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                     National Accounts at Constant Prices

       The following document presents some of the main issues relating to 
national accounts at constant prices.  It considers the advantages and 
disadvantages of chain indices versus traditional fixed base indices in an 
accounting context and recommends the calculation of both kinds of indices.  It 
also examines the parallel problem of EKS versus Geary-Khamis indices in an 
international context, and similarly recommends the calculation of both kinds 
of indices.  The Working Group may wish to consider the following questions.

       a) Do experts agree that the best measures of growth and inflation for 
          individual major aggregates such as GDP, taken in isolation, are 
          given by year to year Fisher volume and price indices?  Are the best 
          measures of growth and inflation over a number of years obtained by 
          chaining together the annual Fishers?

       b) Do experts agree that it is also desirable to publish constant price 
          (Laspeyres volume) series over periods of 5 or 10 years in addition 
          to Fisher chain indices?  Are two alternative measures needed?  Are 
          users, including politicians, the press and the general public as 
          well as economists, likely to find the coexistence of two measures 
          useful or confusing?

       c) Do experts agree that the best international price and volume for 
          individual aggregates such as GDP taken in isolation are the EKS 
          indices?  Are GK value data the most suitable data for modelling and 
          analytical work?

       d) Various countries have experience of using chain indices for national 
          accounts purposes.  How serious a problem is non-additivity in 
          practice?  Is it  desirable to adjust non-additive data to make them 
          additive?  If so, what is the best method to use?

       e) Do experts agree that the best measures of year to year changes in 
          real value added (and hence real GDP) are obtained by "double 
          deflation" - i.e., subtracting constant price inputs from constant 
          price outputs?  Are year to year Fisher indices necessarily superior 
          to year to year Laspeyres, given that year to year Laspeyres indices 
          are additively consistent whereas Fisher indices are not?
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                     National Accounts at Constant Prices

The rebasing and linking of indices

1.     •  It is convenient to start by considering the example of a fixed base 
          Laspeyres volume index and its associated series of values at 
          constant prices.  In the course of 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 at which it 
          becomes unacceptable to continue using them to measure  volume 
          measures from one period to the next.  It may then be necessary to 
          update the base period and to link the old series to the series on 
          the new base period.
       
2.     For a single index taken in isolation linking is a simple arithmetic 
operation.  However, within an accounting framework it is not possible to 
preserve the accounting relationships between an aggregate and its components 
while at the same time linking the aggregate and its components separately.  
The difficulties involved are best explained by referring to the extended 
numerical example given in the Table.

3.     Part I of the table presents the underlying price, quantity and value 
data for two products, A and B, and the aggregate (A+B).  It is assumed that 
constant price series are calculated for periods 0 to 10 using period 0 prices, 
with a change of base year in period 10.  Constant price data for periods 10 
onwards are calculated at period 10 prices.  The resulting constant price data, 
and the Laspeyres volume indices for the aggregate, are shown in Part II.  The 
question to be addressed is the best way to link these two sets of data as a 
whole.

4.     Assuming it is desired to present a continuous run of "constant price" 
data from period 0 to period 15, there are several ways in which such data 
could be compiled.  One possibility is to scale down the constant price data 
from periods 10 to 15 (calculated at period 10 prices) to the general level of 
prices in period 0 by multiplying through by a constant equal to 
bpoq10/bp10q10.  This ensures that there is no break in continuity for the 
aggregate when the weights  are switched from period 0 prices to period 10 
prices.  It yields a set of data which, from period 10 onwards, are expressed 
at the general price level of period 0 but at the relative prices of period 10.  
This solution is illustrated in Part III of the Table.

5.     The difficulty with this solution is apparent from the Table.  In period 
10 in which the link occurs two different sets of relative prices have to be 
used relating to periods 0 and 10 respectively.  As a result discontinuities 
are introduced into the "constant price" series for A and B at the point at 
which the switch is made from one set of relative prices to the other.  For 
this reason the linked measures for A and B do not reflect the underlying 
volume movements.  For example, the ratio of the "constant price" figure for A 
in period 15 to the corresponding value in period 0, namely 71.9/30 = 2.40, is 
patently very different from the actual change in the quantity of A, namely 
15/5 = 3.

6.     The same difficulties would arise if the series before the link were to 
be scaled up to the general price level of period 10.  As illustrated in Part 
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IV of the Table the constant price data valued at the prices of period 0 can be   
scaled up to the prices of period 10 by multiplying by the constant 
bpoq10/bpoqo. Discontinuities are again created for A and B at the point at 
which the switch is made from one set of relative prices to the other.  The 
ratio of the "constant price" for A in period 15 to that in period 0 is 
126/56.4 = 2.23 which again is very different from the actual quantity change, 
3.

7.     In order to preserve the volume movements at each level of aggregation 
components have to be linked as well as the aggregates.  This procedure is 
followed in parts V and VI of Table >.  In part V the linked values are at the 
constant prices of period 0 while in part VI they are at the constant prices of 
period 10.  The linked volume movements for A and B reflect the underlying 
quantity changes, while the linked volume movements for the aggregate A + B 
take account of the change in weights in period 10.  The problem that emerges 
with this method is that the constant price values for the components do not 
add up to the constant price values of the aggregates after the series have 
been linked.  This can be seen in part V for the linked values of period 15 at 
prices of 0 and in part VI for the linked values of period 0 at the prices of 
15.  In other words when every series at each level of aggregation is 
individually linked, the resulting constant price data are not additively 
consistent after the linking has taken place.  This result provides a simple 
illustration of the dilemma of having to choose between price or volume 
measures which are individually optimal and the respecting of accounting 
constraints.

8.     When data are not additively consistent, as in the last column of part V  
and the first column of part VI, there is a discrepancy between the sum of the 
components and the corresponding aggregate at each individual level of 
aggregation.  One way of eliminating the discrepancy would be to distribute it 
in proportion to the components.  For example, the figures of 45 and 80 in the 
first column could be scaled down 42.9 and 74.6 to make them add to 116.5, the 
required total.  However, this would automatically distort the volume 
comparisons for both A and B in period 0 as compared with periods 10 and 15.  
Alternatively, the total for (A+B) could be adjusted to make it equal to the 
sum of the components i.e., 125 instead of 116.5.  By distorting the volume 
comparisons at the aggregate level, however, this would defeat the main purpose   
of the exercise. 

9.     A choice has to be made between the two different methods illustrated in 
the Table.  The first approach using the scalar adjustment as illustrated in 
parts III and IV of the Table, preserves additivity consistency at the expense 
of distorting the linked comparisons at a detailed level.  The second approach, 
illustrated in parts V and VI, preserves the validity of the linked comparisons 
at each level of aggregation at the cost of destroying additive consistency.  
The volume movements for the overall aggregate are the same in both cases.  On 
balance, the second method seems preferable, given that the main purpose is to 
obtain good price and volume measures.  
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Chain indices

{Introduction}

10.    If the objective is to have measures that reflect the actual movements 
of prices and volumes as closely as possible, price and volume indices should 
be compiled only between consecutive time periods, direct comparisons being 
abandoned between periods that are separated in time.  Measures over longer 
time periods are then obtained by cumulating the short-term movements:  that 
is, by linking the indices between consecutive periods together to form "chain 
indices".   Such chain indices have a number of practical as well as 
theoretical advantages.  For example, it is possible to obtain a much better 
match between products in consecutive time periods than between two periods 
that are far apart, given that products are continually disappearing from 
markets to be replaced by new products, or new qualities.  Chain indices are 
also being increasingly demanded by economists and others for analytical 
purposes and are being increasingly used for special purpose indices, such as 
consumer price indices, in order to have indices whose weighting structures are  
as up-to-date and relevant as possible for policy purposes.

{Chain Laspeyres and Paasche Indices}

11.    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.  A chain Laspeyres volume 
index connecting periods 0 and n is an index of the following form:

        
       •  bpoq1     bp1q2    •  bpt-1qt           bpn-1qn
 c
Lq  =            .        .  ...            .  ...          

       •  bpoqo•    bp1q1    •  bpt-1qt-1    •    bpn-1qn-1•    (1)•      
       •  •     

       •     ••      c
A chain Paasche volume index Pq is obtained by adding 1 to each of the price

 
subscripts in (1) so that each link becomes a Paasche index.  Laspeyres and 
Paasche price indices are obtained by interchanging the the p’s and q’s in the 
expressions for the volume indices.

12.    In general, Laspeyres indices, whether volume or price, tend to increase 
faster (or decrease less) than Paasche indices, but if fixed base indices are 
replaced by chain indices, the index number spread between Laspeyres and 
Paasche is likely to be greatly reduced.  The relationship between a fixed base 
index and the corresponding chain index is not always the same, however, as it 
must depend upon the paths followed by individual prices and quantities over 
time.  

13.    If individual prices and quantities tend to increase or decrease 
monotonically over time with relatively few fluctuations, it can be shown that 
the chain Laspeyres will tend to increase less than the fixed weight Laspeyres 
while the chain Paasche will tend to increase more than the fixed Paasche.  In 
these circumstances, therefore, chaining will reduce the index number spread, 
possibly almost eliminating it.
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14.    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, it can be shown that the chain Laspeyres may 
increase faster than the fixed base Laspeyres, while the chain Paasche may 
increase less than the fixed Paasche.  In this case, the index number spread is  
increased by chaining, thereby accentuating the problem of choice of formula.  
It is possible to give a simple illustration of this effect.

15.    Suppose that the changes in prices and quantities that occur between the 
base period 0 and some intervening period t are subsequently reversed so that 
by the time the final period n is reached all the individual prices and 
quantities have returned to their initial levels in period 0.  As the prices 
and quantities for period n are identical with those in period 0, it would be 
reasonable to require the price and volume indices for period n based on period 
0 to be unity, as the direct Laspeyres and Paasche would be.  However, a chain 
Laspeyres (or Paasche) that used the intervening period t as a link would not 
be unity.  The chain volume index is given the following expression:

       bpoqt  • bptqn
              .       

       bpoqo  • bptqt

If qn = qo by assumption for every product, then the chain index can be written 
as:

       bpoqt  • bptqo 
              .•        =  Lq/Pq

       bpoqo  • bptqt

where Lq and Pq are the Laspeyres and Paasche volume indices for period t based 
on period 0.  As Lq may be expected to be greater than Pq, it follows that the 
chain Laspeyres is greater than unity (and therefore greater than the direct 
Laspeyres for period n on period 0).  This reflects the fact that a Laspeyres 
index does not satisfy Fisher’s "time reversal" text.  The more the prices and 
quantities in period t diverge from those common sets in periods 0 and n (i.e., 
the more the prices and quantities fluctuate), the greater the difference 
between Lq and Pq, and hence the more the chained Laspeyres volume index 
exceeds unity in this example.

16.    If the whole process is repeated again and again, the chain Laspeyres 
volume index linking successive rounds together will drift further and further 
away from unity, even though the prices and quantities keep returning to their 
initial values by assumption.  Such drifting is a signal that the circumstances 
are not appropriate for a chain index.  When the sets of relative prices and 
quantities in two time periods (or two countries) are similar to each other 
they should be compared directly and not indirectly via another period (or 
country) whose relative prices and quantities may be very different from both 
of them.  A chain Laspeyres, or Paasche, index should not be used if the 
chaining involves an economic detour; that is, linking through a period, or 
periods, in which the sets of relative prices and quantities differ more from 
those in both the first period and the last period than the latter do from each 
other.
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17.    Conversely, a chain index should be used when the sets of relative 
prices in the first period and the last period are very different from each 
other and chaining involves linking through intervening periods in which the 
sets of relative prices and quantities are intermediate between those in the 
first and last periods.  Sets of relative prices and quantities may be 
described as intermediate when they approximate, if only roughly, to some 
average of the sets in the first and last periods.  This will happen when the 
opening prices and quantities are transformed into those of the final period by 
the gradual accumulation of successive changes all of which tend to be in the 
same direction.  In this case, the individual links in the chain involve firmly 
based comparisons between situations that are as similar to each other as 
possible.

18.    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, do 
not often go into reverse.  However, when data are collected more frequently 
than once per year, regular fluctuations occur in certain monthly or quarterly 
data as a result of seasonal factors affecting the supply or demand for 
individual goods or services.  Applying the conclusions reached above suggests 
that if it is desired to measure the change in prices or volumes between a 
given month, or quarter, and the same month, or quarter, in the following year, 
the change should be measured directly and not through a chain index linking 
the data over all the intervening months, or quarters.  As already noted, even 
if the prices and quantities for a particular month, or quarter, were to be 
identical with those in the previous year, a chained Laspeyres volume index 
could not be expected to return to its previous level.  Chaining seasonal data 
is not desirable and fixed weight indices should be used instead.  This does 
not prevent such indices being rebased frequently or preclude the use of chain 
indices to measure year to year changes in the corresponding annual data.

{Chain Fisher or Tornqvist indices}

19.    As explained in the previous section, the index number spread between 
Laspeyres and Paasche indices may be greatly reduced by chaining when prices 
and quantities move smoothly over time, even if the cumulative changes in the 
relative prices and quantities are quite large in the long run leading to a 
wide spread between the direct Laspeyres and Paasche.  Indeed, in the limit, if 
the time paths of prices and quantities were to converge on steady exponential 
rates of increase or decline, the chain Laspeyres and Paasche would converge on 
a single chain index.  

20.    When the index number spread can be reduced by chaining, the choice of 
index number formula assumes less significance as all relevant index numbers 
lie within the upper and lower bounds of the Laspeyres and Paasche indices.  
Nevertheless, there may still be some advantages to be gained by choosing an 
index such as the Fisher or Tornqvist that treats both periods being compared 
symmetrically.

21.    Such indices are likely to approximate more closely to theoretic 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 chained symmetrice index, such as Fisher or 
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Tornqvist, is also likely to perform better when there are fluctuations in 
prices and quantities.  The example given in the previous section showed that 
if all the price and quantity changes that occur between period 0 and t are 
subsequently reversed between t and n, the chain Laspeyres linking 0 to n 
through t does not return to unity.  In other words, Laspeyres indices do not 
satisfy Fisher’s time reversal test.  However, the Fisher index does satisfy 
this test and returns to unity in the circumstances postulated.  It may be 
conjectured that, in general, chain Fisher indices are likely to yield results 
that are more acceptable in the presence of fluctuations.  While it remains 
desirable to avoid economic detours when compiling chain indices (that is, 
linking through periods, or countries, with very different economic structures) 
chain Fisher indices are likely to be affected less by such detours than chain 
Laspeyres or Paasche indices.

{Chaining and data coverage}

22.    The 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, catastrophes of one kind or another, and so on.  
Similarly, in international comparisons, many products available in one country 
are not available in another because of differences in levels of economic 
development, in climates, in cultures, religions, and so on.  Thus, it is not 
possible to compile price and quantity relatives for every product available in 
both periods, or both countries.  In such situations the best that can be done 
is to compile price or quantity relatives for as many products as possible and 
then to assume that either the price or the volume changes for the uncovered 
products are the same as for some similar product, or group of products, for 
which price or quantity relatives can be calculated.  Usually, it is more 
reasonable to assume equality of price rather than volume changes.  

23.    In a time series context, the overlap between the products available in 
the two periods is almost bound to be greatest for consecutive time periods 
(except for sub-annual data subject to seasonal fluctuations).  The amount of 
price and quantity information that can be utilised directly for the 
construction of the price or volume indices, is therefore likely to be 
maximised by compiling chain indices linking adjacent time periods.  
Conversely, the further apart the two time periods are, the smaller the overlap 
between the ranges of products available in the two periods is likely to be, 
and the more necessary it becomes to resort to indirect methods of price 
comparisons based on assumptions.  Thus, the difficulties created by the large 
spread between the direct Laspeyres and Paasche indices for time periods that 
are far apart are compounded by the practical difficulties created by the poor 
overlap between the sets of products available in the two periods.  

24.    The superiority of chain indices for measuring actual movements of 
prices and quantities between consecutive time periods is evident on both 
theoretical and practical grounds.  However, a chain index linking two periods 
that are far apart may also provide a better measure than a direct index when 
the overlap between the products available in both periods is relatively small.
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{Additivity and chaining}

25.    Additivity is a property pertaining to a set of inter-dependent index 
numbers related by definition or by accounting constraints.  An aggregate is 
defined as the sum of its components.  Additivity requires this identity to be 
preserved when the values of both an aggregate and its components in some base 
period are extrapolated over time using a set of price, or volume, index 
numbers.  Although desirable from an accounting viewpoint, additivity is 
actually a very restrictive property.  As already noted, Laspeyres volume 
indices are additive because extrapolating the base period values by Laspeyres 
volume indices is equivalent to revaluing quantities in later periods by the 
same set of base period prices.  Additivity implies that, at each level of 
aggregation, the volume index for an aggregate takes the form of a weighted 
arithmetic average of the volume indices for its components that uses their 
base period values as weights.  This requirement virtually defines the 
Laspeyres index.  However, other volume indices in common use are not additive.  

26.    As already shown, a single link is sufficient to destroy additivity in 
the linked data expressed in value terms even when additive indices such as 
Laspeyres volume indices, are linked together.  If, therefore, a set of chain 
volume indices are converted into time series of values by using the indices to 
extrapolate the values of the base period, components fail to add up to 
aggregates in later periods.  For this reason, it is common to publish the data 
only in the form of index numbers.  However, this may merely conceal the 
problem from users who may be unaware of the breakdown in additivity and its 
consequences.  Users may be puzzled when the index for an aggregate is patently 
not a weighted arithmetic average of those for its components and may wrongly 
conclude that there must be errors in the data.  A perverse form of 
non-additivity occurs 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.  This case cannot be 
dismissed as so improbable that it would never occur.  In fact, it may easily 
occur when the range spanned by the components is very narrow and it has been 
observed on various occasions.  In any case, publishing data only in the form 
of index numbers and not as values is tantamount to abandoning the attempt to 
construct a system of accounts adjusted for inflation.

27.    It is possible to eliminate the discrepancies in the converted value 
series in mechanical ways but not without cost.  As already shown in the 
numerical example of rebasing, if the discrepancies are eliminated by 
distributing them over the series for the components, the volume movements for 
the components are distorted.  Alternatively, if the series for the aggregate 
were to be built up from the values of the components, the series for the 
aggregate itself would cease to be a proper chain index.  This would appear to 
defeat the objective of the exercise.  Furthermore, building up values for 
aggregates from components would have the additional disadvantage of making the 
results for the aggregate depend quite arbitrarily on the level of 
disaggregation or degree of detail distinguished within the accounts.  On 
balance, if discrepancies have to be eliminated mechanically, it would appear 
preferable to work downwards from the highest level of aggregation by 
distributing discrepancies over components at each level of disaggregation.
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Value added and GDP

28.    It is not possible to derive balancing items residually when the various 
elements making up the account do not obey the laws on arithmetic.  Consider 
the example of the measurement of real gross value added using chain volume 
indices for output and intermediate consumption.

       Let Oo = the value of output in period o
       •   Io = the value of intermediate consumption in period o
       •   Ct = the chain volume index for output in period t
       •   Bt = the chain volume index for intermediate consumption in period t

While it would be possible to construct a volume index for value added in 
period t as follows:

       •   OoCt - IoBt
       •               ••••••    (2)

       •     Oo - Io

such an index would have no clear meaning because the chain indices Ct and Bt 
are not additive.  Its behaviour could be impredictable and erratic, especially 
if the difference between Oo and Io is small compared with their absolute 
levels.
 
29.    When chain indices are used for output and intermediate consumption, an 
additional chain index must be compiled for value added itself.  One 
possibility is to compile a Laspeyres type volume index defined as follows:

       •     bPt-1 Qt - bpt-1qt
LVA    =                           ••••    (3)
 q     •     •••••••    
             bPt-1 Qt-1 - bpt-1 qt-1

where the capital letters refer to outputs and the small letters to 
intermediate inputs.   The denominator in (3) is value added in period t-1 
while the numerator is obtained by revaluing the outputs and inputs in period t 
at t-1 prices.  Expression (3) can be interpreted directly as measuring the 
change in value added between t-1 and t at the constant prices of t-1.  As 
constant prices are used the resulting measures are additively consistent.

30.    A chain index for real value added can be compiled in this way using 
Laspeyres type volume indices for each link in chain.  As Laspeyres volume 
indices are additively consistent, the measurement of the change in value added 
for each link in the chain is valid and economically meaningful.  However, in 
common with all chain indices, it should be noted that the three indices 
involved - the output index, the input index and the value added index - are 
not additively consistent among themselves when the period to period movements 
are linked together to form a chain index.  This can produce counter intuitive 
and unacceptable results in the long run.  For example, the Laspeyres output 
index can be interpreted as a weighted average of the Laspeyres intermediate 
input index and the Laspeyres value added index.  It is therefore impossible 
for the output index to lie outside the range spanned by the intermediate input 
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and value added indices.  However, because the indices do not remain additively 
consistent when linked to form a chain, the perverse result may be obtained in 
the long run whereby the chain index for output lies outside the range spanned 
by the other two chain indices.  Such cases have been observed and documented.  
Thus, the use of chain indices may pose problems for analyses of long term 
productivity growth in which inputs and outputs are supposed to respect some 
underlying production function.

31.    A second possibility would be to compile a chain index for real value 
added using Paasche type volume indices linking successive periods.  The volume 
index for each link is defined as follows:

 VA    •     bPtQt - bptqt•••••    
Pq     =                       •••••    (4)•       
       •     
       •     bPtQt-1 - bptqt-1

 
This index is also an economically meaningful measure of the change in real 
value added that uses the prices of period t to value outputs and intermediate 
inputs in period t-1.

32.    The third possibility is to compile a chain index for real value added 
that uses a Fisher volume index for each link - that is, the geometric mean of 
the Laspeyres and Paasche indices given by (3) and (4).  Such an index seems to 
provide the best measure of the movement of real value added from a theoretical 
point of view.  Like any other chain index, it cannot be additively consistent, 
but the use of a Fisher index is likely to minimise the inconvenience caused by 
non-additivity.  However, the chained Laspeyres index should provide a good 
second best measure in situations it is too difficult or time consuming to 
calculate the Fisher.

{Real GDP}

33.    Volume movements in GDP are usually described as movements in "real" 
GDP.  Only in the special case in which fixed base Laspeyres volume indices are 
used, however, is it possible to equate movements in real GDP with movements in 
GDP "at constant prices".

34.    Changes in GDP may be calculated from the expenditure side from data on 
final expenditures and imports.  The procedures just described for real value 
added may be applied at the level of the total economy by replacing output and 
intermediate consumption by final expenditures and imports.  The movements in 
real GDP from period to period may therefore be calculated using Laspeyres, 
Paasche or Fisher indices.  

35.    The conclusions reached above with regard to real value added apply 
equally at the level of the total economy and may be summarised as follows:

       a)    the preferred measure of annual movements of real GDP is a Fisher 
             index calculated between successive years, changes over longer 
             periods being obtained by chaining the annual movements;
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       b)    a chain index that uses Laspeyres indices to measure movements in 
             real value added between successive years provides an acceptable 
             alternative to Fisher;

       c)    the chain volume indices for total final expenditures, imports and 
             GDP cannot be additively consistent whichever formula is used; 
             similarly, the chain indices for the components of total final 
             expenditures - household consumption expenditures, government 
             consumption expenditures, gross capital formation and exports - 
             also cannot be additively consistent with the index for total 
             final expenditures.  This may be disconcerting  for some users. 
       d)    chain indices should only be used for annual data:  quarter to 
             quarter movements should be measured using fixed base Laspeyres 
             volume indices.

36.    Two further advantages of using chain indices for GDP may be noted.  The 
quality of the associated price index for GDP is greatly improved compared with 
the year to year movements in the implicit Paasche type deflators associated 
with fixed base Laspeyres volume measures.  Because the Fisher index satisfies 
the factor reversal test, the price index is assignd the same priority and 
status as its companion volume index.  Even if the chain volume index for GDP 
is Laspeyres rather than Fisher, the period to period change in the associated 
Paasche price index is more meaningful than that of the implicit deflator that 
accompanies a fixed weight Laspeyres volume index.  

37.    A second advantage of a chain index is that time series of past 
movements do not have to be revised when the base year is changed.  In effect, 
a chain index is rebased each year and no subsequent rebasing is called for.  
On the other hand, when the base for a fixed weight Laspeyres type volume index 
is moved forward, the rate of real growth previously observed on the old base 
is usually slowed down, and perhaps significantly so, if the previous base has 
become very out of date.  This slowing down is difficult to explain to users 
and brings the credibility of the measures into question.  These problems are 
avoided with chain indices.  

{The publication of alternative volume and price series}

38.    Although the preferred measure of real growth and inflation for GDP is a 
chain Fisher index, it must be recognised that the lack of additive consistency 
can be a serious disadvantage for many types of analysis in which the 
inter-relationships between various flows in the economy are the main focus of 
interest.  Most macro-econometric models fall into this category.  It is 
therefore recommended that traditional constant price series should be compiled 
and published in addition to the chain indices for the main aggregates.  The 
need to publish two sets of data that appear to conflict with each other should 
be easily explicable to analysts engaged in macro-econometric modelling and 
forecasting.  Users whose interests are confined to a few global measures of 
real growth and inflation can be advised to ignore the more detailed constant 
price estimates.

39.    Constant price series have nevertheless to be rebased in the course of 
time.  In general, constant price series should not be allowed to run for more 
than ten years without rebasing.  It is therefore recommended that 
disaggregated constant price data should be published for as many of the flows 
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of goods and services in the System as possible, with a change of base year 
about every ten years.  When the base year is changed it is customary to link 
the data on the new base to the data on the old base rather than to carry the 
rebasing backwards.  In this case, additivity is eventually lost for very long 
runs of data, even when constant price series are calculated.

International price and volume indices

40.    It is possible to compare prices and volumes between countries using the  
same general methodology as for intertemporal comparisons within a single 
country.  International volume indices are needed in order to compare levels of 
productivity or standards of living in different countries, while comparisons 
of prices can be used to measure purchasing power parities between different 
currencies.

41.    However, the theory of index numbers developed in a time series context 
cannot 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) In time series, it is customary to compare two time periods of the 
          same duration, such as a year.  In international comparisons, 
          however, it is not customary to compare areas, or regions, of equal 
          size.  On the contrary, comparisons may be made between economies 
          that are of entirely different orders of magnitude, one perhaps being 
          100 times or more greater than the other.   It is difficult to 
          interpret such data as if they were different points on the same 
          underlying production function.  It is also less obvious that the two 
          economies should be treated symmetrically.

       b) Countries are also modifiable units.  They can be disaggregated into 
          smaller units, such as regions, or aggregated into larger units such 
          as international communities.  Price and volume measures are needed 
          for blocks of countries as well as individual countries.  In these 
          circumstances, the weight attached to the economic activities in a 
          country ought not to vary depending upon whether the country is 
          considered as a unit in itself or as part of a larger international 
          group.

       c) In time series, there is continuity between the prices and quantities 
          in successive time periods as they move over time.  There is no such 
          continuity between prices and quantities in different countries. In 
          consequence, there is no obvious, objective way in which countries 
          can be ordered for purposes of compiling chain indices.  For example, 
          orderings based on standards of living may be very different from 
          those based on geographical proximity.  In any case, geographical 
          proximity, which is two dimensional, cannot be used to generate 
          unique one dimensional orderings.  Chain indices cannot play the same 
          role in international comparisons as in intertemporal price and 
          volume measurement.
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{Binary comparisons}

42.    Price and volume indices may be compiled between pairs of countries 
using the same kinds of index numbers as those used to measure changes between 
time periods.  A Laspeyres type volume index for country B based on country A 
may be defined as follows:
       
       • q
       aLb       bVa . qb/qa      bpaqb
       •     =•              =•       ••••    (5)
       •     •    bVa••  bpaqa    

the fact that the prices in the two countries may be expressed in different 
currency units is immaterial as only the prices and values in country A are 
used.  The exchange rate between the two countries is irrelevant and plays no 
part in the comparison.  Volume indices such as (5) may be calculated for any 
flow of goods and services but in practice they have been calculated mainly for 
total final domestic expenditure and its components - household final 
consumption expenditure, government final consumption expenditure, and gross 
fixed capital formation.  It is, of course, equally possible to utilise the 
prices and values in country B as weights by defining a  Paasche type volume 
index for B based on A as follows:

       • q
       aPb       bvb        =•  bpbqb
       •   =                =          ••••    (6)
               ••    
       •      bvb . qa/qb    •  bpbqa     
       •      

43.    Given the complementary relationships between Laspeyres and Paasche 
price and volume indices noted earlier, it follows that the Laspeyres volume 
index for B based on A can be derived indirectly by deflating the ratio of the 
values in B and A, each expressed in their own currencies, by the Paasche price 
index for B based on A.  This Paasche index is defined as follows:

       •     ••••       
       • p              bvb                    bpbqb
       aPb   =•                  •=                    •    (7)

       •               bvb . pa/pb             bpaqb            

The individual price relatives, pa/pb, that enter into the calculation of (7) 
are obtained by comparing the prices of the same products in the two countries. 
It may be more difficult to find prices for the same product in different 
countries than to obtain repeated prices for the same product in successive 
time periods within the same country, but by careful specification and 
identification of products the price relatives can be calculated directly from 
information collected in price surveys in the two countries.

{Purchasing power parities}

44.    In an international index such as (7), the prices in each country are 
quoted in its own currency units.  Each of the individual price relatives pb/pa 
can therefore be interpreted as measuring the number of units of B’s currency 
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that are needed in B to purchase the same quantity of an individual good or 
service as 1 unit of A’s currency will purchase in A.  This ratio is usually 
described as the purchasing power parity (PPP) between the two currencies for 
the particular good or service in question.  Thus, (7) can be interpreted as a 
weighted harmonic average of the individual PPPs that is better described as a 
Paasche type PPP index than a price index.  It is, of course, equally possible 
to calculate the Laspeyres type PPP index for B based on A using the 
expenditures in country A as weights.

45.    In practice, it is usually more cost effective to derive international 
volume indices indirectly by deflating ratios of values in national currencies 
by PPP indices.  While PPP indices are widely used for this purpose, they also 
have considerable intrinsic interest in themselves.  They have the same 
dimensions as exchange rates and may be directly compared with the latter.  
Dividing a PPP index by the corresponding exchange rate produces a price index 
that is similar to an intertemporal price index.  Such an index shows the 
average percentage by which the prices of goods and services in country B, when 
converted into A’s currency at the current exchange rate, exceed, or fall 
below, the prices of the same goods and services in country A.  Such 
information is useful for individuals or institutional units moving from one 
country to another or engaged in economic activities within both countries.  As 
the PPPs typically relate to domestic final expenditures only they are not 
designed for the analysis of international flows of goods and services but may 
still be of some relevance to the analysis of foreign trade.

46.    There is a systematic tendency, observed in many empirical 
investigations, for the domestic price level to be positively correlated with 
the volume of per capita GDP.  As price levels may vary considerably between 
countries, comparisons of per capita GDP in a common currency using exchange 
rates must not be interpreted as measuring volume differences only.  Such 
differences in per capita GDP are likely to reflect differences in domestic 
price levels as much as difference in volumes. 

{The spread between Laspeyres and Paasche indices}

47.    Intertemporal price and volume comparisons tend to be confined either to 
adjacent time periods or to periods that are not very far apart.  The 
differences between the patterns of expenditures for two different time periods 
for the same country tend therefore to be relatively small compared with the 
differences that are found between different countries, especially between 
countries with different standards of living, cultures and climates.  
International price and quantity relatives also tend to be negatively 
correlated.  Institutional units in a country tend to purchase relatively more 
of goods and services that are relatively cheap in that country compared with 
other countries.  This negative correlation when combined with substantial 
differences in the patterns of relative prices is capable of generating a large 
spread between the Laspeyres and Paasche indices, both for prices and volumes.  
For example, the Laspeyres volume index for country B based on a country A 
using A’s prices has been observed to be more than twice as large as the 
corresponding Paasche index using B’s prices.  Direct quantitative comparisons 
between economic situations that have little in common with each other are 
inherently difficult.
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48.    Given the existence of such large differences it is inevitable that an 
average of the Laspeyres and Laspeyres and Paasche indices such as Fisher’s 
index, should be widely used for international comparisons.  Such indices 
appeal particularly to third parties such as international or supranational 
organisations.  The international version of Fisher’s index is defined as the 
geometric mean of the international Laspeyres and Paasche indices.  

{Multilateral comparisons}

49.    The need for multilateral international comparisons may arise for 
various reasons:  for example, when an international organisation needs to know 
the relative sizes of the GDPs of its member countries or when aggregates for 
blocks of countries are needed.  Such aggregates can also serve as norms by 
which the situations of individual member countries can be appraised.  In these 
cases, the block constitutes an entity in its own right whose characteristics 
are at least as important as those of the individual member countries of which 
it is composed.  There is also interest for both analytic and policy purposes 
in obtaining a unique, objective ranking of the volume of  GDP, or per capita 
GDP, for all the countries in the block.

Transitivity

50.    Consider a group of n countries A, B, C, D, etc.  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 n(n-1)/2.  Let the price, or 
volume, index number for country j based on country i be written as iIj.  A set 
of indices is said to be transitive when the following condition holds for 
every pair of indices in the set:

       iIj . jIk = iIk••••••    (8)

This condition implies that the direct (binary) index for country k based on 
country i is equal to the indirect index obtained by multiplying the direct 
(binary) index for country j based on country i by the direct (binary) index 
for country k based on country j.  The indirect index is, in fact, the chain 
index connecting k and i using j as the link country.  If the entire set of 
indices is transitive, chain indices connecting pairs of countries are always 
equal to the corresponding direct indices no matter how the linking is made or 
how many other countries are introduced as links in the chain.  In practice, 
none of the standard indices in common use such as Laspeyres, Paasche or Fisher 
is transitive.

51.    Transitivity is not important in a time series context because time 
periods form an ordered sequence.  For this reason, there is little interest in 
direct comparisons between all possible pairs of time periods.  Direct 
comparisons tend to be confined either to comparisons with a selected base 
period, typically the first period in the sequence (leading to fixed base 
Laspeyres or Paasche indices) or to comparisons between consecutive time 
periods (leading to chain indices).  Comparisons between other possible pairs 
of periods are not undertaken directly.

52.    However, no one country in a group of countries has the same status as 
the first period in a time series.  There is usually no good economic reason 
why one particular country should be singled out to assume the role of base 
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country.  Moreover, the choice of base can be much more critical in an 
international context as patterns of relative prices and quantities are liable 
to differ much more between countries than between successive time periods 
within the same country.  In general, the use of a single country as base 
country is not likely to be acceptable to users when the results are so 
sensitive to the subjective choice of the country to act as base.  Nor can 
transitivity be achieved satisfactorily by chaining when there are so many 
possible sequences that might be chosen, each leading to a different set of 
results.  

53.    The objective is to find a multilateral method that generates a 
transitive set of price and volume measures while at the same time attaching 
the same importance to all countries or economic activities wherever they take 
place.  There are two quite different approaches that may be used.  The first 
achieves transitivity by using the average prices (or quantities) within the 
block of countries as a whole for purposes of calculating the multilateral 
volume (or price) indices.  The second is to start from the binary comparisons 
between all possible pairs of countries and to transform them in such a way as 
to reduce them to a set of transitive measures.

{The block approach}

54.    The block approach gives priority to the economic characteristics of the 
block of countries as a whole.  The most widely used method in this category is 
the Geary-Khamis (GK) method in which the average prices of the block are used 
to compile constant price values for all countries in the block.  The GK volume 
index for country B relative to country A is therefore defined as:

       ••    _
       ••   bpqb
       aGKb  =         ••••••    (9)
       ••    _
       ••   bpqa

       ••  _
The average price p for each individual good or service is defined as: 

       _     •   
       p  =  bcjpjqj
       •     j      •••••    •    (10)
       •        
       •       bqj
       •       j
  
       •     •   
where the summation is over the different countries in the block.  The term cj 
in expression (10) is a currency converter that serves to convert each pjqj 
expressed in its own national currency into a common, or numeraire, 
       •     ••     _••••••      
currency.  The average price p of each good or service is therefore simply its 
total value in the numeraire currency in the block as a whole divided by its 
total quantity. 
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55.    The currency converters are the implicit PPPs associated with the volume 
indices defined by (9).  They can be obtained iteratively by using exchange 
rates to calculate an initial set of average prices and then using the 
resulting volume indices to obtain the corresponding PPPs.  These are then used 
to obtain a second set of average prices, and so on.  This iterative process 
converges quickly.  Alternatively, the PPPs and average prices can be obtained 
by solving the underlying set of simultaneous equations.

56.    The average prices defined by (10) play the same role in international 
comparisons as the constant prices of the base period play in a time series of 
Laspeyres volume indices on a fixed base.  The use of constant prices 
automatically ensures transitivity among the resulting volume indices between 
all pairs of countries:  clearly,

       •  _•    _•       _
         bpqk      bpqj       bpqk
               =          .       
       •  _•    _•       _•••••       
         bpqi      bpqi       bpqj

57.    The advantages of a block method such as the GK method may be summarised 
as follows:

       a) The method recognises the block of countries as an entity in itself 
          with its own vector of relative prices that is used to measure the 
          volume shares of the various countries that make up the block.  The 
          economic characteristics of the block thus determine how the 
          components within it are measured.

       b) In common with all constant price methods, the resulting volume 
          measures, and associated implicit PPPs, are all transitive.

       c) The volume measures are additively consistent.  They can be presented 
          in value terms using the average prices of the block expressed in the 
          numeraire currency in a way that is easy to understand and user 
          friendly.  

       d) Because the same vector of prices is used for all countries, it is 
          possible to compare the economic structures of different countries in 
          a meaningful way.  For example, it is possible to compare the 
          relative amount of resources allocated for different purposes in 
          different countries, such as the share of GDP devoted to gross fixed 
          capital formation, or to expenditures on health, education or 
          research and development.

58.    On the other hand, it can be argued that the volume comparisons for 
individual aggregates between individual pairs of countries are not all 
optimal.  The difficulty is that relative prices and quantities in some 
countries are bound to diverge more than others from the averages for the block 
as a whole.  Suppose country A’s relative prices are close to those for the 
block while country B’s diverge significantly.  Country B might, for example, 
be relatively rich or relatively poor compared with the rest of the block.  
When the average prices for the block are used to compare B with A, the volume 
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index for B is likely to yield a similar result to a Laspeyres index based on 
A.  This implies that the volume index for B will be greater than a symmetric 
binary index, such as Fisher’s index, calculated for the two countries 
considered in isolation.  It can be conjectured that the volume index for B 
compared with most other countries will tend to be somewhat higher than the 
corresponding symmetric binary indices.  However, as it cannot be assumed a 
priori that binary measures always take precedence over multilateral measures, 
this is not necessarily a disadvantage.  On the contrary, the intransitivity of 
binary measures shows that they are mutually inconsistent in a multilateral 
context.  It is therefore appropriate that multilateral indices should diverge 
from the corresponding binaries.  Within a set of multilateral comparisons the 
economic characteristics of the block ought to exert an influence on the 
relative positions of pairs of countries within the block.  Otherwise, 
transitivity ceases to be an important criterion.

{The binary approach to multilateral comparisons}

59.    An alternative approach to the calculation of a set of multilateral 
volume measures and PPPs is a start from the binary comparisons between all 
possible n(n-1)/2 pairs of countries.  If each binary comparison is considered 
in isolation, the preferred measure is likely to be a Fisher. 

60.    Fisher indices are not transitive but it is possible to derive from them 
a set of n-1 transitive indices that resemble the original Fisher indices as 
closely as possible, using the traditional criterion of least squares for this 
purpose.  Minimising the deviations between the original Fisher indices and the 
desired transitive indices leads to the so-called EKS formula proposed 
independently by Eltetes, Kovecs and Sculz.

61.    The EKS index utilises all the indirect indices linking country i and 
country k as well as the direct index between them.  The indirect volume index 
between i and k via country j is a chain index that uses country j as the link 
country:  that is, if iFj is the Fisher volume index between countries i and j, 
the indirect index between i and k that uses j as the link is then the index 
iFj.jFk.  The EKS index between countries i and k is the geometric average of 
the direct index between i and k and every possible indirect index connecting 
countries i and k, 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.  

62.    The EKS index is not additively consistent.  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 values, expressed in a common currency, in such a way that the 
values of the components of some aggregate add up to the value of that 
aggregate Thus, in contrast to the GK method, it is not possible to present the 
results for a group of countries in the form of a table with countries in the 
columns and the various components of final expenditures in the rows in which 
the values add up in the columns as well as across the rows.  

63.    As in the analogous time series case, the discrepancies between the 
values of the aggregates and the sums of their components could be eliminated 
in mechanical ways either by distributing the discrepancies over the various 
components or by defining aggregates as the sums of their components.  However, 
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as already explained, such methods distort the comparisons between pairs of 
countries either for the components or for the aggregates, whichever method is 
adopted.  

{The publication of alternative volume and price measures}

64.    The GK and the EKS methods have the same kind of advantages and 
disadvantages as fixed price volume indices and chain volume indices in a time 
series context.  The EKS index may provide 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.  However, lack of additive consistency is a serious 
disadvantage when it is necessary to work with several inter-related aggregates 
for several countries within an accounting framework.  For example, analyses 
that require information on the relative shares of resources devoted to 
particular purposes in different countries or analyses that involve differences 
in relative prices.  The GK method is better suited to structural analyses of 
this kind.  It also enables the values of individual types of expenditures to 
be summed across all the countries to obtain aggregates for the block as a 
whole as if the different countries were simply different regions within a 
country.  The GK method recognises the block as an entity in itself and 
utilises the characteristics of the block for measurements within the block.  
On the other hand, the EKS method adopts an atomistic approach by treating the 
countries themselves as independent entities whose relative sizes are first 
determined by  comparing each country with each other country individually and 
then seeks to disturb these measures as little as possible when transforming 
them into a set of transitive measures.

65.    In general, the methods used to compile statistics must be influenced by 
the purposes for which they are to be used.  It is therefore suggested that two   
sets of data should be published.

       a) EKS indices should be published for GDP and the main expenditure 
          aggregates - household final consumption expenditures, government 
          final consumption expenditures and gross capital formation.  These 
          would consist of both volume and PPP indices.  The EKS indices could 
          be used when comparisons are limited to selected major aggregates 
          taken in isolation, such as GDP or total household consumption.

       b) GK results should also be published in the form of values at the 
          average prices of the block of countries expressed in some convenient 
          numeraire such as the U.S. dollar.  As these dates are additively 
          consistent they should be published in full detail for the benefit of 
          users interested in inter-relationships between components and 
          aggregates.  Such data are needed for structural analyses involving 
          ratios and shares.

66.    These conclusions are similar to those reached for intertemporal 
comparisons.  In both cases, the best measures for individual aggregates, such 
as GDP, taken in isolation are provided by indices that are not additive - 
chain indices in a time series context and EKS indices in an international 
context.  As sets of additive data are also needed for modelling and analytical 
work, it is also necessary to provide data in the form of values at constant 
prices - either at the prices of some base period or at the average prices of a 
block of countries.  



                                    Table >

                  The Rebasing and Linking of Volume Indices
                         and Series at Constant Prices

                              A numerical example

       I                            The basic data

Product            Period O           Period 10        • Period 15 

                  po   qo   vo      p10  q10   v10      p15  q15   v15   
   A••   6    5   30•      9   12   108• 11   15   165
   B••   4    8   32•     10•  11   110• 14   11   154
  A+B••   -    -   62•    •       218•     •   319

     II••  Laspeyres base year 0   |    Laspeyres:  base year 10
••  Period 0    Period 10•  |    Period 10     Period 15
••       •    •    •  |
••    poqo        poq10•  |    p10   q10     p10   q15
   A••      30          72 •  |       108•        135
   B••      32          44•  |       110•        110
  A+B••      62         116•  |       218•        245
••       •    •    •  |
  Index••     100    • 187.1•  |    •  100•     •112.4
Linked index (0)     100    • 187.1•  |    •  187.1•     •210.3
Linked index (10)     53.4  • 100•  |    •  100•     •112.4



•
  III••  Linking by scaling down values from 
              periods 10 to 15 by ratio bpoq10/bp10q10 = 116/218

••       Actual values•  |    Scaled down to 0 price level
••       poqo   poq10 •  |    p10q10•     p10q15
••       •    •    •  |
   A••        30  • 72 •  |     57.5•      71.9
   B••        32  • 44 •  |     58.5•      58.5
  A+B••        62  •116 •  |    116•     130.4
••       •    •    •  |
Linked index•       100  •187.1•  |    187.1•     210.3

  IV••  Linking by scaling up values from 
               periods 0 to 10 by ratio bp10q10/bpoq10 = 218/116

•     Scaled up to 10 price level  |           Actual values
•               poqo     poq10•  |    p10q10•     p10q15   
•     •       •••  |
   A•     •        56.4•135.3•  |      108•     126  
   B•     •        60.1• 82.7•  |    • 110•     120
  A+B•     •       116.5•218•  |    • 218•     246
•     •       •••  |    
Linked index •        53.4•100•  |    • 100•     112.8

•      •       •••         •     ••       
V.•     Linking individual series at prices of period 0

••       poqo•     poq10•       poq15
••       ••                      (linked)••       

   A••        30•       72•         90
   B••        32•       44•         44
  A+B••        62•      116•        130.4

Linked index•       100•      187.1•        210.3
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VI.•     Linking individual series at prices of period 
10•     •       

•     •      p10qo•     p10q10•       p10q15
•             (linked)

•     •       45•     108•       135
•     •       80•     110•       110
•     •      116.5•     218•       245

Linked index •       53.4•     100•       112.4••       

•     
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