     Chapter 15



Linking PPPs and Real Expenditures for GDP and 
Lower Level Aggregates

Scalar adjustments and two-stage methods
Introduction

1. This chapter describes the ways in which the PPPs and real expenditures for aggregates such as food consumption, total household consumption or GDP calculated by the regions may be linked to obtain a global set of aggregate PPPs and real expenditures covering all the countries included in the ICP program. The linking may be made by utilising aggregate between-region PPPs estimated from the prices collected by the Ring countries.   
2. A related issue is how to decompose a global set of results into sets of regional results. The global results can be used to determine the aggregate PPPs or quantity indices between entire regions, while the regional results can be used to determine the aggregate PPPs or quantity indices between the countries within the same region. From a methodological viewpoint, this raises the same kinds of issues as deciding upon the best way in which to link the various sets of regional results to obtain the global set.  
3. As explained in the previous chapter, a between-region PPP compares prices in different regions after the prices in the individual countries in each region have been converted into the numeraire currency of the region using the within-region PPPs for the region. Whereas within-region PPPs compare prices between individual countries in the same region, between-region PPPs compare prices between entire regions. Between-region PPPs may be estimated at the basic heading level or at any higher level of aggregation up to total GDP.   
4. Most of the prices collected by the individual regions are not suitable for estimating between region PPPs as the product lists for each of the regions are drawn up independently of each other and no attempt is made to include products that may be representative of countries in other regions. The products selected for pricing within the same basic heading therefore tend to differ from region to region. Even when products appear to be the same, their detailed specifications tend to differ so that they are not really comparable between regions. Few price matches can be obtained using the data collected by the different regions. The estimation of the between-region PPPs, whether at the level of the basic heading or at an aggregate level such as GDP, has to rely on prices collected by the Ring countries using a global list of products drawn up specially for the Ring countries, as described in Chapter 12.  
5. The first part of the chapter addresses the question of how to decompose a global set of results into two or more regions where the results for each region are calculated independently of each other. It is taken first because this is how the question first arose more than 20 years ago in the context of the joint EU/OECD Purchasing Power Parity Program. The OECD group of countries includes the EU countries. It has been the policy of the EU and OECD for more than two decades to ensure that the results for the EU countries within the OECD group as a whole are the same as those calculated for the EU countries on their own.  
6. The later parts of the chapter explain how aggregate results for different regions may be linked by applying conventional aggregation methods in two stages: first to calculate PPPs between countries within regions and then to calculate PPPs between entire regions.     
Scalar Adjustment Methods 

[image: image1.wmf]
7. This section explains how a complete multilateral set of results for a group of countries may be decomposed into sets of results for two or more sub-groups.  The method is quite general. It is based upon the methodology developed by Eurostat and the OECD, but it is not exactly the same as the method currently used by them. The current Eurostat and OECD method is explained later. 
8. In an ICP context, the group of countries would consist of all 150 ICP countries while the sub-groups would consist of the regions. The first step is therefore to calculate a global multilateral set of aggregate PPPs for all 150 countries simultaneously, each country being treated in exactly the same way.   No account is taken of the region to which each country belongs. Any aggregation method may be used.
9. The calculation of a global set of PPPs for all countries requires a complete set of PPPs and the corresponding expenditures in national currencies at the basic heading level for all countries and all basic headings. The expenditure data are supplied by the countries. The basic heading PPPs for all 150 ICP countries may be obtained by using the methods explained in Chapters 10 and 13 above.  The within-region basic heading PPPs for each region are linked using the between-region basic heading PPPs calculated as described in Chapter 13.   Thus, all the detailed data needed to calculate a global set of aggregate PPPs for all 150 countries simultaneously are generated by the ICP program.
  

10. Once the complete set of global results has been calculated, expenditures in each country can be converted from national currencies to the world numeraire currency using the global PPPs. The conversions can be made at any level of aggregation from the basic heading up to GDP. The real GDPs expressed in the world numeraire currency can then be summed for all the countries within the same region to obtain the total GDP of each region.   
11. A complete set of PPPs up to the level of GDP can also be calculated for each region separately using only the prices and expenditures within the region.  The expenditures in each of the countries within the same region can then be converted from their national currencies to the regional numeraire currency using the within-region PPPs. The resulting real GDPs of all the countries in the same region can then be summed to obtain the total GDP of each region expressed in its own regional numeraire currency.   
12. Thus, there are two GDP figures for each region as a whole: one denominated in the world numeraire currency and one denominated in the regional numeraire currency for the region in question.  The entire block of results for each region as calculated at the global level can then be replaced by the corresponding block of results as calculated for the region on its own after being multiplied by a scalar to ensure that the total GDP for the region is the same as in the global results. The required scalar is therefore the ratio of the total GDP for the region expressed in the world numeraire currency to the total GDP for the region expressed in the numeraire currency for the region. The scalar for each region can be interpreted as the PPP between the regional and the world numeraire currency. The scalars can be used to derive aggregate PPPs between the regions themselves.   
13. This procedure is generally described as preserving regional  fixity because the entire block of PPPs, from basic heading to total GDP, between countries within the same region is preserved intact at the global level.   Similarly, the ratios of the real expenditures on different products within the same country remain unchanged.

The scalar adjustment

14. Denote the regions by A, B, C, etc.  For convenience, country 1 in each region is selected to serve as the reference country for that region. Country 1 in region A is also selected to serve as the world reference country W1 in the global comparisons. The currencies of the reference countries serve as the numeraire currencies for the regions, with the currency of country W1 (= A1) also serving as the world numeraire.   

15. As just noted, the scalar adjustment applied to each set of within-region results is equal to the total GDP for the region expressed in the world numeraire currency as calculated at the global level divided by the total GDP for the region expressed in the regional numeraire as calculated by the region.   

16. Let GDPj  denote the GDP of country  j  in region  R  in its own national currency, where    j  =  1,  2, …  n(R)  where n(R)  is the total number of countries in  R.  

Let PPPW1,j denote the global GDP  PPP for country  j  based on country  W1  
as the world reference country.   
Let  PPPR1,j denote the regional GDP  PPP for country  j  in region R based on 
country  R1 as the regional reference country 

The scalar adjustment for region R, denoted by SR, is as follows.

(1)
SR   =   
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Equation (1) may be rearranged to give the following expression.
(2)
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17. Thus, the scalar is a weighted harmonic average of the ratios PPPR1,j/ PPPW1.j  where the weights are the shares of each country’s real GDP in the total real GDP of the region as calculated by the region.
   

18. Consider the individual ratios PPPR1,j/ PPPW1,j   country by country.   The ratio for country 1 is PPPR1,1/ PPPW1,1  which equals  1 / PPP1,W1  given that country 1 is the reference country for region R. Thus, the ratio is the reciprocal of the PPP between the regional numeraire currency and the world numeraire currency.   
19. Now, consider the ratio PPPR1,2/ PPPW1,2  for country  2. This provides a second indirect estimate of the PPP between the two numeraire currencies via country 2. The ratio for each country in region R provides its own separate indirect estimate of the between-region PPP between the two numeraire currencies.   
20. Equation (2) shows that the scalar adjustment is a weighted harmonic average of the direct and all the indirect estimates of the between-region PPP between region B and the world as a whole. Thus, imposing fixity by means of a scalar adjustment of the kind described here is equivalent to calculating an average, or aggregate, PPP between the regional numeraire currency and the world numeraire currency.     
21. In the case of region A, W1 and A1 are the same country. The ratio PPPA1,1/ PPPW1.1  for country 1 in A therefore equals  1  as both numerator and the denominator are equal to 1. However, in general the ratio PPPA1,j/ PPPW1,j   will not be equal to 1 for other countries in region A even though they may be expected to be close to 1. The two parities PPPA1,j and PPPW1,j cannot be expected to coincide because multilateral PPPs vary with the set of countries over which they are calculated. Region A is obviously only a sub-set of the world.
22. Thus, the scalar adjustment for region A can be expected to close to 1, but in general it will not be exactly equal to 1.  
Overall and partial fixity
23. Suppose fixity is to be imposed on the results for each region within a complete set of global results. The results obtained for each region at the global level are replaced by the corresponding regional results after scaling them up or down to ensure that the total GDP for each region is the same as in the global results. Consider the resulting table of real expenditures for all countries denominated in the world numeraire currency broken down by country and group of products. It is conventional to present the table in the form of a matrix in which the rows refer to groups of products or types of expenditures, such as basic headings or higher level aggregates, while the columns refer to the countries.  
24. The ratios of the real expenditures for two countries in the same row of the matrix constitute quantity indices. When the two countries are in the same region, the ratios are the same before and after applying the scalar adjustments, even though the currency units in which the real expenditures are denominated may have changed. The quantity indices between countries in the same region, or row of the matrix, are preserved.   
25. Similarly, the ratios of the real expenditures on different basic headings or higher level aggregates, within the same country are also the same before and after applying the scalar adjustments. The patterns of relative expenditures in the columns of the table of real expenditures are preserved for every country.  
26. When fixity is preserved in both the rows and the columns of the matrix of real expenditures, there is said to be overall fixity. However, when overall fixity is imposed within regions, the ratios of the real expenditures for the same basic heading, or higher level aggregate, between countries belonging to different regions are changed from what they were in the original global results.  
27. The ratios of the real expenditures, or quantity indices, become chain indices.   Consider first the ratio of the real expenditures on total GDP.   For example, consider the GDP quantity index for country t in region B based on country s region A.
28. Let   GDPQRA,s  denote the within-region GDP quantity index for country  s  based on  the total real GDP of region  A calculated using the within-region real GDPs for region A.  It is the share of s in the total real GDP of region A. 
Let   GDPQWA,B denote the between-region GDP quantity index for region  B  
based on region A. This is equal to the ratio of the total real GDPs of the two 
regions as calculated in the global or world results.    
Let   GDPQRB,k  denote the within-region GDP quantity index for country  t  
based on  the total real GDP of region B calculated using the within-region 
GDP PPPs for B.


The GDP quantity index for t  based on s,  denoted by  GDPQs,t,   is then
(3)
GDPQs,t   =  GDPQRs,A  ∙  GDPQWA,B  ∙  GDPQRB,t  
29. It is therefore a chain index that links the two within-region quantity indices through the total real GDPs of the two regions. Notice that the first term in (3) is actually the index for region A based on country j. As the within-region indices are transitive multilateral indices, this index is simply the reciprocal of GDPQRA,s.  If the two countries were both to belong to the same region, the right side of (3) collapses to the within-region quantity index for t on s. 
30. The between-region quantity index for GDP,   GDPQWA,B ,  serves as the solitary link between the two sets of regional results. Thus, although the objective of the method may be to impose overall fixity on a set of global results, it can also be viewed as a method of linking the two sets of regional results. The original global results are used only to calculate the link between the two sets of regional results. Of course, this link remains important because some regions may consist predominantly of developed countries while other regions consist mainly of developing countries. The estimated gap between the real GDPs of developed and developing countries may depend heavily on the between-region links.  
31. Assuming that overall fixity has been imposed, consider next the quantity index between two countries belonging to two different regions for an expenditure aggregate below the level of GDP such as food. Using the subscript F to denote food, the ratio of the real expenditures for the two countries in the food row of the matrix is
(4)
FQs.t   =  FQRs,A  ∙  GDPQWA,B  ∙   FQRB,t  
32. The food indices within each of the regions are linked using the GDP quantity indices. Imposing overall fixity requires that a single scalar adjustment be applied to every type of expenditure within a region so that the same link is applied in every row in the matrix of real expenditures. 
33. However, in order to measure the ratio of the real food expenditures for countries in two different regions, the two within-region food quantity indices should be linked by the between-region food quantity index and not by GDP index.
34. Let  FQWA,B  denote the ratio of the total real expenditures on food in region  B to the total real expenditure on food in region  A  as given by the global results. The appropriate food quantity index for  country  t  on country  s  is the following chain index
(5)
FQs.t   =  FQRs,A  ∙  FQWA,B  ∙   FQRB,t   
35. In general,   GDPQWA,B  and  FQWA,B will not be equal, not only in the case of food but for any aggregate or sub-aggregate below the level of GDP. The share of the total expenditure on a sub-aggregate such as food in the total real GDP of the region will generally not be the same for two different regions.   

36. Imposing overall fixity implies that real expenditures below the level of GDP are generally not comparable between countries in different regions because they are not correctly linked. The ratios of the real expenditures between countries in different regions would not be acceptable to users interested in making quantity comparisons for specific types of expenditure below the level of GDP.
37. In order to obtain real expenditures below the level of GDP that are comparable between countries in different regions, the between-region quantity indices used to link the real expenditures of countries in different regions have to be specific to the type of expenditure. In order to obtain specific quantity indices, a different scalar adjustment is needed for each type of expenditure. For example the scalar adjustment for expenditures on food in region B, denoted by FSB,  would be 
(6)
FSB     =   
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where FExpj denotes food expenditures in the national currency in country  j  in region B  and  FPPPW1,j   denotes the global PPP for food expenditures in country  j  and  FPPPB1,j   the regional  PPP for food expenditures. Similar kinds of adjustments can be defined for other categories of expenditure.  Clearly, they will tend to vary from one type of expenditure to another.  
38. When specific scalar adjustments are applied, the real expenditures for a particular type of expenditure or aggregate for different countries within the same region are all multiplied by a constant. Fixity is preserved between countries within the same region in each row of the matrix. At the level of GDP, the specific adjustment is the same as the general one, so that the relative sizes of the real GDPs within are a region are not disturbed by applying specific adjustments. Fixity is still preserved at the GDP level.  
39. However, when a different adjustment is applied to each type of expenditure, the relative sizes of the real expenditures within the same country, as given by the results for each region, are changed in the process. The pattern of expenditure within a country cannot be the same as it was before the differential adjustments were applied. Fixity is not preserved for the patterns of expenditure in the columns of the matrix of real expenditures for each region.   
40. A situation in which fixity is preserved within each row of the table of real expenditures but not in the columns will be called partial fixity.    

41. One consequence of failing to preserve fixity between the different types of expenditure within a country is that the adjusted expenditures will not be additive. Thus, even if an additive aggregation method such as GK is used within each region the linked real expenditures obtained by using between-region quantity indices specific to the type of expenditure will not be additive.  It is well known that, in general, chain indices, over time as well as between countries, are not additive.
 If the EKS method is used within regions, the regional real expenditures would not be additive in the first place.  
42. The basic dilemma is that if overall fixity is imposed, the real expenditures between countries belonging to different regions below the level of GDP cease to be comparable. They cannot be used for quantity comparisons. On the other hand, if specific between-region quantity indices are used, meaningful quantity comparisons can be made at any level of aggregation between any pair of countries in the world, whether within the same region or not, while preserving fixity for countries within the same region. However, overall fixity is lost because the relative sizes of the expenditures within the same country are not preserved.  
43. Although the discussion of fixity in this section has focused on real expenditures rather than PPPs, the conclusions apply equally to the corresponding PPPs. If overall fixity is imposed, the PPPs between countries in different regions are incorrectly linked for all categories of expenditure below the level of GDP.  
44. The problem has been around for a long time.   It has created difficulties since fixity was first imposed in the joint Eurostat/OECD PPP program in the 1980s.   In the Introduction to the OECD publication on Purchasing Power Parities and Real Expenditures, 1985 it is observed p.  8  “Since the GDP for the Community as a whole at average EEC prices was at a different level to that calculated at average OECD prices, the former was set equal to the latter and the matrix of real values for the Community multiplied though by the resulting scalar. Accordingly, GDP is directly comparable across all 22 countries, but its components are not (emphasis added) and have to be linked through the respective totals at average EEC and average OECD prices for the Community as a whole”.  (The aggregation method was GK at the time.)
45. Finally, it should be noted that the problem is not confined to fixity imposed through scalar adjustments. The same problem arises with all the two-stage methods of linking regions considered in this chapter. 

The Eurostat/OECD method of imposing fixity
46. Aggregate PPPs and their associated real GDPs are used by the European Union, or EU, for policy purposes. They have considerable financial implications as they affect the collection of revenues and the disbursement of funds between regions. Not only the EU itself, but also the Member countries of the EU, require an official set of PPPs and real GDPs for EU member countries based on an agreed and approved methodology, just as they require the national accounts data to be based on the European System of Accounts.   International agencies such as the OECD and the UN and its affiliated agencies are therefore requested not to publish different sets of PPPs for EU countries which might appear to contradict the official EU results.  
47. The method originally used by the OECD and Eurostat in the 1980’s was to apply a scalar adjustment of the kind given in (1). The scalar was the total GDP of the 12 EU countries as given by the ‘global’ results for the 22 OECD countries in the OECD numeraire currency divided by the total GDP of the same 12 EU countries as calculated by Eurostat in the EU numeraire currency.  The entire block of EU results was multiplied by this scalar and inserted into the OECD results to replace the original ‘global’ results for the OECD.  
48. There was, however, one difference between the method used by the OECD and the one described above because the non-EU countries were not treated as a region but simply as a residual group. Separate results were not calculated for the non-EU countries on their own.  Thus, there were no non-EU results to be preserved within the ‘global’ OECD program for all 22 countries together.  The final results for non-EU countries were simply those obtained in the ‘global’ OECD program. Thus, EU and non-EU countries were not treated symmetrically. The results for the non-EU countries were affected by the price and expenditure data for the EU countries, but the EU results for their own member countries were not affected the data for non-EU countries.  
49. It would be possible to follow a similar procedure at the global level in the ICP if only one region in the world wished to preserve fixity for its own within-region results. A scalar adjustment could be applied to the results for that region on its own, the global results for the other countries and regions remaining unchanged. However, such a method might not be acceptable at a world level as it would effectively discriminate between regions. Not all countries in the world would be treated in the same way.
50. The method used by the OECD and Eurostat has evolved over the course of the last 20 years. The number of member countries of both the EU and the OECD has increased. In addition, the joint OECD/Eurostat program has gradually been extended to cover a number of countries that are not members of either organisation. In this situation, it is possible to apply fixity in a hierarchical fashion. For example, fixity could first be imposed on the EU results within the OECD group of countries. Having done so, fixity could then be imposed on the OECD results within a wider group of countries than the OECD. There are clearly various different ways of implementing fixity in practice. 
51. The scalar adjustment itself has also changed. The original scalar adjustment was equal to the total GDP of the EU countries as given by the global results for the OECD countries in the OECD numeraire currency divided by the total GDP of the 12 EU countries as calculated by Eurostat in the EU numeraire currency. As shown in (2) above, this is equal to a weighted harmonic mean, for each of the EU countries, of the ratio of its GDP PPP as calculated over the set of EU countries to its GDP  PPP as calculated over the set of OECD countries.  As already noted, it can equally well be interpreted as an aggregate between-region PPP of the kind defined in this chapter.   
52. However, other types of average might be used instead of the harmonic mean.  The OECD now uses an unweighted geometric mean of the same ratios. This scalar adjustment is then applied to the PPPs for non-EU countries to obtain an adjusted set of PPPs for non-EU countries, the PPPs for EU countries remaining unchanged. Notice that in the original version of this method, the scalar adjustment was applied to the real expenditures and GDPs of the EU countries, those for the non-EU countries remaining unchanged. As the geometric mean of a set of ratios is equal to the ratio of their geometric means, the current scalar adjustment is also equal to the ratio of the geometric mean the GDP PPPs for EU countries as calculated over the set of EU countries to geometric mean of the same PPPs as calculated over the set of OECD countries.
53. Finally, one extremely important difference between the EU/OECD program and the ICP should be noted, namely that the EU/OECD program has no need for a Ring program. Although there is some decentralisation of functions and responsibilities within the joint EU/OECD program, the countries are not divided into separate groups, each of which conducts its own separate price collections using its own lists of products and its own product specifications and descriptions. Within the joint EU/OECD program it is feasible and reasonable to proceed directly to the calculation of a set of ‘global’ EU/OECD PPPs for all participating countries simultaneously. The program does not have to address the problem of how to link sets of regional results calculated by a number of regions independently of each other.   

Two-Stage Methods

Linking aggregate within-region PPPs using aggregate between-region PPPs

54. As already noted, each ICP region has compiled its own product list independently of the other regions and each list typically contains only a small selection of products within each basic heading. There are very few closely specified products which are to be found on more than one regional list.  Consequently, very few matches can be made between the prices collected by countries in different regions, especially since countries may report prices for only a small fraction of the products on the regional lists. In most cases, therefore, it is not feasible to calculate reliable PPPs between pairs of countries belonging to different regions from the data collected by the regions.   
55. On the other hand, the main objective of the Ring program is to enable reliable PPPs to be calculated between countries in different regions. The Ring program uses its own specially constructed product list drawn up in close consultation with the Ring countries, as explained in Chapter 12. Its results can be used not only to calculate PPPs between individual countries in different regions, also to estimate PPPs between entire regions. Between-region PPPs compare prices in different regions after the prices in different countries within the same region have all been converted into a common currency, that of the reference country in each region. The concept of a between-region PPP was developed by Erwin Diewert (2004). The two-stage aggregation method proposed by Diewert is described in the following paragraphs
.  
56. Two-stage aggregation methods require a set of within-region PPPs to be available for each region at the basic heading level and also the corresponding set of between-region PPPs. The between-region PPPs at the basic heading level may be calculated using the method described in Chapter 13. For convenience, it is summarised here.  

· The CPRD (or possibly other method) is applied by each of the regions to estimate the basic heading PPPs between all countries in the same region -- the within-region basic heading PPPs. 
· The resulting within-region PPPs are then used to convert prices reported by each Ring country within the same region into the numeraire currency for the region.   
· Within each basic heading, a  CPRD is applied to the converted Ring countries’ prices in order to estimate the between-region basic heading PPPs.  
57. With regionalisation, the calculation of a global set of PPPs for an aggregate such as GDP proceeds in two stages. The first stage is a straightforward.  Each region calculates the aggregate within-region PPPs for all the countries in its own region, using an agreed aggregation method such as EKS or GK. In the second stage, the corresponding set of aggregate between-region PPPs has to be calculated. The calculation of the aggregate between-region PPPs requires between-region PPPs and expenditures to be available for entire regions for every basic heading.
· The basic heading expenditures for each country within the same region are converted from its national currency into the common regional numeraire currency using the within-region basic heading PPPs calculated by the regions.  

· For each basic heading, the converted expenditures in each region are then summed across the countries to obtain the total expenditure for the region in the regional numeraire currency.  
· The between-region basic heading PPPs needed to accompany the total regional expenditures are the estimates based on prices for the Ring countries described above.   Thus, both the regional expenditures and between-region PPPs needed to calculate a set of aggregate between-region PPPs are available.   Any method of aggregation can be used --  GK,  EKS, etc.
58. It may be noted that the PPP between a pair of countries belonging to different regions, both at the basic heading level and at an aggregate level, is invariant to the choice of reference country within each region.  
Linking at the GDP level

59. A complete global set of PPPs at any level of aggregation can be derived by linking the aggregate within-region GDP PPPs calculated by the regions using the corresponding aggregate between-region GDP PPPs just described. For example, the GDP PPP  for country  t  in region  B based on country  s  in region A is a chain PPP  which may be written as follows:

(6)
GDPPPPs,t  =   GDPPPPs,A1 •  GDPPPPA1,B1 •   GDPPPPB1,t
· where  GDPPPPs,A1 is the within-region GDP  PPP  between the regional reference country  A1 and country  s  as calculated by the region A.  (As the within region PPPs are transitive multilateral PPPs, this PPP is simply the reciprocal of the PPP for s based on the reference country A1. ) 
· GDP PPPA1,B1  is the between-region GDP  PPP between the currencies of the two regional reference countries  A1   and  B1 as estimated from the prices collected by the Ring countries in regions A and B respectively, and
· GDP PPPB1,t  is the within-region  PPP  between country  t  and the reference country  B1 as calculated by region B.
60. The reference countries do not act as bridge countries. The PPP between regions A and B, GDP PPPA1,B1,  is a multilateral and not a binary index. The aggregate between-region PPPs are calculated simultaneously for all the regions using a multilateral method such as EKS or GK.  

61. When there are several regions, the global set of  GDP   PPPs takes the form of a chain index. Each set of regional GDP PPPs is linked to the others by the between-region PPPs between the respective reference countries. As the between-region GDP PPPs are themselves transitive multilateral PPPs the order in which the regions are linked does not affect the global results.   
Linking at lower levels of aggregation
62. Consider regions A and B.  If overall fixity is to be preserved within both A and B, there can be only a single link between the two sets of within-region PPPs, presumably the between-region PPP for the highest level aggregate, namely GDP. Linking by means of a single between-region PPP is equivalent to imposing fixity on a set of regional results by means of a single scalar adjustment.  
63. If the sole link between the two sets of regional results is the between-region GDP PPP, the specific PPP between country t in B and country s in A for any aggregate below the level of GDP, such as expenditure on education, takes the following form.
(7)
EdPPPs,t  =   EdPPPs,A1 ∙  GDPPPPA1,B1 ∙   EdPPPB1,t
where the suffix  Ed  denotes Education. This PPP is again a chain index with countries s and t being linked through their respective reference countries.   Overall fixity requires the same between-region PPP,  GDPPPPA1,B1, to be used as the link, not only for every aggregate and sub-aggregate but also for every basic heading.   

64. The problem with this method of linking is that, in reality, the between-region PPPs are not constant from basic heading to basic heading or from aggregate to aggregate. All the basic heading between-region PPPs are known and are actually needed and used to calculate the aggregate between-region PPP,   GDPPPPA1,B1. The consequence of using a method that imposes a constant between-region PPP on each basic heading is that all the linked PPPs below the level of GDP between countries in different regions are known to be incorrect.   

65. The within-region PPPs for an individual basic heading or sub-aggregate should be linked by the between-region PPP for the same basic heading or sun-aggregate. The requisite between-region PPPs are all available, as just noted. For example, the linked  PPP for expenditures on education is: 
(8)
EdPPPs,t  =   EdPPPs,A1 ∙  EdPPPA1,B1 ∙   EdPPPB1,t
66. PPPs of this kind that are linked using specific between-region PPP
s 


are needed for all comparisons or analyses below the level of GDP.   
67. The use of specific PPPs preserves the within-region PPPs in both regions at every level from basic heading to GDP. All the within-region PPPs in each row of B’s PPP matrix are preserved. However, fixity is not preserved in the columns of B’s PPP matrix. As a different multiplier is applied to each row, the relative sizes of the PPPs in each column of B’s matrix are changed.   Thus, there will be partial fixity but not overall fixity. As already noted, when there is only partial fixity, the associated matrix of real expenditures will not be additive, even though an additive aggregation method may be employed within each region.
68. However, if region A serves as the reference region with country A1  as the world reference country,  it occupies a special position as its PPPs and real expenditures do not have to be linked and remain unchanged therefore. Even when specific PPPs are used to link PPPs in A and B, overall fixity is preserved for A. The same is true when there are more than two regions.   When the linking is made using specific PPPs, overall fixity can be preserved in the reference region but not in any of the other regions.   
69. Finally, it may appear that it is not necessary to use a two-stage method to calculate aggregate PPPs. As already noted, a complete global set of PPPs for all 150 countries can be obtained for each basic heading by linking the within-region basic heading PPPs, as calculated by the regions, using the between-region basic heading PPPs calculated using the CPRD method, as explained in Chapter 11. These PPPs together with the corresponding basic heading expenditures in national currencies make it possible to use any aggregation method for all 150 countries simultaneously. Technically, therefore, it is possible for the ICP to calculate a global set of aggregate PPPs all 150 countries simultaneously in which all countries appear to be treated in the same way.  

70. However, the regionalisation of the ICP program means that all countries are not treated equally when the ‘global’ set of PPPs for each basic heading is calculated. The basic heading PPPs could be significantly different from the set that would be obtained if there were no regions and all countries were treated equally. Both the within-region and the between-region basic heading PPPs are different from what they would have been without regionalisation.  They would be different even if the price data were complete and error free, but in practice the differences are likely to be compounded by the fact that the regions conduct their own price collections using their own individual product lists. As regionalisation is so deeply embedded at the basic heading level, its effects cannot be removed in the process of aggregation simply by calculating the aggregate PPPs for all 150 countries simultaneously.   

71. Because of regionalisation, the basic heading PPPs between countries in different regions are all chain PPPs. The calculation of the aggregate PPPs ought to acknowledge and reflect this fact. It is preferable, therefore, to use a two-stage aggregation method which is consistent with the methodology used at the basic heading level and which makes the characteristics of the aggregate PPPs more transparent. Calculating the aggregate PPPs for all 150 countries simultaneously does not mean that they are all treated equally. It is likely to produce results that are difficult to interpret.   
Two-stage GK

72. In the Diewert method described in the previous section, the choice of aggregation method is left open. Any aggregation method may be used. Two types of aggregation are examined in more detail here, namely GK and EKS.  The GK method is considered first.
73. At the first stage, each region uses the GK method to calculate the aggregate PPPs between the countries within its own region. As explained in Chapter 11, the GK method values the quantities in the different countries at the quantity-weighted average prices for the region as a whole. The prices are averaged after they have been converted into the numeraire currency for the region using the GDP PPPs generated by the GK method itself. The PPPs and the average prices are simultaneously determined.   
74. At the second stage, the GK method is applied to the regions themselves to estimate the between-region PPPs at each level of aggregation up to, and including, GDP. For this purpose, two sets of data are required:

· A complete set of between-region PPPs for each basic heading. These are obtained in exactly the same way as described in the previous section and in more detail in Chapter 13.

· For each basic heading, the total expenditure for each region expressed in the region’s numeraire currency.
75. In the Diewert method the basic heading expenditures in national currency are converted into the regional numeraire currency using the within-region basic heading PPPs. However, when the GK method is used at the first stage to calculate the aggregate PPPs within the region, the total expenditure for each region at average GK prices is automatically provided by the GK method itself. The expenditures in the different countries are converted into the regional numeraire using the GK’s own PPPs rather than the basic heading PPPs. Given that the GK method is being used to calculate both the within- and the between-region aggregate PPPs, consistency would seem to require that the total regional expenditures used at the second stage should be those generated at the first stage by the GK method itself.  
76. The relative sizes of the basic heading expenditures for a region are likely to be very similar whichever of the two methods is used to calculate the total regional expenditures. As the regional expenditures are used in conjunction with exactly the same set of between-region basic heading PPPs, it is likely to make very little difference to the results in practice which set of regional expenditures is used.  
The GK matrices of real expenditures  
77. At the first stage of a two-stage GK a matrix of real expenditures is generated for each region in which the quantities in different countries are valued at the average GK prices for the region denominated in the regional numeraire currency. At any level of aggregation from a basic heading up to GDP, the real expenditures can be summed across countries to obtain the total of each region.   
78. At the second stage, the columns in the matrix of real expenditures refer to regions instead of countries. The real expenditures for each region are valued at average world prices denominated in the world numeraire currency. The average world prices are quantity weighted arithmetic averages of the regional average prices. The real expenditures may be summed across the regions to obtain world totals.  
79. At the first stage, the share of each country’s real expenditures in the total for the region is measured at the GK average prices for the region. At the second stage, the share of each region’s real expenditures in the world total is measured at the GK average prices for the world. Whatever the level of aggregation, the share of each country’s real expenditures in total world expenditures can be obtained by multiplying the two shares.   

80. If the shares are calculated in this way across each row of the matrix of real expenditures, the shares of different countries within the same region are preserved at the global level. Fixity is preserved in the rows. However, the relative sizes of the different types of real expenditures for a given country in the columns of the matrix will not be preserved. There will be partial fixity but not overall fixity.   
Two-stage EKS

81. It is also possible to use the EKS method as the aggregation method within the framework of the two-stage methodology proposed by Diewert. At the first stage, the regions can use the EKS method to calculate aggregate PPPs between countries within their own region. At the second stage, the EKS method can be used in order to calculate the aggregate PPPs between regions at a world level. The data required at the second stage are exactly the same as for the GK method, namely the total expenditures in each region for each basic heading together with the between-region PPPs for each basic heading. Once the aggregate between-region EKS PPPs have been calculated, they can be used to link the within-region PPPs calculated by the regions. As with other aggregation methods, it is necessary to decide whether to have partial or overall fixity. As the EKS is not additive method, even before linking, the fact that, with partial fixity, the linked results are not additive is immaterial.   
82. A key feature of the Diewert method is that the real expenditures have to be summed across the countries of a region to obtain the total expenditures for each region in the regional numeraire currency.  Such summation is a natural procedure for an average price method, such as GK, in which quantities in different countries are valued at the same prices, but combining countries is not consistent with the binary approach which underlies the EKS method.  
83. It is possible, however, to maintain a strictly binary approach to the calculation of the aggregate between-region PPPs in which they are derived from the binary PPPs between individual countries belonging to different regions. A method of calculating aggregate between-region PPPs in this way has been proposed by Robert Hill (2005)
.   
84. Consider first the case in which there are only two regions, A and B.  Country 1 serves as the reference country in each region, and region A serves as the reference region. A has 4 countries and B has 3 countries. With 7 countries altogether, a total of 21 binary Fishers may be calculated between all possible pairs of countries. If there were no regionalisation, the EKS formula would be applied to these 21 binary Fishers to obtain a set of 6 transitive EKS PPPs.   
85. When the countries are divided into regions, however, the 21 Fishers have to be partitioned into the 9 within-region Fishers (6 in region A and 3 in region B) and the 12 between-region Fishers. The 6 within-region Fishers in A are used at the first stage of the two-stage EKS method to calculate the 3 transitive within-region  EKS  PPPs in A, while the 3 within-region Fishers in B are used to calculate the 2 within-region EKS PPPs in B. The 12 between-region Fishers are used at the second stage to calculate the between-region PPP between A and B. The two stage EKS procedure described here makes use of exactly the same set of binary Fishers as would be used if there were no regionalisation.   
86. The Fisher between the two reference countries, A1 and B1, denoted by PPPFA1B1, provides a first estimate of the between-region PPP. It is expressed in the two numeraire currencies. However, a multilateral method has to take account of all the other countries in both regions and not just the reference countries.  

87. Consider next the Fisher between any pair of countries, such as country t in region B based on country s in region A, denoted by PPPFAs,Bt. This PPP is between two currencies that are different from the numeraire currencies, but it can be used to obtain an estimate of the PPP between the two numeraire currencies by utilising the appropriate (transitive) within-region EKS PPPs.   The resulting PPP is as follows: 

(9)
PPPEKSA1,As  •  PPPFAs,Bt  •  PPPEKSBt,B1
The PPP in (9) provides an indirect estimate of the PPP between the two regional numeraire currencies. When one or other of s or t is a reference country,   (9) reduces to two terms. If both are reference countries it reduce to the direct estimate PPPFA1,B1. 
88. In the example, there are 12 possible pairings of countries from A and B.   Each can be used to provide a direct or indirect estimate of the between-region PPP denoted by PPPA,B.  The final estimate of PPPA,B is obtained by taking a geometric mean of all 12 individual estimates. The between-region PPP between a pair of regions is therefore defined as follows:
(10)
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where nA  is the number of countries in region A  and nB is the number of countries in  B. The prices in every country in both regions are utilised to calculate PPPA,B.  It is necessary to use EKS within-region PPPs rather than Fishers in order to ensure that the results are invariant to the choice of reference country.  
89. When there are more than two regions, a between-region PPP as just defined must be calculated between each pair of regions. However, the PPPs will not be transitive. The final step is therefore to use the standard EKS formula to impose transitivity on the various between-region PPPs.  

90. In this way, a transitive set of aggregate EKS type between-region PPPs may be derived starting from the binary Fishers between the countries in the various regions. The method follows a strictly binary approach in the same way as the standard EKS method applied to a single region or single group of countries.  
91. The data requirements for the two-stage EKS method are exactly the same as for the ordinary EKS method applied to the same set of countries but not divided into regions: namely, the Fishers PPPs between every possible pair of countries. The same information is used in both cases.
92. In the context of ICP 2006, the two-stage EKS method must be carried out using data for the 19 Ring countries only. In all of the methods considered in this and the previous chapter between-region PPPs, both at the basic heading level and at an aggregate level, are estimated using only prices collected by the Ring countries. As noted on several occasions, the prices collected by the regions cannot be used to calculate PPPs with countries in other regions because the product lists in various regions were drawn up independently of each other. Comparability of products priced in different regions can only be assured for prices collected by the Ring countries using the Ring product list.   

93. Aggregate between-region PPPs are functions of basic heading between-region PPPs. The basic heading between-region PPPs used as inputs into the calculation of the aggregate between-region PPPs are those estimated for the Ring countries. The calculation of the aggregate between-region PPPs using the type of method proposed by Diewert also requires a set of regional expenditures to accompany the basic heading PPPs. The regional expenditures may refer to the regions as a whole rather than the Ring countries but the basic-heading between-region PPPs to which the expenditures are applied are still based exclusively on prices collected by the Ring countries.  
94. Similarly, if the aggregate between-region EKS  PPPs are estimated using the two-stage EKS method proposed by Hill, they must also be based entirely on prices collected by the Ring countries. A total of 171 binary Fishers can be calculated for the 19 Ring countries in ICP 2006. Of these, 24 are between countries in the same region and 147 are between countries in different regions. The 24 within-region Fishers are used to calculate the within-region EKS PPPs at the first stage. These are needed at the second stage together with the 147 between-region Fishers in order to calculate the 5 aggregate between-region EKS PPPs for the 6 ICP regions.   

95. Once the 5 aggregate between-region  EKS  PPPs have been estimated on the basis of the data for the Ring countries, they can be used to link the sets of aggregate within-region  EKS  PPPs calculated by the regions. The aggregate PPPs can be calculated at any level of aggregation and not just GDP. Exactly the same linking issues arise as with the other methods discussed earlier.   Partial fixity is preserved if sub-aggregates are linked using specific between-region EKS PPPs, but overall fixity is lost. The method is not an additive EKS so that the loss of additivity due to linking is not an issue.  
Some Conclusions

96. The scalar adjustment and two-stage methods are designed to deal with different situations. Scalar adjustments are appropriate when the starting point is a global set of PPPs which are finalised independently of the results for the individual regions. They are needed in order to decompose the global set of PPPs into two or more sets of PPPs for separate regions or groups of countries. 
97. The two-stage methods are appropriate when the starting point is two or more independent sets of PPPs for regions, or other country groupings, which have to be linked to obtain a global set of PPPs. They are needed when the global set of PPPs has to be built up from the separate sets of regional PPPs.  
98. In general, the methods used have to take account of the scale of the ICP program and the specific circumstances of the way it is organised and conducted. The number of countries in ICP 2006 is so large and heterogeneous that decentralisation into regions is inevitable. Regionalization has a major impact on the quantity and nature of the data actually available and on the methodologies used. It also requires a separate Ring program to be undertaken by the global office in order to link the results for the regions.  
99. The prices collected by the regions are designed to enable price comparisons to be made within regions, but not between regions. Conversely, the prices collected by the Ring countries are designed to enable price comparisons to be made between regions. Thus, the within-region PPPs at both the basic heading level and an aggregate level are calculated using prices collected by the regions only. Conversely, the between-region PPPs at both the basic heading level and an aggregate level are calculated using prices collected by the Ring countries only.  
100. The linking at an aggregate level can be achieved by using aggregate between-region PPPs estimated by two-stage aggregation method such as the two-stage GK or EKS methods. If the GK aggregation method is used within regions, the regions should be linked by using the two-stage GK. If the EKS method is used within regions, the regions should be linked by using the two-stage EKS method.  

101. If the entire set of results for each region is to be preserved intact after linking, there can be only a single link between each set of regional results. The link can be made by using the aggregate between-region PPPs for GDP.   With a single link, overall fixity is preserved for each region’s results.  

102. With overall fixity, the within-region PPPs for aggregates below the level of GDP are all linked by the same PPP, the GDP PPP.  In practice, the between-region PPPs are known to vary from basic heading to basic heading and from sub-aggregate to sub-aggregate. The use of a constant between-region PPP implies that the PPPs between countries in different regions for every category of expenditure and aggregate below the level of GDP are incorrectly linked.   Similarly, the quantity indices between countries in different regions below the level of GDP are incorrectly linked when overall fixity is imposed.   

103. PPPs below the level of GDP for countries in different regions may be linked by using PPPs specific to each basic heading or sub-aggregate. In this case, PPPs and quantity indices between countries in different regions at every level of aggregation up to and including GDP are correctly linked. However, the use of different links for different categories of expenditure means that the relative sizes of the real expenditures within the same country are changed in the process. Fixity is partially preserved, but not overall fixity. 
References
Diewert, W. E. (2004) On the Stochastic Approach to Linking the Regions in the ICP, Discussion Paper No. 04-16, Department of Economics, University of British Columbia, Vancouver.  
Commission of European Communities, IMF, OECD,  UN,  World Bank, (1993),  System of National Accounts  1993.

Hill, R. J. (2005) A Note on the Linking of Regions in the ICP, unpublished note circulated in August, 2005.
ILO, IMF, OECD, Eurostat, UNECE and the World Bank, (2004), Consumer Price Index Manual:  Theory and Practice.
Koechlin, F. and Schreyer, P. (2005) Fixity, unpublished note circulated in Nov. 2005.  
OECD (1985), Purchasing Power Parities and Real Expenditures, 1985
�  It should be noted, however, that in the ICP countries were not all treated in the same way when calculating the basic heading PPPs, as the global PPPs were obtained by linking the within-region basic heading PPPs calculated independently by each region.  Countries can be treated equally only in the process of aggregation.  


�   This result is given in a note on fixity by Francette Koechlin and Paul Schreyer circulated to members of the ICP Technical Advisory Group in Nov. 2005.  The method described in the text is the method originally used by the OECD although the method now used by OECD differs from it in certain respects, as explained below. 


�    See, for example, paragraph  9.113 of the Consumer Price Index Manual (2004) which states:  “Chaining leads to non-additivity.  When the new series is chained onto the old, … ,the higher-level indices cannot be obtained as weighted arithmetic averages of individual indices using the new weights.”   See also paragraph  16.37  of the 1993  SNA  which states:  “…, when every series at each level of of aggregation is individually linked, the resulting constant price data are not additively consistent after the linking has taken place.”


�   See Diewert (2004), pp. 45 – 47.


�    The method was proposed in a note circulated to members of the ICP Technical Advisory Group in August 2005.  
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