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1. Introduction

The final results for the 2005 International Conmgam Program (ICP) have been
released in February; for a tabulation of the tssidee the World Bank (2008). The
program compared the level of prices and the gtesitor volumes of GDP (and its
components) for 146 countries for the year 200mterhational price statisticians
developed Structured Product Descriptions (SPDsfproximately 1000 produétand
the individual countries collected price information these products for the year 2005.
The 1000 products were grouped into 155 Basic hhep@BH) categories. The price
information collected in each country was then cared across countries, leading to a
matrix of 155 basic heading prices by 146 countri@he precise way in which the
individual product prices in each BH category waggregated into a single country price
for each BH heading is the topic which will be istigated in sections 2 and 3 below.

The 2005 ICP differed from previous ICP rourid$n previous rounds, each country
attempted to find prices in their country for a eoan product list. However, it is
difficult to find products that are representatfee all countries in the world and so the
decision was made to break up the world into 6omgiand price statisticians developed
separate product lists for each region. The 6 regions wefE: Africa with 48
participating countries; (2) South America with é¢funtries; (3) Asia Pacific with 23
countries; (4) The Commonwealth of IndependenteSt4CIS) with 10 countries; (5)
West Asia with 11 countries and (6) the OECD ar@oEuropean countries covered by
Eurostat plus Israel and Russia adding up to 46tces in this region. This sums to 148
countries but Egypt appears in both the African &ddst Asia regions and Russia
appears in both the OECD and CIS regions so threr&46 participating countries in all.

! Paper presented at the Joint UNECE/ILO MeetingComsumer Prices Indices, May 8-9, Palais des
Nations, Geneva. The author thanks Yonas Biru,i Rikhanov, Alan Heston, Peter Hill, Alice
Nakamura, Fred Vogel and Kim Zieschang for helgiatussions and comments but none of the above are
responsible for any opinions expressed by the autho

2 Most of the products referred to are componenisdifidual consumption: “There are about 830 SPDs
that cover 100 Basic Headings for individual conption. Each SPD contains price determining
characteristics that will define unique productsnirany corner of the world.” Dennis Trewin (20@3;

For an overview of the organization and methodolaggd in the 2005 ICP, see Trewin's paper and the
other contributions in the March 2008 issue ofltbe Bulletin which was edited by Yonas Biru.

% For an overview of previous ICP rounds and anssssent of the current round, see Heston and Summers
(2008).



The fact that the product lists in each region walewed to be different across regions
means that without further information, prices antlmes could not be compared across
regions. However, the World Bank, in cooperatiathwether national and international
statistical agencies, developed an additional prbdlat, which was priced out by 18
selected countries across the regions. Theseur@rees were calledng countries The
prices that were collected by the ring countrigagishis final product list enabled price
comparisons to be made across the 6 regions. Wedicate how this was done at the
Basic Heading level in section 3 below and in sectb, we will indicate how
comparisons at higher levels of aggregation betwegions were made.

There was another methodological innovation madaisicurrent ICP round in addition
to having regional product lists: the price past@ Purchasing Power Parities (PPPSs)
and relative volumes for each country were deteeghinsing information on prices and
GDP expenditure shares that pertained only to cmsniithin the given region and these
parities and relative volumes were preserved intbdd comparison. Thus each region
was independently allowed to determine its couRf¥s and volume shares and the final
linking of the regional results into a global woddmparison left these regional relative
parities undisturbed.

The final results from the 2005 International Congmn Program for the 146
participating countries are available on the Wdslahk website; see the World Bank
(2008) for these results and explanations for waridifficulties that were encountered.
This publication explained the basic frameworktfoe provision of the data as follows:

“The purchasing power parities and the deriveddatdirs in this report are the product of a joifiorfby
national statistical offices, regional coordinataad the ICP global office. PPPs cannot be condpurte
isolation by a single country. However, each coumtas responsible for submitting official estinmtef
2005 gross domestic product and its componentsulptpn counts, and average exchange rates. The
regional coordinators worked with the national istatal offices to review the national accountsadad
ensure that they conformed to the standards ofLl#83 System of National Accounts. Similar reviews
were conducted for population and exchange rate"ddthe World Bank (2008; 2)

The World Bank noted that the data provided by @huere not quite complete and that
the Tables broke China into 4 separate regions:

“China submitted prices for 11 administrative araad the urban and rural components. The WorlckBan
and the Asian Development Bank extrapolated thésgt§ prices to the national level. The Chinaaddb
not include Hong Kong, Macao, and Taiwan, Chinalie World Bank (2008; 2).

The World Bank publication also explained how tkd Idealt with the fact that Egypt
appeared in two regions (and priced out the prolitstfor both regions):

* Egypt is an exception to this statement as wikkkplained below.

® The paragraph below explains how Egypt's over®PRand share of world product can be calculated at
higher levels of aggregation (when GDP expenditofermation is available). Presumably, at the basi
heading level, when linking the regions, the rimyitry methodology to be explained in section el
can be used without modification but there is addél information available due to the fact thatypig
priced the regional baskets for two regions. has clear whether this additional information wesed at



“Egypt participated in both the Africa and West &$CP programs by providing prices for the products
included in each comparison. Therefore, it wassiixds to compute PPPs for Egypt separately forcafri
and West Asia. Both regions included Egypt resulttheir regional reports. Egypt appears in thebgl
report in both regions. The results for Egypt freath region were averaged by taking the geommeiean

of the PPPs, allowing Egypt to be shown in eaclioregith the same ranking in the world comparison.”
The World Bank (2008; 2).

Finally, the World Bank explained how the CIS ragibresults were obtained:

“Russia participated in the price collection foitibthe CIS and OECD comparisons. As with Egypt, $PP
for Russia were computed separately for the OEGDGIS comparisons. However, the CIS region did not
participate in the Ring. Therefore, following pasactices the CIS region was linked to Eurostat-OEC
using Russia as a link. For comparison purposessiRis shown in both regions in the report.” TWerld
Bank (2008; 2).

Thus since Russia is the only country that beldngsoth the OECD region and the CIS
region, linking the two regions at both the BasieaHing level and higher levels of
aggregation can be done though Russia. The sakirdistrategy could have been used
to link the Africa and West Asia regions using Eggs the linking country (or bridge
country using ICP parlance) but a decision was nmadéo do this.

Our task in the present paper is to present sombesimethodological details of the
methods that were used to:

» Construct Basic Heading PPPs for the countriesinvighregion (see section 2
below);

* Link the Basic Heading PPPs across the regionsi¢ees);

» Construct aggregate price and volume comparisonssgcountries within a
region (section 4) and

e Link the price levels and volumes for each coumtthin a region across the
regions in a way that preserves the regional k&gtrice and volume measures
(section 5).

Thus sections 2 and 3 deal with the problems aatsatiwith the aggregation of price
information at the lowest level of aggregation vehénformation on expenditures or
guantities is not available. Sections 4 and 5 el aggregation problems at higher
levels of aggregation where expenditure informabgrtategory and country is available.
It should be noted that the material to be covearedections 2-5 below overlaps
substantially with the material in th€P 2003-2006 Handboglkee Hill (2007a) (2007b)

the Basic Heading level. Presumably, this will éelained when the World Bank provides a more
complete methodology paper on its website.

® The problems in the case of Egypt are more comigitthan in the case of Russia since there were mo
than one ring countries in Egypt and in West Adidill (2007c; 13) listed the 18 ring countries asal,
Cameroon, Chile, Egypt, Estonia, Hong Kong, Japhmdan, Kenya, Malaysia, Oman, Philippines,
Senegal, Slovenia, South Africa, Sri Lanka, Unkédgdom and Zambia. Thus Cameroon, Jordan, Kenya,
Oman, Senegal, South Africa and Zambia join Eggptirag countries that are present in either thecAfr

or West Asian regions.



(2007c) (2007d) (2007e). Also the material in mest 2 and 3 overlaps with Hill (2008)
and the material in sections 3 and 5 overlaps anbatly with Diewert (2004b).

Section 6 lists some of the methodological probldhe require additional research
before the next round of the ICP program, whicsciseduled to take place in 2011.

Section 7 concludes.

The Appendix develops some of the axiomatic pragendf the Dikhanov (1997) Iklé
(1972) method for making international comparisoii$is additive method was used to
make comparisons between the countries in the &dricegion but its axiomatic
properties have not been widely explored.

2. The Comparison of Prices Across Countries Withira Region at the BH Level

We will discuss the three methods of linking prieesoss countries within a region at the
Basic Heading level that were actually used byrdgons in the 2005 ICP. The three
methods used were:

e The Country Product Dummy (CPD) method (used byAtieean, Asian Pacific
and West Asian regions);

e The Extended Country Product Dummy (CPRD) methodedquby South
America) and

* The EKS* method used by the OECD/Eurostat region.

2.1The Country Product Dummy Method

The most widely used statistical approach to thétilamteral aggregation problem at the
first stage of aggregation is th€ountry Product DummyCPD) method for making
international comparisons of prices, proposed bpdRoSummers (1973). This method
for making international comparisons of prices banviewed as a very simple type of
hedonic regression model where the only charattersf the commodity is the
commodity itself. The CPD method can also be vikags an example of the stochastic
approachto index numbers. In this section, we will reviéve algebra of this method
assuming that we are attempting to make an intermeatcomparison of prices between
C countries over a reasonably homogeneous grosayN item$ In this section, we
also assume that no expenditure weights are alaitabthe price comparisons and for
the sake of simplicity, we assume that exactly Klatsl are sampled for each of the N

" See Selvanathan and Rao (1994) for examples attlobastic approach to index number theory. Anmai
advantage of the CPD method for comparing pricessaacountries over traditional index number meshod
is that we can obtaistandard errorsfor the country price levels. This advantage loé stochastic
approach to index number theory was stressed bynfausn(1973) and more recently by Selvanathan and
Rao (1994).

8 Using the language of the International ComparisbRrices (ICP) project, we are making a compariso
of prices at the basic heading level. In ICP 2p6dject, there are 155 basic headings. Thus eagibrr
using this method would have to run 155 regressiditise type described here.



items in each of the C countriésThus there are CNK price quotes collected acatissf
the countries. These assumptions are not verystieabut it is useful to present this
model as an introduction to more complex mod&Is.

Let pnk denote the price of item n in outlet k in countrforc = 1,...,C; n=1,...,N; k =
1,...,K. Each item n must be measured in the saragtijy units across countries but the
prices are collected in local currency units. blasic statistical model that is assumed is
the following one:

(1) p?nk:a:bnucnk; C=11"-)C-)__n|-!-'-|N;k:11'-'1K

where the aand ky are unknown parameters to be estimated and the awe
independently distributed error terms with meansarid constant variances. The
parameter @is to be interpreted as theerage level of price@ver all items in this group
of items) in country c relative to other countreesd the parameter, Its to be interpreted
as theaverage(over all countriesinultiplicative premiunthat item n is worth relative to
an average item in this grouping of items. Thesghare the basic heading country price
levels that we want to determine while theabe item or individual product effects. The
basic hypothesis is that the price of item n inrtouc is equal to a country price level a
times an item commodity adjustment factqgy tbomes a random error that fluctuates
around 1. Taking logarithms of both sides of €gds to the following model:

(2) Yenk = O+ B+ €cnk ; c=1,.,Cq,... ,N; k=1,... K
where ¥nk = In penk, 0= In &, Br=In by andecnk = 1IN Ugnke
The model defined by (2) is obviously a linear esgion model where the independent

variables are dummy variables. The least squastsators for then. and 3, can be
obtained by solving the following minimization ptetn:'*

(3) min, 5 {Ze=1" Tnet" Teet [Yonk— Ac= Bl

° The case of unequal observations in each countrgdch commodity is discussed in Diewert (2004b)
and Hill (2007a).

19 A special case of the present model can be olstdigesetting K equal to 1 and the pricg;gan be set
equal to the geometric mean of all of the outlétgs collected for product n in country c. The metric
mean is chosen over other methods for aggregatmgutlet prices because, in the absence of weiights
seems to have the best axiomatic properties; eag, Diewert (2004a). (Note however, that when
aggregating using geometric means, the micro psbesild not approach zero). This is the “trad#ién
CPD model and it is discussed by Hill (2007a) arab R2004) in some detail. The problem with this
model is that it neglects of the variability of tbetlet priceswithin a country c, product n, cell. The
advantage of the traditional CPD model is thatdbeociated algebra is much simpler and hence, much
easier to understand.

" Wweighted (by expenditure shares) versions of tR® @nodel were considered by Prasada Rao (1990),
(1995) (2001) (2002) (2004), Heston, Summers arh A2001), Sergueev (2001) (2003), Diewert (2004b)
(2005) and Hill (2007a; 23-24).



However, it can be seen that the solution for theimmzation problem (3) cannot be
unique: ifac for c = 1,...,C an@, for n =1,...,N solve (3), then so does +y for ¢ =
1,...,C andB, —yforn=1,...,N, for any arbitrary numbgr Thus it will be necessary to
impose an additional restriction or normalizationtbe parameters. andf3, in order to
obtain a unique solution to the least squares niagtion problem (3). Two possible
normalizations are (4) or (5) below:

(4)a;=0 or *E 1
(5) Xe=1" 0 = 0 ONe=1" & = 1.

The normalization (4) means that country 1 is chas® the numeraire country and the
parameter afor ¢ = 2,...,C is the PPP (Purchasing Power Paotyountry c relative to
country 1 for the class of commodity prices that &eing compared across the C
countries. On the other hand, the normalizationtr@ats all countries in a symmetric
manner: the geometric mean of the PPR's &et equal to ¥ In this section, we will
choose to work with the normalization (8).

Initially, we ignore the constraint (5) and we diféntiate (3) with respect tq. and[3, for
c=1,..,Candn=1,...,N and set the resulting phderivatives equal to 0. The
resulting C + N equations simplify to the followieguations:

(6) Zn=1|\I Zk=1K Yenk = NK 0 + K Zn:lN Bn; d=..,C;
(7) Zc=1C Zk=1K Yenk = K Zc=1C O¢c+ CKBn; =r,...,N

If we tentatively sef.-1" ac = 0, then equations (7) imply the following leasares
solutions for the,:

(8) Bn* = Zc=1C Zk=1K Yend CK ; n=1,...,N.

ThusB, is simply the arithmetic average of all of the joces Yo = In penk OF item n
over all countries and all outlets. Now substitedgiations (8) into (6) and we obtain the
following least squares solutions for thg

9) ac* = Zn=1N Zk=1K Yend NK = Zn:lN Bn*/N ; c=1,...C
:Zn:lN Zkle Yan/NK - ZCZIC Zn:lN Zkle Yan/CN K.

12 Note thaf]e-:" & = 1 is equivalent t§].-:° &~ = 1.

3 However, if we obtaln a solution to the least $qsam|n|m|zat|0n problem (3) subject to the
normalization (5), saya;, Oy, ... , dc, Bi, P2, ... » Bn, then the solution to (3) subject to the
normalization (4) i1, = 0,0, — af, w0 =01, By +a1*, B, +ay,..,Bn +0a;. Rao (2004) works
with the normalizations (4) for the special cas®wof model where K=1, whereas Hill (2007a) introgkic
an additional parameter to represent the overglrithmic mean of the prices and then imposes xtra e
two normalizationsi; = 1 andp; = 1. With these extra normalizations, the ovenadlan price parameter
becomes the mean logarithmic price for product tdontry 1. All three methods of normalization Iwil
lead to the same relative purchasing power pafiigshe resulting confidence intervals for the BRR
the three models will be somewhat different. Famputing confidence intervals, the normalizatioh i
the most appropriate one for ICP purposes.



Thus eacho is equal to the arithmetic average of the logarittof all item prices in
country c less the global arithmetic average ofltgarithms of all item prices over all
countries.

We need to check that g defined by (9) satisfy the restrictions (5):

(10) Te=a” Oc = Yem1® {Zn=1" ket Yend!NK = Zg=1© Tna Tken” Yand CNK}
i:c=lC Zn=1|\I Zk=1K Yend NK — C Zn=1N Zk=1K Yankd CNK
=0.

Thus (8) and (9) give the unique solution to thestesquares minimization problem (3)
subject to the normalization (5). Note in partasuthat this solution can be calculated
simply by calculating various averages of log miceithout having to do any
complicated matrix inversiors.

It is of some interest to calculate the differermmween any two of the log parities
between say countries ¢ and d:

(A1) 0e = 0g = Xnea Tkea® YendNK = 2t © Tt T Vi CNK
— {Zne1" Zhet YandNK = izt © Tnea™ Tt yidlCNKY - using (9) twice
Fn=t Tt VerndNK = et Tiet® yand NK.

Using (11) and the definitionsy = In penk, We can calculate the PPP parity between
countries ¢ and d as follows:

(12) alaq = exppc — 04 ]
:|—|n=1N |_|k=1K pcnkl/NK / |_|n=1N |_|k=1K pdnkllNK-

Thus the PPP between countries ¢ and d can bdatadwas the geometric mean of all of
the country c prices divided by the geometric mefall of the country d prices. Hence
the PPP’s ar¢ransitive in this equal sample size case so thgbfp[adal = [alag for
any 3 countries, ¢, d and ‘2. Note also if we dropped some countries from the
comparison, then as long as the sample of priceth@nremaining countries was not
altered, the PPP’s in the remaining countries waealdain invariant in the ratio form
given by (12). This is a very useful property.

Once the least squares estimafiysanda. have been determined by (8) and (9) above,
the sample residualg,gcan be calculated as follows:

4 This solution is well known in the analysis of ieace literature; e.g., see Rao (1965; 209-2119r F
additional references to the statistics literatumehis type of model, see Hill (2007a).

'3 This result was obtained by Triplett and McDon@ll@77) in the context of a hedonic regression model
For the case where K = 1, Ferrari, Gozzi and Ria996), Hill (2007a) and Rao (2004) obtained tkisutt.
Hill (2007a; 8) calls (12) devons indexXollowing CPI Manual practice; sek O/IMF/OECD/UNECE
/Eurostat/The World Bank (2004).



(13) e:nkEycnk_ac* _Bn* ; c=1C;n=1,...N;k=1,...,K.

Standard least squares regression theory tellsaiishtese residuals may be used in order
to calculate the following unbiased estimator foe variances? of the true error terms
Ecnk:

(14) 07 = Ye=1® Ynet Tt €nidl[CNK = (C= 1 +N)].

Note that if all of the sample residualgkehappen to equal 0, then the international
sample of prices satisfy the following equations:

(15) pnk = & bn ; c=1,..Cn=1,..N;k=1,...K

where @ = expfoe ] for c = 2,...,C and b = expB, ] for n = 1,...,N. Thus if all of the

sample residuals& equal 0, then the item prices @mportionalacross the C countries
in the comparison and ais the factor of proportionality for country cn the general

case where the sample residualg are not all equal to 0, then® defined by (14) can

serve as a quantitative measuraha lack of proportionalityof the international sample
of prices or as a measure of the relatissimilarity of the prices?®

In real life applications of the CPD method for nmakinternational comparisons of
prices, it is almost never the case that all itéms) the common list of N items can be
priced in all countries in the comparison. In fattcan happen that an item from the
common list is only present in a single country.e Wow indicate how the above equal
sample size model presented can be modified tovd#dathese difficulties.

We need to introduce some additional notation. deamtry ¢ and item n, let K(c,n) be
the number of item n price quotes that are colteatecountry c. Define the total number
of item n price quotes that are collected acrdsS abuntries as K(0,n); i.e.:

(16) K(0,n)= K(1,n) + K(2,n) + ... + K(C,n) ; n=1,...,N.

Define the total number of price quotes collectedauntry c over all items and outlets as
K(c,0); i.e.:

(17) K(c,0)= K(c,1) + K(c,2) + ... + K(c,N) ; c=1,....C.
For any c,n, it can happen that K(c,n) = 0, whickams that no item n prices were

collected in country c. However, we assume that amd column totals, K(0,n) and
K(c,0), are all positive so that the price of itenns collected in at least one country and

%1f we want to bound the dissimilarity measure kesw 0 (minimum dissimilarity) and 1 (maximum
dissimilarity), then we could use the measairé[1 + o™?]. Diewert (2002) took an axiomatic approach to
measures of relative price dissimilarity but coes@l only the case of two countries. For the €se2,
Allen and Diewert (1981) suggested the sum of seghaample residuals (which is (14) times a congtent
a measure of nonproportionality of two price vestor



each country collects at least one item price. bt@ number of item prices collected
over all countries is K and this total can be aiedi by summing the K(0,n) over n or the
K(c,0) over c; i.e., we have:

(18) K = Yoet® Tnet K(c,n) =Y K(c,0) =Xn-1" K(O,N).

The following linear regression model is a coungetpo the equal sample size model (2)
presented in the previous section:

(19) Yenk = Oc+ Bn+ €cnk ; c=1,..,C,....N; k=1,... K(c,n)

where yn« = In penk @s before, thecand,are parameters to be estimated anctgheare
independently distributed error terms with meara@ variances®. If for any ¢ and n,
K(c,n) = 0 so that there are no item n prices ctdlé in country c, then the corresponding
equations in (19) are dropped.

The least squares estimators for thend 3, can be obtained by solving the following
minimization problem:

(20) min, ; {Xc=1" Zn=t" et " [York — ac = Brl -

As in the previous section, the parameteyand 3, cannot be uniquely identified so we
will choose to set the purchasing power parity ofirdry 1, a = exploi], equal to 1,
which implies the following normalization on therpmeters appearing in (23):

(21)a; = 0.

After substituting (21) into (20), we can differeé (20) with respect tay, as, ..., ¢
and set the resulting partial derivatives equdl.td'he resulting G 1 equations simplify
to the following equation¥"

(22) K(c,0pic + Zn=1N K(c,n)Bn = Zn=1N 2k=1K(C'n) Yenk c=273,...,C.

Now differentiate (20) with respect f,...,fn and set the resulting partial derivatives
equal to 0. The resulting N equations simplifyhe following equations®

(23) Ze=2" K(e,mote + K(O,mBn = Xe=1” Tkt " Yonk; n=1,..N.
The country PPPs (relative to country @),as,...0c, and the product premium factors,

B1.B2,...Bn, are the solution to equations (22) and (23). &dditional analysis of this
unequal sample size model, see Diewert (2004b}Hh@007a) (2008).

1 K(c,n) = 0, then the corresponding,yterms on the right hand side of (22) are omitted.
181f K(c,n) = 0, then the corresponding,yterms on the right hand side of (23) are omitted.
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We turn now to an analysis of the method used hyttSd&merica to form the Basic
Heading PPPs between the countries in their region.

2.2 The Extended Country Product Dummy Method

Cuthbert and Cuthbert (1988; 57) introduced arréstitng generalization of the Country
Product Dummy method that can be used if infornmatino representativityof the prices
is collected by the countries in the comparisorjgmtoalong with the prices themselves.
Hill (2007a) (2008) explains this method in someéadeand he called the method the
extended CPD Methaot CPDR Methodand he justified the method as follows:

“The reason for distinguishing between represergatind unrepresentative products is that the velati
prices of representative products in a country faexpected to be low compared with relative priades
the same products in countries in which they arerapresentative. Conversely, of course, the radati
prices of unrepresentative products will tend tohigh. This will tend to happen as result of normal
substitution effects. Products will tend to be fased in relatively large (small) quantities prelis
because their relative prices are low (high). Tdaaclusion is not merely a theoretical deductianthere

is ample empirical evidence of the substitutioreefffat work in both inter-temporal and inter-nagibn
comparisons.” Peter Hill (2007a; 3).

“The expected price depends on the interaction hoéet factors: the country, the product and its
representativity. Given that the coefficient ofepresentative product is fixed at unity, the coaffit of an
unrepresentative product may be expected to beaegréwn unity. The price of product is expectedéo
higher relatively to the reference product 1 imardry in which it is unrepresentative than in amoy in
which it is representative. The improvement over thaditional CPD method comes from the partial
relaxation of the unrealistic assumption that tattgyn of relative prices is the same in all caestr ...

The addition of the new variable, representativdiyes not simply add another parameter to be etimt
adds another dimension to the analysis. As ther¢haee types of explanatory variables in the &siom --
country, product and representativity -- the exezhdegression will described as the CPRD method to
distinguish it from the traditional CPD method.&tBr Hill (2007a; 26).

The basic idea is that representative productsciouatry should tend to be lower in price
(and hence they should be more popular) comparathtepresentative products; thus
representativity becomes a price determining ctianatic of the commodity.

The CPRD method generalizes the model (19) abovellasvs. Define ¥ = In Pk
where pnr is the logarithm of the kth outlet price colleciactountry c for product n and
r is an index that denotes whether the collectézkps representative (in which case r =
1) or unrepresentative (in which case r = 2). basic (unweighted) statistical model that
is assumed is the following one:

(24) Venkr = O¢ + Bn+ 6r + Ecnkr ; c=1,..Cn=1,.,N k= 1,...,Km¢,; r=1,2
where then. are the log country PPP’s, tBg are the log product price effects and &he
are the two log representativity effects anddhg are independently distributed random

variables with mean zero and constant variancerder to identify the parameters, we
impose the following normalizations:

(25)(]1:0 ;61=0.
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Thus the present model is much the same as thel pedented in section 2 except that
we have an analysis of variance model that hasa8sifications instead of 2. For
additional discussion of this model, the readeefsrred to Cuthbert and Cuthbert (1988),
Diewert (2004b) and Hill (2007a) (2008).

We agree with Hill in endorsing the method in theoHowever, in practice, it seems it
was difficult for national price statisticians tayrae on a workable definition of

representativity that was uniform across countri€bus in the end, it appears that only
the South American region used this method to coaistts 155 by 10 matrix of PPP’s

by Basic Heading and country.

We now turn to a discussion of the OECD/Eurostathoe used to compare country
prices at the lowest level of commodity aggregafarmcountries within a region.

2.3 The EKS* Method

This method is explained by Hill as follows:

“Eurostat abandoned EKS 1 in 1982 and replacky ihe method described in the present sectioichwh
will be called the asterisk method or EKSA detailed exposition of EKS* and its propertisgiven by
Sergey Sergeev (2003). The EKS* method is so cdllxhuse it makes use of the distinction between
representative and unrepresentative products, éheesentative products being identified in the pobdd
lists by an *. The EKS* method recognizes, and@iq the fact that, as already explained, thegsrof
representative products are likely to be relatively, whereas the prices of unrepresentative prisdaie
likely to be relatively high. The method proceégscalculating two separate Jevons indices for ¢eh

of countries. One Jevons index covers productsaterepresentative in the first country, trediece as
the base country. The other covers products tieategoresentative in the second country. Of cowmme
products may be representative in both countriesiaduded in both indices. The two indices may be
described agevons landJevons Zespectively.” Peter Hill (2007a; 9).

Thus two bilateral Jevons type indexes are caledl&dr any two countries. Jevons 1 (2)
compares only the price relatives of products #inatrepresentative in country 1 (2). The
final bilateral index of prices between the two wcwies under consideration is a
geometric mean of the two Jevons indeXe©nce all of these bilateral parities have
been constructed over each pair of countries inréigeon, they can be harmonized by
using the EKS proceduf®. Thus let P i denote the geometric mean of the two Jevons
indexes of the prices of country j relative to greees of country i and suppose that there
are C countries in the region. The final EKS pabiétween country j relative to country
K, Peks /1w IS defined as follows:

19 Note that prices which are not representativeaith lwountries but are collected in both countriesidt
appear in the final bilateral index of prices begwehe two countries. This means that the EKStgdare
is not fully efficient in a statistical sense, wlas the CPRD procedure is fully efficient.

' The EKS method is explained in more detail by B@lf96), Diewert (1999) and Hill (2007a) (2008).
The method is due to Gini (1924) (1931) and indepetly rediscovered bfltetd and Koves (1964) and
Szulc(1964).
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(26) Rksj/k= |_|i=1C (Pisil H</i]llc; j=1,..,C;k=1,..,C.
Hill sums up the properties of the method as folow

“Provided the direct PPPs satisfy the country reaketest, the EKS PPP can be interpreted as the
geometric mean of the direct PPP betwgandk and all C-2 indirect PPPs, the direct PPP carrying twice
the weight of the indirect PPPs. The EKS formulay fpe derived by minimizing the sum of the squarkes o
the logarithmic differences between the originatansitive PPPs and the transformed transitive PPirs
EKS PPPs constitute the set of transitive PPPsatieatlosest to the original intransitive PPPs. foineula

has been widely used and is extensively discussttkiliterature.” Peter Hill (2007a; 6).

A majority of the members of the Technical Advis@youp who provided advice to ICP
2005 favoured the CPRD method described in theiguevsection over the EKS*
method described in this section for two reasons:

 The CPRD method used all of the available pricermftion whereas EKS* did
not and

« The CPRD method gave straightforward measureseoftatistical precision of
the estimated parities.

However, it appears that Eurostat price statisiciare locked into the EKS* method by
legislation and thus the OECD/Eurostat region stoghkts EKS* method in the current
ECP round. More research is required in ordereteminine how much difference there
would be between CPRD and EK5*.

Having described the methods used to construct Ri?Rise 155 basic headings for each
country in a region, we now consider how to linkdb PPPs across regions.

3. The Comparison of Prices Across Regions at theaBic Heading Level

As noted in the introduction, a group rifig countriescollected prices from a common
list and this price information was used to link ttegional basic heading prices across
the 6 regions. However, since the CIS region wakdd into the OECD/Eurostat region,
in practice, there were only 5 regions to link,imtihe CIS, OECD and Eurostat countries
forming a single region.

The methodology used to link basic heading price®ss regions was developed by
Diewert (2004b; 36-39) and we review that methodplbere’”> The model is basically
an adaptation of the unweighted CPD model presentselction 2.1.

In order to set the stage for what was actuallyedon linking the regions, we first
generalize the CPD model presented in sectiona2allaw for a reorganization of the list
of C countries into 5 regions and C(r) ring coig®rin each region r. Thus C(r) is not

% There is also the related research question asowo reliable or consistent are the representativity
designations across countries.

%2 The basic methodology is also described in HibDQ2d). However, Hill uses somewhat different
normalizations than (28) and (29).
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the total number of countries in region r; it idyothe number of ring countries in each
region because only the ring countries collecteth dan prices from a common
international product list. With these changes,lihsic model becomes:

(27) perk=abrcCn ; r=1,....5,c=1,..6%n=1,...,N; k=K(r,c,n) ;
(28)a =1;
(29) by =1; r=15.

The normalization (28) means that we have to chomseumeraire region. The
normalizations (29) mean that within each regioa,nged to choose a numeraire country
in order to identify all of the parameters uniquelfhus the parametersamd b replace

our initial model parameters..a Note that the total number of parameters remains
unchanged when we group all of the countries in ¢bmparison into regions and
countries within the regions.

Taking logarithms of both sides of (27) and thediagd error termcnk (With means 0)
leads to the following regression model:

(30) In genk =Ina+Iin betin G + € ; r=1,...,5; ¢ =1,....,C(r); n = 1,...,N; ki{r,c,n);
o, + Brc + Yn + Ercnk

where we impose the following normalizations on gagameters in order to uniquely
identify them:

(31) .= 0:
(32)Bi1=0; r=.15

wherea; =1In g, Bc=In b, Yn=In G,

If all of the data collected for each regional camgon could be pooled and if there are
product overlaps between the regions, then thelld®/il55 regressions of the form (30)
to run, one for each basic heading category. énaiove model, the interregional log
parities (thea,) are estimated along with the within region courntrg parities (the,)
and the product log price premiums (fae Call this thdirst approachto estimating the
regional parities for each basic heading. It @ksf the available information in making
comparisons between all of the countries.

However, the above one big regression approach €fwh basic heading) isot
consistentith approaches that used only the regional datietermine the within region
parities, thep, parameters, holding r fixed. But a principle dfetcurrent ICP
methodology was that regions should be allowed éterthine their own parities,
independently of other regions. However, the regioesmodel (30) can be modified to
deal with this problem. If the regional log pa#p,. are known, then the terfl. (which

is equal to In R) can be subtracted from both sides of (30), leadonthe following
regression model:
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B3) Inpenk—Inbec=Inatin g +&cnk; r=1,...,5,¢c=1,....,C(r); n=1,...,N; k =ig,n)
or

(34) In [prcnk/brc] =0 + Yo+ Ercnk

where the normalization (28) still holds. Thugh& within region parities are known,
then prices in each regionfa can be divided by the appropriate regional pdotythat
country in that region/p and these regionally adjusted prices can be asedputs into
the usual CPD model that has now only the regitwbparitiesa, and the commodity
adjustment factorg, as unknown parameters to be estimate@all the model defined
by (31) and (34) theecond approacho estimating the regional parities for each basic
heading. This second approach respects the wrigon parities that have been
constructed by the regional price administratdtgs this second approach that was used
in ICP 20052

We now turn our attention to the problems assodiatéh aggregating up the basic
heading PPP information (along with country expaumdiinformation) in order to form
aggregate country price and volume comparisonsmahegion.

4. Aggregate Price and Volume Comparisons Across @otries Within a Region

Once the 155 BH price parities for each of the Kintdes in a region have been

constructed, aggregate measures of country prices ralative volumes can be

constructed using a wide variety of multilateraimparison methods that have been
suggested over the years. These aggregate coomm@assume that in addition to BH
price parities for each country, national statiaic have provided country expenditures
(in their home currencies) for each of the 155 Bitegories for the reference year 2005.
Then the 155 by K matrices of Basic Heading priaetigs and country expenditures are
used to form average price levels across all conmesdand relative volume shares for
each country.

There are a large number of methods that can bé tsseonstruct these aggregate
Purchasing Power Parities and relative country melsi and Hill (2007b) surveys the
main methods that have been used in previous roointie ICP and other methods that
might be used® Basically, only two multilateral methods have meesed in previous
rounds:

e The Gini-EKS method based on Fisher (1922) iddatdral indexes and
* The Geary (1958) Khamis (1972) method, which isdditive method.

% Thus we have saved 144 degrees of freedom imbiel compared to our previous example where we
had 625 observations and 249 parameters to estimate

24 yuri Dikhanov at the World Bank carried out themquutations for the global linking.

% For additional methods, see Balk (1996), R.J. Hi997) (1999a) (1999b) (2001) (2004) and Diewert
(1999).
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We will discuss each of these methods in turn dsagea new method due to Dikhanov
(1997) who generalized a bilateral index numbemidea proposed by Iklé (1972).

4.1 The Gini EKS Method

It will be useful to introduce some notation atstipoint. Let N equal 155 and let K be
the number of countries in the regional comparitwonthe reference year. Denote the
regional PPP for country k and commodity categobym,* > 0 and the corresponding
expenditure (in local currency units) on commodigss n by country k in the reference
year by g forn=1,...,Nand k = 1,...,K. Given this infieation, we can defininplicit
quantity levelsy,* for each Basic Heading category n and for eachtrpk as the
category expenditure deflated by the correspondamymodity PPP for that country:

(35) W' = &'/’ ; n=1,.,N; k=K.
It will be useful to defineountry commodity expenditure shaggfsas follows:
(36) $= &)//%i1" € n=1,.,N;:k=1,.,K.

Now define country vectors of BH priceas f§ = [p:,....;], country vectors of BH
quantitiesas ¥ = [y:¥,...,w"], country expenditure vectoss & = [e/%,...,&"] andcountry
expenditure share vectoes & = [s,%,...,.5] for k = 1,... K.

In order to define the EKS parities,F?, ... , ¥, we first need to define thEisher
(1922)ideal bilateral price indeXP: between country j relative to’R:

(37) (PP Y) = [PY PIP'Y Py j=1,...Kk=1,..K

Theaggregate PPP for countiy P, is defined as follows:

(38) P = Mkt [PEE YIS i=1,..K

Once the EKS B have been defined by (38), the corresponding EGntry real
outputs or volume¥’ can be defined as the country expenditutgs in the reference
year divided by the corresponding EKS purchasinggrarity P

(39) Y =py/P ; i=1,...K.

If we divide all of the Pdefined by (38) by a positive number, say, then we can
multiply all of the Y defined by (39) by this sanm without materially changing the
EKS multilateral method. If country 1 is chosentlas numeraire country in the region,
then we setr equal to Pdefined by (38) for j = 1 and then the price leFek interpreted
as the number of units of country j's currencyakds to purchase 1 unit of country 1's

% Notation: fiy = X" pny» denotes the inner product between the vectorsifyan
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currency and get an equivalent amount of utilitgl &me rescaled s interpreted as the
volume of output of country j in the currency wnitf country 1.

It is also possible to normalize the outputs ofheeguntry in common units (the“Yby
dividing each ¥ by the surrE,-=1K Y! in order to express each country’s real outpu as
fraction or share of total regional output; i.ee wan define the country k's share of
regional output, 'S as follows?®’

(40) S = YMZ Y k=1,..K.

Of course, the country shares of regional real wytfhe &, remain unchanged after
rescaling the PPPs by the scatar

This completes our brief overview of the Gini EKSetirod for making multilateral
comparison$®

4.2 The Geary Khamis Method

The method was suggested by Geary (1958) and Kh&ih®g2) showed that the
equations that define the method have a positiltdien under certain conditions.

The GK system of equations involves K country prieeels or PPPs,'p...F, and N
international commodity reference prices,...,Tiy. The equations which determine these
unknowns (up to a scalar multiple) are the follogvones:

(1) T = Shet® [y /e yilllpn /P ; n

1,....,N;
(42) P = Py =

1,..,

=~ |

wheremi = [1g,...,iy] is the vector of GK regional average referendegs. It can be seen
that if we have a solution to equations (41) art),(then if we multiply all of the country
parities P by a positive scalax say and divide all of the reference pricgdy the same
A, then we obtain another solution to (41) and (4®ence, ther, and P are only
determined up to a scalar multiple and we requiradditional normalization such as

(43)P =1

in order to uniquely determine the parities. Ih @so be shown that only N + K1 of
the N equations in (41) and (42) are independe®nce the parities "Phave been

%" There are several additional ways of expressiegGini EKS PPP’s and relative volumes; see Balk
(1996) and Diewert (1999; 34-37).

8|t should be noted that all of the multilateralthwls that are described in this section can béeabm
subaggregates of the 155 basic heading categogednstead of working out aggregate price andme
comparisons across all 155 commodity classificatiave could just choose to include the food caiegor
in our list of N categories and use the multilatenathod to compare aggregate food consumptionsacro
the countries in the region.
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determined, the real output for country K, ¥an be defined as country kisminal value
of output in domestic currency unit§y*, divided by its PPP,*Pi.e., we have

(44) Y = pyIP<; K=..K
=iy using (42).

Finally, if we substitute equations (44) into tlegional share equations (40), we find that
country k’'s share of regional output is

(45) $ = niy/my =K,... K

where theregion’s total output vectoy is defined as the sum of the country output
vectors; i.e., we have

(46) y=Y= Y .

Equations (44) show how convenient it is to haveadditive multilateral comparison
method: when country outputs are valued at thenat®nal reference prices, values are
additive across both countries and commoditiesweéder, additive multilateral methods
are not really consistent with economic comparisohsitility across countries if the
number of countries in the comparison is greaten ttwo; see Diewert (1999; 48-50) on
this point*® In addition, looking at equations (41), it candeen that large countries will
have a larger contribution to the determinationthad international pricesy, and thus
these international prices will be much more repnéative for the largest countries in the
comparison as compared to the smaller dReShis leads us to the next method for
making multilateral comparisons: an additive methbdt does not suffer from this
problem of big countries having undue influencéhi@ comparison.

4.3 The Dikhanov Iklé Method

Iklé (1972) suggested a bilateral index number fdenthat was implicitly defined and
Dikhanov (1997) generalized the bilateral formulatoi a multilateral method.
Dikhanov’s (1997; 6-7) equations that are the cerparts to the GK equations (41) and
(42) are the following ones:

2 «Figure 1.1 also illustrates the Gerschenkron affn the consumer theory context, countries whose
price vectors are far from the ‘international’ cond average prices used in an additive method haille
guantity shares that are biased upward. ... It marseen that these biases are simply quantity index
counterparts to the usual substitution biases arteced in the theory of the consumer price index.
However, the biases will usually be much largethinmultilateral context than in the intertemparahtext
since relative prices and quantities will be mudrenvariable in the former context. ... The botiam on

the discussion presented above is that the questnfadditive multilateral method with good economi
properties (i.e., a lack of substitution bias) isl@omed venture: nonlinear preferences and praztucti
functions cannot be adequately approximated byatirfanctions. Put another way, if technology and
preferences were always linear, there would bendex number problem and hundreds of papers and
monographs on the subject would be superfluous!"EWWin Diewert (1999; 50).

%0 Dikhanov (1997; 5) made this point.
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(A7) Th = Dt & [pn/P 782 s n=1,..N
= B s 2 50 PYpT
(48) P = [Zn=t" 5% [P ™ k=1 K.

As in the GK method, equations (47) and (48) inedlve K country price levels or PPPs,
P'....,F, and N international commodity reference priges,. . Equations (47) tell us
that thenth international pricet, is ashare weighted harmonic mean of the country k
prices for commodity ,np.¢, deflated by country k's PPPX.P The country k share
weights for commodity n,»§ do not sum (over countries k) to unity but whea divide

s by ijlK SV, the resulting normalized shares do sum (over tri@snk) to unity. Thus
(47) is similar to the GK equations (41), excep@ttthow a harmonic mean of the deflated
commodity n prices, {/F*, is used in place of the old arithmetic mean aetore
country k’s share of commodity n in the region'f/ﬁ,-:lK Yo, was used as a weighting
factor (and hence large countries had a largeentte in forming these weights) but now
the weights involve country expenditure weights aadkach country in the region has an
equal influence in forming the weighted averageudtions (48) tell us thatPthePPP

for country K, P is equal to aveighted harmonic mean of the country k commodity
prices p., deflated by the international price for commodityr, where we sum over
commodities n instead of over countries k as inaiquas (47). The share weights in the
harmonic means defined by (48), th& ®f course sum to one when we sum over n, so
there is no need to normalize these weights adheasase for equations (47).

It can be seen that if we have a solution to equat{(47) and (48), then if we multiply all
of the country parities‘Fby a positive scalax say and divide all of the reference prices
T, by the sam@, then we obtain another solution to (47) and (48%nce, that, and P
are only determined up to a scalar multiple andreeiire an additional normalization
such as (43).

Although the DI equations (48) do not appear to rbkated very closely to the
corresponding GK equations (42), it can be shovat these two sets of equation are
actually the same system. To see this, note tiatcountry k expenditure share for
commodity n, &, has the following representation:

(49) 8 = Py /0" ; n=1,..N;k=1,.K.
Now substitute equations (49) into equations (4&)htain the following equatioris:

(50) B = 150" s [po/m) k=1,.K
= lZn=1N [anYnk/ pk @k][n'n/ pnk]
= ﬁ@k/ZnﬂN T[nYnk
= /Ty,

31 Dikhanov (1997; 7) also obtains equations (50)Hisiderivation is not easy to follow.
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Thus equations (48) are equivalent to equation$ &@ the DI system is an additive
system; i.e., equations (44)-(46) can be appliethéopresent method just as they were
applied to the GK method for making internationainparisons.

Equations (47) and (48) can be rewritten as tHeviahg more symmetric equations:

(51) Tkt & [P P =2 s/ n=1..N:
(52) Zn=1" i [P TP = Eoe' 81 = 1 K=.. K.

Define the N by K matrix A which has element & row n and column k where
(53) @ = s [P n=1,..N;k=1,..K

Define the N by K matrix S which has the countrg@penditure share for commodity n,
s in row n and column k. Letyland k be vectors of ones of dimension N and K
respectively. Then equations (51) and (52) cawiitéen in matrix form as follows:

(54) AAP = Sk ;
(55)TAP=1,"S

wherem = [m,... ] is the vector of DI international prices=HP",...,F‘] is the vector of
DI country PPPsji denotes an N by N diagonal matrix with the elemeftthe vector

along the main diagonal arfl denotes an K by K diagonal matrix with the elerseuit
the vector P along the main diagonal. There aegbations in (54) and K equations in
(55). However, examining (54) and (55), it is entthat if N+k-1 of these equations
are satisfied, then the remaining equation is sigsfied. Equations (54) and (55) are a
special case of the biproportional matrix fittingadel due to Deming and Stephan (1940)
in the statistics context and to Stone (1962) emébonomics context (the RAS method).
Bacharach (1970; 45) studied this model in gre#idand gave rigorous conditions for
the existence of a unique P solution set to (54), (55) and a normalizasooh as (43

In order to find a solution to (47) and (50), staith a P vector equal toc<Jand calculate
the vector of international price$® using equations (47). Now use equations (50) to
calculate a new vector of parities and normalize Wlector so that the first parity is one.
Call this vector B and calculate a new vector of international pridésusing equations
(47). Now use equations (50) to calculate a néf @d so on until the process
converges. Evidently, this procedure tends to eaye quite rapidly.

As was mentioned in the introduction, the Dikhaifideg method was used by the African
region in order to construct regional aggregatBssically, this method appears to be a
big improvement over the GK method and so if anitadd method is required, DI
appears to be “better” than GK.

32 Dikhanov (1997; 12-13) also derived conditionstfar existence and uniqueness of the solutionssegu
a different approach.
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We now turn our attention to the problem of linkitige regions at higher levels of
aggregation.

5. Aggregate Price and Volume Comparisons Across Bens

There are 146 countries in the ICP project and H&&c headings. At this stage of the
aggregation procedure, we assume that we have Byadby 146 matrices of data: one
matrix contains the PPPs,“pand the other contains country expenditures ichea
country’s currency, &, so that the notation is basically the same athén previous
section but now k runs over all 146 countries iadtef just the countries in a given
region. At this stage, we could use any suitahidtifateral method to aggregate up these
data into a set of 146 country PPP’s and volumash s the EKS or DI methods
explained in the previous section. Call tAproach 1 However, the problem with this
approach is that the multilateral method to be usedld not necessarily respect the
regional PPP’s unless it was restricted in somenaan

Thus we consideApproach 2 which will link the regions, while respecting tkathin
region overall PPP’s that the regions deem besthfeir purposed® The first step is to
reorganize the countries into 5 regions (we reghedOECD/Eurostat/CIS countries as
forming one region). Consider region r which hgg €ountries in it. Let §° denote the
within region PPP for basic heading class n andzgic in region #* and let §° denote
the corresponding expenditure in local currencyhe Total regional expenditure on
commodity group n in currency units of country 1dach region, g is defined as
follows:

(56) B = pn™* Ze=1"" & Ipn'® ; r=1,..5:n=1,..155.

The corresponding regional PPPs by region and caditmd,’, are defined to be the
world BH parities for the numeraire country in eaejion:

G R =p; r=1,..5:Mz.155.

Now each region can be treated as if it were aleisgpercountry with supercountry
expenditures and basic heading PPPs defined byaa®)(57) respectively for the 5
supercountries and any of the linking methods dlesdrin the previous section can be
used to link the regions. Once the interregiomadepand volumes have been determined,
the regional price and volume aggregates can be tasprovide world wide price and
volume comparisons for each individual country.isTimethod necessarily preserves all
regional relative parities. Moreover, Hill (2007#)ows that the overall procedure does
not depend on the choice of numeraire countrietheeiwithin regions or between

% This Approach was proposed by Diewert (2004b; #5-4t is further described in much more detail by
Hill (2007e).

% The parities g° are the interregionally consistent PPP’s that vieled across regions as described in
section 3 above. Assuming that country 1 is thmemaire country in each region, then thg pre the
parities that link the numeraire countries in egagjion.
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regions; i.e., the relative country parities wid the same no matter what the choices are
for the numeraire countries.

Approach 2 in conjunction with the EKS method waedito link the regions in the
current ICP round; i.e., the EKS method was usdihkahe 5 supercountry regions.

Hill (2007e) discusses other possible methods¢batd be used to link the regions and
these various alternative methods should partefésearch agenda for the next round of
comparisons.

6. Problem Areas and the Future Research Agenda

There are a number of problem areas associatedmaking international comparisons
that require additional research and discussionrbethe next round of the ICP takes
place:

* If a country experiences hyperinflation during ttederence year, the average
price concept may not be meaningful. A possibletsm to this problem is to
use within the year inflation rates to “discountices collected throughout the
year to a single reference week or day.

« The problem of pricing exports and impofts.At present, exchange rates are
taken as the price of exports and imports. Thi isasonable approximation in
most cases but the question is can we do anyttatigri{that is not too costly)?

* The problem of zero expenditure categories. Logkinthe equations for the DI
method, it can be seen that the reciprocals oéprappear frequently and so some
care must be taken to modify the equations wheresmioes are zero.

* The problem of negative expenditure categoriesis pfoblem arises with the net
export category and the net additions to inventtegory. Typically, there is
not a problem provided that we do not attempt tovigle PPPs for a single
category that could be positive or negative acoosmtries®’ If it is necessary to
provide PPPs across countries for such a catetjogyproblems can be avoided
by providing separate PPPs for exports and import®r starting and finishing
inventory stocks and users can difference the tesul

» Inaccurate expenditure weights can cause gravecuifes. In the next ICP
round, it would be very desirable to have more eateu information on
expenditures by basic heading available from pagting countries.

* Methodological difficulties with hard to measureas of the accounts. There are
particular problems with housing, financial sergsi@d nonmarket productidh.

% See Hill (1996) for a discussion of the accounpngblems when there is high inflation.

% See Heston and Summers (2008; 4) for a discussithis problem.

37 Index number theory tends to break down if a valggregate crosses zero or is equal to zero!

3 See Heston and Summers (2008), Giovannini (2008)B2vacqua, Fantin, Quintslr and Ruiz (2008) for
a discussion of these problems. The fact thateoturBystem of National Accounts conventions do not
allow an imputed interest charge for capital tisatsed in the nonmarket sector tends to understate
contribution of this sector and the degree of usi@éement will not be constant across rich and poor
countries.
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These are problem areas for regular country acecamtwell due to the lack of
consensus on an appropriate methodology. Hopefutgrnational groups and
academic economists interested in measurement gonsblwill undertake
additional research in these areas before thel@&xtound.

There is a very basic problem that makes internatioomparisons of prices and
volumes very difficult and that is the lack of niatgy of products. The same
problem occurs in the time series context due ¢airttroduction of new products
and the disappearance of “old” products but th& Ecmatching is much worse
in the international context due to differencedastes and big differences in the
levels of development across countries, leadingyey different consumption
patterns. However, Structured Product Descriptiorese introduced in the
current ICP round and this does open up the pdisgifor undertaking hedonic
regression exercises in the next round in ordemfwove the matching process.
There are many problems to be addressed howevdrjtamould be wise to
undertake experimental hedonic studies well in adgaf the next round.

The fact that the ring list of commodities to baced was almost entirely
different from the regional lists means that thisrthe possibility of anomalies in
the final results; i.e., if entirely different pnocts are priced in the ring list, we
cannot be sure the relative ring price levels yeatltch up with the relative
prices within the regions. Thus in the next ICRn®, there should be at least
some coordination in the determination of the namgduct list with the regional
product lists so that within each basic headingllesne or more products are on
all of the lists®®

It would be advisable to undertake some studiesalb@rnative methods of
aggregation at the higher levels of aggregation. particular, the program of
making comparisons based on the degree of sinyilafithe price and quantity
data being compared that was initiated by Robelit (#999a) (1999b) (2001)
(2004) seems to be sensible but users have notaeptbiit, perhaps due to the
instability of the method. In any case, the WdBlank now has a considerable
data set based on the current ICP round that doeldsed to experiment with
alternative methods of aggregation.

Looking ahead into the more distant future, it veibbé desirable to integrate the
ICP with the EU KLEMS projeéf, which is assembling data on the producer side
of the economy as opposed to the final demand sildieh is the focus of the ICP.
Producer data are required in order to calculdedive productivity levels across
economies, a topic of great interest to policy make

7. Conclusion

% Fred Vogel in a personal communication made thisitpas follows: “Therefore, serious consideration
should be given to integrating a core ring listhatite regional lists and attempt to have all caestprice

at least some of the core ring items. | think wedma good decision when we decided to use a disbal
for equipment, construction, and government comgtims because the noise from multiple lists was
removed.”

0 See van Ark, Maddison and Timmer (2008) on thiscto
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My overall conclusion is that the 2005 ICP roundsveabig success. The regions liked
the idea that they could define their own list adgucts for international pricing and this
improved the quality of the data. The new methogwplto link prices across the regions
using ring countries also seems to be a clear ivgment over previous rounds. Finally,
the use of hand held computers and the structuaatlpt description methodology led to
improvements in the production of national pricatistics in many casés.

One issue that has not been entirely satisfactoegplved is the issue of disclosure of the
data; i.e., a great deal of effort has gone inditecting PPPs for 155 categories for 146
countries but only data on 15 highly aggregated SPR#l be released. Why the
reluctance to release the data? Probably becalmsex level of aggregation, the results
can be quite unreliable. Still one would think ttlmore than 15 categories could be
released?

As indicated in the previous section, some chalengemain but hopefully, these
problems will be addressed before the next roukekstalace.

Appendix: The Axiomatic Properties of the Dikhanoviklé Multilateral System
Forthcoming!
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