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Elementary Indices for Purchasing Power
Parities

Peter Hilf

The paper reviews the different methods that camsed to calculate elementary
PPPs for basic headings. Comparisons are madeheitmethods used to calculate
elementary indices for elementary aggregates iptoeah price indices. The selection of
the common list of products to be used for pridéection in different countries can have
a considerable impact on the results. Represeatptdducts are defined and their role
in the process of drawing up the product list eixgd. Information about
representativity can also be used to correct patdntses in the estimated elementary
PPPs. The choice of index formula can have afgigni effect on the results even when

a complete set of prices can be collected for thdyrts on the common list

Introduction

The methodologies used to calculate temporal @xdigvithin a
country and international price indices betweenntoes, or Purchasing
Power Parities, have many points in common evenghdahey are often
obscured by differences in terminology. This pdioeuses on elementary
indices. An elementary price index is a price ithat is calculated directly
from a sample of price observations without the w$equantities or
expenditures as weights. Quantities and expemditare ignored not as a
matter of choice but simply because in every cquititere is a certain level
of economic aggregation below which it is not pblesito obtain detailed
information on quantities or expenditures. Thiemsirely a practical matter
that depends on the availability of expenditureadaithin a country or
group of countries. Expenditure data are usualllected quite separately
from price data and much less frequently.

The calculation of aggregate price indices, whetteamporal or
international, is therefore generally carried outwo steps. The first step is
to identify the smalleseconomic aggregates for which it is possible to

! Parts of this paper draw upon material coethiin Chapter 11 of tHEP HandbooK2006) on the

“Estimation of PPPs for Basic Headings Within Regi¢ written by the author. Responsibility foeth
present paper, however, rests solely with the autfibe views expressed here do not necessarlgctef
the views of the ICP or the World Bank.
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obtain expenditure data. These are called ‘basadlimgs’ in the literature
on international comparisons and ‘elementary aggesyin the literature on
temporal indices. The price index for each basadmng or elementary
aggregate is estimated on the basis of a samgdaaafs collected in each of
the periods or countries compared. Price indioeigher level aggregates
are then obtained by combining the elementary ewiowvith the
corresponding expenditure data.

Elementary indices and their properties are exptain some detail in
the recent international Manuals on CPls and PBIse of the purposes of
this paper is to re-examine the elementary indiegsd in international
comparison in the light of the recent literature elementary temporal
indices.

Binary and multilateral approaches

There are two approaches to the calculation ottao$ transitive
multilateral PPPs for a group of countries: theabmapproach and the
multilateral approach.

» The binary approach proceeds by calculating birif°s between
each pair of countries. Most types of binary PBRsnot transitive,
but transitivity can be imposed by adjusting theP®Pusually by
means of the EKS formula.

» The multilateral approach proceeds by calculatirgeiaof transitive
PPPs for all countries in the group simultaneougly.the level of an
elementary price index the CPD is the method gdgarsed.

The binary approach will be considered first irsthaper. There is a
close formal similarity between a price index beswéwo periods of time
for the same country and a price index betweendaumntries in the same
period of time. Most of the theory and practieaperience gained in the
calculation of temporal indices is directly relevdaa binary international
indices. It should be noted that even when a piagproach is used, the
ultimate objective is to arrive at a set of tramsitmultilateral indices.

The binary approach to multilateral comparisons a@spted by the
Statistical Office of the European Communities la start of their PPP
program in the late 1960s. The on-going joint BtattOECD PPP program
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covering 46 countries continues to use the binappr@ach. The
methodology has been considerably changed and weg@raver the years.

Elementary binary PPPs

As just noted, most types of binary indices aretransitive. When
the binary approach is adopted therefore, the E@dla is usually applied
to transform the original intransitive PPPs intee& of transitive PPPs. EKS
PPPs are defined as the set of transitive PPPsrinahize the sum of the
squares of the logarithmic differences betweerotiginal intransitive PPPs
and the transitive PPPs. It can be shown thaE® PPP for countryk
on country is equal to the geometric average of the dir&R For k onj
and all the indirect PPPs fok on | via third countries, the direct PPP
carrying twice the weight of each indirect PPP.

Thus, EKS is not itself a type of index but a methed imposing
transitivity on an already existing set of indiceghether elementary or
aggregate.  Simply describing a PPP as EKS prsvite information
whatsoever about the type of elementary or aggeegatex used or its
properties. The relative merits of the binary amdtilateral approaches at
the basic heading level depend mainly on the naduack properties of the
underlying elementary binary indices before the E&&wula is applied.

It is useful to establish what kind of indices webprovide appropriate
targets in an ideal situation in which data werailable on expenditures as
well as prices within the basic heading. After thiats possible to consider
how best to approximate to such indices using sasnpll price observations
only.

In the case of temporal indices, the properties bhataviour of
elementary indices are discussed in some deptherrdcent international
CPI and PPI Manudls Most elementary price indices are either avesade
the price relatives for the individual products ratios of their average
prices. To facilitate discussion of the varioudites the2004 CPI Manual
decided to introduce names for some of them asvisll

* TheDutotindex: the ratio of the arithmetic average prices

2 See Chapter 20 by Erwin Diewert of @04 CPI Manual.In this paper reference will be made to the
CPI Manualonly as the PPI manual is fully consistent methogically with the CPI Manual.
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* TheCarli index : the arithmetic average of the price re&si

* The harmonic index: the harmonic average of tieepelatives

« The CSWD index: the geometric average of the Carli angnloaic
indices

* TheJevonsindex: the geometric average of the price relatiie the
ratio of the geometric average prices)

All the averages should be understood to be unwaighnless stated
to the contrary.

The relative merits of the various types of eleragntindex are
systematically evaluated in tt2904 CPl Manualusing both the axiomatic
and economic approaches to index number theore cbhclusion reached
Is that on both the axiomatic or the economic apphnes the preferred type
of elementary index is théevonsindeX. Some countries already use the
Jevons although many others have traditionallygeretl the Carli.

The Jevons index has been widely used for purpokagernational
binary price comparisons. At the level of an indijal product, the ratio of
the average national prices actually provides antiein of purchasing
power parity. It is the rate of currency exchamgdech, if used to convert a
given sum of money from one currency into the gtlell ensure that the
same quantity of the product in question can behmaged in both countries.
Taking a geometric average of all the individuabdqarct PPPs in a basic
heading in order to arrive at the elementary PP&mseto have been
regarded as the obvious way to proceed. In tHg gaars of the European
Economic Communities’ PPP program the elemen®&i?s were simple
unweighted geometric averages of the individor@duct PPPswithin the
basic heading. However, they were soon abandanéalvour of weighted
Jevons indices, as explained below.

One advantage of Jevons indices is that binaryn¥®eR®Ps are
transitiveprovidedthat each individual product PPP carries the sageight
in each binary comparison. More remarkably, it lbesn proved that no
other type of price index is transitfveThis is a particularly significant

3 See paragraph 20.115 of #@4 CPIManual

*  Paragraph 15.89 of t12904 CPI Manuabtates that “under very weak regularity conditidres only
[temporal] price index satisfying the circularitygnsitivity] test is a weighted geometric averagell the
individual price ratios, the weights being constémbugh time.” This result is attributed to Fenklacker
and Voeller (1979)
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result in the context ahultilateral international comparisons where the
need for transitivity is paramount. One importsymecial case is the
unweighted Jevons PPP in which each product PRRRsarweight ofi/nin
each binary PPP, whends the number of products covered.

The economic approach to elementary PPPs

A particular type of index is said be exact itdincides with some
economic theoretic index. In the case of consumpprice indices, the
economic index depends on the form of the consurpeegerences. If the
preferences can be represented by a Cobb-Dougtadido a weighted
Jevons index with the weights equal to the expanglishares is exdct The
shares should be the same in both the situations (ieriods or countries)
compared as the cross elasticities of substitugrerunity.

In an international context, it is not realisticassume that the same
set of Cobb-Douglas type preferences holds acrodarge group of
countries, but it is nevertheless interesting teertbatif they did hold the
binary economic indices would be transitive. Expenditure shares would
be the same across all countries so that binargn3eindices using the
shares as weights would be transitive.

From a theoretical perspective, therefore, it seiatsa binary Jevons
PPP with average expenditure shares as weightsdwwolide a suitable
target index for a basic heading PPP. The targd#x is not actually an
elementary index itself as an elementary index tbabe calculated from
price data only without the use of either quantity expenditure data.
However, it is possible to devise weights based ather kinds of
information that may provide rough approximatioos éxpenditure weights
and to use these proxy weights in a weighted JeRiiB. Methods of
deriving rough weights have been developed by Eatos First, it is
necessary to explain the concept or representativit

Product lists and representativity

When the objective is to arrive at a set of elermgnPPPs for a group
of countries, it is necessary to draw up a commnsirof products for pricing

®  This section draws upon paragraphs 20.71 ®626f Chapter 2®f the CPI Manual (Diewert, 2004).

® See paragraphs 20.81 to 20.83 of206@4 CPI Manual
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in the various countries. In order to ensure phiEe matches can be made
between all the countries in the group all coustrraist try to price the same
set of products. When making an individual binemynparison the list of
products can be tailor made for that particular ganson, but when many
binary comparisons have to be made countries cdrexpected to collect
a different set of prices for each comparison. hvelisingle list for a group
of countries the number of individual product PRRailable for each binary
comparison will tend to be less than would be aldd in an independent
binary comparison. A binary comparison based ooramon list of
products will not be as robust or reliable as @mae binary carried out
separately.

A common product list to be used by a group of ¢oes should
contain some products that are representativeviayeountry in the group.
However, there may no consensus about the exactingear
‘representative’ in this context. In this papeproduct is said to be
representative in a particular country if it is ghased in relatively large
guantities in that country compared with other ¢oes. Given that relative
guantities and relative prices tend to be negatigetrelated, representative
products are likely to have relatively low pricetndeed, some products will
be purchased in relatively large quantities in scountries precisely
because their relative prices are low.

The concept of representativity is examined in sdetail in the
Annex to this paper. Itis shown how represenggpiroducts could be
identified from quantity data if they were availabllt is also shown how a
product list that is dominated by the represenggbiroducts of one country
or sub-group of countries can introduce bias ihtodstimated elementary
PPPs. As data on quantities and expendituresatilbe available in
practice below the level of the basic heading,llpcdae and market experts
have to use their knowledge and judgment to tigentify products that are
representative.

Assuming that representative products can be disshed from
unrepresentative products, the information candsslun two ways. First,
it can be used to draw up balanced lists of pradfmt pricing. A well
balanced list would be one containing some of gpeasentative products of
each country. As the same product may be rep@Esentin a number of
countries such a list need not be very large. &&cmformation about
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representativity can be utilized in the processal€ulating the elementary
basic heading PPP. It is this second functionighat more interest here.

Representativity may be more important for intdoreal comparisons
than for inter-temporal indices. In temporal ireiche same product can be
priced repeatedly in successive periods of timewéler representativity is
defined, a product that is representative in ongogedoes not suddenly
become unrepresentative in the next period. A esgtative product
remains representative from one period to the mexhe same country.
Like is compared with like. In international comisans, however, an
individual product can be representative one cqumiit unrepresentative in
another. If its price is relatively low in someueitries it must be relatively
high in some others. It is necessary to take adooiuthis when estimating
the elementary PPP for the basic heading.

The distinction between representative and unreptasve products
IS not very clear cut in practice. To the extéuit it has to rely on the
expertise and judgment of experts it is inevitgiaytly subjective. It may
also be new for many countries. There is a hegkdfore that different
countries may interpret it differently. If sogtdistinction may not serve its
intended purpose and may have to be ignored whenatsg the
elementary PPPs.

The calculation of elementary PPPs

The starting point for the calculation of elemept®&PPs is a set of
national average prices reported by countriesHergroducts on the agreed
common product list. The prices may be presenidtie form of a tableau
or matrix in which it is customary for the rows denote products and the
columns to denote countries.

Country j
Product | 1 2 C
1 pll p12 p_c

2 S T
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The list of products in a tableau of this kind abbk either the entire
list of products within a basic heading or the skigt of products used of
purposes of price collection. Elementary PPPs caleulated using the
sample list. It must not be treated as if it wenandom sample of products
from within a basic heading. On the contrary, pheducts on the common
list are typically selected purposively. For exdenphe construction of the
product list in the Eurostat-OECD program is a teggand elaborate
process extending over many months. It involvéshe countries in the
program. It is designed to ensure that the liasibalanced as possible.

Three types of elementary binary PPPs

Three types of elementary binary PPPs are deskcribihe following
sections. Each has been used by Eurostat. Wththe EKS formula may
be required to impose transitivity, this sectiosascerned with the type of
binary indices used and their propertoeforethe EKS formula is applied.
They cannot therefore be described as EKS indic&be first index is the
simple unweighted Jevons PPP.

Simple Jevons

The first stage of the original procedure used lyoBtat was to
calculate each elementary binary PPP as a simptendendex. The simple
or unweighted Jevons PPP for counkybased on country is defined in
(1). It is the geometric mean of the price rapdd p! for the Nk products
for whichboth counties have reported average priceg: < nC.

1

Nik k “Tk
®  PPRY (]2
1=1 piJ

In practice, countries seldom report a completefattional average prices
for all the products on the list. The PPP formdhividual product may carry
a positive weight in some binary Jevons indices aréro weight in others
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because of missing prices. As the weights varyhia way, the simple
Jevons PPPs are generally not transitive.

If transitivity is imposed by means of the EKS faian the resulting
indices are described here B&S/Jevons It is also possible to use a
weighted version of the EKS formulaFor example, if some of the Jevons
PPPs are considered to be relatively unreliabley ttould be given less
weight than the others.

Eurostat soon abandoned EKS/Jevons on the grouradssimple
Jevons PPPs are liable to be biased if the prddtiéor the basic heading is
not balanced. For example, if it happens that ntlosip’s for countryk
refer to products that representative ik whereas most of them are
unrepresentative inj it may be presumed thatPPP,J*  will have a
downward bias as compared wRIPP;.[* for the entire list of products in
the basic heading. As it may be very difficaltensure that product lists
are evenly balanced in practice there is inevitabhsk that at least some of
the Jevons PPPs may be biased, possibly substantiihe next version of
the Eurostat method was specifically designed toecb for potential biases
of this kind.

Jevons*

The simple Jevons indices were replaced by indlessribed here as
Jevons® The ‘asterisk’ method, is so called becauseakes use of the
distinction between representative and unrepreseatgproducts, the
representative products being flagged in the prodists by an *. A
detailed exposition of Jevons* PPPs and their gmggs is given by Sergey
Sergeev (2003).

The Jevons* binary index exploits the fact that theces of
representative products are likely to be relativielw and the prices of
unrepresentative products relatively high. The xidethe geometric mean
of two separate simple Jevons indices, one coveprgglucts that are

" See Prasada Rao (2001).

8 See Eurostat (1983). This publication carsta major section on methodology including a dption
of both simple Jevons indices and the Jevoirgdfces which replaced them: see Section 4.1,48p0
48. It also explains why Eurostat decided to ckeangm Jevons to Jevons *. A description and
evaluation of Jevons* indices was also given bigPHdill (1982).
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representative in the first country and the othmrecing products that are
representative in the second country. Some preduely be representative
in both countries and included in both indices.

Let My denote the number of products that are represemtat
either countryj or in k, and for which average prices are reported by
both j and k. My will generally be smaller than, the total number
of products on the list for the basic heading.

Let MRjk denote the number of products that are representat
country j and priced in both and k.

Let MRkJ- denote the number of products that are represestan
country k and priced in both and k.

Next, let m = 1, ... My index the set of products that are
representative in country or in countryk, and for which average
price are reported by bothandk.

Now, define the following weights.

Wi = 1/MRjk if productm is representative in country
wh% = 0 if produan is not representative in countyy
wh = 1/MRkJ- if productm is representative in countrl.
wh = 0 If produanis not representative in countky

The simple Jevons jindex, ij"‘ , for j's representative products is
the simple geometric mean of the price ratiostherproducts representative
of j: that is,

Similarly, Jevons kbased ork's representative products is defined
as follows.
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3) R¥=[] (p_r?jw
il Pr

m=1

~Jevons jor P,-J"‘ , may be expected to be greater tdamons kor
P . The denominator of each individual product PR¥/ p.!, entering
into Jevong consists of a product that is representative enldhse country
j, whereas the product in the numerator could beseitBpresentative or
unrepresentative of k. Conversely, the denominator of each individual
product PPP in Jevonk consists of a product that may be representative
unrepresentative, whereas the numerator includdy ogpresentative
products. Given that unrepresentative products terithve relatively high
prices, Jevone] may be expected to be greater than Jevéns This
expectation seems to be borne out in prattice

Assume that the target index for the basic heaBiPB is the weighted
Jevons index based on the assumption of a comntoof $2obb-Douglas
preferences. Jevong is likely to be above the target index and Jevéns
below the target.

In these circumstances a better estimate of tigetandex is likely to
be obtained by calculating the geometric averagkewbnsj and Jevonsk,
the P* andP/* indices, as follows.

m ., m
Wik +ij
M

(4) Pi = [PIR = (p_j 2
J* i Tk E!

This index, denoted bp;*, is defined as thdevons*index. It is a
weighted Jevons index that is intended to providewsgh estimate of the
target index, also a weighted Jevons ifflex

® Jevonsj and Jevons are described in paragraphs 7.7 to 7.9 of the SEar@®ECDManual on

Purchasing Power Paritie€006) as “Laspeyres type” and “Paasche typetaxgirespectively. However,
the indices are actually types of elementary gedmieidices whose properties are different from
Laspeyres and Paasche indices. Different termgyoi® preferred here even if it is less familiar.

12 The Eurostat-OECDManual on Purchasing Power Paritiekescribes the Jevons* index as a “Fisher
type" index because it is the geometric mean df thaspeyres type” and “Paasche type” indices falet,
however, the index resembles a Tdrngvist index niwae a Fisher, as pointed out on p. 7 of the phper
Sergey Sergeev (2003).
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It can be seen from (4) that it is not actuallyessary to go through
the process of calculating the two separate Jewmiises shown in (2) and
(3) asPy* could be calculated directly as a weighted geometean of the
individual product PPPs or price ratios, usingwlegghts shown.

The sets of products that are representative enittto vary from
country to country. It follows that the weightstive various binary Jevons*
indices will also vary from one index to anothettisat the indices cannot be
transitive. The final step is therefore imposansitivity on the Jevons*
indices by means of the EKS formula. The resulftigfs are described
here as EKS/Jevons* PPPs. Eurostat describes smaply as EKS*
indices.

It is worth noting that the Jevons* index does mmude products
that are unrepresentative in both countries evegmrides are reported for
them by both countries. However, the prices oE¢hproducts will exert
some indirect influence on the final Jevons* EKSPPBetween the two
countries as they must be used in the calculatidlewons* PPPs with third
countries.

It is useful to illustrate the Jevons* index by meaf a numerical
example.

An example of a Jevons* PEP

Suppose two countries report prices for 12 of thedpcts on the
common list. Country has 10 representative products and the couktry
has 5 representative products. Let the prodRiePs forj’s representative
product be numbered 1 to 10, and thosek®products numbered 8 to
12. Products 8, 9 and 10 are representativetim ¢obuntries.

Let PPP,, denote thelogarithm of the product PPPpy* / ps for
productm. By definition,

(5) LnP*=1/10 (PPR + PPR, + ... + PPR, + PPRy)

(6) LnPM= 1/5(PPR + PPR, + PPPy, + PPPy + PPPy,)

' The example is the same as that given in Chapteof thelCP Handbook
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(7) LnP =% {LnR*+ LnRM}

= 1/100 { 5(PPR + PPPR, + ... + PPR + PPR) + 15(
PPP; + PPR, + PPP,y) + 10 (PPR; + PPPy,)}

* Although | has twice as many representative productk, abe
imbalance is compensated by the fact that eachithil PPP for
a representative product bfcarries twice as much weight iy
as eaclPPP for a representative product pf

» Because products 8, 9 and 10 are representativetincountries,
their PPPs enter into the calculation twice. They carryeight of
15 % reflecting the fact that each receives a wegh5 % in
respect of country plus a weight of 10 % in respect of counky

The binary Jevons* PPP between this pair of coemtis therefore a
weighted Jevons in which

» the PPPs for products 1 to 7 carry a weight of 5 %;
» the PPPs for products 8 to 10 carry a weight d#l5
» the PPPs for products 11 and 12 carry a weighOdfo.

The pattern of the weights depends on the relativebers of representative
products in the pair of countries in question, ikain the ratiMjk / M7k,
and also on the relative size of the set of praititat are representative in
both countries. The pattern of weights will thereftend vary from one pair
of countries to another. The weights are easilske out case by case.

It is worth noting that even if there are no empéglls in the price
tableau, the weights will still vary from one Jes®RPP to another. Having
a complete set of prices does not ensure trartgitivi

Sergey Sergeev (2003, pp. 9 to 13) has pointedhatitlevons* does
not necessarily lead to ‘balanced’ or ‘unbiased’tinestes in all
circumstances. It has therefore been proposegplaage Jevons* by a third
type of Jevons PPP labelddvons-Sby Eurostat. It is easiest to explain the
index by utilizing the example given above.
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Jevons-S

In general, the products within a basic headingl isealculate a
Jevons* PPP between two countries A and B eashibded into three
groups.

1. Products that are representative in A but not ifpBoducts 1 to 7 in the
example)

2. Products that are representative in both countfjpesducts 8 to 10)

3. Products that are representative in B but not ifpfoducts 11 and 12).

It can be seen from equation (9) that the JevdPBP can be regarded as a
weighted average of the product PPPs in the tm@mgog of products. As
already shown, each product PPP in group one saameeight of 5%; each
in group 2 carries a weight of 15% and eachraug 3 a weight of 10%

However, the Jevons* can also be viewed as ahtexiggeometric
average of the simple geometric averagessifopleJevons PPPs) for each
of the threegroups In the example, the group weights are 35 % %4&nd
20% respectively.

The geometric average (or simple Jevons) forptueluct PPPs in
group 2 should provide an unbiased estimate ofatget basic heading PPP
because representative products are being compaitedrepresentative
products. The geometric average for group 1 isylite have an upward
bias, while that for group 3 is likely to have angwwvard bias. However, the
Jevons* PPP gives more weight to the geometricagvefor group 1 than to
that for group 3. The Jevons*PPP seems to have smward bias in this
example.

In order to have an unbiased estimate, equalhwsigpuld be given to
the geometric average PPPs for the first and tghalps. In general,
however, the weights for groups 1 and 3 do not have equal, so that the
Jevons* PPP is liable to produce biased results.

The alternative index proposed by Sergey Sergedesgned to
eliminate this kind of potential bias. There awe changes from Jevons*.
First, groups 1 and 3 should be allocated equatwe Second, the
individual product PPPs in group 2 should be gigteuble the weight of
those in groups 1 and 3 on the grounds that a P&Rstestimated from the
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prices of products that are representative in botimtries is likely to be
reliable.

In the example, counting each prod&&P in group 2 twice would
double the number dPPPs in group 2 from 3 to 6. The numbers in the
three groups become 7, 6 and 2, so that thghtgeof the groups become
46.7%, 40.0% and 13.3 %. Equalizing the weidbtsgroups 1 and 3,
while keeping the total weight of the two grouphenged means that the
weights for the 3 groups become 30%, 40 % and B@8pectively in
Jevons-S as compared with 35%, 45% and 20% innd&voBy reducing
the weight for group 1 and increasing that for grol8 the presumed
upward bias in Jevons* should be eliminated.

Jevons-S can also be viewed as a weighted avefape odividual
product PPPs, the weights being 4.3%, 13.3% arfd itbJevons-S as
compared with 5, 15% and 10% in Jevons *.

From a theoretical viewpoint, Jevons-S seems tonta@ginally
superior to Jevons*. While the two methods arelyiki® produce very
similar results in most cases, there may be examegiticases in which they
yield significantly different results. Both methodstroduce differential
weights for the individual PPPs that are by no msemtuitively obvious,
and which are liable to vary considerably from qaér of countries to the
next depending on the relative sizes of the thmeeigs of products. The
variation in the patterns of weights means thabds\S indices, like the
Jevons* PPPs, are not transitive so that theé §tep is to apply the EKS
formula to obtain the Jevons-S/EKS PPPs.

There can be difficulties with both the Jevons* dedons-S PPPs if
the absolute numbers of products in any of theetly®@ups become very
small or zero. In the above example, suppose timber of products in
group 3 falls from 2 to 1; in the Jevons-S PPPdingle product PPih
group 3 would be given as much weight as the aeeddgall 7 product
PPPs in group 1. If there were to be no produttgroup 3 the group 1
product PPPs would have to be ignored in JevorikeShasic heading PPP
being estimated using the product PPPs for groapl® Discarding PPPs
in this way would be a matter of concern. They Mot have to discarded
using Jevons*, but it can be argued that Jevonstiymes biased results in
these circumstances (as would a simple unweiglkeeahd PPP).
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Spanning trees

Another multilateral method that uses the binarpraach is the
Spanning Tree method developed by Robert Hill (39®&8ich can be
applied to elementary PPPs as well as aggregate ombe method uses
graph theory. The countries in the group can peesented on a graph. A
connected graph is one in which it is possibledwdl from any one country
to every other country in the group by means ofyésd linking pairs of
countries. A cycle exists if it is possible toviea from one country to
another by two or more distinct paths. A spanrmeg is then defined as a
connected graph which has no cycles. In a PPRxbiite edges linking the
countries consist of binary PPPs. If there areoGntries in the group a
spanning tree has C-1 edges or links.

A spanning tree can take many different forms. @xemple is a star
with one country at the centre with every otherntoubeing linked to it by
a binary PPP. Another example is a chain of pifdPPs. Alternatively,
parts of spanning tree can be stars and other phaiss. In a spanning
tree, each country must engage in at least oneybamanparison but some
countries may engage in several.

The problem is to find which out of the many poksgpanning trees
Is optimal in some sense. For example, supposeatimeasure of reliability
can be attached to each binary PPP. One possiiitid then be to find
the spanning tree consisting of the C-1 binary PlARsarecollectivelythe
most reliable. In other words, the optimal spagrnmee could be viewed as
the one with the strongest possible set of linkstraightforward computing
algorithm, Kruskal’'s algorithm, exists to find suah optimal spanning tree.
Other criteria besides reliability could be usedd&termine an optimal
spanning tree.

Suppose the links in the graph are weighted JelP8i13s. If they all
used the same weights the PPPs would be transitivehich case every
possible spanning tree would generate the sanw B¢tPs. There would be
no need to search for an optimal spanning treeis €ase includes the
situation in which there are no missing prices ahe Jevons are
unweighted. For example, if the binaries arerahgitive, any chain with C-
1 links that connects all C countries gives the esagsults as any other
chain. The order in which the countries are chaireedmmaterial: the
indirect PPP between any given pair of countriethéssame as the direct
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PPP whatever the order. If they are representatianform of a star, it
makes no difference which country is chosen totllkeacentre of the star.

On the other hand, the elementary Jevons will rotransitive in
practice, in which case the determination of aninogit spanning tree
provides an alternative way of achieving trangjiio the EKS. As a
spanning tree requires only C-1 binaries most eflimaries would not be
needed. Ignoring them after they have been estnabay not be
desirabl&’. However, once the form of the optimal spannieg s known,
and also possible alternative trees based on atiiteria, it may become
possible to use the knowledge to conduct subseqt@iow—up PPP
programs on a reduced scale by concentrating oy @melatively small
number of binaries.

The multilateral approach to elementary PPPs

In the multilateral approach, the entire set ofredatary PPPs for a
group of countries is estimated simultaneously.e phime example of the
group approach at the level of the basic headinghes CPD method
proposed by Robert Summers (1973). It has been wsedl the various
phases of he ICP. It uses the stochastic apprtmaghice indiceS. The
model underlying the CPD is that

B)pj = ka By I=1,2,...n:j = 1,2, ...¢C

Oan = 4=1

wherex is a constantg; is a parameter for countyy 4 is a parameter for
product i andy; is a random error term. As the model is concemuid
price ratios, there are only n+c-1 parameters tonate. Equation (9) is
needed to determine the absolute levels of thegrdd/hen both=1 and =

1, the expected value pf = «. In effect, product 1 in country 1 becomes

12 When the EKS formula is used some binaries aisy be ignored in practice if they are considéoed

be unreliable. It is possible to calculate acfetansitive EKS PPPs from an incomplete setindity

PPPs.

13 See Chapter 16 by Erwin Diewert of ti#| Manual (2004) onThe Axiomatic and Stochastic
Approaches to Index Number TheoFpr a discussion of the stochastic approach béenbasic heading
level in a time series context, s#ee section orA Simple Stochastic Approach to Elementary Indices
paras. 20.100 to 20.111 of Chapter 20, also byirEBiewert, in theCPI Manual See also Prasada Rao
(2004) and Erwin Diewert (2004)
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the ‘reference’ product, all prices being measureldtively to its price.
Country 1 therefore acts as the reference couatrihe PPPs?’

Taking natural logarithms of both sides of (10) &bt)) we have:
(10) Inp; = Ink+ Ing +Inga + g
(11) In a, = In ,B.I. =0

Equation (10) can be rewritten as follows using s&ts of dummy variables
X;j andYj that take the values of either unity or zero:

(12) Inp; = Ink+ InaxxXip+1In asxz+ ...InacXe + In By
+ In IBE»YSJ' + In IBCYZC"' &ij

The parameters of equation (12) can then be esttiay least squares or
multiple regressioli. The number of parameters to be estimated, inuiudi
the constank, is equal to n + ¢ — 1. The number of simultaiseaguations
to be solved therefore also equals n + ¢ — 1.

The least squares estimatellok can be interpreted as the log of the
expected price of the reference produce., of In p;;. Denoting the least
squares estimates of the paramefieas and In 4 byln g and In b, In g
measures the expected logarithm of the price mtiop,, both prices being
measured in their own currencies, this ratio beisgumed to be a constant,
a; , for all products. Similarlyln b measures the expected logarithm of the
ratiop; / p;this ratio being assumed to be constant for alhtees. g is
the estimated PPP of countijywith reference to country 1. The reference
country can be changed from countrio any other country, such as country
j simply by dividing all the estimated PPPs dgy The estimated PPPs are

14 Most presentations of the CPD model have no eotderm, in which case normalization can be
achieved simply by letting; = 1 without requiringf3; = 1. However, when a third type of variable,
representativity, is introduced into the model aaditional constraint has to be imposed anywawyhicth
case the approach adopted here is more convemdrgyenmetrical. For a simple exposition of regss
with dummy variables, see David Huang (1970). relmarks, p. 166 that: “The rule of thumb is that ,
whenever there are two or more dummy systems, drepvariable from each system (preserving the
constant, say) for OLS estimation.” When represtévity is introduced into the CPD, there are thoze
more dummy systems, depending on whether interatgions are included.

5 The use of regressions with dummy variablesimaigd in the analysis of experimental data whiee t
variables are often non-numerical or qualitativeritaites such as location or plant variety. See, fo
example, Oskar Kempthorne (1952) chapters 5 and 7.
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transitive. One advantage gained by using the Clad is that sampling
errors can be estimated for all the coefficiemtsluding the PPPs.

One important question is how the estimates obdafram a simple
(unweighted) CPD relate to the various Jevons ewligsed in the binary
approach. Consider first the special case in kvBieery country reports an
average national price for every product on the lis other words, the price
tableau is complete. From a CPD perspectiveg#ta are orthogonal. The
estimated PPP for each pair of countries is indépenof that for every
other pair of countries. Bearing in mind that tependent variables in the
CPD are the logarithms of the prices, the estim&agdPPP for any pair of
countries is equal to the difference between theithmetic average log
prices. The PPP therefore equals the ratio ofymmetric average prices
for the two countries compared. This is, of ceutee simple Jevons index.

Given that the price tableau is complete and eastons covers
exactly the same set of products, the Jevons isdice transitive. The CPD
estimates coincide with the Jevons indices. Inctheclusion to his original
paper on the CPD Robert Summers (1973) remarkddllag/s. “In the
limiting case in which there are no missing obseova in the price tableau,
it can be shown that the regression procedure ammaoorthe computation of
a set of geometric means. Since this is just wdme normally would
compute to estimate relative price levels if he dad introduce stochastic
considerations into his framework of analysissiteassuring to see that the
regression method is consistent with ordinary pract

The coincidence between the simple CPD estimates sample
Jevons indices when the price tableau is compgetewell known result in
the design and analysis of experiméhtsTwo points should be noted. The
first is that the coincidence is not between CPD &KS as the EKS
formula is not involved. Indeed, whenever the BK@nula actually has to
be used because the Jevons indices are not tvandiie CPD and EKS
results do not coincide. The second point is ghsimple CPD and weighted
Jevons indices of the kind actually used by Eutodtanot coincide even
when there are no missing prices. The choice dhatecan make a big
difference even when the price tableau is complete.

16 See, for example, Prasada Rao (2004) for agiopnoof in a PPP context.
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It is useful to clarify the role of missing pricesf some prices are
missing the simple Jevons PPPs will not be trargsitiecause the coverage
of the various Jevons PPPs will vary from binarpitwary. In this case, the
EKS formula is needed to impose transitivity. rra CPD perspective the
data are not orthogonal and the PPPs cannot lreatst independently of
each other. They have to be estimated simultangdyssolving the normal
regression equations.

Once the country and product parameters have bstenaged they
can used to estimate the missing prices and &lhtbles in the price tableau,
if desired. Of course, it is not necessary talik holes in order to estimate
the parameters. Quite the reverse, the holes thenidled without already
knowing the estimated product parameters and PPPs.

It is useful, however, to consider the interpretatinat can be placed
on the PPPs when all the holes in the price taldea filled. If a new CPD
were to be run on the resulting complete tableaaadfial and expected
prices the estimated country and product parameteutd remain identical
with the original estimates. Adding observationsat regression that are
predicted by the regression cannot change thessigre

Suppose that simple Jevons PPPs are calculatethdocomplete
tableau of actual and expected prices. They meigtamsitive because the
coverage of each Jevons is the same. Thus, attd#rexpected to the actual
prices can be viewed as a method of imposing traitgion a set of binary
Jevons PPPs. It is an alternative to the EKS ditam Conceptually, it is
more transparent than EKS.

Finally, suppose a CPD were to be calculated fadhalproducts in
thebasic heading as a whole. The ratios of theargdeprices in one
country to those in another are constant for epenguct (and equal to the
CPD PPP). Given the expected prices in one cputhe expected prices
in other countries are obtained simply by scallmgm all up or down by a
constant, the PPP. The expected prices can theredoviewed as tracing
out the general price level in each country. Tttea prices of
representative products can be expected to be libbgeneral price level
as so defined and the prices of unrepresentatoaupts to be above. If the
products selected for pricing are all represengativone country and
unrepresentative in another, it is clear that a e&€ulated by comparing
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their prices will not reflect the relative pricevéds in the two countries
whatever method of calculation is used.

Weighted Jevons and weighted CPDs

In practice, there are no data on quantities @esditures within a
basic heading which can be used as weights. Hétwere, it would make no
sense from an economic point of view to calculdéenentary price indices
that ignore the expenditure information. PPPsbfasic headings could be
calculated in the same way as PPPs for higher laggregates. For
example, when the binary approach is used, theopppte index to
calculate for each basic heading would be supedlatidex’ such Fisher or
Tornqvist. The Tornqvist index can also be vievesda weighted Jevons
index in which the weights are simple arithmetier@ges of the expenditure
shares in the two countries compared. As expemdishares vary from
country to country in practice, the weights wouédyfrom one binary index
to another so that the weighted Jevons indicesdvoat be transitive, even
with complete information on prices and expendsgure To achieve
transitivity they would need to be adjusted, presbin by using the EKS
formula

Using the multilateral approach if, hypotheticalthere were to be
expenditure data available within a basic headangeighted CPD in which
the weights were the expenditure shares within eacimtry would provide
better estimates of the PPPs than a simple '‘€EPO’he estimated PPPs
obtained from a weighted CPD are transitive. ltofes that they would
differ from the corresponding binary weighted Ténst{Jevons PPPs, even
with a complete set of prices.

The special case in which the simple Jevons anglsiCPD coincide
when there are no missing prices has attracteqtiaitein the literature. The
appropriate generalization of this case is theasitn in which different
products carry different weights but the weights #re same from country
to country. In the context of a set of multilatecmamparisons, simple
averages of the expenditure shares in each of dbhatres in the group
provide an appropriate set of weights. As the isigvould be the same for
each binary comparison, the weighted Jevons indemdd be transitive.

" The concept of a superlative index was intreduia Diewert (1976).
18 Erwin Diewert (2004) has argued that “transacshare weighted CPD purchasing power parities ...
provide a reasonable target set of parities thalddoe used in international comparisons.”
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From the CPD perspective, when the product weighegshe same for each
country, the data are orthogonal so that each cp@RP can be estimated
independently of those for the others. For thssos, the weighted CPD
PPPs coincide with the weighted Jevons. The biaa the multilateral
approaches converge.

A binary Jevons with average group shares can ibwed as a
generalization of the Tornqvist index from a pdircountries to a group of
countries’. The average expenditure share for the individpair of
countries in question is replaced by a simple ayeraf the expenditures
shares for the group as a whole. Taking a simpérage assigns equal
importance to each country in the group irrespettiof its size. Although
the binary approach is retained, the charactesisiiche group as a whole
are imposed on each binary instead of the charsintsr of the pair of
countries on their own. This is a conceptuallyaative way of achieving
transitivity in a set of multilateral comparisonstht must be remembered
that, in practice, there is no real possibility lwéing able to use group
expenditure shares as weights within a basic hgadin

The Extended CPD Method, or CPRD Method

Suppose that for each country the products thategmesentative are
flagged by markers such as asterisks. This iptbeedure followed in the
Eurostat-OECD program. If a product is represergain a particular
country it may be expected to have a relatively jmee in that country.
Representativity may be expected to exert an inflteeon the price of a
product in the same kind of way that the type afdoict or the country in
which it is sold influences its price. It oughthlie included, therefore, as an
additional explanatory variable in the CPD.

A given product will be representative in some daes and
unrepresentative in others. Thus, the price ofivengproduct may be
expected to be relatively low in one country anidtreely high in another
country depending on whether or not it is represerd. In the model
underlying the CPD method the product parametegstiae same for all
countries which implies that if representativitynist included the pattern of
expected relative prices is same in all countrie3he inclusion of
representativity enables this unrealistic assumgptiiobe relaxed somewhat.

19 See Hill (1997).
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The expected price of a product relatively to aaotproduct in the same
country is not constant when representativity iduded as an additional
explanatory variabf8.

Let ) denote the degree of representativity. Only twgreles are
distinguished here: namely, representative dernogge and
unrepresentative denoted gy However, in principle, more than two
different degrees of representativity could be gatzed: for example, very
representative, moderately representative and teseptative.

The basic model is now written as:
(20) pj = K & B K Vi I=1,2, ...n:j = 1,2, ...m
) an = B= =1 k =1, 2.

Taking natural logarithms of both sides of (20) é2t) we have:

(22) Inpj = Ink+ Ing+InA +Ink + g

23) Inay =InB=Iny =0

The regression equation now requires three sethimimy variables
Xik, Yik andZy . It becomes:

(24) Inp; = Ink+ InaxXip+1In asxz + ...InacXe + In By,
+InByy + INByact Inpzp + &

The expected price depends on the combined effeittree factors:
the country, the product and its representatiyen that the coefficient of
a representative product is fixed at unity, the fii@ent of an
unrepresentative product may be expected to béegridwan unity.

20 The extension of the CPD model to include repregmmity was first proposed by James and Margeret

Cuthbert (1988, p. 55) who argued as follows: “Ttandard CPD technique makes no allowance for
characteristic / non-characteristic bias. It is difficult however to see how the basic CPD modrild be
extended to allow for the possibility of a diffetiah price between characteristic and non-charestier
products, if information on the characteristic /natharacteristic classification of items is avaiab
‘Characteristicity’ means roughly the same as ‘espntativity’ here.
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Consider two products. The traditional CPD modasluases that the
ratio of their prices is the same in every couniilye extended CPD model
allows the ratio of their prices to vary betweerm teountries depending on
whether the products are representative (or unseptative) in both
countries, or whether one is representative in anentry and the other is
representative in the other country. The incluswihnthe dummy for
representativity introduces some flexibility intdhet CPD model by
permitting a limited amount of variation in the teah of expected relative
prices between countries.

The addition of the new variable, representatidtyes not simply add
another parameter to be estimated. It adds andiimemsion to the analysis.
As there are three types of explanatory varialiidbe regression -- country,
product and representativity -- the extended repasis described as the
CPRD method.

If the product list is unbalanced, there is a rhklat without the
representativity term the estimated CPD PPPsheilbiased for the same
reason that the simple Jevons indices are liablebdo biased. As
representative products may be expected to haetiviedly low prices, if
most of the products on the common product list repgesentative for a
particular country its expected PPP using the CRIDbe lower than the
CPD PPP for the universe of products in the basiading. The CPD
estimate will have a downward bfs With a random sample of products,
there should be no systematic bias but purposieetsen could well lead to
situation in which most of the products are unrspngative in the majority
of countries: for example, if the common produetravto be put together by
merging lists that are representative of two oe¢hcountries only.

The need to avoid a situation in which the prodistis dominated by
products that are representative of a minority mfntries has always been
recognized in international comparisons. Howeitas, not easy to achieve
a balanced list in practice. The advantage ofgilagy products that are
representative is that even when the product i®alainced it is still possible

2L James and Margaret Cuthbert (1988), use actualfdatathe OECD PPP program to test for the

significance of representativity. They conclude7 9.
“(@) There is evidence of a significant positivéfatential effect on the prices of non-
characteristic items.
(b) The magnitude is such that, for some blasaxings, it could potentially have a very serious
effect in distorting inter-country PPP comparisbns.
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to use the information to correct for the potenti@s in the process of
estimating the elementary PPPs. The Jevons* ewmh3-S indices exploit
this information when the binary approach is usdilemhe CPRD method
does so when the group approach is adopted. dteeVikely to produce
similar results in most cases. On the other hdre@simple Jevons and the
Jevons* indices are liable to produce differenuitss as also are the CPD
and CPRD.

The distinction between representative and unreptative products
has been successfully exploited in the Eurostat-Dptogram for many
years. However, countries with no previous expeeeof using it may have
difficulties implementing it. Some countries maytnhave enough
information to distinguish representative from yresentative products in a
satisfactory way. Different countries may alsceiptet the distinction in
different ways. If the information collected abaoapresentativity turns out
to be inconsistent, incomplete or unreliable it maye to be discarded. In
this case, it still possible to fall back on theBCP

Conclusions

The selection of the products to be included ehdabmmon list used
for purposes of price collection can be critical fternational comparisons.
The results seem to be more sensitive to the smbeat list of products used
for price collection in temporal price indices. Wever representativity is
defined in temporal indices, a representative ptbadian be expected to
remain representative over time. When the sameaugtois priced
repeatedly in successive periods the price of eesgmtative product in one
period is not compared with the price of an unrepnéative product in
another period. However, in international compgarssthe same product can
be representative in one country but unrepresertati another. It is
necessary to try to allow for this when calculatedgmentary PPPS.

The choice of elementary index is contingent onetiver or not
reliable information about representativity can dmlected and utilized.
Eurostat and OECD have been successful in colipatich information in
their joint PPP program. The evidence and expeeeaccumulated over
several decades strongly suggest that methodsatkeatible to take this
information into account in the process of estimgitihe elementary PPPs
are superior to those that do not. The formemhte to correct for potential
biases resulting from the use of unbalanced protistd. Jevons* and
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Jevons-S indices are superior in theory and intigedo simple Jevons
indices while the CPRD is theoretically superiotite CPB%.

The differences between methods that make useprEsentativity
(Jevons*, Jevons-S and the CPRD) and those thabd(simple Jevons and
simple CPD) are not reduced as the number of pricd#iected for the
products on the list increases. The fact that Endpvons and simple CPD
coincide when there are no missing prices provigesful insights into the
relationships between binary and multilateral meghbut does not imply
that there is any tendency for the results obtalmedther methods also to
converge on the simple Jevons and simple CPD asuhwer of missing
prices decreases. The choice of methodology dadteinwhether there is a
complete set of prices or not.

Annex

Representativity, relative quantities and balanpeaduct lists

The purpose of this Annex is to explain how infotima about
representativity could be used to construct baldupeeduct lists in the
hypothetical situation in which quantity data avaitble for the universe of
products within a basic heading. The objectivi® By to establish what
kind of product list can serve as a target in &ad world of incomplete and
fragmentary data.

Representative products are defined here as pothattare
purchased in relatively large quantities in a countWhen there are only
two countries it is easy to see which productsparehased in relatively
large quantities in one country compared with ttheen  When there are
many countries, however, each with a differentgratof relative quantities,
situation is more complex.

2 Ina paper by Yuri Dikhanov on “Assessing the Efficy of Elementary Indices with Monte Carlo

Simulations” presented to the ICP Technical AdwsBroup in September 2004 simulated data were used
to evaluate the results obtained for various methdekcribed in this paper. The conclusion reachesl w
that “the CPRD was found to be superior to the o@D and EKS style indices.” It was also concluded
that: “In general, CPRD index is found to be thestoobust, especially with sparse price and
representativity matrices.”
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An objective and efficient way in which to identiiyoducts that are
purchased in relatively large quantities in a jgatéir country is to compute
a CPD in which logarithms of the quantities araesged on the country and
product dummies. The model is exactly the sanferas conventional CPD
as given in equations (8) and (9) in the text ektequt log quantities replace
log prices as the dependent variable. The estonatuntry and product
parameters are then used to predict the expedjegulantities for each
product in each country. Finally, the residuaés,the differences between
the actual and expected log quantities, are cdtmlila After taking anti-
logs, the residuals take the form of ratios ofdbtial to the expected
guantities. Products with residual ratios in esagfsunity are consumed in
relativelylarge quantities in that country compared witheottountries.
They are representative products as defined hé&rsimple numerical
example can be used for illustration.

Suppose there are 3 countries A, B and C, tAeduniverse of
products in the basic heading consists of 6 prtsdu An illustrative set of
guantities are shown in the first 3 columns ofl€ahl1l. The quantity units
can be quite different from product to product.e ®xpected quantities
given by the CPD are shown in the middle sectiotineftable and the
residuals, as measured by the ratios of the atdubhe expected quantities,
are shown in the third section. The entries inablemn and row labeled
GA are geometric averages.

Table A.1

Actual, expected and residual quantities using@R® method

Pro Country Country Country

duc/l A | B| C A | B | C Al B| C

t i | Actual quantities Expected quantities Residuabgati | GA
1 80 | 200 | 16 53.04215.44| 22.26| |1.51/0.93 | 0.72 1.00
2 25 | 100 | 18 29.71121.45| 12.47| 10.84/0.82 | 1.44 1.00
3 20 72 8 18.8¢ 77.11] 7.92| |1.06/0.93 | 1.01 1.00
4 15 90 9.% |19.55/ 79.92| 8.21| (0.77/1.13 | 1.16 1.00
5 50 | 225 | 12.5 [43.44|177.56|18.23| |1.15/1.27 | 0.68 1.00
6 70 | 336 | 42 83.19340.05| 34.92| [0.84/0.99 | 1.20 1.00
GA | 35.8|146.2| 15.0/ |35.79|146.2 | 15.02 |1.00|1.00 | 1.00 1.00
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As just noted, a residual ratio above unity indésathat the actual
guantity is greater than expected so that the gyastelatively large
compared with other countries. The country’s sltdrthe total
consumption of the product in the group of coustrgetherefore above
average. For example, the ratio of actual to ebguefor product 2 in
country C is 1.44. Country C's share of proddcis equal to 12.6%
whereas the average share for country C is 7.6%.

When the CPD is used the geometric average okesidual ratios for
all the products in a country must be unity (the arétic average of the log
residuals is zero). When selecting a sample fiptaducts for pricing the
objective should be to choose a list that refldutssituation in the basic
heading as a whole by trying to ensure that tregdometric average of the
residual ratios of the selected products is aediosinity as possible for
each country.

Suppose, for example, that products 1, 3 ancere wo be selected to
make up the list. The geometric averages ofekelual ratios for these
three products for countries A, B and C ar&1.2.03 and 0.79
respectively. This particular list favours tlepresentative products of
country A and discriminates against the repreget products of country
C. It can be seen from Table A.1 that the listststs of the three products
with highest residual ratios in A and excludesttiree products with the
highest residual ratios in C. The list is verypalanced.

Assuming a negative correlation between relativeegrand relative
guantities, all the products on the list are liki\be relatively cheap in A
and relatively dear in C. If a CPD were to be oarthe prices of the
products on the list, the estimated PPPs woulektber be likely to be
biased compared with the CPD PPPs for the basidihg as a whole.

A more balanced list can be obtained by simplyciglg the most
representative product for each of the three casatr.e., the product with
the highest residual ratio. This is a rational abpbctive procedure. The
list therefore consists of products 1, 2 andTBe geometric averages of
the residual ratios for these three products fonttes A, B and C are
1.13, 0.99 and 0.89. This list is by no meanfeptly balanced but it is an
improvement over products 1,3 and 5.
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The optimal strategy for selecting a product ligidd be to try to
ensure that it contains some products that areseptative of every
country. This is the kind of strategy followedtire Eurostat-OECD
program. ldeally, countries could be asked to maite the two or three
products with the highest residual quantity ratarsinclusion on the
common list, but of course the data needed to uamtity CPDs will not be
available in practice. However, country experts loarasked to identify two
or three products that they believe to be purchaseslatively large
guantities in their countries.
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