much prefer to use original data in their models.

24.  Benchmarking the quarterly chain volume measures to the annual chain volume measures is
done for several reasons. First, it ensures that the quarterly chain volume measures add to the
corresponding annual chain volume measures, which are derived from balanced supply-use tables in
the prices of the previous year at a more detailed level. Second, in Step 3 above, it was noted that
the index for March quarter to June quarter in year t is calculated in year t prices. It turns out that
some aggregates are quite sensitive to when the switch is made from using year t-1 prices to year t
prices in the calculation of the quarter-to-quarter indexes. If, for instance, the index from March
quarter to June quarter in year t were calculated at year t prices instead of year t-1 prices, then this
index could have quite a different value. As a result, year-to-year growth rates of annualised
quarterly chain volume measures can vary substantially from those of the corresponding chain
volume measures derived directly from annual data. It has been found also that this variation is
greatest for those aggregates, such as GDP, which include the change in inventories. In some
quarters the difference between the change in inventories valued in the previous year's prices can be
substantially different to the change in inventories valued in the current year's prices, while in
neighbouring quarters the difference can be quite small or have the opposite sign.

25.  A method developed by Pierre Cholette of Statistics Canada is used to benchmark the quarterly
flow data to the annual data. Let ct and bt denote the unbenchmarked and benchmarked chain



volume measures for quarters t, respectively. The estimates of bt minimise the sum of (ct /bt  - ct-1

/bt-1 )2 over a moving five year span subject to the bts summing to the annual chain volume

measure. The values of the bts in the central year are used, except at the ends of the series.

26.  Series are seasonally adjusted prior to chaining, often at an intermediate level. This presents no
problem when using multiplicative seasonal factors, but additive seasonal factors -- having been
derived from chained or current price data -- have to be expressed in the prices of the previous year
prior to application. Seasonally adjusted chain volume measures are benchmarked to annual chain
volume measures in the same way as the original chain volume measures are benchmarked.

27.  Although the reference year coincides with the latest base year, the data for the subsequent
quarters are not quite additive when generated using the above procedure. This is a consequence of
linking on a quarter and using the benchmarking procedure. To ensure additivity over the latest four
to seven quarters, elemental measures from the September quarter following the reference year are
added to form the aggregates.

Basic approaches to estimating volume estimates

28.  As already noted, chain volume estimates are derived by weighting together period-to-period
indexes of volume estimates of components at the elemental level, i.e. the lowest level at which
volume estimates are derived. Despite their name, the elemental volume estimates are measured in
dollars and are in fact usually a bundle of goods and services of a similar type. Most are derived as
constant price estimates, but some are chain volume estimates derived indirectly. This section
describes the basic approaches taken to derive the elemental volume estimates.

Quantity revaluation

29.  Two basic approaches can be taken to deriving volume estimates at the elemental level. The
first approach uses quantity data to derive constant price estimates: for an individual commodity, the
estimate of quantity in each period is multiplied by the price (or average unit value) in some base
year. This method, referred to as quantity revaluation, can be applied if the commodity is defined
narrowly enough to ensure that it is homogeneous in content and free from quality change over time
(since a change in quality is defined as a change in quantum).  In some instances data constraints
lead to the use of a proxy quantity series which differs from the quantity component of the current
price series being revalued. For example, the quantum of services sold by an industry may be
assumed to move in the same way as the capacity to provide the service. In other cases, where no
appropriate quantity data are available, the constant price value of a commodity may be assumed to
move in the same way as the constant price value of a related commodity (or commodities), such as
other items of output produced within the same industry.

Price deflation

30.  The second approach to obtaining volume estimates is referred to as price deflation. A measure
of the price component of the current price value is obtained (usually in the form of a price index)
and is divided into the current price value in order to revalue  it in the prices of the previous year.
While the term price deflation suggests that the current price value is being reduced this is not the



case when the price index (sometimes called the deflator) in the current period is less than it is in the
reference period. In most cases, the price index used is fixed-weighted (i.e. the weights used to
combine the constituent price indexes are not changed frequently), but there is one case where the
price index is a chain Fisher index (computer equipment) and others where the price index is a chain
Paasche price index (gross fixed capital formation of equipment). In those cases where both the
price and quantity relativities of the constituents of an elemental component are changing quickly it
is important to construct annually re-weighted chain price indexes.  In those cases where price and
quantity relativities are not changing rapidly, re-weighting is undertaken less frequently, but usually
no less than once every six years.

31.  Price deflation is the most commonly used method, largely because most macroeconomic
statistics are available only as dollar values, and the very detailed quantity data required for quantity
revaluation are unavailable. However, there are also advantages in using price deflation in
circumstances where it may be possible to employ either approach. Relative price movements are
normally more highly correlated between commodities, and between industries, than are relative
quantity movements. Therefore, an adequate indicator of price movement can generally be obtained
with less data than are required to obtain an equally adequate indicator of quantity movement. There
are two other main advantages in using price deflation as opposed to quantity revaluation:

in compiling price indexes, specific attention can be given more readily to excluding
changes that are attributable to quality change, hence ensuring that any quality changes
that do occur are automatically reflected as quantum changes; and

if directly relevant price or quantity data are not available to revalue a current price
value, then the proxy price movements of related commodities will usually be more
accurate indicators than the proxy quantity movements.

32.  In compiling its price indexes, the ABS makes a good deal of effort to ensure that as far as
practicable they reflect 'pure' price change. When a change in specification of a good or service
occurs the ABS does its best to isolate and exclude any change in price attributable to the change in
specification. To the extent that this is achieved, the resulting volume estimates reflect
improvements (or degradations) in products. For details of how the ABS deals with specification
changes in compiling its price indexes refer to The Australian Consumer Price Index: Concepts,
Sources and Methods (Cat. no. 6461.0) and Producer and Foreign Trade Price Indexes: Concepts,
Sources and Methods (Cat. no. 6419.0).

The compilation of chain volume estimates of GDP

33.  There are three approaches to deriving estimates of gross domestic product (GDP): the income
approach GDP(I), the expenditure approach GDP(E) and the production approach GDP(P). It is
possible to derive volume measures of GDP using the last two approaches, but it is not possible to
derive a volume measure of GDP(I) by summing volume estimates of its components. The reason is
that the income components of GDP either do not have price and quantity dimensions (e.g. gross
operating surplus, which is just a residual) or they do not have unique price and quantity dimensions
(e.g. wages, for which the price and quantity characteristics differ according to whether they are
viewed from the perspective of an employer or of an employee). But it is possible to derive a



volume measure of GDP(I) by dividing the current price estimate of GDP(I) with the implicit price
deflator (described later in this paper) of GDP(E).

34.  From 1995-96, annual volume estimates of expenditure and production are compiled in the
prices of the previous year in an input-output framework. Volume estimates of the supply of
commodities by each Australian industry and imports are confronted and balanced with volume
estimates of commodities used by Australian industries, final domestic expenditures and exports.
The balance between supply and use for each commodity category ensures that the volume measure
of GDP in the prices of the previous year is the same whether it be derived by summing final
expenditures plus exports less imports or by summing the gross value added of each industry. In
other words the volume measures of GDP(E) and GDP(P) are identical. The estimates in the prices
of the previous year are divided by comparable current price estimates for the previous year to
derive year-to-year volume indexes. These are chained to form annual chain volume estimates.

35.  From 1994-95, annual current price estimates of income, expenditure and production are
compiled in an input-output framework in parallel with the volume estimates, so that the annual
current price and volume estimates of GDP(I), GDP(E) and GDP(P) are identical for all but the
latest year.

36.  For current price and volume estimates prior to 1994-95, and for quarterly estimates for all
years, the estimates using each approach are based on independent sources, and there are usually
differences between the I, E and P estimates. Nevertheless, for these periods, a single estimate of
GDP is compiled. In chain volume terms, GDP is derived by averaging the chain volume estimates
obtained from each of the three independent approaches. The current price estimate of GDP is
obtained by reflating the average chain volume estimate by the implicit price deflator derived from
the expenditure-based estimates.

37.  The sources and methods used to derive the annual volume estimates are described in Chapter
12. The sources and methods used to derive the quarterly volume expenditure estimates are
described in Chapters 14 to 18, and those for quarterly volume industry gross value added in
Chapter 24. The nature of the major approximations and assumptions made in compiling chain
volume estimates of gross domestic product are described below.  The various approaches taken are
illustrated by reference to the sources and methods used for particular expenditure aggregates and
industries.

Chain volume estimates of GDP using the expenditure approach

38.  Quarterly (and annual) chain volume estimates of GDP are compiled by summing volume
estimates, expressed in the prices of the previous year, of final expenditures and exports less
imports. The resulting volume estimates of GDP in the prices of the previous year are then chained.

39.  For most items in household final consumption expenditure, volume estimates are derived by
the price deflation method (i.e. dividing current price values in each case by a price index).  The
available price indexes are, in most cases, fixed-weighted.  For some minor items in household final
consumption expenditure, where there is a lack of price or quantity data, use is made of implicit
price deflators. In the case of computer equipment a chain Fisher price index is used.



40.  With the remaining components of gross national expenditure, a greater degree of
approximation and assumption is involved.  In particular, a significant part of capital formation is
incurred in relation to unique goods that are not homogeneous over time or for which standard units
of quantity cannot be devised.  Volume estimation is achieved in such cases by making assumptions
about changes in prices which would have occurred had price series existed for the unique goods in
question.  Thus gross fixed capital formation is revalued using import and producer price indexes
for equipment, various building price indexes, and wage cost and material price indexes for
engineering construction. In the case of equipment, a complex model is used to allow the weights of
the various import and producer price indexes to vary over time. The model uses data for
commodity imports and for commodities manufactured in Australia, and various other sources, to
estimate the commodity composition of expenditures on equipment in both the private and public
sectors.

41.  The volume estimation of government final consumption expenditure is based on revaluing
inputs -- the wages paid, and goods and services purchased -- rather than on estimating the services
provided.  This is consistent with the methods used to compile the current price value of final
consumption expenditure on goods and services by general government, which is defined as the sum
of material costs, labour costs and consumption of fixed capital less any amounts received through
charges levied for goods and services provided by general government bodies.  The volume
estimates of wages, and goods and services purchased, are derived using fixed-weighted indexes of
wage rates and material prices, and volume estimates of consumption of fixed capital are derived
using a perpetual inventory model.  Some of the implications for productivity measurement of this
method of revaluing government final consumption expenditure are discussed briefly below.

42.  Import and producer price indexes are used extensively to derive volume estimates of the book
values of inventory levels. These are differenced to obtain volume estimates of change in private
non-farm inventories.  Farm and public authority inventories are mostly quantity revalued.  A
number of assumptions are made in the volume estimation of inventories, such as how businesses
move their inventories (LIFO or FIFO) and how they value them.

43.  Most exports of goods are quantity revalued.  Volume estimates of most of the balance are
derived using export price indexes. Volume estimates of exports of services are derived using a
range of price indexes, including the consumer price index. The great bulk of the volume estimates
of imports of goods and services are obtained by price deflation (using components of the import
price index and some price indexes from other countries).

Chain volume estimates of GDP using the production approach

44.  The gross value added of an industry at current prices is defined to be the difference between
the value of output and the value of goods and services (intermediate input) used up in the process
of production. In the national accounts, therefore, it is natural to derive volume estimates of gross
value added as the difference between volume estimates of output and intermediate input. By
mirroring the current price identity, this method ensures the same consistency in the volume
accounts as exists in the current price accounts. This is commonly called the double deflation (or net
output) method and is used to derive all the annual industry gross value added estimates from 1995-
96.



45.  Double deflation is used in the annual supply-use tables to derive annual estimates of gross
value added for each industry in the prices of the previous year. Wherever possible price indexes
directly relating to the outputs and inputs are used, but in many cases such price indexes are
unavailable. Proxies are often used that are largely based on input prices, i.e. wage cost and material
price indexes. Volume estimates of wholesale and retail margins are derived on the assumption that
they have the same growth rate as the sales of commodities they relate to.

46.  With the exception of agriculture, the data required to use double deflation to derive quarterly
volume estimates are unavailable, and so an alternative method must be used. For most industries it
is assumed that the volume measure of gross value added grows at the same rate as the volume
measure of output (the output indicator method). The assumption underlying this method is that in
volume terms the ratio of intermediate input to output is stable. In order to ameliorate departures
from this assumption as much as possible, year-to-year output volume indexes at as detailed a level
as practicable are weighted together using the current price estimate of gross value added in the
earlier of the two years.

47.  For all the goods-producing industries (except agriculture) and nearly all of the private sector
dominated service industries volume estimates of output, or proxies for output, are used as quarterly
volume indicators of gross value added.

48.  For service industries, in particular, it is often difficult (if not impossible) to measure the true
changes in the quantum of output.  In these circumstances, the volume estimation of output is
achieved by using the best available proxies. The examples in the following two paragraphs are
intended to clarify this point.

49.  Two basic components are assumed to comprise the output of the Transport industry --
passenger movement and freight movement.  A greater degree of homogeneity is introduced by
identifying different kinds of transport -- road, rail, air and water transport -- and by distinguishing
between country and suburban passengers where appropriate, and between a number of different
kinds of freight (e.g. mail, livestock, coal or oil).  In practice, the measures of quantity used for each
type of transport are passenger-kilometres and tonne-kilometres.  But such measures make no
allowance for joint service components such as loading, or for quality changes resulting from
variations in speed or frequency of services.

50.  For the Wholesale and retail trade industry, output is assumed to be proportional to the quantum
of goods handled.  As a result, no allowance is made for changes in the quality of service provided
in handling these goods such as more prompt service or extended shopping hours. In the case of the
banking industry the principal quarterly output measure is the real value of bank financial assets.
Likewise, this measure takes no account of changes in the quality of banking services.

51.  In the absence of satisfactory alternatives, hours worked data are used as the quarterly
indicators of the volume movements in gross value added in the remaining service industries:
property and business services; government administration and defence; education; health and
community services; and much of personal services.  The assumption underlying this procedure is
that there is no change in volume gross value added per hour worked, i.e. labour productivity is
constant.



52.  In the annual supply-use tables, annual volume measures of the labour income components of
the outputs of the general government dominated industries are derived by deflation, using wage
cost indexes.  As wages account for the bulk of general government output (defined to be equal to
input), this is almost akin to using hours worked as the indicator of change. However, there is one
difference worth noting: to the extent that changes in the mix of high and low paid jobs reflect
changes in the average skill or productivity level of the workforce, wage-deflated estimates -- unlike
hours worked based estimates -- will reflect productivity growth.  It should be noted, though, that
such a measure of productivity growth is likely to be only partial.

  CHAIN PRICE INDEXES

Introduction

53.  Just as constant price estimates were replaced by chain volume measures, so the previously
published fixed-weighted price indexes have been replaced by chain price indexes.  Thus, there are
two types of price index published for each of the expenditure aggregates in the national accounts:
chain price indexes and implicit price deflators (IPDs) derived from chain volume estimates. One of
the benefits of chaining is that, for each aggregate, the growth rates of chain price indexes and IPDs
derived from chain volume estimates are generally more alike than the previously published fixed-
weighted price indexes and IPDs derived from constant price estimates.

Implicit price deflators

54.  An implicit price deflator (IPD) is an index obtained by dividing a current price value by its
corresponding volume estimate. Thus implicit price deflators are derived measures (hence the term
'implicit') and are not normally the direct measures of price change by which current price estimates
are converted to estimates at constant prices. The formula for an IPD derived from annual, annually
reweighted chain Laspeyres volume measures in year t is:

=

where
Qt = quantities in year t

Pt = prices in year t

= chain Laspeyres volume measure at period t

55.  When calculated from the major national accounting aggregates, such as gross national
expenditure, IPDs relate to a broader range of goods and services in the economy than that
represented by any of the individual consumer and producer price indexes published by the ABS.

56.  Implicit price deflators provide an estimate of 'pure' price change between a year (the base year)
and a period in the following year, and use the quantity weights of this latter period. For quarterly



IPDs in the latest year, the pure price change is from the year two years earlier. Because the weights
change from period to period, implicit price deflators do not compare the price of a constant basket
of goods and services between any two periods except when comparing a period with its base
period. Therefore, a change in an IPD between any two periods, neither of which is the base period,
represents a combination of the effects of actual price changes between the two periods and the
effects of relative changes between those periods in the underlying quantity weights, or physical
composition, of the aggregate from which the deflator is derived.  It is possible for changes in the
physical composition of the relevant aggregate to produce an increase in the IPD between two non-
base periods when all component prices have decreased or, conversely, a decrease in the deflator
when all component prices have increased.  While these may be extreme cases, from time to time
significant aberrations do occur in practice, e.g. when a major purchase of a capital good is made by
the private sector from the public sector, the IPD for public gross fixed capital formation can be
negative.

57.  IPDs calculated from the quarterly national accounting aggregates may be particularly affected
by changes in the physical composition of those aggregates.  Much of the quarter-to-quarter change
in the physical composition of aggregates is seasonal.  Therefore, an IPD derived from seasonally
adjusted quarterly data is normally a more reliable indicator of 'pure' price change than one
calculated from unadjusted data.  However, seasonally adjusting the series may not completely
eliminate the impact of seasonal changes on the derived IPDs.

58.  The limitations outlined in the preceding paragraphs mean that the movement in an individual
IPD between two quarters should not be taken as a measure of price change in isolation from other
relevant information that is available. For instance, the change in an IPD between two periods
should be considered in the context of movements of the IPD around the periods in question.  This
is particularly important with respect to changes from one quarter to the next.

59.  Annual movements in IPDs derived from the annually reweighted chain volume estimates are
much more reliable indicators of price change than the quarterly movements, because they do not
suffer from the effects of compositional change and are measures of pure price change. However, if
quarterly measures of pure price change are required it is better to use the chain price indexes (see
paragraphs 61 to 63).

60.  IPDs are subject to revision because of revisions in the relevant current price and/or chain
volume estimates, including changes to seasonally adjusted estimates resulting from seasonal
reanalysis.  In particular, quarterly estimates as first published are sometimes revised substantially
when firmer data become available.

Chain price indexes

61.  The chain price indexes published in the national accounts are annually reweighted chain
Laspeyres price indexes and are analogous to chain volume estimates. They comprise the deflators
used to derive the volume estimates, weighted together in the same way and at the same level of
detail as the chain volume estimates. In those cases where quantity revaluation is used to derive
volume estimates the IPD is used in constructing the chain price indexes. However, these IPDs are
calculated at such a detailed level that for all intents the published national accounts chain price
indexes can be considered as measures of pure price change.



62.  Chain price indexes are not the only price indexes published by the ABS that measure pure
price change. The consumer price index and all the producer and international trade price indexes
also do this. However, the chain price indexes have some useful features that these other price
indexes do not share at present. First, they encompass the whole of the economy, and second, they
are frequently reweighted.

63.  The detailed price components of the chain price indexes are drawn from ABS producer,
international trade, wage cost and consumer price indexes, as well as various sources outside the
ABS.  This reflects the fact that national accounts aggregates and their associated chain price
indexes have a broader scope than related ABS fixed-weighted price indexes and for some items
adopt different conceptual treatments.  As a result of these differences and the fact that they are
chained, the chain price indexes differ from related fixed-weighted price indexes published by the
ABS.  A more detailed comparison of the fixed-weighted equivalents of the Consumer Price Index
(CPI), Import Price Index (IPI) and Export Price Index (EPI) is given below.

The chain price index for household final consumption expenditure (HFCE) compared with the
CPI

64.  Movements in the chain price index for HFCE are generally very close to movements in the
CPI due to the fact that most parts of HFCE are deflated by components of the CPI.  However,
differences do occur between the two price indexes in some quarters.  Some of the more important
reasons for these differences are:

The CPI is reweighted every four or five years, whereas the chain price index is
reweighted every year.

The chain price index uses a range of price indexes, apart from CPI component series,
including producer price indexes, wage cost indexes, stock exchange indexes, and public
sector deflators relating to education and hospital expenditure.

HFCE is broader in scope and relates to expenditure by all Australian resident
households and private non-profit organisations whereas the CPI relates to expenditure
by Australian resident households in the eight capital cities of the States and Territories.

The national accounts concept and treatment of HFCE differs from household consumer
expenditure as measured by the CPI.  Some of the more significant differences are
mentioned below, while further details can be found in Chapter 14, and in The Australian
Consumer Price Index: Concepts, Sources and Methods (Cat. No. 6461.0).

HFCE excludes expenditure by persons on the purchase and maintenance of
dwellings, but imputes rental payments for owner-occupied dwellings.  The CPI
represents home ownership costs by actual rents, net house purchase (new
dwellings excluding land plus alterations and additions), property rates and



charges, house repairs and maintenance and house insurance.

Included in HFCE are several items not covered by the CPI.  Major goods and
services affected are expenditure on gambling and a range of financial services,
such as bank charges (both direct and indirect), the administrative costs of life
insurance offices and superannuation funds, and share broking commissions.

Expenditure on food and drinks in cafes, restaurants and clubs is included in the
HFCE category 11 Hotels, cafes and restaurants, while these expenditures are
included in Food in the CPI.

65.  The conceptual and coverage differences mentioned above, together with the different base
periods of the chain price index and the CPI, result in different weights being used in each index
when measuring similar components.  Some examples are given below in respect of the June quarter
1998:

Table 1 Comparision of
CPI and HFCE chain
price weights for selected items

Item CPI weight (per cent)
(as per 13th series)

Food 19.2
Private motoring 13.2
Rent 5.8
Cigarettes and tobacco 3.1
Alcoholic drinks 5.1
Health 3.8
Recreation  and culture 5.8

The chain price index for exports and imports of goods and services compared with the EPI and
IPI

66.  The ABS publishes an export price index (EPI) and an import price index (IPI).  Both the EPI
and the IPI can display appreciably different price movements from their counterpart national
accounts chain price indexes.  The major reasons for these differences are as follows:

The EPI and IPI are reweighted relatively infrequently (over 5 yearly) whereas the chain
price index is reweighted annually.

The chain price indexes in the national accounts cover goods and services, while the both



the EPI and IPI only cover goods.

Both chain price indexes are formed by weighting price indexes for services and
component IPDs for goods. The goods IPDs are derived at the division level of the
Standard International Trade Classification (SITC) and comprise 109 import categories
and 66 export categories. The IPDs at the division level for exports are derived from
volume estimates formed by quantity revaluing a significant proportion of exports and
then deflating the remainder at the division level using appropriate price indexes. The
use of IPDs in the construction of the chain price indexes is a weakness, but it is
substantially ameliorated by the detailed level at which they are weighted together.

The chain price indexes also differ from the IPI and the EPI because price indexes from
other sources are used to deflate some data.  Of particular significance is a specially
constructed price index that is used to deflate exports and imports of computer
equipment. The price index -- developed and maintained by the US Bureau of Economic
Analysis (BEA) -- was introduced into the Australian national accounts at the time of the
1984-85 rebase of constant price estimates. The BEA approach -- which includes the use
of the hedonic method -- goes to great lengths to ensure that price changes relate to
goods of the same quality in the formation of its price index.  This has resulted in a price
index for computer equipment that exhibits a substantial decline over time, much more
so than the computer equipment price index in the IPI. The EPI does not include a
computer equipment price index.

The goods component of the chain price indexes for exports and imports are on a balance
of payments basis, whereas the EPI and IPI relate to the value of goods on a recorded
trade basis.

Note that a full review of the IPI and EPI commenced in 1999, with the intention of addressing
many of the issues mentioned above.



 DETAILS OF INFORMATION PAPERS, USER CONSULTATIONS AND SEMINARS

Date Event

July 1996 One-day workshop attended by ABS staff. Explanation of index theory -
pros and cons of constant price estimates versus chain volume
measures, Fisher versus Laspeyres, etc. Results of empirical analysis
presented and considered, proposals developed.

August 1996 Seminar attended by major users. Explanation of chain volume
measures, etc. Results of empirical analysis presented. ABS proposals
outlined, followed by discussion.

September 1996 Meeting of ABS Economic Statistics User Group. Outline of changes
entailed in implementation of SNA93, including introduction of chain
volume measures.

February 1997 Meeting of ABS Economic Statistics User Group. Explanation of chain
volume measures, etc. Results of empirical analysis presented. ABS
proposals outlined, followed by discussion.

March 1997 Seminar held for major users. Explanation of chain volume measures,
etc. Results of empirical analysis presented. ABS proposals outlined,
followed by discussion.

September 1997 Release of the information paper Implementation of Revised
International Standards in the Australian National accounts (5251.0),
which includes a section on the proposals regarding chain volume
measures.

October 1997 Seminars in the nine Australian capital cities explaining the above
changes to the national accounts.

March 1998 Meeting of ABS Economic Statistics User Group. Revised ABS
proposals outlined, followed by discussion.

March 1998 Release of the information paper Introduction of Chain Volume
Measures in the Australian National Accounts (5248.0). The
information paper includes experimental estimates.

March 1998 Seminars held in the nine Australian capital cities explaining what the
ABS was intending to do and why. Comparisons made of the
experimental chain volume measures and their constant price
counterparts.



June 1998 Release of the March quarter 1998 issue of Australian National
Accounts: National Income, Expenditure and Product (5206.0),
containing experimental chain volume measures.

August 1998 Workshop for econometric modellers to discuss strategies for coping
with the lack of additivity of chain volume measures.

September 1998 Release of the June quarter 1998 issue of Australian National
Accounts: National Income, Expenditure and Product (5206.0),
containing experimental chain volume measures.

October 1998 Re-release of the June quarter issue of Australian National Accounts:
National Income, Expenditure and Product (5206.0) incorporating the
ABS's implementation of SNA. The publication will include chain
volume measures, but not constant price estimates .

November 1998 Seminars to be held in the nine Australian capital cities explaining the
changes to the national accounts.

December 1998 Release of the September quarter 1998 issue of Australian National
Accounts: National Income, Expenditure and Product (5206.0). The
publication will include chain volume measures, but not constant price
estimates.
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