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The use of weights (indication of representativity) 

within the CPD and EKS methods at the basic heading level
Draft of Chapter 10 for the ICP Manual prepared by P. Hill describes very well the problems concerning the calculations of the PPPs at the basic heading level. The present notice intends to discuss more broadly a possible use of more complicated weighting systems and to present the results of some numerical experiments done on the basis of actual Eurostat 2002 Surveys. 
P. Hill analyzed in the Chapter 10 mainly a simple weighting system, namely the dichotomy “Representative / Non-representative products”. The experience shows that there are significant practical difficulties even with this simple framework [Sergeev (2003), page 18-23] and, probably, the introduction of more complicated weighting systems is not desirable from the practical point of view. Nevertheless all possibilities should be investigated. For example, the “Research Proposal Related to 2004 ICP Round” (A. Heston, World Bank, 27.08.02) contains the following recommendation for "Estimation of heading parities”: “The expert group has proposed introducing weights into parity estimation, even if only qualitative information for an item is available such as very, somewhat; and not of importance in national markets. This information can be introduced into the EKS or CPD procedure with notional weights like 2, 1, 0 for the above 3 responses”. 
Some possible versions for the realization of this recommendation for the CPD as well as for the EKS are considered in the present notice. The original Country-Product-Dummy (CPD) method proposed by R.Summers (1973) is based on the multidimensional regression procedure. However it is possible to present this method also as a specific kind of the Geary-Khamis method in geometric / logarithmic terms (see Annex 1), i.e. as an index number method. This allows easier to analyze and to compare the CPD method with other index methods. Therefore this presentation of the CPD method is used in this notice.

It seems that the CPD method allows to introduce a generalized set of weights without big additional problems. However it is not very easy to introduce this weighting system in the EKS method because it needs to manage the set of numerous situations.
I. Simple reflection of representativity within the CPD / EKS methods
Let consider firstly the simple dividing of priced items into two sets only: representative and non-representative. 
I.1 Simple reflection of representativity within the CPD method
The original CPD method does not use explicitly the information about the characteristicity of priced products in the countries. It means that the item list should be established in such way that the countries have a possibility to price enough many representative items from the product list. However this feature can be included in the CPD framework by different ways.

It is possible to use some explicit weights where the representative items receive some higher weight than non- representative items. For example, the weights ‘2’ and ‘1’; or 3 and 1; or some other appropriate weights can be used (e.g. Diewert [2004] proposed to use the ratio 10 / 1 but, it seems, this relation is too high for practical circumstances)
. 
The CPD method allows to introduce set of weights indicated above in a straightforward simple way. The term (A.2) for average „International price“ of the ith item ((i) can presented as a ‘implicit quantity’-weighted geometric average of the PPP-adjusted national prices:
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where 

qij  is implicit quantity (weight) for ith item in the jth country: qij  is equal to 2 (or an other appropriate value) if ith item was indicated as representative in the jth country; qij  is equal to 1 (or an other appropriate value) if ith item was indicated as non-representative in the jth country, 
j(qij is the cumulative value of representativity of item i among all countries.

The term (A.3) for the PPP for the jth country (PPPj) can be presented as the geometric average (implicit weighted) deviation of its national prices from the international prices:
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where i(qij is the cumulative value of representativity of items priced in the country j.

This system (1) (2) can be efficiently solved by an iterative method.

J. Cuthbert proposed to include a general factor of representativity of items (() directly in the original CPD model (1)
.
(3) Ln(Pij) = (1*X1j + (2*X2j +...+ (M*XMj + (1*Yi1 + (2*Yi2 +..+ (N-1*Yi,N-1 + (’*Zij + (ij;









(i = 1, 2,..., M;   j = 1, 2,.., N-1)

where

(’ – natural logarithm of the variable ( reflecting general average ratio (coefficient) between prices of non-representative and representative products (the price of product is expected to be relatively higher in a country in which it is unrepresentative than in a country in which it is representative, therefore this coefficient is expected to be greater than unity);
Zij – dummy variable for the variable (’ (Zij is equal to 1 if ith item priced in jth country was regarded as non-representative item and to zero in other case).
The model (3) can be also presented as a kind of the GK method in logarithmic terms with an additional equation for variable ( reflecting the representativity:
(4)

(i  =  (
[image: image3.wmf]]

/

)

/

[(

Z

ij

1

j

N

j

ij

PPP

P

g

Õ

=

)1/ni;

i = 1, 2,..., M
(5)

PPPj =  (
[image: image4.wmf]]

/

)

/

[(

Z

ij

1

i

M

i

ij

P

p

g

Õ

=

)1/mj;

j = 1, 2,..., N -1 (PPPN = 1)
(6)

(  =  (
[image: image5.wmf]Õ

Õ

=

=

N

j

i

j

M

i

ij

PPP

P

1

1

]

/

)

/

[(

p

Zij)1/mnr;

where

mnr – total no. of non-representative items within the combined set of prices for all countries (sum of Zij for all items for all countries);
all other variables were described earlier in (A.2), (A.3) and (3).

This system (4), (5), (6) can be efficiently solved by an iterative method.

A version of the CPRD with different weights for representative and non-representative products is also possible: 
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where 
qij  have the same sense as in (A.1); the appropriate values are 2 (for representative products) and 1 (for non-representative products).

What approach is more preferable: 
Weighted CPD (1) - (2), unweighted CPRD with an additional variable for representativity (4) - (6) or the CPRD with weights (7) - (9)? 
The 1st approach is flexible and does not impose an uniform price differential within the BH between representative and unrepresentative products for all countries (a not very realistic assumption) as it is imposed by the CPRD. From other side, the CPRD seems to be more robust and allows to utilize whole set of input data in an appropriate way (the differences between unweighted and weighted CPRD seems to be marginal in the practice).
I.2 Simple reflection of representativity within the EKS
The EKS method using by Eurostat/OECD takes into account the data about the representativity of priced items (asterisks) explicitly during the calculation of quasi-Laspeyres and quasi-Paasche bilateral PPPs
. It was demonstrated by the author of this notice that actually the EKS method uses for the calculation of combined bilateral 
PPPs three partial average PPPs for the following sets of Items
:


(*)  (*)

a set where Items have asterisks in both countries


(*)  (-)

a set where Items have asterisks in the 1st country only


(-)  (*)

a set where Items have asterisks in the 2nd country only
The Items non- representative for both countries ( - ) ( - ) are ignored
.

The binary PPP between a pair of the countries is calculated as geometric mean from PPPs these three sets with some weights. The items which are representative for both countries (*) (*) have twice the weights as other items included in the calculation. The author of this paper proposed to assign the equal weights for the PPP of the set of items with (*) (-) and for the PPP of the set of items with (-) (*.). In this case the bias of one set is compensated by opposite influence of another set
. Schematically this can be presented as the following (the situations with a compensated effect, are highlighted):

	
	Country A
	Country B

	Set 1
	(*)
	(*)

	Set 2
	(*)
	(-)

	Set 3
	(-)
	(*)


Items non-characteristic in both countries

are outside the calculations

	Set 4
	(-)
	(-)


It is not an usual case that all 3 sets of items are present. Therefore the management of the 8 (2^3) different situations is necessary („Yes“ means that a given set contain respective data, „No“ – a given set contains no data): 

	
	Set 1: (*) (*)
	Set 2: (*) (-)
	Set 3: (-) (*)

	Situation 1
	Yes
	Yes
	Yes

	Situation 2
	Yes
	Yes
	No

	Situation 3
	Yes
	No
	Yes

	Situation 4
	Yes
	No
	No

	Situation 5
	No
	Yes
	Yes

	Situation 6
	No
	Yes
	No

	Situation 7
	No
	No
	Yes

	Situation 8
	No
	No
	No


II. The introduction of generalized weighting systems in the CPD / EKS
The case with the simple dichotomy “Representative / Non-representative products” was considered in the Section I. However, in principle, more than two different degrees of representativity could be incorporated in the CPD as well as in the EKS methods - for example, the system proposed in “The “Research Proposal Related to 2004 ICP Round” (see page 1 of this notice): very representative, moderately representative and unrepresentative. The experience shows that the introduction of more complicated weighting systems will lead to significant practical difficulties because it is not easy to determine the border between “Very representative” and “Moderately representative”, etc. Nevertheless the predictive power of the methods could be improved if more than two different degrees of representativity are introduced. Some possible versions are described below.
II.1 Introduction of generalized weights / representativity in the CPD method

There are two possibilities to introduce a generalized weighting system in the CPD method: 

- system of implicit weights with several degrees of representativity like: very representative, moderate representative, non-representative (the use of a system with more than 3 degree of representativity is also possible)
and 

- direct introduction of different degrees of representativity in the CPD (extended CPRD method)
Let have a weighting systems q with R degrees of representativity where qr (r = 1, 2, ..., R) means the weight for items with the rth degree of representativity (q1 – for non-representative items, q2 > q1 – for more representative items, q3 > q2 etc. till qR – for the most representative items). The CPD presented as a kind of the GK method allows to introduce each given set of weights in a similar way as in (5) - (6)
. 
The average „International price“ of the ith item ((i) can be presented as an ‘implicit quantity’-weighted geometric average of the PPP-adjusted national prices:
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where 

qrij is implicit quantity (weight) for the ith item in the jth country with the rth degree of representativity; for example, the following weights are possible in the system with 3 degrees: qij  = 3, if ith item was indicated as very representative in the jth country, qij  = 2 if ith item was indicated as representative and qij  = 1  otherwise
; 
j(qrij is the cumulative value of representativity of item i among all countries.

The PPP for the jth country (PPPj) can be presented as the geometric average (implicit weighted) deviation of its national prices from the international prices: 
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where i(qij is the cumulative value of representativity of items priced in the country j.

The system of equation (10), (11) can be efficiently solved by an iterative method.

A system with R different degrees of representativity of the items (the degree 1 refers to non-representative items and the highest degree of representativity is R) can be introduced also in the CPD regression model in a similar way as it was done in (3):
(12)  Ln(Pij) = (1*X1j + (2*X2j +...+ (M*XMj + (1*Yi1 + (2*Yi2 +..+ (N-1*Yi,N-1 + 
 + (’1*Z1ij + (’2* Z2ij  +    +  (’r* Zrij  + (’R* ZRij + (ij ;





(i = 1, 2,..., M;   j = 1, 2,.., N-1;    ;   r =1, 2, …, R)
where

(’r – natural logarithm of the variable (r for the rth level of representativity;

Zrij – dummy value for the variable (’r (Zrij is equal to 1 if ith priced item in jth country was regarded with the rth degree of representativity and to zero in other case);
all other variables were described in the equation (A.1).

For simplicity, the highest degree of representativity (R) is selected as base ((R = 1) and this variable is excluded from the system (12). It means that all other values (r are interpreted as average price ratios between the items with the rth level of representativity and the items with the highest level of representativity R. In “normal” case the following ranking should exist:


(1 > (2 > (3 > …..>………….> (r >………..> (R (= 1)
The model (12) can be also presented as a kind of the GK method in logarithmic terms with additional equations for variables (r reflecting the degrees of representativity:
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where
mrr – total no. of items with the rth degree of representativity within the combined set of prices for all countries (sum of Zrij for all items for all countries for degree r).
It is possible to apply this version of the CPRD also with different weights for representative and non-representative products: 
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where 

qij  have the same sense as in (10).

The systems (13)–(15) and (16)–(18) can be efficiently solved by an iterative method.

II.2 Introduction of generalized weights / representativity in the EKS method

The situation with the EKS method is more complicated. The number of the possible situations with generalized weighting system is increased drastically for bilateral comparisons. If we divide 3 types of items [very characteristic (**), characteristic (*), non-characteristic (-)] then 9 sets of items can be obtained within a binary comparison between the countries A and B:

	
	Country A
	Country B

	Set 1
	(**)
	(**)

	Set 2
	(*)
	(*)

	Set 3
	(**)
	(*)

	Set 4
	(*)
	(**)

	Set 5
	(**)
	(-)

	Set 6
	(-)
	(**)

	Set 7
	(*)
	(-)

	Set 8
	(-)
	(*)


Items non-characteristic in both countries

are outside the calculation

	Set 9
	(-)
	(-)


The situations with a different representativity for the countries which should have a compensatory effect like (**)/(*) and (*)/(**) are highlighted (Sets 3 - 4, 5 - 6; 7 – 8). 
256 !!! (2^8) different possible situations for each pair of the countries (see the Table below) should be considered for 8 sets of items indicated above:

	
	Set 1

(**) (**)
	Set 2

(*) (*)
	Set 3

(**) (*)
	Set 4

(*) (**)
	Set 5

(**) (-)
	Set 6

(-) (**)
	Set 7

(*) (-)
	Set 8

(-) (*)

	Situation 1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Situation 2
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	Situation 3
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	Situation 4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No

	.......
	.......
	.......
	.......
	.......
	.......
	.......
	.......
	.......

	Situation 254
	No
	No
	No
	No
	No
	No
	Yes
	No

	Situation 255
	No
	No
	No
	No
	No
	No
	No
	Yes

	Situation 256
	No
	No
	No
	No
	No
	No
	No
	No


It is very difficult to manage efficiently this set of numerous possible situations. First of all, to obtain the correct binary PPPs, the sets with more representative items should have more impact on the results and the PPPs for the compensatory sets should have the equal weights in the calculation of the combined PPPs. A possible assignation of the weights to the items with different representativity is given below:

	
	Country A
	Country B
	Representativity of an item

	Set 1
	(**)
	(**)
	4 = 2 + 2

	Set 2
	(*)
	(*)
	2 = 1 + 1

	Set 3
	(**)
	(*)
	3 = 2 + 1

	Set 4
	(*)
	(**)
	3 = 1 + 2

	Set 5
	(**)
	(-)
	2 = 2 + 0

	Set 6
	(-)
	(**)
	2 = 0 + 2

	Set 7
	(*)
	(-)
	1 = 1 + 0

	Set 8
	(-)
	(*)
	1 = 0 + 1


Items non-representative in both countries

are outside the calculation (Zero-weights)

	Set 9
	(-)
	(-)
	0 = 0 + 0


These weights are based on a simple but quite reasonable idea: each asterisk (*) receives an imaginary weight/quantity = 1. So, Items (**)(**) which are very representative in both countries receive the weight = 4, Items (**)(*) and Items (*)(**) – the weight = 3, etc. The total representativity of the sets of items for a pair of the countries can be calculated as (4n22+3n21+3n12+2n20+2n02+2n11+n10+n01), where n22 is no. of items (**)(**) etc. Obviously, this system of weights is arbitrary. However the system of asterisks is arbitrary per se. It is impossible to quantify exactly the qualitative indicators (like “very representative”, “representative” and “non-representative”). Each system of the notional quantities (weights) attributed to them will be inevitable a convention only. However the proposed method assigns higher weights for items with higher representativity and assigns the equal weights for the compensatory items. In effect, the desirable premises for the calculation of the reliable non-biased PPPs is obtained. The next step is the assignation of the weights for the different sets of Items taking into account the desirable compensatory effect. A simple (probably, not optimal version) is presented in the table below:

	Sets of Items
	Country A
	Country B
	Represen-tativity of Item sets
	Shares (weights=w)

of Item sets

	Set 1 (n22) /

PPP(22)
	(**)
	(**)
	4*n22
	w(22) = 4*n22 / Σ(r)

	Set 2 (n11) /

PPP(11)
	(*)
	(*)
	2*n11
	w(11) = 2*n11 / Σ(r)

	Set 3 (n21) /

PPP(21)
	(**)
	(*)
	3*n21
	If (n21 > 0) And (n12 > 0):

w(21) = w(12) = 0.5*(3*n21+3*n12)/Σ(r)

If (n21 = 0) Or (n12 = 0):

w(21) = w(12) = 0

	Set 4 (n12) /

PPP(12)
	(*)
	(**)
	3*n12
	If (n21 > 0) And (n12 > 0):

w(12) = w(21) = 0.5*(3*n21+3*n12)/Σ(r)

If (n21 = 0) Or (n12 = 0):

w(12) = w(21) = 0

	Set 5 (n20) /

PPP(20)
	(**)
	(-)
	2*n20
	If (n20 > 0) And (n02 > 0):

w(20) = w(02) = 0.5*(2*n20+2*n02)/Σ(r)

If (n20 = 0) Or (n02 = 0):

w(20) = w(02) = 0

	Set 6 (n02) /

PPP(02)
	(-)
	(**)
	2*n02
	If (n20) > 0 And (n02 > 0):

w(02) = w(20) = 0.5*(2*n20+2*n02)/Σ(r)

If (n20 = 0) Or (n02 = 0):

w(02) = w(20) = 0

	Set 7 (n10) /

PPP(10)
	(*)
	(-)
	n10
	If (n10 > 0) And (n01 > 0):

w(10) = w(01) = 0.5*(n10+ n01)/Σ(r)

If (n10 = 0) Or (n01 = 0):

w(10) = w(01) = 0

	Set 8 (n01) /

PPP(01)
	(-)
	(*)
	n01
	If (n10 > 0) And (n01 > 0):

w(01) = w(10) = 0.5*(n10+ n01)/Σ(r)

If (n10 = 0) Or (n01 = 0):

w(01) = w(10) = 0

	TOTAL
	----
	-----
	Σ(r)
	Σ(w)


The proposed scheme is based on the following assumptions:

- sets of items with an equal representativity in the countries – (**)/(**) and (*)/(*) - produce the unbiased PPPs,

- sets of items with a higher representativity for the country A  – (**)/(*), (*)/(-) and (**)/(-) - produce the underestimated PPPs (relatively “true” values) for the country A (respectively, overestimated PPPs for the country B); the bias for the set (**)/(-) is some higher than for the sets (**)/(*) and (*)/(-),

- sets of items with a lower representativity for the country A  – (*)/(**), (-)/(*) and (-)/(**) - produce the overestimated PPPs (relatively “true” values) for the country A (respectively, underestimated PPPs for the country B); the bias for the set (-)/(**) is some higher than for the sets (*)/(**) and (-)/(*).
In accordance with this scheme the sets of Items with non-equal representativity - (**)/(*), (*)/(-), (**)/(-) - are included in the calculation only if there are respective compensatory counterparts - (*)/(**), (-)/(*), (-)/(**). If a respective counterpart is missing then both sets are excluded. So, the calculation of average weighted (Σw=1 or 100) binary PPPs from the PPPs of the different item sets can be done as follows:

(19)  PPP-Av = {PPP(22)^w(22)*PPP(11)^w(11)*[PPP(21)^w(21)*PPP(12)^w(12)]*
 * [PPP(20)^w(20)*PPP(02)^w(02)]*[PPP(10)^w(10)*PPP(01)^w(01)]}

The presence of all possible sets for a pair of countries is not very realistic in the practice. Some sets will be missing in the most of the cases and, respectively, there will be many situations where the decisions are problematic. For example - Can be regarded the situations like

n12 and n10 are equal to 0  but  n21>0 and n01 > 0

or 

(or n21 and n01 are equal to 0  but  n12 > 0 and n10 > 0

as the situations with the compensatory sets? Following strictly to the proposed scheme, we should exclude all non-compensatory sets from the calculation. However intuitively, one can believe that the Set(21) should have some compensatory effect with the Set(01) or one can believe that the combination of the Set(21) and Set(10) should have a compensatory effect with the Set(02), i.e. we can use simple geometric mean from these three PPPs as an appropriate approximation. Some more complicated cases can occur in the practice – all Items belong to non-compensatory sets; an average PPP can’t be calculated in this case at all if a puristic approach is applied. It means that a direct PPP will not exist and an indirect estimation should be done. However it is very likely that a PPP obtained on the basis of original direct prices with some corrections will be, probably, more plausible than a PPP obtained indirectly via the 3rd countries. 

These examples demonstrates clearly that the intention to use the imaginary weights for items (like 2, 1, 0) within the traditional EKS method leads to considerable practical problems. It is not easy to propose some corrections which should be done in a general case for numerous possible situations for each pair of countries (256 situations with the weights 2, 1, 0 and exponentially much more situations by more diversified weights). However it is possible to propose a general adoption of the traditional EKS method to the more complicated weighting systems.

This can be done by the use of traditional forms of the Laspeyres and Paasche indices (arithmetic and harmonic averages) with further calculation of the Fisher index or by the calculation of the index of the Tornqvist type.

A parity of Laspeyres-type can be obtained as the arithmetic mean of the price ratios with the weights of the denominator country h:
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where

wih –weights for item i in the denominator country h (3, 2, 1, 0 or some other values; these are the same values as notional quantities qih in the CPD method) 

k – no. of items for which exist bilateral PPP(j/h)

A parity of Paasche-type can be obtained as the harmonic mean of the price ratios with the weights of the numerator country j
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where

wij –weights for item i in the numerator country j (3, 2, 1, 0 or some other values; these are the same values as notional quantities qij in the CPD method);
k – no. of items for which exist bilateral PPP(j/h).

The standard Fisher-PPP can be obtained from these two indices.

The Tornqvist type can be also calculated on the basis of the same imaginary weights of countries (wij, wih) as it is done by the calculation of the L-, P- indices:
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Of course, the proposals done above change considerably the original concept of equi-representativity (a possibility to have, in principle, one priced representative item per country, the compensatory effect, etc). However the indices indicated above are closer to the aggregated indices where the expenditure are applied. If selected weighting system is reasonable then the same features of aggregated indices should bring the reliable indices with these sophisticated weights. On other side, these notional weights can’t of course, play the same role as the actual expenditure and a careful analysis of structure of price sets of the countries should be done.

III. Some experiments with the different versions of the EKS – CPD methods on the basis of actual Eurostat data

Chapter 10 contains numerous examples which illustrate and contrast the properties and behaviour of the different methods very well. Data sets were constructed to simulate the circumstances in which the different methods yield different results. They throw light on the factors responsible, and by so doing make it possible for better argumented decisions to be made about which method to use. However all examples in Chapter 10 are artificial. One can agree that simpler and smaller examples based on artificial data are preferable for expository purposes. Nevetheless some numerical experiments based on real data are useful also. Two main purposes of these experiments are the following:

- To check: How efficiently work the proposed methods in real situations?

- To examine: What can be the real numerical differences between the results produced by different methods in different situations?
Therefore it was desirable to carry out some experiments on the basis of data from actual comparisons. In connection with the SCHRC of Canada and Committee on Research on Income and Wealth Meetings in Vancouver (30.06-03.07.04), a group of TAG ICP members (E. Diewert, A. Heston, P. Rao, S. Stapel, K. Zieschang), Peter Hill and other interested persons (B. Aten, R. Hill, Y. Dikhanov, D. Melser) met to discuss simulations to do for aggregation below the basic heading method. It was decided (with the acceptance by the Eurostat representative) to carry out some numerical experiments with the different versions of the EKS – CPD methods on the basis of actual Eurostat data for 2-3 basic headings (BH) of different type. 
The criteria for the selection of the BHs for the experiments are numerous (sparse and full price matrices, shares of representative / non-representative products, high variance in price ratios, etc.). Probably, the criteria "Sparse and full" is the most important for the differences between CPD / EKS results (e.g. if the price matrice is complete then unweighted CPD = EKS 1 = GM in all cases, even with very high variance in price ratios). The following three BHs were selected from the actual Eurostat 2002 exercise for 31 countries (as agreed, the names of the countries and the products were removed due to the reason of confidentiality):

1) BH "Motor cars, petrol engine < 1200 cm3” with relatively full price matrix. This BH contains 10 items with 241 prices. It means that the share of holes is approx. 20% only [1 - 241/ (10*31)].

2) BH "Bicycles" with relatively sparse price matrix with many holes. This

BH contains 10 items with 123 prices. It means that the share of holes is approx. 60% [1 - 123/ (10*31)].


3) BH “Other financial services". This is a BH with very different country's price structures and, in effect, with very high variance in price ratios across items for countries and across countries for items within a heading.

The EKS and the CPD methods have numerous concrete versions. The following nine versions of the EKS
-CPD methods were selected finally for the experimental calculations for 3 BHs indicated above: 

	Method 
	Version of the method

	EKS 1
	w/o *; simple GM for bilateral PPP

	EKS 2 *
	with *, w/o L/P limits

	EKS 2 *
	with *, with L/P limits (0.99 - 1.50)

	EKS 3 (EKS-S)
	with *, w/o L/P limits

	EKS 3 (EKS-S)
	with *, with quasi-L/P limits (0.99 - 1.50)

	CPD-unw
	original (unweighted)

	CPD-w
	with weights1)

	CPRD-unw
	unweighted

	CPRD-w
	with weights1)


1)  Weight "2" for representative (with *) products and weight "1" for non-representative (without *) products. These weights are the parameters 
and they can be changed by the users (e.g. 3 / 1, etc.) 

III.1 Versions of the EKS method 

The EKS method has, at least, 15 possible versions depending on the kind of bilateral PPPs and the kind of procedure for the transitivity – see a table below:

	
	
	Kind of bilateral PPPs

	
	
	EKS 1

(GM)
	EKS 2
	EKS 3 (EKS-S)

	
	
	
	with 

LPS
	without LPS
	with quasi-LPS
	without quasi-LPS

	Kind of procedure for transitivity
	Estimation of missing bilateral PPPs
	X
	X
	X
	X
	X

	
	Iterations with interm. EKS-PPP
	x
	x
	x
	x
	x

	
	Regression
	x
	x
	x
	x
	x


By the kind of using bilateral PPPs the following versions are possible:


- EKS 1: without the use of the indication on the representativity (without *), i.e. simple GM is used for the calculation of the bilateral PPPs


- EKS 2 (EKS *): with the use of the indication on the representativity (with *) by the calculation of quasi-Laspeyres, Paasche (Jevons) and Fisher (Tornqvist) bilateral PPPs – this is the official Eurostat / OECD approach 


- EKS 3 (EKS-S): with the use of the indication on the representativity (with *) by the calculation of three separate bilateral PPPs for the sets of items (**), (*-), (-*). 

Each of both last versions (EKS 2 as well as EKS 3) can be used in two modifications:


- without the crucial limits for the LPS = Laspeyres / Paasche spread (standard Eurostat/OECD version)

- with the crucial limits for the LPS => so called "selective" EKS. It means that original bilateral PPPs for which LPS was outside limits (in our case, LPS < 0.99 and LPS > 1.5; 0.99 and 1.5 are the parameters which can be changed by the users) were omitted and deleted bilateral PPPs were estimated in the same way as actual missing PPPs). This is a kind of the introduction of the reliability of bilateral PPPs in the further multilateral calculations. Some other indicators of the reliability of bilateral PPPs can be used – see, for example, Heston, Summers, Aten (2001), Heston (2002), Rao (2001), Sergeev (2001), Sergeev (2003, Annex 1) and Hill (2004).

Several versions for the calculation of the matrice of bilateral PPPs were listed above. The next step is the obtaining on this base the transitive EKS-PPPs. This can be done in different ways:

- by the regression as Ln(Fjk) = EKS’j – EKS’k + (jk – see Cuthbert (1988), (1997) and Rao (2001) 
as well as 
· by an iterative procedure to fill out the missing bilateral PPPs. 
The last approach has also several variants. The following iterative procedures are used mostly: 
· simple iterative estimation as a GM of all possible indirect PPPs via 3rd countries (this is the official present method of the Eurostat / OECD comparison as it is described in Chapter 10) 
- the EKS iterative procedure (EKS procedure is carried out on incomplete matrice of bilateral PPPs till this matrice will be complete and the EKS results two sequence calculations will be equal). It seems, that this approach was used in the earlier Eurostat comparisons. 
If initial matrix of bilateral PPPs is complete (or there is only one missing PPPs) then the results of all versions are equal but the results will be slightly different in other cases [Cuthbert (1988)]. The simple iterative estimation was used in all present calculations.
III.2 Versions of the CPD method

The CPD results can be also calculated in the different versions
:

- by the original [Summers (1973)] unweighted CPD (in other words by the use of the equal weights = 1 for the representative / non-representative products)
- weighted CPD with the different weights for representative and non-representative products (weights “2 / 1” were applied)
- unweighted CPRD (in other words by the use of the equal weights = 1 for the representative and non-representative products)
- weighted CPRD with the different weights for representative and non-representative products (weights “2 / 1” were applied)
The obtained results for 9 different versions of EKS / CPD methods are presented below in Tables 3.1 – 3.3 (minimal and maximal PPPs for each country are highlighted). These experiments confirmed the conclusion from Chapter 10 done on the basis of artificial examples: the different methods give very similar results in most situations. The choice of method is not so important in many cases, but there are circumstances in which they can give significantly different results: share of missing prices, differences in no. of representative / non-representative products priced in teh countries; high variation of individual price relatives. 
Eurostat 2002 Survey: PPPs (Cou.31 = 1*) for BH 11.07.11.2 Motor cars: petrol engine of cm3 < than 1200cc
Table 3.1
	
	EKS 1

w/o *; 

GM for bilateral PPP
	EKS 2 *

with *, w/o L/P limits
	EKS 2 *

with *, 

L/P limits (0.99-1.50)
	EKS 3 (EKS-S)

with *, w/o L/P limits
	EKS 3 
(EKS-S)

with *, quasi-L/P limits (0.99-1.50)
	CPD 

w/o * (without weights)
	CPD

with *;

weights: 
2 / 1
	CPRD

w/o

weights
	CPRD

weights:

 2 / 1
	Max-PPP
	Min-PPP
	Max / Min ratio

	C.1
	0.921168
	0.922151
	0.922023
	0.927492
	0.927492
	0.917246
	0.914833
	0.922786
	0.918896
	0.927492
	0.914833
	1.014

	C.2
	1.440954
	1.436290
	1.439195
	1.438397
	1.438397
	1.437437
	1.433656
	1.446119
	1.440024
	1.446119
	1.433656
	1.009

	C.3
	27.11408
	27.09943
	27.24615
	27.20286
	27.20286
	26.89145
	26.97608
	26.87901
	26.97201
	27.24615
	26.87901
	1.014

	C.4
	0.971742
	0.972177
	0.972656
	0.977203
	0.977203
	0.973937
	0.971500
	0.979811
	0.975811
	0.979811
	0.971500
	1.009

	C.5
	221.2152
	219.6875
	219.4258
	220.1483
	220.1483
	221.9610
	220.6113
	222.8991
	221.3131
	222.8991
	219.4258
	1.016

	C.6
	0.858360
	0.861115
	0.863964
	0.865009
	0.865009
	0.859939
	0.860632
	0.863573
	0.863416
	0.865009
	0.858360
	1.008

	C.7
	1.041426
	1.046273
	1.046872
	1.056103
	1.056103
	1.029168
	1.026644
	1.035544
	1.031332
	1.056103
	1.026644
	1.029

	C.8
	3.359786
	3.384477
	3.408663
	3.402394
	3.402394
	3.349145
	3.341986
	3.359513
	3.350109
	3.408663
	3.341986
	1.020

	C.9
	33.63487
	33.43545
	33.68157
	33.39405
	33.39405
	33.78829
	33.71107
	33.99794
	33.86536
	33.99794
	33.39405
	1.018

	C.10
	185.3969
	185.0544
	185.1654
	184.8533
	184.8533
	186.8763
	186.3205
	187.2818
	186.6628
	187.2818
	184.8533
	1.013

	C.11
	1.292248
	1.290123
	1.290174
	1.294079
	1.294079
	1.288807
	1.283249
	1.294777
	1.287527
	1.294777
	1.283249
	1.009

	C.12
	12.00687
	11.87910
	11.83184
	11.83106
	11.83106
	12.07768
	12.00546
	12.03416
	11.97013
	12.07768
	11.83106
	1.021

	C.13
	13.24040
	13.19946
	13.03235
	13.17782
	13.17782
	13.29778
	13.23730
	13.19667
	13.14741
	13.29778
	13.03235
	1.020

	C.14
	111.8373
	109.6647
	109.6871
	109.3828
	109.3828
	112.0619
	110.5225
	112.2974
	110.6958
	112.2974
	109.3828
	1.027

	C.15
	1.338377
	1.319053
	1.318305
	1.317519
	1.317519
	1.335516
	1.321245
	1.339736
	1.324346
	1.339736
	1.317519
	1.017

	C.16
	0.496668
	0.501181
	0.504723
	0.501659
	0.501659
	0.499542
	0.502196
	0.500917
	0.503225
	0.504723
	0.496668
	1.016

	C.17
	2.884501
	2.868511
	2.855911
	2.865780
	2.865780
	2.885460
	2.869077
	2.885956
	2.871573
	2.885956
	2.855911
	1.011

	C.18
	13.11637
	12.74646
	12.72768
	12.63526
	12.63526
	13.14354
	12.92548
	13.11197
	12.90315
	13.14354
	12.63526
	1.040

	C.19
	9.225580
	9.145802
	9.082943
	9.108493
	9.108493
	9.237453
	9.205123
	9.167216
	9.140908
	9.237453
	9.082943
	1.017

	C.20
	0.695490
	0.683287
	0.682899
	0.681964
	0.681964
	0.694842
	0.686328
	0.697038
	0.687939
	0.697038
	0.681964
	1.022

	C.21
	0.976232
	0.968913
	0.965575
	0.966186
	0.966186
	0.979309
	0.977294
	0.985226
	0.981653
	0.985226
	0.965575
	1.020

	C.22
	1.535569
	1.525898
	1.517037
	1.524183
	1.524183
	1.543285
	1.532809
	1.536930
	1.527607
	1.543285
	1.517037
	1.017

	C.23
	0.840434
	0.815822
	0.812587
	0.802499
	0.802499
	0.841191
	0.828382
	0.835521
	0.822776
	0.841191
	0.802499
	1.048

	C.24
	0.962289
	0.953768
	0.951390
	0.953853
	0.953853
	0.964459
	0.959867
	0.964470
	0.959919
	0.964470
	0.951390
	1.014

	C.25
	0.843180
	0.837752
	0.838436
	0.837863
	0.837863
	0.854801
	0.849810
	0.858244
	0.852566
	0.858244
	0.837752
	1.024

	C.26
	0.486639
	0.489617
	0.480226
	0.491597
	0.491597
	0.487792
	0.491067
	0.487356
	0.491044
	0.491597
	0.480226
	1.024

	C.27
	1.004828
	1.013149
	1.016893
	1.026359
	1.026359
	1.024599
	1.022491
	1.030790
	1.027052
	1.030790
	1.004828
	1.026

	C.28
	25999.39
	26205.75
	26449.39
	26722.23
	26722.23
	26267.53
	26048.00
	26357.87
	26120.61
	26722.23
	25999.39
	1.028

	C.29
	0.906512
	0.918415
	0.918855
	0.922234
	0.922234
	0.906203
	0.911788
	0.904399
	0.910172
	0.922234
	0.904399
	1.020

	C.30
	1 525 405
	1 546 671
	1 548 395
	1 544 804
	1 544 804
	1 533 625
	1 541 078
	1 531 325
	1 538 238
	1 548 395
	1 525 405
	1.015

	C.31
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1.000

	
	
	
	
	
	Coeff."Non-Repr / Repr" =
	1.01820
	1.02006
	
	
	


 *) Speaking strictly it is preferable to present the PPPs in a neutral form (Group31 = 1). 
Eurostat 2002 Survey: PPPs (Cou.31 = 1) for BH 11.07.13.1 Bicycles







Table 3.2
	
	EKS 1

w/o *; 

GM for bilateral PPP
	EKS 2 *

with *, w/o L/P limits
	EKS 2 *

with *, 

L/P limits (0.99-1.50)
	EKS 3 (EKS-S)

with *, w/o L/P limits
	EKS 3 
(EKS-S)

with *, quasi-L/P limits (0.99-1.50)
	CPD 

w/o * (without weights)
	CPD

with *;

weights:
 2 / 1
	CPRD

w/o

weights
	CPRD

weights:

 2 / 1
	Max-PPP
	Min-PPP
	Max / Min ratio

	C.1
	1.046339
	1.003152
	1.020967
	0.964263
	0.958266
	1.056890
	1.007291
	1.062382
	1.009811
	1.062382
	0.958266
	1.109

	C.2
	1.763750
	1.736873
	1.726338
	1.728777
	1.717572
	1.799320
	1.741288
	1.864334
	1.773800
	1.864334
	1.717572
	1.085

	C.3
	21.36776
	20.20205
	20.01512
	19.40774
	19.15904
	25.01324
	23.39054
	24.14096
	22.50754
	25.01324
	19.15904
	1.306

	C.4
	0.862516
	0.871054
	0.863454
	0.853987
	0.848501
	0.911705
	0.897897
	0.911705
	0.887315
	0.911705
	0.848501
	1.074

	C.5
	152.9097
	132.5290
	130.7213
	127.5368
	126.6117
	176.4329
	160.2096
	172.0437
	154.8271
	176.4329
	126.6117
	1.393

	C.6
	0.931861
	0.911606
	0.900961
	0.896763
	0.891609
	0.961045
	0.930353
	0.977172
	0.930947
	0.977172
	0.891609
	1.096

	C.7
	1.049602
	1.017269
	1.009933
	0.999218
	0.992773
	1.228679
	1.182208
	1.245096
	1.179010
	1.245096
	0.992773
	1.254

	C.8
	3.362623
	3.123464
	3.050824
	2.978175
	2.961996
	3.426469
	3.214728
	3.191655
	2.998481
	3.426469
	2.961996
	1.157

	C.9
	19.77944
	19.63168
	19.26313
	19.12057
	18.99928
	23.16717
	22.22791
	23.16717
	21.96596
	23.16717
	18.99928
	1.219

	C.10
	171.7312
	165.0204
	163.7914
	160.1149
	159.0931
	197.1568
	186.9635
	196.3157
	184.3125
	197.1568
	159.0931
	1.239

	C.11
	1.009783
	1.023078
	1.021395
	1.023471
	1.017105
	1.063651
	1.049952
	1.074793
	1.047815
	1.074793
	1.009783
	1.064

	C.12
	7.29193
	7.81335
	7.94672
	7.74848
	7.72685
	7.57279
	7.80496
	7.36688
	7.55453
	7.94672
	7.29193
	1.090

	C.13
	11.42126
	11.03032
	10.87352
	10.88827
	10.82055
	12.31043
	11.92547
	12.43938
	11.90119
	12.43938
	10.82055
	1.150

	C.14
	114.2018
	113.1660
	115.0218
	115.3369
	114.6195
	111.7294
	110.3168
	115.3155
	111.6255
	115.3369
	110.3168
	1.046

	C.15
	0.813319
	0.811460
	0.806744
	0.814312
	0.809247
	0.854517
	0.843713
	0.881944
	0.853722
	0.881944
	0.806744
	1.093

	C.16
	0.407661
	0.399844
	0.397428
	0.387016
	0.384608
	0.439463
	0.425783
	0.424794
	0.408537
	0.439463
	0.384608
	1.143

	C.17
	2.550613
	2.649868
	2.603078
	2.571431
	2.552779
	2.754517
	2.734384
	2.617157
	2.592037
	2.754517
	2.550613
	1.080

	C.18
	10.08576
	7.999997
	7.779051
	7.837647
	7.780660
	9.406694
	8.390525
	9.310674
	8.389641
	10.08575
	7.779051
	1.297

	C.19
	9.334718
	9.756983
	9.740013
	9.565497
	9.506004
	9.780931
	9.841393
	9.454457
	9.442775
	9.841393
	9.334718
	1.054

	C.20
	0.573839
	0.578640
	0.577360
	0.585072
	0.581433
	0.592228
	0.584740
	0.611236
	0.591677
	0.611236
	0.573839
	1.065

	C.21
	0.701161
	0.692926
	0.690066
	0.675705
	0.671503
	0.753746
	0.735764
	0.776752
	0.744609
	0.776752
	0.671503
	1.157

	C.22
	0.518019
	0.558725
	0.488830
	0.555790
	0.551960
	0.586501
	0.577522
	0.530633
	0.529855
	0.586501
	0.488830
	1.200

	C.23
	0.392033
	0.394449
	0.363562
	0.394210
	0.394944
	0.422531
	0.414353
	0.405588
	0.401889
	0.422531
	0.363562
	1.162

	C.24
	0.520796
	0.518255
	0.515060
	0.505774
	0.502628
	0.575330
	0.551466
	0.564822
	0.537138
	0.575330
	0.502628
	1.145

	C.25
	0.527515
	0.533577
	0.515814
	0.529011
	0.525721
	0.624283
	0.609014
	0.608929
	0.590492
	0.624283
	0.515814
	1.210

	C.26
	0.244861
	0.220030
	0.216622
	0.206636
	0.205351
	0.279846
	0.258411
	0.272382
	0.250159
	0.279846
	0.205351
	1.363

	C.27
	0.637476
	0.644546
	0.623389
	0.643203
	0.639203
	0.780605
	0.756992
	0.779792
	0.746434
	0.780605
	0.623389
	1.252

	C.28
	10367.79
	8840.36
	8530.16
	8173.92
	8061.73
	11455.63
	10130.67
	10942.01
	9626.85
	11455.63
	8061.73
	1.421

	C.29
	0.650235
	0.645365
	0.634438
	0.628249
	0.624341
	0.700528
	0.692809
	0.669119
	0.658354
	0.700528
	0.624341
	1.122

	C.30
	722 705
	717 201
	712 042
	701 950
	697 584
	771 680
	748 337
	770 876
	737 900
	771 680
	697 584
	1.106

	C.31
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1.000

	
	
	
	
	
	Coeff."Non-Repr / Repr" =
	1.19420
	1.20726
	
	
	


Eurostat 2002 Survey: PPPs (Cou.31 = 1) for BH 11.12.62.1 Other financial services n.e.c.



Table 3.3
	
	EKS 1

w/o *; 

GM for bilateral PPP
	EKS 2 *

with *, w/o L/P limits
	EKS 2 *

with *, 

L/P limits (0.99-1.50)
	EKS 3 (EKS-S)

with *, w/o L/P limits
	EKS 3 
(EKS-S)

with *, quasi-L/P limits (0.99-1.50)
	CPD 

w/o * (without weights)
	CPD

with *;

weights: 2/1
	CPRD

w/o

weights
	CPRD

weights:

 2 / 1
	Max-PPP
	Min-PPP
	Max / Min ratio

	C.1
	1.042030
	0.983815
	0.994728
	0.909008
	0.886855
	0.867433
	0.829657
	0.815023
	0.791837
	1.042030
	0.791837
	1.316

	C.2
	1.099844
	1.253496
	1.418259
	1.276739
	1.238846
	1.213444
	1.157314
	1.343223
	1.242395
	1.418259
	1.099844
	1.290

	C.3
	17.23175
	16.24190
	17.90339
	15.71091
	15.53688
	14.40061
	14.00548
	15.48788
	14.67379
	17.90339
	14.00548
	1.278

	C.4
	1.110304
	1.174591
	1.213508
	1.205642
	1.190690
	1.075641
	1.076515
	1.096923
	1.088640
	1.213508
	1.075641
	1.128

	C.5
	131.3674
	123.2759
	119.7090
	116.6442
	114.4784
	111.5260
	105.2036
	104.7877
	100.4079
	131.3674
	100.4079
	1.308

	C.6
	0.678152
	0.682628
	0.717601
	0.691299
	0.682982
	0.666113
	0.644092
	0.715939
	0.675027
	0.717601
	0.644092
	1.114

	C.7
	1.279828
	1.252376
	1.349855
	1.239854
	1.219420
	0.967728
	0.879667
	0.994978
	0.902095
	1.349855
	0.879667
	1.535

	C.8
	2.164835
	2.070107
	2.047668
	2.017051
	2.006871
	1.929979
	1.836199
	1.896906
	1.811021
	2.164835
	1.811021
	1.195

	C.9
	19.81936
	16.19531
	17.29424
	13.83165
	13.36621
	17.02692
	15.16330
	15.99817
	14.49382
	19.81936
	13.36621
	1.483

	C.10
	115.0209
	109.3871
	108.5930
	105.7907
	104.3836
	98.3067
	95.0867
	90.0287
	89.1714
	115.0209
	89.1714
	1.290

	C.11
	1.289733
	1.170821
	1.203646
	1.080158
	1.008309
	1.109313
	0.991319
	1.074893
	0.970173
	1.289733
	0.970173
	1.329

	C.12
	9.39044
	9.48177
	9.93403
	9.82538
	9.71655
	8.04358
	7.88117
	8.84150
	8.38088
	9.93403
	7.88117
	1.260

	C.13
	12.86878
	13.20104
	13.34677
	13.41933
	13.27069
	11.03340
	11.10768
	11.38684
	11.32583
	13.41933
	11.03340
	1.216

	C.14
	113.3589
	119.5310
	122.4370
	129.3489
	127.9161
	97.7629
	95.7888
	107.4608
	101.8624
	129.3489
	95.7888
	1.350

	C.15
	0.783396
	0.700333
	0.681352
	0.708031
	0.700783
	0.727521
	0.647811
	0.745666
	0.657695
	0.783396
	0.647811
	1.209

	C.16
	0.676667
	0.669688
	0.710990
	0.680186
	0.672651
	0.604990
	0.592774
	0.665004
	0.630359
	0.710990
	0.592774
	1.199

	C.17
	3.155400
	3.066307
	3.290418
	3.057975
	3.024102
	2.854410
	2.796773
	3.137564
	2.974104
	3.290418
	2.796773
	1.177

	C.18
	11.77009
	11.87622
	12.19762
	12.18628
	12.14432
	10.26807
	10.14039
	10.59699
	10.33954
	12.19762
	10.14039
	1.203

	C.19
	11.68828
	11.96830
	12.57249
	12.57684
	12.43752
	10.13212
	9.927531
	11.13722
	10.55699
	12.57684
	9.927531
	1.267

	C.20
	0.581030
	0.438390
	0.444999
	0.425100
	0.429261
	0.599592
	0.520469
	0.553245
	0.482518
	0.599592
	0.425100
	1.410

	C.21
	1.295416
	1.269094
	1.314733
	1.282665
	1.268457
	1.135213
	1.112727
	1.206929
	1.154535
	1.314733
	1.112727
	1.182

	C.22
	1.574218
	1.363150
	1.490684
	1.224003
	1.218042
	1.254512
	1.119369
	1.175748
	1.072692
	1.574218
	1.072692
	1.468

	C.23
	0.315316
	0.300604
	0.312265
	0.296028
	0.292749
	0.267271
	0.263656
	0.286554
	0.275128
	0.315316
	0.263656
	1.196

	C.24
	1.463549
	1.488310
	1.518414
	1.545826
	1.528416
	1.372532
	1.336308
	1.453616
	1.383763
	1.545826
	1.336308
	1.157

	C.25
	1.016642
	1.017430
	1.057099
	1.050089
	1.038458
	0.877806
	0.865933
	0.941137
	0.903611
	1.057099
	0.865933
	1.221

	C.26
	0.263379
	0.264945
	0.277359
	0.273871
	0.270838
	0.230346
	0.227147
	0.243002
	0.234417
	0.277359
	0.227147
	1.221

	C.27
	0.788504
	0.803151
	0.744393
	0.823498
	0.867553
	0.657616
	0.678921
	0.616328
	0.656229
	0.867553
	0.616328
	1.408

	C.28
	9078.09
	8480.73
	9229.33
	8193.68
	8102.92
	7182.38
	7040.11
	7636.12
	7304.63
	9229.33
	7040.11
	1.311

	C.29
	0.851260
	0.828185
	0.860526
	0.831526
	0.822316
	0.719674
	0.705418
	0.765138
	0.731923
	0.860526
	0.705418
	1.220

	C.30
	489 290
	435 241
	464 051
	410 243
	411 826
	415 854
	387 841
	412 066
	385 751
	489 290
	385 751
	1.268

	C.31
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1.000

	
	
	
	
	
	Coeff."Non-Repr / Repr" =
	1.37061
	1.35351
	
	
	


Conclusions and recommendations
The discussions about the advantages and drawbacks of the CPD and EKS approaches at the basic heading level continue approx. 30 years. The approaches are based on different theoretical concepts and there are significant technical differences. However both approaches use the same collected price data and, as showed the former experience as well as the analytical simulations done in Chapter 10 and the recent numerical experiments on the basis of actual data, numerical differences between the BH-PPPs obtained by the CPD / EKS methods (and their modifications) are usually not very significant (excluding some specific situations). The figures show that the numerical differences at the Survey Level for consumer Items are usually not more than ± 2-5%, i.e. they are well in usual margins for errors for international comparisons. Obviously the differences at the detailed BH level are some higher but, in principle, there are not some drastical differences. Therefore the recommendation done in the “Research Proposal Related to 2004 ICP Round” - “It will be for the regions to decide whether they wish to apply CPD or EKS, but product lists are to be established to accommodate both“ - seems to be optimal.

Nevertheless some general recommendations and preferences can be indicated:

1) Independently on the choice of a method, the distinction between “Representative / Non-representative” products is very desirable. A simple weighting system (like “asterisk * ” or “2” – for representative products and “no asterisk” or “1” – for non-representative products) is preferable from the practical point of view. The introduction of more complicated weighting systems is possible for both approaches but this can lead to significant practical difficulties during the assignation of weights. 
2) The CPD approach has several technical advantages against the EKS approach. These advantages can be useful in the future ICP rounds:

- CPD approach allows to utilize whole set of collected price data in a straightforward unambiguous way

- CPD approach can be presented as an index method as well as regression procedure. The last feature allows to include in the considerations the individual technical / economic parameters of products (hedonics). If hedonics are not used then the presentation of the CPD as an index method (a particular kind of the G-K method in geometric / logarithmic terms) is preferable as more transparent and sensible in economic terms (additionally the computational procedures can be easier in this case).
- Introduction of more complicated weighting systems is much easier and more straightforward by the CPD approach. 

3) The CPRD method has a certain preference within the CPD approach. The CPRD seems to be more robust and allows to utilize data about the representativity in more efficient way. The differences between unweighted and weighted CPRD seems to be marginal in the practice but the weighted CPRD is preferable from a general point of view).

4) It is necessary to keep in mind all reservations going from the imperfectness of input data. If it is known in advance that input data is low quality then the use of the complicated (even theoretically more correct) methods is practically useless (if input data is „funny“ then even a theoretically perfect method brings also „funny“ results). The simplest methods should be used in this case. However, obviously that the theoretical improvements should not be rejected due to imperfect quality of input data. For example, if a Region choiced the EKS approach, then the following general recommendation can be done: the traditional EKS 2 method is preferable for the use in the situations with few no. of items in BHs or where the allocation of asterisks * is problematic (although, speaking strictly, these features are rather in favour of simple geometric mean without taking into account asterisks * at all, i.e. EKS 1). The EKS 3 (EKS-S) method should be advised in other cases. 


5) It is inevitable that we should have at the end only one official set of the BH-PPPs and therefore a method should be choiced for the calculation of the official results. However, independently on the choice of an official method, it is desirable to carry out the parallel calculations by different methods for each Survey, e.g. by the EKS 2 and by the EKS 3 (EKS-S) or by weighted CPD and by CPRD or by the EKS and by the CPRD as an additional validation procedure. [Obviously these parallel calculations are done for the validation only - an official version of the BH-PPPs should be used in the further calculation of the aggregated PPPs.] The analysis of many Eurostat Surveys showed that the significant differences occurred, as a rule, in the cases with specific structure of reported country data (strange allocation of asterisks * - like more expensive products systematically have more asterisks than cheaper products, some irrational relations between prices - like Brandless items are more expensive than Branded items or simple non-detected rough mistakes in a price data). The basic headings with significant differences should be examined especially carefully. 
All methods for the calculation of the basic heading PPPs described in the Chapter 10 assume to use the indications on the representativity (asterisks *) of priced products. A parallel calculation by different methods is especially desirable to check the allocation of asterisks. The experience shows that sometimes the reallocation of the asterisks has more significant impact than the editing of prices. A correct attribution of the asterisks is especially important for the basic headings where there is large variation in the price ratios between countries for different products. 

An example from the Eurostat Survey E02-1 "Furniture, etc." demonstrates this conclusion. The highest difference (EKS vs. EKS-S) was obtained for Country Y for BH 05.1.1.1 "Kitchen furniture". An investigation of detailed data detected that the allocation of asterisks (*) for Country Y was very unusual. Country Y had 12 priced items in this BH and 3 items with asterisk *. Surprisingly it was found that all 3 asterisked items belong to the set "Specified Brand / IKEA" but all Well Known Brand (WKB) and Brandless (BL) items were without asterisks. Usually WKB items (in any case, domestic) are representative items (therefore they are regarded as well known in a country) and, additionally, BL items are usually more representative in the less developing countries relatively international Brands. Additionally Country Y was an unique country from 31 participants, which had no representative products for the Well Known Brand and Brandless items. A respective message was sent to Country Y with a request to clarify the situation. Country Y thanked for this indication and corrected significantly the allocation of asterisks *. This correction of the allocation of asterisks (without any correction of price data) led to more plausible BH-PPPs and the high difference EKS / EKS-S was eliminated.

If the EKS approach is choiced then an additional calculation by the CPRD method can be also useful for this purpose. If the Gamma-Coefficient (an average ratio between the prices for Non-representative and Representative products) is less than 1 then this is an clear indication on some inconsistencies in price data and / or on some problems with the allocation of asterisks within a given BH. 
An example with Splitting from the Draft of Chapter 7 of the ICP Manual (see pages 33 – 40) can be a good illustration. It seems that this splitting was not fully straightforward. Usually, prepacked products are some more expensive than sold loose products. So, 500 g of Mushroom, prepacked in country A are more expensive in country Y (5.23 vs. 4.50). However, this relation is not hold in country Z (43.92 vs. 47.75). Indirectly, this can mean that there are some other non-detected differences between these products. An additional problem - How should be allocated asterisks to the splittings. In this example, the asterisk for the original product was mechanically attributed to the splittings. However this is debatable. For example, we can look on the respective no. of price quotations: splitted item in country Z has sufficient no. of price quotations (6 observations  - for original item and 5 observations - for splitting) but the situation in country Y is different  (8 observations  - for original item and only 2  observations - for splitting). In this case, it would be more logically not attribute the asterisk for splitting in country Y. The calculation by the CPRD method confirmed that the splitting was not fully straightforward - the coefficient "Non-representative / Representative" is less than 1 ((= 0.9017).

Obviously the calculation by several methods can't automatically improve input data itself but this brings additional analytical possibilities to detect problematic points especially concerning the allocation of asterisks during the validation of input data. There is no technical problem for this procedure because several methods for the calculation of the BH-PPPs are integrated in the WB ICP Tool Pack.












Annex 1
Presentation of the CPD method as an index number method

The original version of Country-Product-Dummy (CPD) method proposed by R.Summers is based on the multidimensional regression procedure
:

(A.1) Ln(Pij) = (1*X1j+ (2*X2j+..+ (M*XMj + (1*Yi+ (2*Yi2 +..+ (N-1*Yi,N-1 + (ij;









i = 1, 2,..., M;   j = 1, 2,.., N-1

where

Pij is price of ith item in the jth country (expressed in the units of national currency);

Ln(Pij) is natural logarithm of Pij ;

Xij and Yij - two sets of dummy variables (Xij – for items and Yij – for the countries, Xij, Yij are equal to 1 if ith item was priced in jth country and to zero in other case);

(i is a common product factor which can be interpreted as the natural logarithm of the international average price of the ith item in the currency of the base (numeraire) country (in our case, country N);

(j is a common country factor which can be interpreted as the natural logarithm of the PPP of country j relatively the base country (in our case, base country is the country N; PPPN = 1  =>  (N = 0);
(ij  is a normally distributed random variable with mean zero and variation (²; 

N - number of comparing countries;

M - number of items in given basic heading.

The regression (A.1) allows to obtain not only BH-PPPs but also to estimate their accuracy in stochastic terms. Additionally, as it was demonstrated by K. Ziemchang, A. Heston, Prasada Rao, a.o., it is possible to combine the CPD method with different hedonics including the technical / economic parameters of products. 

Nevertheless, although the original presentation of the CPD method as a regression procedure introduces many complementary possibilities but it hinders the comparative analysis with other index number methods. P. Hill indicated many years ago
: “The CPD treats the calculation of the basic PPPs as an estimation problem rather than an index problem. ...The difficulty is whether or not it is legitimate to by-pass index number problem in this way by falling back on the somewhat unfashionable concept of price level, even at the very detailed level of disaggregation of a basic heading”. Additionally, the CPD method in the regression form has some difficulties and disadvantages:

- economic sense of the equation (1) is hidden and this looks for many users as a pure mathematical exercise;

- examination of stochastic assumptions for the regression procedure (lognormal distributed random variable, etc.) is not very realistic in the practice when no. of items in the basic heading is small (this is an usual case).

- number of parameters in the equation (A.1) can be very high. For example, some basic headings within the Eurostat comparison with 31 countries have sometimes till 500-600 items (e.g., “Pharmaceutical products”) and the total number of variables (M+N-1) in the equation (A.1) can be more than 500 in this case. The modern computers have very powerful statistical packages but, it seems, the calculation the BH-PPP in the regression form for such cases can be problematic.

Therefore if there is no the intention to combine the CPD method with hedonics then it is better to use the presentation of the CPD as an index number method. 

A presentation of the original CPD-method as an index number method can be proposed without any loss of generality. If the method of least squares (MLS) is used for the estimation of the parameters of regression equation (A.1) then, taking into account the specific structure of the equation (A.1), we can use (instead of regression procedure) a system of linear (in logarithmic terms) equations which is a particular kind of the G-K method in logarithmic terms with notional quantities (weights) for products (1; 0)
.

Let an „International price“ of the ith item ((i) is calculated as a ‘implicit quantity’-weighted geometric average of the PPP-adjusted national prices of the N countries:

(A.2)
 (i  =  (
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i = 1, 2,..., M
where 

Pij is price of ith item in the jth country (expressed in the units of national currency);

qij is implicit quantity (weight) for ith item in the jth country: qij = 1, if ith item was priced in the jth country and 0 - otherwise. Practically the variables qij are some equivalents of the dummy variables Xij and Yij in the equation (A.1);

PPPj is the purchasing power parity for the jth country (the definition of this variable is given below);

ni is number of countries priced item i (sum of qij for the item i).

The purchasing power parity for the jth country (PPPj) can be derived as the geometric average (implicit weighted) ratio of national prices with the international prices defined in (A.2): 

(A.3) 
PPPj =  (
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j = 1,2,...,N
where 

PPPj is the purchasing power parity for the jth country for given basic heading;

Pij, (i and qij  are defined above in (A.2);

mj is number of items priced in the country j (sum of qij for the country j).
Combining the equations (A.2) and (A.3), we become a system that makes it possible to find the international prices ((i) and PPPs (PPPj) simultaneously. The joint system can be rewritten in the logarithmic terms:

n1*(’1+.....................+ 0 + q11* PPP1’+ q12* PPP2’+....+ q1N* PPPN’ = 

P’1j*q1j ;

    0 + n2*(’2 +.......... + 0 + q21* PPP1’+ q22* PPP2’+....+ q2N* PPPN’ = 

P’2j*q2j ;
  (A.4)
------------------------------------------------------------------------

0 +... + 0 + .... .+ nM*(’M +  qM1* PPP1’+ qM2* PPP2’+...+ qMN* PPPN’ = 

P’Mj*qMj;

q11* (’1+ q21* (’2 +...+ qM1*(’M  + m1* PPP1’ + 0+ .........................+ 0 = 

P’i1*qi1 ;

q12* (’1+ q22* (’2 +...+ qM2*(’M   +    0        +   m2* PPP2’.. .............+ 0 = 

P’i2*qi2;

.....................................................................................

q1N* ‘(’1+ q2N* (’2 +...+ qMN*(’M   +  0 +     0 +................. +mN* PPPN’ = 

P’iN*qiN;

The variables P’ij, PPPj’, (’i are the natural logarithms of corresponding variables Pij, PPPj and (i. The system (A.4) is an analogy of the G-K system but in logarithmic terms with notional quantities (weights) for products (1; 0)
. This system consists of (N+M) log-linear equations in (N+M) unknowns, one of them is redundant because the system (4) is homogeneous. By dropping one equation and setting PPP’N = 1 a modified system is obtained which is no longer homogeneous because everything is now standardized on the country N. The modified system has (M+N-1) equations and (M+N-1) unknowns. 
The dimensionality of the system (A.4) can be substantially reduced. The matrix of left-hand-side coefficients consists of two diagonal sub-matrices along the diagonal. By taking advantage of a theorem about inverse of portioned matrices, it is possible to solve (M+N-1)-equation system with dispatch by engaging in computations no more complicated than various matrix multiplications and the inversion of (N-1)-by-(N-1) matrix. The reduced system has (N-1) unknown variables PPP’N (the Gauss-method with the selection of main elements or an iterative method can be used for solving of this system). 

The obtained values PPPj’, (i’ and their exponentiated forms PPPj and (i (the international average prices
 and the basic heading countries’ PPPs) allow to produce, in effect, the full price matrix. It means the holes in the initial price matrix can be replaced by their estimations: implicit (missing) price is the combination of two variables - corresponding international price and country PPP.
 This feature can be useful for certain collateral purposes but the CPD procedure does not need complete price tableau. 
The presentation of the CPD-method proposed above describes the main idea of the CPD method in economic terms rather than in stochastic terms. Simultaneously this simplifies the computational procedures. It is necessary to mention that the CPD method as a specific version of the G-K method uses the notional quantities for items (but not actual quantities in physical terms) and therefore the CPD results do not depend directly on the prices of large countries (Gerschenkron effect). However the unweighted CPD is sensitive to the number of “Reperesentative / Non-representative” items priced by the countries. 
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�  Note: the weights “1” and “0” are applicable for the EKS method (1 = for asterisked items *; 0 – for non-asterisked items) but not for the CPD method because the items with “0-weights” are non-priced items and they are eliminated from the calculations.


�  See, for example, Cuthbert, J., M. Cuthbert (1988) and Cuthbert, J (1997). The same approach was presented in the ICP Manual (see Chapter 10) and was named by P. Hill as the CPRD (Country - Product - Representativity – Dummy) method.


�  P. Hill indicated in the Chapter 10 that it is more straightforward to name these indices as Jevons’s indices. Speaking strictly the quasi-Fisher PPP using by the standard EKS method at the BH level is also in reality the Tornqvist-type PPP (with weights 1 and 0 for representative and non-representative items) because the quasi-Laspeyres and quasi-Paasche PPPs are based on geometric averages (Jevons’s type). P. Hill (2004) proposed to use in the future the following terminology: Jevons and Tornqvist PPPs


�  S. Sergeev (2003) "Equi-Representativity and some Modifications of the EKS Method at the Basic Heading Level", UN ECE, Consultation on the ECP, Geneva, March 31-April 2, 2003, Working Paper No. 8. �HYPERLINK "http://www.unece.org/stats/documents/2003/03/ecp/wp.8.e.pdf"��http://www.unece.org/stats/documents/2003/03/ecp/wp.8.e.pdf�.


�  This is the current Eurostat / OECD practice. Some experts (e.g., P. Hill in Chapter 10) believe that it is incorrect and inefficient to eliminate fully these price data from the calculation of bilateral PPPs. 


�  The Eurostat Working Party on PPP (Luxembourg, 18.11.02) named this modification as the EKS-S method.


�  If real quantities are available for items then such weighted version of the CPD-method can be considered as a particular kind of the Rao-method – see Rao (2001), Rao (2004).


�  Note: the weights “2”, “1” and “0” indicated in the ICP Researcher Proposal are applicable for the EKS method (as analogues for **; *, -) but not for the CPD method because the items with “0-weights” will be eliminated here from the calculations at all. Therefore it is better to use the following set of weights (notional quantities) - “3”, “2”, “1” as it has been done, for example, by the ESCAP 1985 ICP


�  The abbreviations EKS 1, EKS 2 and EKS 3 are borrowed from the Chapter 10. 


�  All versions of the CPD method were realized in the present notice technically by the geometric version of the GK method (see, Sections I.1 and II.1 of this notice) but not as a regression procedure. However this is only technical difference, the results of the calculations are the same.


� R.Summers, „International Comparison with Incomplete Data“, Review of Income and Wealth, March 1973.


�  P.Hill “Multilateral measurements of purchasing power and real GDP”, Eurostat, 1982, p.40.


�  This modification was suggested by the author of this notice approx. 20 years ago in his Ph.D. Dissertation: S.Sergeev „Multilateral Methods for International Comparisons“. Central Statistical Committee of Soviet Union, Moscow, 1982 (in Russian). Some other different interpretations of the CPD method in a bilateral case can be found in W.E. Diewert (2002).


�  It is clear that an arithmetic version of the G-K system with notional quantities is impossible because this would be non-invariant to the measurement units of products.


�  The calculation of international prices within the CPD method is an important advantage in some cases because it permits a linking of additional countries into an exercise at a later date on the basis of the ratios with international average CPD prices. For example, a non-official research exercise was done for Taiwan based on the CPD average of 20 core countries from the 1980 benchmark. This approach was used also in the official comparisons: for example, this was the case with Laos and Malaysia within the ESCAP 1993 comparison. The EKS method has no such simple possibility for a link of the countries-newcomers. For example, Cyprus was linked (catch up program) with the results of the original 1997 / 1998 Eurostat exercises for many Surveys via Germany only. Of course, the link via one arbitrary country is less reliable than a link via average international prices calculated for a broad set of the countries.


�  If P-matrix is complete (no missing values), no difference exist between unweighted geometric mean and the original (unweighted) CPD-results (and also the EKS results obtained without the use of the asterisks).
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