
     Chapter 15



Linking PPPs and Real Expenditures for GDP and 
Lower Level Aggregates

Two-stage methods and scalar adjustments 

Introduction

1. As explained in previous chapters, the calculation of the basic heading PPPs at the global level is a two-stage procedure in ICP 2005. At the first stage, described in Chapter 11, a multilateral set of basic heading PPPs is calculated for the countries within each region using the CPRD method. Each set of within-region PPPs is calculated independently of each other using separate product lists. At the second stage, described in Chapter 14, transitive multilateral between-region basic heading PPPs are calculated, again using the CPRD method. These between-region PPPs are then used to link the sets of within-region PPPs together to obtain a global set of basic heading PPPs.
2. The global set of aggregate PPPs can be calculated by continuing this two-stage procedure. At the first stage, a multilateral set of aggregate PPPs is calculated between the countries within each region using one or other of the aggregation methods described in Chapter 12. At the second stage, multilateral between-region aggregate PPPs are calculated and are then used to link the sets of within-region aggregate PPPs.  
3. Whereas within-region PPPs compare prices between individual countries in the same region, between-region PPPs compare prices between entire regions after the prices in the individual countries in each region have been converted into a common currency, the regional numeraire. Between-region PPPs may be calculated at any level of aggregation from the basic heading level up to GDP.   

4. Two points may be noted about these two-stage procedures, whether applied at the basic heading level or a higher level of aggregation.

· The global set of PPPs is invariant to the order in which in the sets of regional PPPs are arrayed for purposes of linking because the between-region PPPs are themselves transitive multilateral PPPs.   
· Chaining sets of within-region PPPs does not disturb the PPPs between individual countries within a region.  At every level of aggregation from the basic heading up to GDP, the PPPs between countries within the same region are the same at the global level as they are at the regional level.    

5. The last part of the chapter examines a related issue, namely how to decompose a universal set of PPPs into sets of PPPs for different regions or sub-groups. A universal set is one in which all countries are treated in the same way irrespectively of their location. There is a need for such a breakdown for the group of countries covered by the joint OECD-Eurostat PPP program. It is shown that chaining methods and decomposition methods have many points in common.  
Chaining Aggregate Within-Region PPPs Using Aggregate Between-Region PPPs

6. Given the regionalization of ICP 2005, the PPPs between countries of the same region, whether for a basic heading or a higher level aggregate, are those calculated by the regions themselves. Whatever the level of aggregation, the global set of PPPs may be obtained by linking the regional sets of PPPs together by means of between-region PPPs. This section explains how the between-region PPPs for a higher level aggregate such as GDP may be calculated. 
7. Whatever the aggregation formula used, the calculation of a set of aggregate PPPs requires two sets of data:  
· A set of basic heading PPPs and 
· A matching set of basic heading expenditures.   
8. To calculate aggregate between-region PPPs, the basic heading data have to refer to entire regions as distinct from individual countries. It is therefore necessary to have the following data.  

· A global set of between-region PPPs for each basic heading and 

· A matching set of basic heading expenditures for each region as a whole denominated in the selected numeraire currency for the region.   
9. The required between-region PPPs for the individual basic headings are those obtained by applying the method described in the previous chapter. They are used here as inputs into the calculation of aggregate between-region PPPs.  
10. In order to obtain the matching set of regional expenditures, the national expenditures in each country in the region have to be converted into the regional numeraire currency. Within-region basic heading PPPs may be used for this purpose. Once the expenditures within a given basic heading have been converted, they may be summed up across all the countries in the region to obtain the total regional expenditure for that heading.   
11. The required between-region PPPs for a higher level aggregate may now be calculated by applying one of the aggregation formulae given in Chapter 12 to the basic heading between-region PPPs and their associated regional expenditures. The aggregation formulae are exactly the same as those in Chapter 12 and do not need to be repeated.   
12. As already noted, the global set of PPPs for any expenditure aggregate may be obtained by linking together the various set of aggregate within-region PPPs by means of aggregate between-region PPPs. The linked results are invariant to the order in which the various sets of aggregate within-region PPPs are linked because the aggregate between-region PPPs are themselves transitive. The results are also invariant to the choice of reference country and numeraire currency for each region 
13. For example, consider the GDP PPP between two countries located in two different regions such as country t in region B and country s in region A. The GDP PPP for  t on  s, denoted by GDPPPPs,t,  is the following chain PPP:

(1)
GDPPPPs,t  =   GDPPPPs,A1 •  GDPPPPA1,B1 •   GDPPPPB1,t
· where  GDPPPPs,A1 is the within-region GDP  PPP for country  s  on the regional reference country  A1  as calculated by region A.  
· GDP PPPA1,B1  is the GDP  PPP  for region B  on  region  A    expressed in terms of the currencies of the two regional reference countries  A1   and  B1  as calculated at the global level.
· GDP PPPB1,t  is the within-region  PPP  for country  t  on the reference country  B1  as calculated by region B.
14. In the ICP, the PPPs between countries within the same region, here GDPPPPs,A1 and   GDP PPPB1,t,  are based exclusively on data collected within the region in question.  On the other hand, the between-region PPP, GDP PPPA1,B1, is an estimate based exclusively on prices collected by the Ring countries.  The total regional expenditures used in conjunction with the between-region basic heading PPPs to calculate the GDP  PPPs can be obtained by either by summing across all countries within each region or by summing  across the Ring countries only.
 
Use of Specific Between-Region PPPs

15. Each basic heading is itself actually an expenditure aggregate
 that has its own set of between-region PPPs that serve as the links between the various sets of within-region PPPs.  As higher level aggregates are obtained simply by combining or merging basic headings, each higher level aggregate also has its own set of between-region PPPs.   

16. For example, the higher level aggregate for food consumption, is obtained by combining all the basic headings referring to food expenditures. The PPP for country t on country s for an aggregate such as food is a chain PPP that has the same form as (1) but with the suffix F for food instead of GDP:  thus,
(2)
FPPPs,t  =   FPPPs,A1 •  FPPPA1,B1 •   FPPPB1,t
17. Thus, the global PPPs at every level of aggregation from the basic heading up to GDP are chain PPPs. Each aggregate has its own specific between-region PPPs that serve as the links between the various sets of within region PPPs.   

18. In a time series context it has long been recognised that chain indices are not additive.
 In a PPP context this implies that if the various expenditures in a country expressed in its own national currency are converted into the world numeraire currency  by chain PPPs, the resulting converted expenditures will not be additive. Except for the region containing the world reference country, the sum of the converted expenditures for the components of a higher-level aggregate will not equal the converted expenditure for the aggregate as a whole even though in their original national currencies components must sum to the aggregates by definition.    
19. In a time series context, chain indices are increasingly recognized and preferred by users and compilers as providing better measures of price and quantity movements than fixed weight indices. The loss of additivity is generally considered to be a small price to pay to obtain superior measures of price and quantity movements for both components and aggregates
.  

20. However, countries are not time periods that can be chronologically ordered
. They cannot easily be grouped in the way that consecutive years can be grouped into runs of five or ten years. The regions into which countries are grouped in the ICP are to some extent arbitrary and may not be optimal for chaining purposes
.   

21. At a world level, some countries differ greatly from others in respect of their tastes, living standards and patterns of consumption and production. Direct comparisons between countries in different regions that are economically very different from each other may prove both difficult and unreliable because their patterns of relative prices and quantities diverge considerably and there may be only a small overlap between the sets of goods and services available in the two countries. As explained further in the next section, chaining such countries through the regions to which they belong is likely to provide more reliable estimates of their PPPs than direct binaries between them.  
Two-Stage GK

22. In the Diewert method described in the previous section, the choice of aggregation method is left open. Any aggregation method may be used. The use of the Geary-Khamis, or GK, method of aggregation is examined in this section as it is well suited to two-stage procedures.   
23. 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 12, the GK method values the quantities in the different countries at the average international prices for the region as a whole. The national average 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.   
24. At the second stage, the GK method is applied to the regions themselves to estimate the between-region PPPs at each level of aggregation above the basic heading up to, and including, GDP. As already stated, two sets of data are required for this purpose:

· A set of between-region PPPs for each basic heading and  
· The total expenditure in the region within each basic heading expressed in the region’s numeraire currency.
25. In the Diewert method, within-region basic heading PPPs are used to convert from national currencies to the regional numeriare. 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 generated 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, the total regional expenditures used at the second stage should be those generated at the first stage by the GK method itself.   

26. In the case of the GK method, it is convenient to focus on the quantity indices rather than the PPPs as the quantity indices have a particularly simple form. GK quantity indices are examples of Lowe quantity indices which use the same set of prices to value the quantities of goods and services in two different situations.
  As explained in Chapter 12, the GK quantity index is a Lowe index in which the quantities in two different countries are valued at the average prices of the group of countries to which they belong.
  It can be decomposed into the ratio of the Laspeyres indices for the two countries based on the group as a whole
. Thus, the within-region  GK quantity index for country  k   on country  j  in  region  A,  or  QGKj,k ,  may be written as follows:
(3)
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piA  is the average price of product i  in region A while  QiA   is the total quantity of product  i  in region  A.   The term QLAA,k  denotes the Laspeyres quantity index for country k based on region A.  The term ΣpiAQiA is the total GDP for region A measured at the average prices for the region.  However, it is not actually necessary to know the total quantities in the region as the term ΣpiAQiA in the two denominators in (3) cancel each other out.  

27. Alternatively, the GK quantity index for k on j can be expressed as a chain index, as follows.  

(4)
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where  QPAj,A   is the Paasche quantity index for region  A  based on country  j,  while QLAA,k   is the Laspeyres quantity index for country  k  based on region A. Thus, QGKj,k   can be interpreted as a chain index in which k  is linked  to  j  via region A as a whole.  

28. It is necessary to have the GK average prices for region A to be able to calculate the Paasche and Laspeyres indices in (4) so that the full GK system of equations still has to be solved. Equation (4) is intended to throw light on the properties of GK quantity indices. It is not an alternative way of calculating them.   

29. As noted in the previous chapter, if countries j and k are very different there may be only a small overlap between the sets of products available in the two countries. In this case, a direct Laspeyres, Paasche or Fisher quantity index between the two countries will be obliged to ignore many of the quantities in one or other country because they are not to be found in the other. This means that a direct index will have poor coverage and be liable to bias.    However, the GK quantity index is able to include all products in both countries because it is a chain index using the region as a whole as a link. For the region as a whole, there must be an average price and total quantity for every product in every country. Every product in both j and k can be included in the GK quantity index even though there may be only a limited overlap between the sets of products available in the two countries.
   
30. When the two-stage GK method is used, the between-region PPPs calculated as described above can be used to convert the total expenditures for the various regions expressed in their regional numeraire currencies into the world numeraire currency to obtain the real expenditures of the regions at average world prices. The ‘world’ is the union of all the regions. The GK world average prices at the second stage are quantity weighted averages of the GK regional average prices calculated in the first stage of two-stage GK. World prices are expressed in the selected world numeraire currency which will usually be one of the regional numeraire currencies.   

31. The ratios of the real regional expenditures for two regions at GK world prices constitute between-region GK quantity indices. In the two-stage GK method the quantity index for an aggregate such as GDP between two countries located in two different regions, such as country  t  in region  B  and country  s  in region A, namely QGKs,t,  is a chain index of the following form:

(5)
QGKs,t  =   QGKs,A  •  QGKA,B  •   QGKB,t
where
· GDPQGKs,A  is the within-region   GK  quantity index for region A  on  country  s  calculated at the average prices of region A.   
· GDPQGKA,B  is the between-region GK  quantity index for region  B on region A  calculated at average world prices. 
· GDPQGKB,t  is the within-region  GK quantity index for country  t  based on region A  calculated at the average prices of region B.   
32. The middle term in (5), the GK quantity index for region  B  on  region  A,  can be factored into the product of a Paasche and a Laspeyres index as follows:
(6)
QGKA,B  =   QPAA,W  ∙  QLAW.B  
33. where W denotes the world: i.e., the union of all the regions. In order to obtain the GK average world prices needed to calculate the Paasche and Laspeyres indices the full GK system of equations for the regions at the second stage of the two-stage GK has to be solved.  
34. Thus, equation (5) can be rewritten as a chain index in terms of Paasche and Laspeyres indices as follows:

(7)
QGKs,t  =   QPAs,A  •  QPAA,W  •   QLAW,B •  QLAB,t
35. When the two-stage GK method is used, the GK quantity index between two countries belonging to different regions can be viewed as a chain index with three links. First, the size of country t relatively to region B, the region to which it belongs, is established at the average prices of B.  Second, the size of B relatively to the world W is established at average world prices. Third, the size of A relatively to W is established at average world prices. Finally, the size of country s relatively to region A is established at the average prices of A. The various indices are either Paasche or Laspeyres and hence have a simple interpretation. 
36. At the first stage of a two-stage GK, 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. For any aggregate, the share of an individual country’s expenditures in total world expenditures can be obtained by multiplying the two shares. The results are transitive with the shares summing to unity both within a region and within the world as a whole.

The Binary Approach and Two-Stage EKS

37. It is also possible to use a binary approach and the EKS formula as the aggregation method within the framework of the two-stage methodology proposed by Diewert. At the first stage, the regions can use EKS/Fishers as their aggregate PPPs between countries within their own region
. At the second stage, the EKS/Fishers can be used as 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/Fisher PPPs have been calculated, they can be used to link the aggregate within-region EKS/Fisher PPPs calculated by the regions.   
38. As in the two-stage GK method, the aggregate EKS/Fisher PPPs between countries in different regions are chain indices of the same kind as the basic heading PPPs on which they are based. The aggregate EKS/Fisher PPP for country t in region B  on country s  in region A  is as follows
(8)
PPPEKSs,t  =   PPPEKSs,A1  •  PPPEKSA1,B1  •   PPPEKSB1,t
where countries  A1  and B1  are the selected reference countries whose currencies serve as the regional numeraires. The first and third terms in (8) are the within region EKS/Fisher  PPPs  between countries  s and  t and their respective reference countries, while the middle term PPPEKSA1,B1  is the aggregate  EKS/Fisher  between-region PPP  between the two reference countries.  

39. Each aggregate above the level of the basic heading has its own set of aggregate between-region EKS/Fisher PPPs in the same way that each basic heading has its own set of between-region PPPs. As the PPPs for both the basic headings and the higher level aggregates are chain PPPs, the associated real expenditure data are not additive.  However, the EKS/Fisher real expenditures for countries within the same region are not additive, even before they are linked. The loss of additivity caused by chaining regional sets of PPPs is immaterial for the EKS/Fisher method as Fisher is not an additive index anyway, either before or after transitiviy has been imposed by the EKS formula.
40. The difference between a one-stage, or universal, method in which regions are ignored and a two stage method is thrown into sharp relief when the EKS/Fisher method is used. Suppose there are 150 countries, and 6 regions each containing 25 countries. In this case, a universal EKS/Fisher would require 150•149/2 = 11,175 binary Fishers to be calculated. Of these, 1,800 would be Fishers between countries within the same region and 9,375 would be Fishers between countries in different regions.  
41. In the two-stage EKS/Fisher method, however, the 1,800 within-region Fishers would still have to be calculated at the first stage. But at the second stage, only 15 binary Fishers have to be calculated between the 6 regions. The 300 Fishers within each region would be reduced to 24 transitive EKS/Fisher PPPs by applying the EKS formula, while the 15 between-region Fishers would be reduced to 5 transitive between-region EKS/Fisher PPPs. The 6 sets of EKS/Fisher within-region PPPs would then be linked by means of the 5 EKS/Fisher between-region PPPs.   
42. Thus, the thousands of Fishers between individual countries in different regions that would be required for a universal EKS play no part in the two-stage EKS. A large number of them would be between countries with very different relative prices whose goods and services do not overlap much. As already noted, it is difficult to calculate reliable binary indices in these circumstances even with good price data.  In ICP 2005, however, the product lists for the different regions have been drawn up independently, creating a situation in which there may be very few price matches between some countries from different regions. It may be impossible to estimate reliable direct between-region binary PPPs for very many pairs of countries using the price data collected by the regions. In the circumstances, it is probable that a universal EKS may not be a viable option at the global level. Indeed, the Ring program was created in recognition of these kinds of difficulties. In the two-stage EKS method, the thousands of binaries between individual countries from different regions are replaced by a small number of binary Fishers between entire regions based on price data collected by the Ring countries using product lists specifically designed to ensure sufficient price matches between the regions.  
An Alternative Two-Stage EKS/Fisher Method   
43. The EKS/Fisher method uses the binary approach to international comparisons in which binary Fisher PPPs are calculated between all possible pairs of countries and are then reduced to a set of transitive multilateral PPPs by applying the EKS formula. A key feature of the two-stage 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.  
44. It is possible, however, to maintain a strictly binary approach to the calculation of a set of transitive aggregate PPPs between entire regions in which they are derived from the binary PPPs between all possible pairs of individual countries belonging to different regions. A method of calculating aggregate between-region PPPs in this way has been proposed by Robert Hill (2005)
. In the ICP context, the method has to be applied to the binaries between Ring countries only, just as the aggregate PPPs in the Diewert method explained above are calculated from the prices and basic heading PPPs for the Ring countries only. Once the aggregate between-region EKS/Fisher PPPs have been calculated using Hill’s method, they are used to link the within-region EKS/Fisher PPPs in exactly the same way as in the Diewert method.  
Universal Methods and Scalar Adjustments

45. In the Report on Phase III of the ICP, ‘universality’ is described as a one-stage approach in which regions are ignored and all countries are treated symmetrically
.   The concept of universality is further elaborated in Chapter 4 of the Report, where it is stated (p. 162) that “universality requires that all countries, regardless of location, income level, social system, or any other consideration, be compared by a common standard”.  
46. To satisfy the criterion of universality, however, it is not sufficient merely to adopt a one-stage method of calculation. A universal approach requires that all countries should be treated in the same way at all stages of the program. A common product list should be used and all countries should have actively participated in the compilation of the product list during the pre-survey to ensure that it is equi-representative so far as possible. As the number of countries grows and the group becomes more heterogeneous, it obviously becomes increasingly difficult to satisfy the criterion of universality for a variety of reasons, including costs and organizational difficulties.  
47. In ICP 2005, each region adopts a universal approach to the calculation of PPPs for all the countries within its own region. The PPPs both at the basic heading level and at higher levels of aggregation are calculated using a one-stage procedure in which the location of the country within a region has no influence on the results. 

48. At the global level in ICP 2005, however, it is not feasible to calculate PPPs that satisfy the criterion of universality. Because of the regionalization of the ICP, the region to which a country belongs does have an influence on the PPP between that country and other countries, whether they are in the same region or other regions.  This point is discussed further later.  
49. Consider a situation in which it is possible to calculate a universal set of PPPs for a group of countries, such as a region within the ICP. Suppose that there is interest in the PPPs for certain sub-groups within the group as a whole. It may then be desired to decompose the universal set of PPPs into sets of PPPs for various sub-groups which preserve the PPPs for different countries within the sub-groups, while at the same time preserving the relationships between the sub-groups as determined by the universal results. Form a methodological viewpoint, breaking down a universal set of PPPs in this way is of interest because it produces results that are very similar to those obtained by chaining.   

50. In practice, the OECD and Eurostat decompose the universal set of PPPs for the group of countries covered by their joint program in such a way that the PPPs between the countries of the EU are the same as the universal set of PPPs for the EU countries on their own. This is described as maintaining the fixity of the EU PPPs. The methods described in the following section are based on those developed by the OECD and Eurostat.   
The Decomposition of Universal Results for GDP by means of Scalar Adjustments

51. For ease of comparison with the chaining methods discussed earlier in this chapter, it is convenient to refer to the group as the world and the sub-groups as regions. It is also convenient to work with real expenditures rather than PPPs, as preserving the fixity of a set of PPPs implies preserving the fixity of the real expenditures associated with them, and vice versa.  
52. The objective is to find a method by which the set of real GDPs for a particular region as given in the universal world results may be replaced by the set of within-region real GDPs as calculated by the region, while not changing the share of the total real GDP for the region in total world GDP. A simple way to do this is to scale the within-region real GDPs up or down by a constant in such a way as to ensure that the total real GDP for the region is equal to that given in the universal results. Of course, scaling the set of real GDPs for a region up or down by a constant leaves the relative sizes of the real GDPs for countries within the same region unchanged. 
53. The constant is described as the scalar adjustment. It is equal to the total GDP for the region expressed in the world numeraire currency as given by the global results divided by the total GDP for the region expressed in the regional numeraire as calculated by the region.   

54. 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 A1 is also selected to serve as the world reference country W1 in the global comparisons.  WI and AI are the same. The currencies of the reference countries serve as the numeraire currencies for the regions, with the currency of country A1  also serving as the world numeraire.   

Let GDPj  denote the GDP of country  j  in region  R  in its own national currency, where    j  =  1,  2, …  n(R)  and 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 

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

(9)
SR   =   
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56. Equation (9) may be rearranged to give the following expression.

(10)
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57. 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.
   

58. 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.   

59. 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.   

60. Equation (10) shows that the scalar adjustment is a weighted harmonic average of the direct and all the indirect estimates of the between-region GDP PPP between region B and the world as a whole. Thus, the scalar adjustment can interpreted as an average between-region PPP between the regional numeraire currency and the world numeraire currency. Imposing fixity by multiplying by a scalar adjustment is equivalent to linking by means of a between-region GDP PPP.  
61. Other types of average might be used instead of weighted harmonic mean. The OECD now prefers to use an unweighted geometric mean
. As the geometric mean of a set of ratios is equal to the ratio of their geometric means, the current scalar adjustment (or between-region PPP) can also be interpreted as the ratio of the geometric mean the GDP PPPs for EU countries as calculated over the set of EU countries to the geometric mean of the same PPPs as calculated over the set of OECD countries. This scalar adjustment is applied to the GDP PPPs for non-EU countries to obtain an adjusted set of GDP PPPs for non-EU countries, the PPPs for EU countries remaining unchanged.  

62. When regional fixity is imposed on a universal set of real GDPs, the relative sizes of the real GDPs between countries within the same region become those determined by the regions and not those determined by the universal results. This is the object of the exercise. If fixity is imposed for all regions, all the original universal real GDPs are replaced. The entire set of universal GDPs is discarded. The only purpose served by the universal GDPs is to determine the relative sizes of the total real GDPs of the regions. This is, of course, a very important function at a global level.  
Complete Fixity and Partial Fixity

63. Suppose it is decided to impose fixity not only at the GDP level but also on the entire matrix of real expenditures for each region as determined by the region. The matrix is a table of real expenditures in which the rows refer to basic headings or higher level aggregates while the columns refer to countries. A global matrix of real expenditures exists for all countries in the world based on the universal PPPs while in addition each region has its own matrix of real expenditures based on the within-region PPPs. The objective is to insert each regional matrix into the global matrix after ensuring that the total real GDP of each region remains the same as in the global matrix.  
64. This can be achieved by multiplying the entire matrix of real expenditures for a region by its scalar adjustment for GDP. Fixity is preserved both within the rows and the columns of the matrix of real expenditures because the relative sizes of the real expenditures on a given aggregate in different countries and the relative sizes of different types of expenditure or aggregates within the same country are unchanged.   When fixity is preserved in both the rows and the columns in this way, there is said to be complete fixity.  
65. The ratios of the real expenditures for two countries in the same row of a matrix of real expenditures are quantity indices. When complete fixity has been imposed on a set of universal results, the ratios of the real expenditures for two countries belonging to different regions become chain quantity indices. At the GDP level, the ratio of the real GDPs of country t in region B and country s region A, denoted by GDPQs,t, is a chain quantity index of the following form:
(11)
GDPQs,t   =  GDPQRs,A  ∙  GDPQWA,B  ∙  GDPQRB,t  
where  GDPQRA,s    is the ratio of the total real GDP of region  A  to the real GDP of country  s  as calculated within the region. 
GDPQWA,B denotes the between-region GDP quantity index for region  B  on region A.  This is equal to the ratio of the total real GDPs of the two regions as calculated in the universal results.    

GDPQRB,k  denotes the ratio of the real GDP of country  t  to the total real GDP of region B  as calculated within the region:  i.e.,  the share of  country t in the total GDP of  B.
66. If the two countries were both to belong to the same region, the right side of (11) would collapse to the within-region GDP quantity index for t on s. 

67. If the entire set of real expenditures for a region at the global level is replaced by the corresponding set as calculated at the regional level, there can be only a single scalar adjustment applied to each set of regional expenditures. However, if only a single adjustment is applied, the between-region quantity indices for all the basic headings and other aggregates below the level of GDP become distorted.  
68. Consider the quantity index between two countries s and t belonging to two different regions for a lower level aggregate, such as food expenditure, when the same scalar adjustment based on GDP is applied to all types of expenditure. The ratio of the real expenditures for the two countries in the food row of the real expenditure matrix is

(12)
FQs.t   =  FQRs,A  ∙  GDPQWA,B  ∙   FQRB,t  
69. With a single scalar adjustment, the food quantity indices within each of the regions are linked using the GDP quantity index. However, the link should be the relative sizes of the total real expenditures on food in the two regions not the relative sizes of their GDPs. The appropriate link for food is the between-region food quantity index and not the GDP quantity index.  
70. The scalar adjustment to be applied to the real expenditures on food in the various countries within the same region should therefore be the ratio of the total real expenditures on food in the two regions, not the ratio of their real GDPs. Each type of expenditure from a basic heading up to GDP requires its own specific link or scalar adjustment. The scalar adjustments must vary from row to row in the matrix of real expenditures.
71. When the scalar adjustments or links vary from row to row in this way, the relative sizes of different types of real expenditures within the same country are no longer the same after adjustment as they were before. Fixity is no longer preserved within the columns of the matrix of real expenditures. This also implies that if the original real expenditures were additive, they will no longer be additive when each type of expenditures has is own specific link or scalar adjustment. 
72. If complete fixity is imposed by using the same GDP scalar adjustment for all types of expenditure, the quantity indices between countries in different regions for   expenditure aggregates below the level of GDP are distorted. This defeats the main purpose of an international comparisons program, which is to make volume comparisons between countries. Complete fixity is not an acceptable option therefore.   
73. On the other hand, when the scalar adjustments vary from one type of expenditure to another, the relative sizes of real expenditures in an individual country as calculated at the regional level are not preserved in the linked global results. Fixity is preserved within the rows of the matrix of real expenditures but not in the columns. This may be described as partial fixity.
  
74. Even if high priority is attached to maintaining regional fixity, partial fixity should be sufficient. Partial fixity preserves the relative sizes of the real expenditures in different countries in the same region as determined by that region. The loss of vertical fixity is just another manifestation of the fact that chain indices are not additive, a fact that does not prevent chain indices from being widely used for policy and analytic purposes   

Partial Fixity and Chaining

75. With partial fixity, the quantity indices between countries in different regions are chain indices, as shown in equations (11) and (12) above. These equations are of exactly the same type as equation (5). For example, if the GK method of aggregation were to be used both within regions and at the global level, the first and third terms in (11) and (12) would be identical with those in (5). The difference between the two-stage methods and the scalar adjustment method lies in the nature of the between-region link, the middle term in the equations. As already noted, a scalar adjustment is actually a between-region PPP.  
76. The big difference between the scalar adjustment methods and the two-stage methods is that the scalar adjustment methods require an already existing  universal global set of PPPs, or real expenditures, to start with.  The global PPPs are used as inputs into the scalar adjustment methods.  It is possible to calculate such a ‘global’ set of PPPs for all the countries covered by the Eurostat-OECD joint program.   On the other hand  the two-stage methods are designed to be used in a situation in which a global set of PPPs does not exist and the only way to arrive at the global set is by chaining the various sets of independently calculated regional results.  Fixity is an automatic consequence of chaining.  On the other hand, the objective of the scalar adjustment methods is to impose fixity.  
Semi-Universal PPPs

77. As already noted, it is not feasible to calculate a global set of PPPs in ICP 2005 that satisfy the criterion of universality. The regionalization of the program means that countries in different regions are treated in different ways.  
78. For example, countries in different regions use different product lists and collect prices for different products. The product lists drawn up by the different regions are designed to provide good estimates of the PPPs between countries within the same region. They are drawn up independently of those in other regions and no systematic 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 and most of the prices collected are not suitable for estimating PPPs between countries in different regions. 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.  
79. The estimation of the PPPs between countries in different regions, whether at the level of the basic heading or at an aggregate level, has to rely on prices collected by the Ring countries using a global list of products drawn up specially for the purpose, as described in Chapter 12. In practice, PPPs between countries in different regions have to be chain PPPs in which the links are based on prices collected by the Ring countries.   

80. The closest that it possible to get to a universal set of aggregate PPPs at a global level in the ICP is to calculate a ‘semi-universal’ set of aggregate PPPs. A semi-universal set is one in which the PPPs for all the basic headings are chain indices and are thus far from universal, but the PPPs for aggregates above the level of the basic heading are calculated using a one-stage aggregation method that ignores the region to which a country belongs.
81. Given the existence of a complete global set of basic heading PPPs (however they are derived) together with a complete set of basic heading expenditures in national currencies, it is possible to calculate a set of aggregate PPPs at the global level using a one stage-method aggregation method which ignores the region to which a country belongs
.  The resulting aggregate PPPs may resemble universal aggregate PPPs but for the PPPs to be genuinely universal it is necessary to have a universal set of PPPs at every level of aggregation including the basic headings.  Because of the strong and pervasive influence of regionalization in the ICP, the  basic heading PPPs in the ICP could be significantly different from those that would have been obtained if it had been possible to adopt a universal approach at the basic heading level.     

82. The imposition of one-stage aggregation method on a two-stage method at the basic heading level is methodologically inconsistent. The meaning of the aggregate PPPs or real GDPs is also not clear as a result. The use of a universal aggregation method is liable to obscure the fact that the aggregate PPPs between countries in different regions rely heavily on chaining however the basic heading PPPs are aggregated.  Semi-universal aggregate PPPs are likely to be confused with universal aggregate PPPs, even though the two sets of PPPs could differ significantly.  
83. If partial fixity has to be subsequently imposed on a set of semi-universal PPPs, the calculation of a set of semi-universal PPPs becomes rather pointless.  After fixity is imposed, the within-region PPPs at every level of aggregation for every country in every region are exactly the same as when the regional PPPs are chained using a two-stage aggregation procedure.  
84. As in the case of universal PPPs, if fixity is imposed on a set of semi-universal PPPs, the only purpose served by the semi-universal PPPs is to provide the scalar adjustments needed to link the sets of within-region PPPs. The question is then whether these aggregate between-region links are better than the aggregate between-region PPPs obtained using a two-stage method. The links between regions at a global level are crucial for the ICP. They must be soundly based methodologically. The use of a two-stage aggregation method provides transparent between-region links and produces sets of chained results whose status and meaning are quite clear at every level of aggregation.   
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�   The two-stage method described in this section was proposed by Erwin Diewert (2004)


�   The aggregate between-region PPPs are not likely to be sensitive to which set of expenditures is used as weights, as the relative sizes of the basic headings at the regional level are likely to be very similar, whether expenditures in all countries or just in the Ring countries are used.  


�    In Consumer Price Indices, basic headings are actually described as “elementary aggregates”.   A basic heading is effectively the lowest aggregate for which expenditure data can be obtained.  


�    See, for example, Karmel (1954) who noted that chained indices of inputs and outputs are not additive. The 1993 SNA Manual observes, in paragraph 16.37, that in a time series context “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.” The 2004 CPI Manual observes, in paragraph 9.113, that “Chaining leads to non-additivity. When the new series is chained onto the old, … , the higher-level indices after the link cannot be obtained as weighted arithmetic averages of individual indices using the new weights.”   


�    The 1993 SNA Manual remarks, in paragraph 16.76, that “the underlying issue is not whether to chain or not but how often to rebase…  Long runs of data … almost inevitably involve some form of chain indices.”  Similarly, in the context of international comparisons, very large numbers of countries almost inevitably require countries to be grouped and the groups to be chained.  


�    However, it is possible to arrange countries objectively to form a connected graph by constructing a Minimum Spanning Tree in which countries are linked on the basis of some objective criterion such as the similarity of their price structures:  see  Hill (1997). 


�    Kravis, Heston and Summers discuss the problems of identifying homogeneous sets of countries given that they may be grouped in different ways on the basis of different criteria, such as geographical propinquity or similarity of price structures. See Kravis, Heston and Summers (1982), pp. 104-111.


�   The concept of a Lowe price index was introduced in the 2004 CPI Manual (see Chapters 1 and 15).  A Lowe price index measures the change in the total cost of purchasing a fixed basket of goods and services between two time periods.  The basket does not have to be that purchased in one or other of the two periods compared and any basket may be chosen.   


�    The GK method therefore belongs to the class of methods described as average price methods.  See Kravis, Heston and Summers (1982) pp.77-79 and Hill (1997) pp. 54-62.  It should be noted, however, that in the GK method the average prices are determined simultaneously with the PPPs as the solution to a set of simultaneous equations.    


�   See Hill (1997) pp. 54-60.  


�   See Hill (2006).   


�   EKS/Fishers are Fisher PPPs on which transitivity has been imposed using the EKS formula.  


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


�    See Kravis, Heston and Summers (1982) p.  7.


�   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. This scalar adjustment is the one originally used by the OECD from the mid-1980s onwards to impose fixity on the PPPs and real expenditures of EU countries within a set of universal results for the entire group of countries covered by the joint OECD/Eurostat program. The OECD now uses a slightly different adjustment, as explained below. 


�    See Koechlin and Schreyer (2005).  


�   The fact that it is not possible to preserve fixity in both the row and the columns of the matrix of real expenditures in a satisfactory way was noted by Kravis, Heston and Summers (1982).  They remark p.  123:  “Since it is not possible to make the individual countries’ quantities consistent with both the column totals and the row totals -- requiring conformity with either necessarily is distorting the other --  a choice must be made.”  


�    Erwin Diewert (2005) notes that this method is a possible alternative to the use of a two-stage aggregation procedure.  
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