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ANNEX V: CALCULATION AND AGGREGATION OF PPPS

Introduction

V.1.

The calculation and aggregation of PPPs requires each country participating in a Eurostat-OECD comparison to
provide a set of national annual prices for a selection of representative and comparable products chosen from a
common basket of goods and services that covers the whole range of final expenditure on GDP and a detailed
breakdown of final expenditure on GDP according to a common classification. Annex V — which should be read as
a supplement to Chapter 7 - follows a worked example to show how the national annual prices are converted into
PPPs and how these PPPs are aggregated using the final expenditures as weights. The worked example is in two
parts. The first part describes how PPPs are calculated for a basic heading using the Eltetd-Kéves-Szulc (EKS)
method. The second part explains how the PPPs for a basic heading are combined with those of other basic head-
ings to provide weighted PPPs for each level of aggregation up to the level of GDP. It covers two aggregation
methods: the EKS method and the Geary-Khamis (GK) method.

PART I: CALCULATION OF PPPS FOR A BASIC HEADING

Basic headings, representative products and quasi expenditure weights

V.2.

V.3.

V..

National annual prices are collected and reported at the level of the basic heading. A basic heading is the lowest
level of disaggregation for which explicit expenditure weights can be estimated. For example, cheese is a basic
heading and cheddar, camembert, feta, gorgonzola, gouda, etc. are individual products within it. Expenditure on
cheese is known, but expenditures on specific cheese varieties are not. By definition, explicit expenditure weights
can not be used below the basic heading level. Quasi expenditure weights are used instead as explained below.

Countries participating in Eurostat-OECD comparisons are required to price not only items that are representative
of their national market but also items that are representative of the national markets of others. They are also re-
quired to indicate which of the products they have priced are representative of their national markets. A product is
said to be representative if it is purchased in sufficient quantities for its price level to be typical for that type of prod-
uct in the national market. In the cheese example above, cheddar is obviously representative of the United King-
dom, camembert of France, feta of Greece, gorgonzola of Italy and gouda of the Netherlands. But cheddar is sold
in sufficient quantities in France and the Netherlands for it to be representative of these countries as well. Similarly,
camembert is also representative of Germany, Norway and Sweden, and gouda of Greece, Spain and Portugal.
Countries currently indicate representative products by an asterisk (*). Representative products are sometimes re-
ferred to as “asterisk products”

The representativity of the goods and services priced needs to be taken into account when calculating PPPs for a
basic heading because the price levels of representative products are generally lower than the price levels of un-
representative products. Failure to do so may result in the price level for the basic heading being underestimated or
overestimated and the corresponding volume level being overestimated or underestimated. To avoid this bias,
products that are representative — that is, the products identified by an asterisk - are assigned a quasi expenditure
weight of “1” and products that are not representative — that is, the products with no asterisks - are given a quasi
expenditure weight of “0”. The choice of “1” and “0” as quasi expenditure weights is an arbitrary convention.
Weights of “2” and “1”, or any other similar combination, could also be used. It has been decided that for Eurostat-
OECD comparisons it is preferable to exclude price relatives that are based on products that are unrepresentative
of both countries when calculating PPPs between two countries for a basic heading.

Stages of calculation

V.5.

V.6.

There are six stages to the calculation of EKS PPPs for a basic heading:

e The calculation of a matrix of Laspeyres type PPPs.
e The calculation of a matrix of Paasche type PPPs.

e The calculation of a matrix of Fisher type PPPs.

»  Completing the matrix of Fisher type PPPs.

e The calculation of the matrix of EKS PPPs.

e  Standardising the matrix of EKS PPPs.

“Type” is used to qualify Laspeyres, Paasche and Fisher for two reasons. The first is that Laspeyres, Paasche and
Fisher indexes are generally used for temporal comparisons rather than spatial comparisons. Traditional
Laspeyres, Paasche and Fisher indexes have a “base period” and a “current period”. Laspeyres, Paasche and
Fisher type PPPs have a “base country” and a “partner country”. The second reason is that a traditional Laspeyres
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index is a weighted arithmetic average and a traditional Paasche index is a weighted harmonic average. The
Laspeyres and Paasche type PPPs calculated for a basic heading are quasi-weighted geometric averages. Note
that this second reason is only valid for the Laspeyres and Paasche type PPPs calculated for a basic heading. The
Laspeyres and Paasche type PPPs calculated for aggregates in Part IIA are, like traditional Laspeyres and
Paasche indexes, weighted arithmetic and harmonic means respectively.

Table V.1: Matrix of national annual prices

Country
Product
A B C D
1 Pia  3.43 P 17.04* Pic 633 P14 9.57*
2 Poa  1.27* Pan 15.67* P2 588* P2d --
3 P3za -- Pab 27.27 Psc 443* P3d 9.95*
4 Psa  2.25 Pab 20.93 Pac 755 Pad 10.22*
5 Psa -- Psb 15.75* Psc -- Psq 11.32*

V.7.

The starting point of the calculation is the price matrix for the basic heading such as that of Table V.1. The matrix
contains each country’s national annual prices in national currency for a selection of products covered by the basic
heading. The representative products for each country are indicated by an asterisk (*). For example, product 1 is
representative for countries B and D; product 2 is representative for countries A, B and C; and so on. Each country
has at least one representative product which is priced in at least one other country. Prices for products 2 and 3 are
not available for country D and country A respectively; product 5 is not priced by either country A or country C.

Table V.2: Matrix of Laspeyres type PPPs

A B C D
Laa 1.0000 Las 0.12773 Lac  0.00216 Lap 0.28090
Lea  12.339 Ler 1.0000 Lec  0.04050 Lep 1.9310
Lea  462.99 Les  37.335 Lee  1.0000 Leo 60.144
Lo/a -- Los 0.63534 Loc  0.02246 Lo  1.0000

V.8.

V.9.

The Laspeyres type PPP for a basic heading between any pair of countries is defined as the quasi-weighted geo-
metric mean of the price relatives between the two countries for the products that are representative of the base
country. In other words, only products that are representative of the base country have a weight of “1” and products
that are only representative of the partner country have a weight of “0”. Hence, when A is the base country, the
price relatives for product 2 are computed; when B is the base country, the price relatives for products 1, 2 and 5
are computed; and so on. When there is more than one representative product, a simple geometric average of the
price relatives is taken.

The Laspeyres type PPPs of Table V.2 were calculated with the national annual prices and asterisks (the represen-
tative products) of Table V.1 as follows.

Base A:
Lan = P2alPya = 1.27/1.27 =1.0000
Le/a = Pyu/P2a = 15.67/1.27 = 12.339
Leia = Pyo/P2a = 588/1.27 = 462.99
Base B:
Lae = [(P1a/P10)(P2a/P2o)]2 = [(3.43/17.04)(1.27/15.67)]Y% = 0.12773
Les = [(P1s/P1b)(P2/P2b)(Psu/Psy) > = [(17.04/17.04)(15.67/15.67)(15.75/15.75)]** = 1.0000
Lee = [(P1e/P1b) (P2o/P2u)]? = [(633/17.04)(588/15.67)]"? = 37.335
Lo = [(P14/P1)(Psa/Psb)]*? = [(9.57/17.04)(11.32/15.75)]* = 0.63534
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Base C:
Lac = P2a/Pyc = 1.27/588 = 0.00216
Leic = [(Pab/P2c)(Pan/P3c)] = [(15.67/588)(27.27/443)]? = 0.04050
Lo = [(P2c/P2c) (Pac/P3c)]*? = [(588/588)(443/443)]“ = 1.0000
Lo = P3y/P3c = 9.95/443 = 0.02246

Base D:
Laip = [(P1a/P1d)(PaalPaa)]*? = [(3.43/9.57)(2.25/10.22)]"? = 0.28090
Lein = [(P15/P14)(P3b/P34)(P /P q) (Psy/Psa)“*

= [(17.04/9.57)(27.27/9.95)(20.93/10.22)(15.75/11.32)]** = 1.9310

Le = [(P1o/P1a)(P3o/Pad(Pac/Pad)]™ = [(633/9.57)(443/9.95)(755/10.22)]* = 60.144
Lo = [(P14/P14)(P3a/P3g(Pac/Pad) (Psa/Psa)] ™

= [(9.57/9.57)(9.95/9.95)(10.22/10.22)(11.32/11.32)]** = 1.0000

Table V.3: Matrix of Paasche type PPPs

A B C D
Paa 1.0000 Pas  0.08105 Pac  0.00216 Pap --
Pgia 7.8293 Pes  1.0000 Pec  0.02678 Peip 1.5740
Pcia  462.99 Pce  24.690 Pcic  1.0000 Pco  44.523
Poia 3.5599 Pps  0.51785 Ppoc  0.01663 Poio 1.0000

V.10.

V.11.

V.12.

The Paasche type PPP for a basic heading between any pair of countries is defined as the quasi-weighted geomet-
ric mean of the price relatives between the two countries for the products that are representative of the partner
country. In other words, only products that are representative of the partner country have a weight of “1” and prod-
ucts that are only representative of the base country have a weight of “0”. Hence, when A is the partner country, the
price relatives for product 2 are computed; when B is the partner country, the price relatives for products 1, 2 and 5
are computed; and so on. When there is more than one representative product, a simple geometric average of the
price relatives is taken.

It can be seen from Table V.1 that Pga — the Paasche type PPP when B is the partner country and A is the base
country - is equal to [(Plblpla)(PZb/PZa)]llz. It can also be seen that Las - the Laspeyres type PPP when A is the
partner country and B is the base country — is equal to [(P1a/P1b)(P2a/P2v)]">. Las and Pga are based on the same
representative products. Lag is the transpose of Pga (and vice versa). Its reciprocal — 1/Las — is equal to
[(P16/P12)(P2b/P22)]"? which is equal to Pga.

Paasche type PPPs can be calculated either directly by following the procedure described in paragraph V.10 or
indirectly by applying the identity established in paragraph V.11. The Paasche type PPPs of Table V.3 were ob-
tained by transposing the matrix of Laspeyres type PPPs of Table V.2 and taking the reciprocals of the transposed
PPPs as follows:

Base A:
Paa = P2a/P2a = 1/Laa = 1/1.0000 = 1.0000
Psia = [(P16/P12) (P2o/P2a)|“2 = 1/Lag = 1/0.12773 = 7.8293
Pcia = P2o/P2a = 1/Lac = 1/0.00216 = 462.99
Poia = [(P10/P12)(Pag/Paa)]“? = 1/Lap = 1/0.28090 = 3.5599
Base B:
Pas = P2a/P2p = 1/Lgia = 1/12.339 = 0.08105
Pe/s = [(P1/P16)(P2b/P26)(Psb/Psu)] > = 1/Lgse = 1/1.0000 = 1.0000
Pce = [(P2¢/P2b) (P3c/Pas)*2 = 1/Leic = 1/0.04050 = 24.690
Pose = [(P13/P15)(P3d/Pab) (Paa/Pan) (Psa/Pss)|" = 1/Lgip = 1/1.9310 = 0.51785
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Base C:
Pac = PsalPac = 1/Lcia = 1/462.99 = 0.00216
Peic = [(P16/P1c) (P2o/P20)|¥2 = 1/Lcss = 1/37.335 = 0.02678
Pcrc = [(P2e/P2c) (Pac/P3c)*? = 1/Lesc = 1/1.0000 = 1.0000
Porc = [(P10/P1c) (P3a/P3c) (Pag/Pac)]™® = 1/Lcp = 1/60.144 = 0.01663
Base D:
Pein = [(P16/P14) (Psb/Psa)]*2 = 1/Lpss = 1/0.63534 = 1.5740
Peio = P3c/Paq = 1/Loic = 1/0.02246 = 44.523
Pon = [(P10/P14)(P3/P3d) (Paa/Pag)(PsalPsa)]** = 1/Lop = 1/1.0000 = 1.0000
Table V.4: Matrix of Fisher type PPPs
A B C D
Faa  1.0000 Fae  0.10174 Fac  0.00216 Fap .-
Fen  9.8286 Fes  1.0000 Fec  0.03294 Feo  1.7434
Foa 462.99 Foe 30.361 Foc  1.0000 Foo 51.747
Foia -- Foe  0.57360 Foc  0.01932 Foo  1.0000

V.13.

V.14.

V.15.

V.16.

The Fisher type PPP for a basic heading between any pair of countries is defined as the unweighted geometric
mean of their Laspeyres type PPP for the basic heading and their Paasche type PPP for the basic heading. Direct
application of this definition would require the Fisher type PPPs of Table V.3 to be calculated using the Laspeyres
type PPPs of Table V.2 and the corresponding Paasche type PPPs of Table V.3. But, because of the identity estab-
lished in paragraph V.11, they were computed using just the Laspeyres type PPPs of Table V.2 as follows:

Fan = [Laa-Paal™? = [Laa/Lana]l™? = [1.0000/1.0000]% = 1.0000

Feia = [Le/a.Paia]™? = [Le/a/Las]*? = [12.339/0.12773]¥% = 9.8286

Fas = [Lae-Pas]™? = [Las/Len]™? = [0.12773/12.339]"? = 0.10174

Foa = [Lem-Peral™ = [Lom/Lac]™? = [462.99/0.00216]2 = 462.99

Fac = [Lac-Pac]*® = [Lac/Len]™? = [0.00216/462.99]* = 0.00216

Fos = [Lem-Pes]™ = [Lep/Lec]™? = [37.335/0.04050]2 = 30.361

Faic = [Leic.Perc]™ = [Leic/Lee]™ = [0.04050/37.335]2 = 0.03294

Foe = [Loss.Poe]™? = [Los/Len]™? = [0.63534/1.9310]"? = 0.57360

Fao = [Le.Pen]™? = [Len/Los]Y? = [1.9310/0.63534]2 = 1.7434 ............ etc.

The Fisher type PPPs of Table V.4 satisfy the country reversal test — that is, Fga.Fas = 1; Foa.Fac = 1, etc. But
they are not transitive — that is, Fg/a/Fcia =,/ Feic; Fas/Fes =,/ Fac, etc. Also, the matrix is incomplete. There is no
PPP for Fp/a or Fap.

The matrix is incomplete because the Laspeyres type PPP - Lpa - and the Paasche type PPP - Pap — could not be
calculated and therefore the respective Fisher type PPPs - Fpa and Fap — could not be calculated either. Lp/a and
Pap could not be calculated because country D did not price any products that were representative of country A.

As the missing Fisher type PPPs could not be calculated, they were estimated instead. This was done by taking the
geometric mean of all the indirect Fisher PPPs connecting - or bridging - the countries for which PPPs were miss-
ing as follows:

Foia = [(Fos/Fas) (Forc/Fac)]*? = [(0.5736/0.10174)(0.01932/0.00216)]2 = 7.1022
Fap = [(Fas/Foe) (Fac/Foic)]*? = [(0.10174/0.5736)(0.00216/0.01932)]¥? = 0.14080
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Table V.5: Completed matrix of Fisher type PPPs

A B C D
Faa 1.0000 Famr 0.10174 Fac  0.00216 Fap  0.14080
Feia 9.8286 Feis 1.0000 Fec  0.03294 Fep 1.7434
Fcia 462.99 Fce  30.361 Fcc  1.0000 Fcp 51.747
Foia 7.1022 Foe  0.57360 Foc  0.01932 Fop  1.0000

V.17.

Table V.6: Matrix of EKS PPPs

In the completed matrix of Fisher type PPPs of Table V.5, only the PPPs Fpa and Fap are transitive. This is be-
cause of the way they were estimated. The other PPPs, which are the original Fisher type PPPs from Table V.4,
are not transitive. Overall transitivity is obtained by applying the EKS method.

A B C D
EKSaa 1.0000 EKSas  0.08605 EKSac 0.00255 EKSap 0.14080
EKSga  11.621 EKSgg 1.0000 EKSgc 0.02968 EKSgp 1.6363
EKScia 391.57 EKSce 33.694 EKScic  1.0000 EKScip 55.133
EKSpia 7.1022 EKSpe 0.61113 EKSpc 0.01814 EKSpp 1.0000

V.18. With EKS method, the transitive PPP for any two countries is derived by taking the unweighted geometric mean of
the Fisher type PPP calculated between the pair directly and all the PPPs that can be calculated between the pair
indirectly when each of the other countries is used as a bridge. The EKS PPPs of Table V.5 were computed follow-
ing this procedure using the Fisher type PPPs in Table V.5 to provide the direct and indirect PPPs required:

V.19.

EKSaa

EKSg/a

EKSc/a

EKSpia

EKSas

EKSce

EKSps

= FA/A =1.0000

= [(Feia/Fam)(Fee/Fas)(Fac/Fac) (Fein/Fao)] ™
= [(Fem)*(Feic/Fac)(Feo/Fap)]
= [(9.8286)%(0.03294/0.00216)(1.7434/0.14080)]* = 11.621
= [(Foa)?(Fem/Fae)(Fen/Fap)]™
= [(462.99)%(30.361/0.10174)(51.747/0.14080)]Y* = 391.57
= [(Foin)*(Fors/Fae) (Forc/Fac)] ™
= [(7.1022)*(0.57360/0.10174)(0.01932/0.00216)]** = 7.1022
= [(Fa)*(Farc/Faic) (Fan/Fap)]™
= [(0.10174)%(0.00216/0.03294)(0.14080/1.7434)]* = 0.08605
= [(Fei)*(Fom/Fem)(Fon/Fen) ™
= [(30.361)2(462.99/9.8286)(51.747/1.7434)]* = 33.694
= [(Fors)*(Fom/Feim) (Forc/Ferc) ™

= [(0.57360)%(7.1022/9.8286)(0.01932/0.03294)] * = 0.61113

Transitivity requires that the direct PPP between each pair of countries is equal to the indirect PPP derived via any
third country. For example, EKSg/a should equal EKSg/c/EKSa/c or EKSgin/EKSap. That the EKS PPPs of Table V.6
meet this requirement is demonstrated below:

EKSg/a
EKSg/a
EKSc/a
EKSc/a
EKSp/a

= EKSgc / EKSac = 0.02968/0.00255 = 11.621
= EKSgip / EKSap = 1.6363/0.14080 = 11.621

= EKSc¢ig / EKSpp = 33.694 /0.08605 = 391.57
= EKS¢ip / EKSap = 55.133/0.14080 = 391.57
= EKSps / EKSp = 0.61113/0.08605 = 7.1022
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EKSpia
EKSas
EKSas
EKSce
EKScs

= EKSp/c / EKSac = 0.01814/0.00255 = 7.1022

= EKSarc / EKSgc = 0.00255/0.02968 = 0.08605

= EKSap / EKSgp = 0.14080/1.6363 = 0.08605
= EKSc/a / EKSga = 391.57/11.621 = 33.694

= EKSc¢p / EKSgp = 55.133/1.6363 = 33.694

Table V.7: Matrix of standardised EKS PPPs

A B C D
EKSa 0.0746 0.0746 0.0746 0.0746
EKSs 0.8667 0.8667 0.8667 0.8667
EKSc 29.204 29.204 29.204 29.204
EKSp 0.5297 0.5297 0.5297 0.5297

V.20. In the matrix of EKS PPPs of Table V.6, the PPPs in each column are expressed with the corresponding country as
a base. For example, in column A country A is the base - EKSpa , EKSg/a , EKScia and EKSpa; in column B country
B is the base - EKSai , EKSge, EKScis and EKSps; and so on. In order to obtain a set of PPPs that has the group
of countries as a base — thereby ensuring base country invariance - it is necessary to standardise the PPPs in the
matrix. This is done by dividing each PPP by the geometric mean of the PPPs in its column. The standardised

PPPs of Table V.7 were computed following this procedure:

EKSa

EKSg

EKSc

EKSp

EKSa

EKSs

EKSc

EKSp

= EKSpa / (EKSaa X EKSgia X EKSc/a X EKSpia)*

=1.000 / (1.000 x 11.621 x 391.57 x 7.1022)* = 0.0746

= EKSg/a / (EKSaa X EKSga X EKSc/a X EKSpia)*

=11.621/ (1.000 x 11.621 x 391.57 x 7.1022)** = 0.8667

= EKS(;/A / (EKSA/A X EKSB/A X EKS(;/A X EKSD/A) i

=391.56 / (1.000 x 11.621 x 391.57 x 7.1022) ¥ = 29.204

= EKSp/a / (EKSaa X EKSg/a X EKScia X EKSpa)

=7.1022 / (1.000 x 11.621 x 391.57 x 7.1022) ¥* = 0.5297

= EKSui / (EKSag X EKSge X EKScs X EKSpig)™

= 0.08605 / (0.08605 x 1.000 x 33.694 x 0.61113)"* = 0.0746

= EKSgss / (EKSag X EKSge X EKScs X EKSpie)™

=1.000 / (0.08605 x 1.000 x 33.694 x 0.61113)"* = 0.8667

= EKSc/s / (EKSpe X EKSgjs X EKScs X EKSpys)

= 33.694 / (0.08605 x 1.000 x 33.694 x 0.61113) ** = 29.204

= EKSD/B / (EKSA/B X EKSB/B X EKSC/B X EKSD/B) i

=0.61113/ (0.08605 x 1.000 x 33.694 x 0.61113) ¥* = 0.5297 ............

V.21. The matrix of standardised EKS PPPs of Table V.8 reduces to the following vector of standardised EKS PPPs.

A

Cc

D

EKS

0.0746

0.8667

29.204

0.5297
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PART Il A: AGGREGATION OF BASIC HEADING PARITIES: EKS METHOD

Stages of calculation

V.22. There are five stages to the calculation of EKS PPPs for an aggregate:

e The calculation of a matrix of Laspeyres type PPPs.
e The calculation of a matrix of Paasche type PPPs.

e The calculation of Fisher type PPPs.
e The calculation of the matrix of EKS PPPs.
e  Standardising the matrix of EKS PPPs.

V.23. The starting points of the calculation are the matrix of basic heading EKS PPPs and the matrix of expenditures on
the basic headings. For the worked example, the matrices cover five basic headings — v, w, x, y and z. The worked
example shows how EKS PPPs are calculated for three aggregates, though only the calculations for aggregate 1

are described in detail. The three aggregates are:

e Aggregate 1=v+w
e Aggregate 2=x+y+z
e Aggregate 3=v +w + x +y + z (the overall PPPs)

Table V.8: Matrix of basic heading EKS PPPs

Basic Country
Heading A B c D
Y PPPya 0.0746 PPP,, 0.8667 PPP,. 29.204 PPPyq4 0.5297
w PPP,, 0.0731 PPP,, 0.9504 PPP,. 20.725 PPPyg 0.6945
X PPPya 0.0739 PPPy, 1.1382 PPPy.  25.129 PPPyq 0.4730
y PPPya 0.0695 PPPy, 0.8758 PPPy,.  27.803 PPPyq 0.5908
z PPP;a 0.0745 PPP,, 0.7454 PPP,.  26.833 PPPq 0.6708

V.24. The matrix of Table V.8 shows EKS PPPs by basic heading and by country. The PPPs have been calculated fol-
lowing the procedures described in Part I. The PPPs for each basic heading come from a separate vector of
standardised EKS PPP. The PPPs for basic heading v are those from the vector of standardised EKS PPPs of

paragraph V.21 in Part I.

Table V.9: Matrix of basic heading expenditures

Basic Country
Heading A B C D
v Eva 5 Ew 110 Eve 2000 Ev 120
w Ewa 20 Ewb 240 Ewc 5300 Ewd 180
X Exa 15 Exo 300 Exc 3500 Exd 200
y Eya 35 Eyb 450 Eyc 10000 Eya 250
z Eza 25 Ez 500 Ezc 6500 Ez 250

V.25. The matrix of Table V.9 contains expenditure values in national currencies by basic heading and by country.
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Table V.10: Matrix of Laspeyres type PPPs for aggregate 1
A B C D
L1aa 1.0000 L1lag 0.07982 L1anc 0.00326 L1ap 0.11948
L1g/a 12.725 Llgs 1.0000 Llgec 0.04141 Llgp 1.4756
Llca 305.13 Llce 25.543 Llce 1.0000 Llcp 39.958
L1pa 9.0210 Llps 0.69315 Llpc 0.02929 Llop 1.0000

V.26.

The Laspeyres type PPP for an aggregate between any pair of countries is defined as the weighted arithmetic

average of the EKS PPPs between the two countries for the basic headings constituting the aggregate with the ex-
penditures on the basic headings of the base country being used as weights. The Laspeyres type PPPs for aggre-
gate 1 of Table V.10 were calculated using the EKS PPPs of Table V.8 and the expenditure values of Table V.9 for
the basic headings v and w as follows:

Base A:

Llana

Llga

Lica

Llpa

Base B:

L1am

Llgs

Llce

Llps

Base C:

Llac

Llgc

Llcrc

Llpc

Base D:

Llap

Llep

= [(PPPya/PPPya)Eya + (PPPwa/PPPya)Ewa] / (Eva + Ewa)
= [(0.0746/0.0746)5 + (0.0731/0.0731)20] / (5 + 20) = 1.0000
= [(PPPy/PPPya)Eva + (PPPut/PPPua)Eual / (Eva + Eua)
= [(0.8667/0.0746)5 + (0.9504/0.0731)20] / (5 + 20) = 12.725
= [(PPPy/PPPya)Eva + (PPPyc/PPPya)Ewa] / (Eva + Ewa)
= [(29.204/0.0746)5 + (20.725/0.0731)20] / (5 + 20) = 305.13
= [(PPPyg/PPPys)Eva + (PPPuwa/PPPua)Eual / (Eva + Eua)
= [(0.5297/0.0746)5 + (0.6945/0.0731)20] / (5 + 20) = 9.0210

= [(PPPya/PPP)Ey, + (PPPwa/PPPub)Ews] / (Evs + Ewn)

= [(0.0746/0.8667)110 + (0.0731/0.9504)240] / (110 + 240) = 0.07982

= [(PPPyu/PPPys)Evy + (PPPys/PPPus)Ewtl/(Evo + Eu)
= [(0.8667/0.8667)110 + (0.9504/0.9504)240]/(110 + 240) = 1.0000
= [(PPP\o/PPPys)Evs + (PPPuc/PPPut)Eui] / (Evo + Eub)
= [(29.204/0.8667)110 + (20.725/0.9504)240] / (110 + 240) = 25.543
= [(PPP,4/PPP)Eyp + (PPPua/PPPu)Ews] / (Evb + Eun)

= [(0.5297/0.8667)110 + (0.6945/0.9504)240] / (110 + 240) = 0.69315

= [(PPPya/PPP\)Eyc + (PPPuwa/PPPwc)Ewnc] / (Eve + Ewc)

= [(0.0746/29.204)2000 + (0.0731/20.725)5300] / (2000 + 5300) = 0.00326

= [(PPPw/PPPy)Eyc + (PPPub/PPPwc)Eunc] / (Eve + Ewc)

= [(0.8667/29.204)2000 + (0.9504/20.725)5300] / (2000 + 5300) = 0.04141

= [(PPPy/PPPy)Eyc + (PPPwc/PPPuc)Ewcl/(Eve + Ewc)

= [(29.204/29.204)2000 + (20.725/20.725)5300]/(2000+5300) = 1.0000

= [(PPPy/PPP\)Eyc + (PPPuwa/PPPwc)Eunc] / (Eve + Ewc)

= [(0.5297/29.204)2000 + (0.6945/20.725)5300] / (2000 + 5300) = 0.02929

= [(PPPya/PPP\g)Eyg + (PPPwa/PPPyg)Ewd] / (Eva + Ewd)

= [(0.0746/0.5297)120 + (0.0731/0.6945)180] / (120 + 180) = 0.11948

= [(PPPw/PPPy)Evd + (PPPub/PPPwd)Ewd] / (Evd + Ewd)

= [(0.8667/0.5297)120 + (0.9504/0.6945)180] / (120 + 180) = 1.4756
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Llco = [(PPPy/PPPyg)Evd + (PPPwc/PPPwd)Ewd] / (Evd + Ewd)

= [(29.204/0.5297)120 + (20.725/0.6945)180] / (120 + 180) = 39.958

Llop = [(PPPVd/PPPVd)EVd + (PPPWd/PPPWd)EWd]/(EVd + Ewd)

= [(0.5297/0.5297)120 + (0.6945/0.6945)180] / (120 + 180) = 1.0000

Table V.11: Matrix of Laspeyres type PPPs for aggregate 2

A B C D
L2xna  1.0000 L2,s  0.08413 L2xnc 0.00267 L2ap  0.12632
L2sa 12.296 L2gs 1.0000 L2gc 0.03270 L28p 1.6138
L2cia 374.75 L2¢ce 31.126 L2¢ic  1.0000 L2cp 46.272
L2pa  8.2485 L2pe 0.70255 L2pc  0.02204 L2pp  1.0000

V.27. The Laspeyres type PPPs for aggregate 2 of Table V.11 were computed with the EKS PPPs of Table V.8 and the
expenditure values of Table V.9 for the basic headings x, y and z following the procedure used for aggregate 1.

Table V.12: Matrix of Laspeyres type PPPs for aggregate 3

A B C D
L3axa  1.0000 L3as 0.08319 L3ac 0.00283 L3ap  0.12426
L3ga 12.403 L3gs 1.0000 L3gc 0.03503 L3sp 1.5721
L3cia 357.35 L3ce 29.905 L3cic  1.0000 L3cp 44.378
L3pa  8.4416 L3pe 0.70056 L3pc 0.02398 L3pp  1.0000

V.28. The Laspeyres type PPPs for aggregate 3 of Table V.12 were computed using the EKS PPPs of Table V.8 and the
expenditure values of Table V.9 for the basic headings v, w, x, y and z following the procedure described for ag-
gregate 1. They could also have been calculated as the weighted averages of the PPPs for aggregate 1 of Table

V.10 and the corresponding PPPs for aggregate 2 of Table V.11. For example:

I—38/A = [LlB/A (Eva + Ewa) + I-ZB/A (Exa + Eya+ Eza)] / (Eva + Ewa+ Exa + Eya+ Eza)
=[12.725 (5 + 20) + 12.296 (15 + 35 + 25)] / (5 + 20 + 15 + 35 + 25) = 12.403

Table V.13: Matrix of Paasche type PPPs for aggregate 1

A B C D
Plaxa  1.0000 Plas 0.07860 Plac 0.00328 Plap  0.11085
Plga 12.534 Plgs 1.0000 Plgc 0.03915 Plgp  1.4427
Plcia 306.70 Plce 24.140 Plcc 1.0000 Plep 34.131
Plpa  8.3689 Plpe 0.67779 Plpc 0.02502 Plpp  1.0000

V.29. The Paasche type PPP for an aggregate between any pair of countries is defined as the weighted harmonic aver-
age of the EKS PPPs between the two countries for the basic headings constituting the aggregate with the expen-
ditures on the basic headings of the partner country being used as weights. But, for the reason given in paragraph
V.11 in Part |, the Paasche type PPPs for aggregate 1 of Table V.13 were obtained by transposing the matrix of
Laspeyres type PPPs of Table V.10 and taking the reciprocals of the transposed PPPs as follows:
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Base A Base B

Plana = 1/L1aa = 1/1.0000 = 1.0000 Plag = 1/L1ga = 1/12.725 = 0.07860
Plga = 1/L1ng = 1/0.07982 = 12.534 Ples = 1/L1gs = 1/1.0000 = 1.0000

Plc/a = 1/L1ac = 1/0.00326 = 306.70 Plce =1/L1gic = 1/0.04141 = 24.140
Plp/a = 1/L1ap = 1/0.11948 = 8.3698 Plpe =1/L1gp = 1/1.4756 = 0.67779
Base C Base D

Plac = 1/L1¢a = 1/305.13 = 0.00328 Plap =1/L1pa = 1/9.0210 = 0.11085
Plgic = 1/L1¢ = 1/25.543 = 0.03915 Plgp =1/L1pp = 1/0.69315 = 1.4427
Plcic = 1/L1¢/c = 1/1.0000 = 1.0000 Plco = 1/L1p,c = 1/0.02929 = 34.131
Plpic = 1/L1¢p = 1/39.958 = 0.02502 Plop =1/L1pp = 1/1.0000 = 1.0000
Table V.14: Matrix of Paasche type PPPs for aggregate 2
A B C D
P2xa  1.0000 P2, 0.08133 P2xc  0.00267 P2,p  0.12123
P2, 11.886 P2gs 1.0000 P2gc 0.03213 P2sp  1.4234
P2¢ia 374.97 P2¢s 30.577 P2¢c  1.0000 P2cp 45.365
P2pn  7.9166 P2ps 0.61965 P2pc 0.02161 P2pp  1.0000
Table V.15: Matrix of Paasche type PPPs for aggregate 3
A B C D

P3xa  1.0000 P3ag 0.08063 P3ac 0.00280 P3ap  0.11846
P3ga 12.022 P3ge 1.0000 P3gic 0.03344 P3sp  1.42760
P3c/a 353.91 P3ce 28.542 P3cc  1.0000 P3cp  41.695
P3pa  8.0474 P3ps 0.63559 P3pc 0.02253 P3pp  1.0000

V.30. The Paasche type PPPs for aggregate 2 of Table V.14 and the Paasche type PPPs for aggregate 3 of Table V.15
were obtained by transposing the Laspeyres type PPPs of Table V.11 and Table V.12 respectively and taking the
reciprocals of the transposed PPPs.

Table V.16: Matrix of Fisher type PPPs for aggregate 1

A B C D
Flaxa  1.0000 Flas 0.07921 Flac 0.00327 Flap  0.11508
Flga 12.629 Flge 1.0000 Flgc 0.04025 Flep  1.4590
Flea  305.91 Flcs 24.831 Flcec 1.0000 Flep 36.930
Flpa 8.6894 Flps 0.68538 Flpc 0.02708 Flpp  1.0000

V.31. The Fisher type PPP for an aggregate between any pair of countries is defined as the unweighted geometric mean
of their Laspeyres type PPP for the aggregate and their Paasche type PPP for the aggregate. But, as explained in
paragraph V.13 in Part |, the Fisher type PPPs for aggregate 1 of Table V.16 were not calculated directly using the
Laspeyres type PPPs of Table V.10 and the corresponding Paasche type PPPs of Table V.13. Instead, they were
computed using just the Laspeyres type PPPs of Table V.10 as follows:
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Faa = [Laa.Paa]"? = [Lan/Laa]"? = [1.0000/1.0000] % = 1.0000

Fana = [Leja-Peia]"? = [Lem/Lag]™? = [12.725/0.07982]* = 12.629

Fas = [Lae-Pas]™? = [Las/Len]™? = [0.07982/12.725]"2 = 0.07921

Foia = [Lea.Peral™ = [Loa/Lac]™? = [305.13/0.00326]2 = 305.91

Fac = [Lac.Pac]™ = [Lac/Le]™? = [0.00326/305.13]2 = 0.00327

Foia = [Losa.Pom]™? = [Lom/Lon]™? = [9.0210/0.11948]* = 8.6894

Fap = [Lao.Pan]™? = [Lan/Loa]*? = [0.11948/9.0210]*2 = 0.11508

Fos = [Lem-Pes]™ = [Lop/Lec]™? = [25.543/0.04141]Y2 = 24.831

Faic = [Leic.Perc]™ = [Leic/Lew]™? = [0.04141/25.543]2 = 0.04025 ............ etc.

Table V.17: Matrix of Fisher Type PPPs for aggregate 2

A B C D
F2xa  1.0000 F2as  0.08272 F2xc  0.00267 F2ap  0.12375
F2ga 12.090 F2gs 1.0000 F2gc 0.03241 F2sp  1.5156
F2cin 374.86 F2cs 30.850 F2¢cc  1.0000 F2cp 45.816
F2pa  8.0808 F2pp 0.65980 F2pc 0.02183 F2pp  1.0000

Table V.18: Matrix of Fisher type PPPs for aggregate 3

A B C D
F3xa  1.0000 F3as 0.08189 F3ac 0.00281 F3ap  0.12133
F3pa 12.211 F3ge 1.0000 F3gic 0.03422 F3ep  1.4980
F3c/a 355.62 F3ce 29.215 F3cc  1.0000 F3co 43.016
F3pa 8.2421 F3pe 0.66755 F3pc 0.02325 F3pp  1.0000

V.32. The Fisher type PPPs for aggregate 2 of Table V.17 and the Fisher type PPPs for aggregate 3 of Table V.18 were
obtained using the Laspeyres type PPP of Table V.11 and Table V.12 respectively following the same procedure as
that used for aggregate 1.

V.33. The Fisher type PPPs of Tables V.16, V.17 and V.18 satisfy the country reversal test — that is, Fga.Fas = 1;
Fcia.Faic = 1, etc. But they are not transitive — that is Fga/Fcia =,/ Feic; Fas/Fee =,/ Fac, etc. Transitivity is obtained
by applying the EKS method.

Table V.19: Matrix of EKS PPPs for aggregate 1

A B C D
EKS1aa 1.0000 EKS1as  0.07963 EKSl1ac 0.00321 EKS1ap 0.11655
EKS1g/a 12.563 EKSl1gs 1.0000 EKS1gc 0.04031 EKS1ep 1.4646
EKSl1ca 31152 EKSlce 24.796 EKS1cc 1.0000 EKSlcp 36.317
EKS1pa 8.5778 EKS1lpes 0.68277 EKS1pc 0.02753 EKS1pp 1.0000

V.34. With EKS method, the transitive PPP for any two countries is obtained by taking the unweighted geometric mean of
the Fisher type PPP calculated between the pair directly and all PPPs that can be calculated between the pair indi-
rectly when each of the other countries is used as a bridge. The EKS PPPs for aggregate 1 of Table V.19 were
computed following this procedure using the Fisher type PPPs in Table V.16 to provide the direct and indirect PPPs
required:
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EKS1aa

EKS1g/a

EKS1c/a

EKS1pa

EKS1as

EKS1ce

EKS1ps

= Faa =1.00000

= [(Faia/Fam)(Fee/Fas)(Fec/Fac) (Feino/Fao)] ™
= [(Fesm)*(Feic/Farc)(Faio/Fao)]™
= [(12.62913)(0.04025/0.00327)(1.45905/0.11508)]** = 12.563
= [(Fem)*(Fe/Fas)(Fen/Fap) M
= [(305.9139)%(24.83137/0.07921)(36.93008/0.11508)]** = 311.52
= [(Fom)*(Fors/Fas)(Forc/Fac)™
= [(8.68941)%(0.68538/0.07921)(0.02707/0.00326)]** = 8.5778
= [(Fam)*(Farc/Feic) (Fan/Feo)]™
= [(0.07921)%(0.00326/0.04025)(0.11508/1.45905)]"* = 0.07963
= [(Feis)’(Fem/Fem)(Fen/Fep) ™
= [(24.83137)(305.9135/12.62913)(36.93008/1.45905)]" = 24.796
= [(Fom)*(Fom/Feia) (Forc/Feic) M

= [(0.68538)(8.68941/12.62913)(0.02707/0.04025)]* = 0.68277

V.35. Transitivity requires that the direct PPP between each pair of countries is equal to the indirect PPP derived via any
third country. For example, EKS1g/a should equal EKS1g/c / EKS1ac or EKS1lgp / EKS1ap. That the EKS PPPs for
aggregate 1 of Table V.19 meet this requirement is demonstrated below:

EKS1g/a = EKS1g/c / EKS1ac = 0.04031/0.00321 = 12.563
EKS1g/a = EKS1gpp / EKS1ap = 1.4646/0.11655 = 12.563
EKS1c/a = EKS1ce / EKS1ap = 24.796/0.07963 = 311.52
EKS1¢/a = EKS1lcp / EKS1ap = 36.317/0.11655 = 311.52
EKS1p/a = EKS1pe / EKS1as = 0.68277/0.07963 = 8.5778
EKS1p/a = EKS1p,c / EKS1ac = 0.02753/0.00321 = 8.5778
EKS1a. = EKS1ac / EKS1g/c = 0.00321/0.04031 = 0.07963
EKS1ag = EKS1ap / EKSlgp = 0.11655/1.4646 = 0.07963
EKSloe = EKS1cna / EKS1ga = 311.52/12.563 = 24.796
EKSlce = EKS1cp / EKS1gp = 36.317/1.4646 = 24.796 ............ etc.
Table V.20: Matrix of EKS PPPs for aggregate 2
A B C D
EKS2 aa 1.0000 EKS2ys  0.08234 EKS2xc 0.00268 EKS2ap  0.12377
EKS2g/a 12.144 EKS2gg  1.0000 EKS2gc 0.03254 EKS2gp 1.5030
EKS2¢n  373.23 EKS2¢s 30.733 EKS2¢/c 1.0000 EKS2¢p  46.193
EKS2 p/a 8.0797 EKS2ps  0.66531 EKS2pc 0.02165 EKS2pp 1.0000
Table V.21: Matrix of EKS PPPs for aggregate 3
A B C D
EKS3a/a 1.0000 EKS3a. 0.08174 EKS3ac 0.00281 EKS3ap 0.12157
EKS3g/a 12.236 EKS3ge 1.0000 EKS3gc 0.03440 EKS3&p 1.4876
EKS3¢a  355.64 EKS3ce 29.065 EKS3c/c 1.0000 EKS3cp  43.236
EKS3p/a 8.2254 EKS3pe 0.67224 EKS3pc 0.02313 EKS3pip 1.0000
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V.36. The EKS PPPs for aggregate 2 of Table V.20 and the EKS PPPs of Table V.21 were obtained following the proce-
dure described in paragraph V.35 and using the Fisher type PPPs in Table V.17 and Table V.18 to provide the

direct and indirect PPPs required.

Table V.22: Matrix of standardised EKS PPPs for aggregate 1

A B C D
EKS1a 0.0739 0.0739 0.0739 0.0739
EKS1g 0.9281 0.9281 0.9281 0.9281
EKS1c 23.01 23.01 23.01 23.01
EKS1p 0.6337 0.6337 0.6337 0.6337

V.37.

In the matrix of EKS PPPs for aggregate 1 of Table V.19, the PPPs in each column are expressed with the corre-
sponding country as a base. For example, in column A country A is the base — EKS1aa , EKS1g/a , EKS1ca and
EKS1pa; in column B country B is the base — EKS1as , EKS1gs, EKS1ce and EKS1ps; and so on. In order to ob-
tain a set of PPPs that has the group of countries as a base — thereby ensuring base country invariance - it is
necessary to standardise the PPPs in the matrix. This is done by dividing each PPP by the geometric mean of the
PPPs in its column. The standardised EKS PPPs for aggregate 1 of Table V.22 were computed following this pro-
cedure:

EKS1a = EKS1na / (EKS1am X EKS1ga X EKS1ca X EKS1p)Y
=1.000/ (1.000 x 12.563 x 311.52 x 8.5778)** = 0.0739

EKS1s = EKS1g/a / (EKS1aa X EKS1g/a X EKS1ca X EKS1p/a)Y
=12.563 / (1.000 x 12.563 x 311.52 x 8.5778)** = 0.9281

EKS1c = EKS1ca / (EKS1aa X EKS1ga X EKS1ca X EKS1p)Y

=311.52/(1.000 x 12.563 x 311.52 x 8.5778)** = 23.01

EKS1p = EKS1p/a / (EKS1aa X EKS1ga X EKS1oa X EKS1oa)Y
=8.5778/ (1.000 x 12.563 x 311.52 x 8.5778)** = 0.6337 ............ etc.
Table V.23: Matrix of standardised EKS PPPs for aggregate 2
A B C D
EKS2a 0.0723 0.0723 0.0723 0.0723
EKS2g 0.8779 0.8779 0.8779 0.8779
EKS2¢ 26.98 26.98 26.98 26.98
EKS2p 0.5841 0.5841 0.5841 0.5841
Table V.24: Matrix of standardised EKS PPPs for aggregate 3
A B C D
EKS3a 0.0727 0.0727 0.0727 0.0727
EKS3g 0.8896 0.8896 0.8896 0.8896
EKS3c¢ 25.86 25.86 25.86 25.86
EKS3p 0.5980 0.5980 0.5980 0.5980

V.38. The standardised EKS PPPs of Table V.23 and V.24 were obtained by standardising the EKS PPPs Tables V.20
and V.21 respectively following the procedure described in paragraph V.37.
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V.39. The three matrices of standardised EKS reduce to three vectors of standardised EKS PPPs:
A B C D
Aggregate 1 0.0739 0.9281 23.01 0.6337
Aggregate 2 0.0723 0.8779 26.98 0.5841
Aggregate 3 0.0727 0.8896 25.86 0.5980

PART Il B: AGGREGATION OF BASIC HEADING PARITIES: GK METHOD

Introduction

V.40. The Geary-Khamis (GK) method requires that a set of theoretical prices - one average price for each basic heading
- and a set of overall PPPs — one average PPP for each country - are calculated simultaneously. To do this, the
round-iteration system of computation is followed in the worked example. Starting with an initial set of arbitrary de-
termined overall PPPs, an initial set of theoretical prices is derived. The initial set of theoretical prices is then used
to obtain a new — or second - set of overall PPPs, which, in turn, is used to derive a new — or second - set of theo-
retical prices. The process is repeated. The second set of theoretical prices is then used to obtain a new — or third -
set of overall PPPs, which, in turn, is used to derive a new - or third - set of theoretical prices. The process contin-
ues until the sets of overall PPPs and theoretical prices no longer change. The number of rounds required before
convergence occurs depends on the number of countries and the initial set of overall PPPs used to start the proc-
ess.

V.41. The starting points of the calculation are the matrix of basic heading EKS PPPs, the matrix of expenditures on the
basic headings and the matrix of notional quantities. For the worked example, the matrices cover five basic head-
ings — v, w, X, y and z. The worked example shows how GK PPPs are calculated for the same three aggregates
that were covered in Part lIA: aggregate 1 (v + w), aggregate 2 (x + y + z) and aggregate 3 (v+ w + X +y + 2).
Unlike EKS PPPs, GK PPPs for aggregates 1 and 2 cannot be determined independently of the overall GK PPPs
for aggregate 3. The worked example focuses on the calculation of the overall PPPs.

Table V.25: Matrix of basic heading EKS PPPs

Basic Country
Heading A B C D
\% PPPya 0.0746 PPP, 0.8667 PPPy¢ 29.204 PPPyw  0.5297
w PPPwa 0.0731 PPPw, 0.9504 PPPuc 20.725 PPPwq  0.6945
X PPPxa 0.0739 PPPy 1.1382 PPPyc 25.129 PPPxs  0.4730
y PPPya 0.0695 PPPy, 0.8758 PPPyc 27.803 PPPys  0.5908
z PPP.a 0.0745 PPP,, 0.7454 PPPc 26.833 PPP,s 0.6708
Overall PPPs PPP1, 0.0731 PPP1:0.9151 PPP1lc: 25.941 PPP1, 0.5918

V.42. The matrix of Table V.25 shows EKS PPPs by basic heading and by country. These are the same PPPs that were
used for Part IIA (see Table V.8 and paragraph V.24). The Table also shows the initial vector of overall PPPs —
PPP14, PPP1g, PPP1c and PPP1p - that was used to kick start the process of iteration for the worked example.
These overall PPPs are simple arithmetic averages of the basic heading PPPs. But they did not need to be. There
is no fixed rule. Exchanges rates or another set of figures, such as a series of “1s”, could have been used instead.
The round-iteration method would have yielded identical final results for the overall PPPs and the same structure of
final theoretical prices if the initial overall PPPs for the worked example had been assigned other values.
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Table V.26: Matrix of basic heading expenditures

Basic Country
Heading A B C D

v Eva 5 Ew 110 Evc 2000 Evq 120
w Ewa 20 Ewb 240 Ewc 5300 Ewd 180
X Exa 15 Exo 300 Exc 3500 Exd 200
y Eya 35 Eyb 450 Eyc 10000 Eya 250
z Eza 25 Ez 500 Exc 6500 Eq 250

Total Ea 100 Es 1600 Ec 27300 Ep 1000

V.43.

The matrix of Table V.26 contains expenditure values in national currencies by basic heading and by country.
These expenditure values are the same as those used for Part IIA (see Table V.9). The matrix also shows each
country’s total expenditure on all five basic headings — Ea, Eg, Ec and Ep.

Table V.27: Matrix of notional quantities

Basic Country
Heading A B c D Total
v Qua 67.0 Quw 127.1 Quwe 68.5 Qu 226.5 Qv 489.0
w Qua 273.6 Qub 2525 Que 255.7 Qud 259.2 Qw  1041.0
X Qua 203.0 Qo 263.6 Qse 139.3 Qud 422.8 Qx 1028.7
y Qya 503.6 Qb 513.8 Qye 359.7 Qyu 423.2 Qv 1800.2
z Q.a 335.6 Qun 670.8 Quc 242.2 Q.q 372.7 Q; 1621.3

V.44,

V.45.

The notional quantities of Table V.27 were obtained by dividing the basic heading expenditures of Table V.26 by
the corresponding EKS PPPs of Table V.25 as follows:

Qua = E,o/PPP,, = 5/0.0746 = 67.0

Qua = Ewa/PPPya = 20/0.0731 = 273.6

Qua = Exa/PPPya = 15/0.0739 = 203.0

Qe = E,o/PPPy, = 35/0.0695 = 503.6

Qua = E,a/PPP,, = 25/0.0745 = 335.6

Quw = Ew/PPP,, = 110/0.8667 = 127.1

Qub = Eut/PPPuy, = 240/0.9504 = 252.5

Qo = E,o/PPPyy = 300/1.1382 = 2636 ............ etc.

The quantities are notional because they are without units, though for each basic heading the “unit of quantity” is
the same. The quantities are not commensurate across basic headings — that is, they cannot be sum down rows to
provide a meaningful total by country. But they are commensurate across countries and can be summed across
columns to provide a total quantity for each basic heading — Qv, Qw, Qx, Qv and Qz.

Progression of a round

V.46.

Each round starts with a vector of overall PPPs from the previous round — or, in the case of the opening round, a
vector of overall PPPs that have been arbitrary determined (see paragraph V.42). The overall PPPs are used to
produce a matrix of intermediate real expenditures which in turn is used to estimate a vector of theoretical prices.
The theoretical prices are subsequently used to produce a second matrix of intermediate real expenditures which in
turn is used to estimate the vector of overall PPPs for the next round. The rounds continue until the vectors of
overall PPPs and theoretical prices no longer change. Note that the difference between the first matrix of interme-
diate real expenditures and the second matrix of real expenditure is that in the first matrix the real expenditures are
valued using overall PPPs while in the second they are valued using theoretical prices.
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ROUND ONE
Table V.28: Matrix of intermediate real expenditures 1
Basic Country
Heading A B C D Total
\% V1a 68.4 V1 120.2 V1 77.1 V1 202.8 V1y 468.5
w V1ya 273.5 V1w 262.3 V1 204.3 V1 304.2 V1w 1044.3
X V1a 205.1 Vi 327.8 Vi 134.9 V1 338.0 V1x 1005.9
y V1 478.7 Vi 491.7 Ve 385.5 Vg 422.5 V1y 1778.4
z V1, 341.9 Vi1 546.4 Vi, 250.6 V14 422.5 V1, 1561.3
Total Vi1a 1367.6 Vg 1748.4 Vic 1052.4 Vi1p 1689.8 V1tor 5858.2

V.47. The intermediate real expenditures of Table V.28 were calculated by dividing the matrix of basic heading expendi-
tures of Table V.26 by the vector of overall PPPs of Table V.25 as follows:

Vla
V1w
V1
Vi1
V1y
V1ya
V1w
Ve

= Eva/PPPA = 5/0.0731 = 68.4

= Ew/PPPg = 110/0.9151 = 120.2
= Evw/PPPc = 2000/25.941 = 77.1
= Ew/PPPp = 120/0.5918 = 202.8
=Vla+ V1p + V1 + V1g =68.4 + 120.2 + 77.1 + 202.8 = 468.5
= Ewa/PPPA = 20/0.0731 = 273.5

= Ew/PPPg = 240/0.9151 = 262.3

= Ew/PPPc = 5300/25.941 = 204.3

V.48. In other words, the vector of overall PPPs has been used to convert the matrix of basic heading expenditures that
is valued in national currencies into a matrix of intermediate real expenditures that is valued at a common but un-
specified currency. The matrix can be summed across columns and down rows to give totals by basic heading and
by country. The vector - V1y, V1w, V1x, V1y and V17 - is use in the next step of the round: the estimation of theo-
retical prices.

Table V.29: Theoretical prices 1

Basic heading

Total intermediate real

expenditures 1

Theoretical prices 1

V1y
Viw
V1x
V1y

Viz

468.5

1044.3

1005.9

1778.4

1561.3

Total notional quantities

Qv 489.0 P1y
Qw 1041.0 Plw
Qx 1028.7 Plx
Qv 1800.2 Ply
Qz 1621.3 P1;

0.958
1.003
0.978
0.988

0.963

V.49. The theoretical prices of Table V.29 were obtained by dividing the vector of total intermediate real expenditures by
the vector of total notional quantities. For example, P1y - V1y/Qv = 468.5/489.0 = 0.958. The intermediate real ex-
penditures were taken from the “total column” of Table 28 and the notional quantities from the “total column” of
Table V.27. The theoretical prices are expressed in the common unspecified currency of Table V.28. The vector -
P1ly, P1lw, Plx, P1ly and P17 - is used in the next step of the round: the calculation of the second matrix of interme-
diate real expenditure.
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Table V.30: Matrix of intermediate real

expenditures 2

Basic Country
Heading A B C D Total

v V2ia 64.2 V2, 1217 V24 65.6 V2,4 217.0 V2, 4685
w V2ua 2744 V2. 2533 V2,. 2565 V2ua  260.0 V2w 10443
X V2, 1985 V2,  257.7 V2, 1362 V2,y 4135 V2x  1005.9
y V2, 4975 V2,  507.6 V2, 3553 V2,4 4180 V2y  1778.4
z V2,, 3232 V25,  646.0 V2, 2333 V2,4  358.9 V2, 15613

Total V2,  1357.8 V2s  1786.3 V2c  1046.9 V2o  1667.3 V2701 5858.2

V.50.

V.51.

The intermediate real expenditures of Table V.30 were calculated by multiplying the matrix of notional quantities of
Table V.27 by the vector of theoretical prices of Table V.29 as follows:

V2 = Qua.P1y = 67.0 x 0.958 = 64.2

V2ua = Qwa.P1lw = 273.6 X 1.003 = 274.4

V2ya = Qxa.P1x = 203.0 x 0.978 = 198.5

V2ya = Qya.P1y = 503.6 x 0.988 = 497.5

V2za = Qza.P1z = 335.6 x 0.963 = 323.2

V24 =V2a + V2pya + V2ia + V2ya + V2,4 = 64.2 + 274.4 + 198.5 + 497.5 + 323.2 = 1357.8
V2, = Qw.P1y=127.1x0.958 = 121.7

V2ub = Qub.P1w = 252.5 x 1.003 = 253.3

V2 = Qu.P1x=263.6 x 0.978 = 257.7 ............ etc.

In other words, the vector of theoretical prices has been used to convert the matrix of notional quantities into a ma-
trix of intermediate real expenditures valued in the common unspecified currency of Table V.28. The matrix can be
summed across columns and down rows to give totals by basic heading and by country. The vector - V2, V2z, V2¢
and V2p - is used in the next step of the round: the estimation of overall PPPs.

Table 31: Overall PPPs 2

Country Total basi hesding ex- | - Total Intermediate eal Overall PpPs 2
A Ea 100 V2a 1357.8 PPP2a 0.0737
B Es 1600 V2g 1786.3 PPP2g 0.8957
C Ec 27300 V2¢ 1046.9 PPP2c 26.078
D Ep 1000 V2p 1667.3 PPP2p 0.5998

V.52.

The overall PPPs of Table V.31 were obtained by dividing the vector of total basic heading expenditures by the
vector of total intermediate real expenditures. For example, PPP2, = EaV2g = 100/1357.8 = 0.0737. The basic
heading expenditures were taken from the “total row” of Table 26 and the intermediate real expenditures from the
“total row” of Table V.30. The vector — PPP24, PPP2g, PPP2c and PPP2p — is carried over to the next round to use
in the calculation of the first matrix of intermediate real expenditures for that round.
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ROUND TWO
Table V.32: Matrix of intermediate real expenditures 3
Basic Country
Heading A B C D Total
Y V3ia 67.9 V3w 122.8 V3¢ 76.7 V3w 200.1 V3v 467.5
w V3wa 271.6 V3ub 267.9 V3uc 203.2 V3ud 300.1 V3w 1042.9
X V3sa 203.7 V3w 334.9 V3yc 134.2 V3 3335 V3x 1006.3
y V3ya 475.2 V3yp 502.4 V3yc 383.5 V3y4 416.8 V3; 1777.9
z V3 339.4 V3 558.2 V3¢ 249.3 V34 416.8 V3p 1563.7
Total V3a 1357.8 V3g 1786.3 V3¢ 1046.9 V3p 1667.3 V3ror 5858.2

V.53. The intermediate real expenditures of Table V.32 were calculated by dividing the matrix of basic heading expendi-

tures of Table V.26 by the vector of overall PPPs of Table V.31.

Table V.33: Theoretical prices 2

Basic heading

Total intermediate
real expenditures 3

Total notional quantities

Theoretical prices 2

V3y 467.5
V3w 1042.9
V3x 1006.3
V3y 1777.9
V3z 1563.7

Qv
Qw
Qx
Qv
Qz

489.0
1041.0
1028.7
1800.2
1621.3

P2y  0.956
P2y  1.002
P2x  0.978
P2y  0.988
P2;  0.965

V.54. The theoretical prices of Table V.33 were obtained by dividing the vector of total intermediate real expenditures of

Table V.32 by the vector of total notional quantities of Table V.27.

Table V.34: Matrix of intermediate real expenditures 4

Basic Country
Heading A B C D Total

v Vdya 64.1 Vi, 121.5 A2 65.4 \VZ 65.4 V4y 467.5
w Vdwa 2741 V4  253.0 Ve 256.2 V4w  259.6 V4w 10429
X Vi 198.6 Vi, 257.8 Vi, 136.2 \VZ 413.6 V4y  1006.3
y Vdy, 497.4 VA, 507.4 Vi, 355.2 Vdyq 417.9 V4y  1777.9
z V4,4 323.7 V4, 647.0 V4, 233.6 V4,4 359.5 V4; 1563.7

Total \VZioN 1357.7 Vg 1786.7 V¢ 1046.7 Vap 1667.1 V4tor 5858.2

V.55. The intermediate real expenditures of Table V.34 were calculated by multiplying the matrix of notional quantities of
Table V.27 by the vector of theoretical prices of Table V.33.
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Table V.35: Overall PPPs 3

Country Total expenditures Total |nterrr_1ed|ate real Overall PPPs 3
expenditures 4

A Ea 100 \ZN 1357.7 PPP3a 0.0737
B Es 1600 Vg 1786.7 PPP3g 0.8955
C Ec 27300 Vac 1046.7 PPP3c 26.082

D Ep 1000 Vip 1667.1 PPP3p 0.5998

V.56. The overall PPPs of Table V.35 were obtained by dividing the vector of total expenditures of Table V.26 by the vec-
tor of total real expenditures of Table V.34.

ROUND THREE
Table V.36: Matrix of intermediate real expenditures 5
Basic Country
Heading A B C D Total
\% V5ya 67.9 V5up 122.8 VSyc 76.7 V54 200.1 V5, 467.5
w V5wa 2715 V5ub 268.0 V5ue 203.2 V5ud 300.1 V5w 1042.8
X V54a 203.7 V54 335.0 V5y¢ 134.2 V544 333.4 V5 1006.3
y V5, 4752 V5,,  502.5 V5,  383.4 V5,4  416.8 V5, 17779
z V5;a 339.4 V5 558.3 V5;¢ 249.2 V5,4 416.8 V5, 1563.8
Total V5, 1357.7 V5 1786.7 V5 1046.7 V5¢4 1667.1 V5t  5858.2

V.57. The intermediate real expenditures of Table V.36 were calculated by dividing the matrix of basic heading expendi-
tures of Table V.26 by the vector of overall PPPs of Table V.35.

Table V.37: Theoretical prices 3

Basic heading rz:fﬂ):g;ré?&drg% Total notional quantities Theoretical prices 3
\Y V5y 467.5 Qv 489.0 P3y 0.956
w V5w 1042.8 Qw 1041.0 P3w 1.002
X V5x 1006.3 Qx 1028.7 P3x 0.978
y V5y 1777.9 Qv 1800.2 P3y 0.988
z V52 1563.8 Qz 1621.3 P3z 0.965

V.58. The theoretical prices of Table V.37 were obtained by dividing the vector of total intermediate real expenditures of
Table V.36 by the vector of total notional quantities of Table V.27. They are the same as the theoretical prices of
the previous round (see Table V.33).
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Table V.38: Matrix of intermediate real expenditures 6
Basic Country
Heading A B C D Total
\% V6ya 64.1 V6 121.5 V6. 65.4 V64 216.5 V6y 467.5
w V6ya 274.1 V6up 253.0 V6 256.2 V6 259.6 V6w 1042.8
X V6ya 198.6 V6yp 257.8 V6yc 136.2 V6,4 413.6 V6yx 1006.3
y V6ya  497.3 V6,  507.4 V6,  355.2 V6  417.9 V6y  1777.9
z V6,4 323.7 V64 647.0 V6, 233.6 V6,4 359.5 V62 1563.8
Total V6a 1357.7 V6g 1786.7 V6c 1046.7 V6p 1667.1 V6ror 5858.2

V.59. The intermediate real expenditures of Table V.38 were calculated by multiplying the matrix of notional quantities of
Table V.27 by the vector of theoretical prices of Table V.37.

Table V.39: Overall PPPs 4

Country Total expenditures Total |nterrr_1ed|ate real Overall PPPs 4
expenditures 6

A Ea 100 V6a 1357.7 PPP3a 0.0737
B Es 1600 V6s 1786.7 PPP3g 0.8955
C Ec 27300 V6c 1046.7 PPP3c 26.082

D Ep 1000 V7p 1667.1 PPP3p 0.5998

V.60. The overall PPPs of Table V.39 were obtained by dividing the vector of total expenditures of Table V.26 by the
vector of total real expenditures of Table V.38. They are the same as the overall PPPs of the previous round (see
Table V.35).

V.61. Both theoretical prices and the overall PPPs of round three are the same as those in round two and the iteration
procedure is completed. The theoretical prices of Table V.37 and the overall PPPs of Table V.39 are final. Similarly,
the intermediate real expenditures of Table V.38 are not intermediate, but final.

V.62. These final real expenditures are additive. It is therefore possible to calculate the PPP for any given aggregate by
dividing the sum of the expenditures on the constituent basic headings from Table V.26 by the sum of the corre-
sponding final real expenditures from Table V.38 as follows:

Aggregate 1 (v +w)

PPP1, = (Eva + Euwa)/(V6ya + V6ua) = (5 + 20)/(64.1 + 274.1) = 0.0739
PPP1g = (Evo + Eu)/(V6up + VBup) = (110 + 240)/(121.5 + 253.0) = 0.9346
PPP1c = (Evc + Ewc)/(V6yc + V6uc) = (2000 + 5300)/(65.4 + 256.2) = 22.699
PPP1p = (Evd + Ewd)/(V6ud + V6wd) = (120 + 180)/(216.5 + 259.6) = 0.6322
Aggregate 2 (x +y + 2)
PPP1A = (Exa + Eya + Eza)/(V6ya + VBya + V6,4) = (15 + 35 + 25)/(198.6 + 497.3 + 323.7) = 0.0736
PPP1g = (Exp + Eyb + Eab)/(V6x + V6yp + V6,p) = (300 + 450 + 500)/(257.8 + 507.4 + 647.0) = 0.8851
PPP1c = (Exe + Eye + Ezo)/(V6ye + V6yc + V6,c) = (3500 + 10000 +6500)/(136.2 + 355.2 + 233.6) = 27.586
PPP1p = (Exa + Eya + Ea)/(V6ya + VByq + V6,4) = (200 + 250 + 250)/(413.6 + 417.9 + 359.5) = 0.5877

V.63. The PPPs for aggregate 3 (v + w + X + y + z) — that is, the overall PPPs — have been calculated already. They are
the overall PPPs of Table V.39.
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