Annex 4
Spatial comparisons of consumer prices, purchasing power paritiesand the
I nter national Comparison Program

1 I ntroduction

This annex deals with the problem of comparingelt@yvels across different areas or
regions within a country, as well as across coastriEven though international price
comparisons are required to handle differencesiireacies in different countries, the
index number problems involved in price comparisaosss countries mirror those
encountered in comparisons over time. There isrgel®ody of literature on cross-
country comparisons of prices and real income uaklen under the auspices of the
International Comparison Program (ICP). While naivding an exhaustive account
of the related problems and relevant aggregatioimaas, this annex aims to achieve
a degree of completeness in the coverage of thélgmo of consumer price
comparisons in the manual by adding the spatialiat@inational dimensions to the
temporal comparisons dealt with in various chaptérthe manual. The annex also
attempts to identify possible avenues for a clas&ggration between spatial and
temporal comparisons of consumer prices.

The main objectives of the annex are: (i) to preval brief summary of the index
number problems encountered in the process ofnati®nal and inter-area price
comparisons and to highlight the need for the dgreent and use of specialized
aggregation methods; (ii) to describe a few aggregamethods used in deriving
purchasing power parities (PPPs) and spatial measirprice levels; (iii) to examine
the relationship between the ICP and PPPs, forserosntry comparisons, with the
CPI; and (iv) to explore the feasibility of integrey the ICP activities with the

streamlined activities of national statistical offs for the compilation of the CPI.

The annex is also designed to provide an intrododior the statisticians in various
national statistical offices who may currently lm¥dlved in consumer price index
(CPI) compilation to the issues and methods inwiblite spatial comparisons of
consumer prices. The annex outlines some of thacipal differences in the
approaches to spatial comparisons. Countries ennigadn inter-area or regional
consumer price comparisons, as well as those desitrat may participate in the ICP
in the near future, may find the contents of theearuseful.

2 Differ ences between temporal and spatial comparisons

There are several major qualitative differenceshie nature of price comparisons
involved in the standard CPI comparisons over tme price comparisons over space
involving regions or countries. These differenceghlight the need for specialized

methods for aggregating price data in deriving samynmeasures of price levels, as
well as specific types of data requirements assettiavith cross-country and inter-
area comparisons.

The foremost difference is the absence of a natn@déring of price and quantity
observations in the context of cross-country oeriatrea comparisons. The CPI



framework and methods are devised to measure chamgs time. Therefore, the

price observations appear in a chronological ortlee. presence of a natural ordering
over time of price observations makes it possilBleexamine the feasibility and

relative merits of the fixed and chain index nunsbén contrast, in the context of
constructing price comparisons across countriekinvithe OECD, or across states
within the United States, it is impossible to agrigt an ordering which facilitates
chained comparisons.

The multilateral nature of spatial comparisons idistinguishing feature of price
comparisons across regions and countries. Whee paiels of goods and services
across different countries are compared, it is regdethat such comparisons are
undertaken for every pair of regions being considelf the World Bank is interested
in comparisons of real income in different coursrig is necessary for the Bank to be
able to make comparisons between all pairs of emsinvolved. This multilateral
nature of comparisons creates several problemst, Fire number of comparisons
(one for each pair) can be quite large, and prasentand use of such results may be
quite unwieldy. For example, if a particular compan exercise involves 20
countries, then it requires 190 (20 x 19/2) segatahary comparisons involving
distinct pairs of countries. Second, results fronthsa large tableau of binary
comparisons require a degree of consistency. Tdgsirement translates into the
“transitivity” condition described below.

The uses and applications of inter-area price coisyas may differ significantly
from general consumer price indices. The CPI isbably the most significant
economic statistic produced in any country. Itas only used as a general measure of
price changes over time, but often in assessing calitirating monetary policy.
Despite the conceptual similarities in price congmars over time and across space,
spatial price comparisons are useful in compariswnstandards of living and well-
being in different regions of a country or acrosairdries. Such comparisons are
essential in assessing development and in ensomang balanced growth in different
regions. There is considerable demand for measdir€®| across different cities and
different states and regions (rural versus urbatf)invcountries. However, there are
very few countries where inter-area price level pansons are readily available.
Kokoski et al. (1999) demonstrate the feasibilifyderiving meaningful inter-area
price comparisons within the United States using phice data collected across
different states.

International comparisons of prices, in the formP&tPs from the ICP, are used by
international organizations and individual researshin assessing growth and
productivity performance of countries, and alsoniaking meaningful comparisons of
various national income aggregates (including govent expenditure) across
different countries. Currently, consensus is enmgrgamong researchers and
practitioners that price comparisons and PPPs ecessary in assessing the nature
and extent of global poverty and its distributiarrass countries and regions of the
world. Several recent research papers by Ward (260&nnushi (2001), Astin (2001)
and Dwyer et al. (2001), presented at the joint d/d@ank—OECD Seminar on
Purchasing Power Parities, 30 January to 2 FebrR@@y, highlight a number of
important applications of PPPs derived from intéomal comparisons of prices



under the ICP. Eurostat has recently embarked mmogramme to extend the current
ICP for its EU Member States to cover regional carngons within different
countries.

In recognition of the major analytical differencé®tween the standard CPI
comparisons over time and spatial and cross-cowatnyparisons of consumer prices
and PPPs, considerable research efforts have faurs¢éhe development of the data
and methods necessary for spatial comparisonsicésrA brief summary of the
results of this research is given below.

3 Data requirementsfor spatial comparisons

The basic data requirements for spatial comparisoesvery similar to the data
required for standard CPI calculation. The main gonents are the data on prices of
a large range of products representative of thewoption baskets of households and
information on weights associated with various piidcategories reflecting the
importance attached to different products. Withia CPI, it is common practice to
collect price quotations from different outlets tseged throughout the country. The
selection of the outlets and areas from which grexe collected is based on complex
multi-stage sampling designs. The expenditure wsigle based on a classification of
goods and services using a standard system suttte &lassification of Individual
Consumption according to Purpose (COICOP) or aaimational classification. The
lowest level of product classification at which ergiture weights are available is
used in identifying the elementary indices and aiglkvel indices at progressively
higher levels of aggregation, leading ultimatelythe total household expenditure
level.

Spatial comparisons pose several problems in tefnaentifying products that are to
be priced from different areas, regions or coustitwolved in a comparison exercise.
This problem is less severe when fairly similar mmogeneous areas are being
compared. In cases where comparisons involve dhedisare fairly heterogeneous,
two problems arise. The first arises from majorfellénces in the consumption
baskets. For example, when comparisons are maded&etwo states, say Minnesota
and Florida, there may be major differences incibressumption baskets at the detailed
level, even though the major expenditure categanag be identical. This problem is
somewhat similar to the treatment of disappearimdjreew goods in the context of the
CPI, but is more serious when cross-country corapad are being attempted. The
second problem arises from major differences inghality of items. The quality
differences may be measured through several pradhactcteristics, with allowances
and adjustments being made at the appropriate sthgelex number calculation.
Kokoski et al (1999) demonstrate the feasibility of making irdeea price
comparisons for heterogeneous goods.

Changes in quality are likely to be more graduahm case of temporal comparisons,
but can be a serious problem when comparisons acmastries are attempted. The
ICP follows the principle of identity in dealing thithe problem of quality differences
across countries. A comprehensive list of produetgh detailed product



specifications is developed at the planning stageany cross-country comparison
exercise. These items are priced in different aoesmfrom various outlets distributed
across the country, a procedure very similar to tised in the CPI. Development of
the product listing is, however, a difficult stegth the degree of difficulty depending
upon the size and heterogeneity of the group ohtms involved. The use of a
product listing, based on the identity principlanchave serious implications for the
representativeness of the product list of the compdion baskets in different
countries. There are several operational procedunsed by international
organizations in handling these problems relaton¢he compilation of price data. A
more detailed account of the problems and recometsdlutions can be found in
ICP HandboolUnited Nations, 1992) and the recent publicabgrOECD (1999) on
its international comparison work.

Once the price data are compiled, the next stagghenCPl compilation is the

aggregation of item-specific price changes to meaguice movements for various
categories of consumption expenditure. At this etaf is necessary to have
information on consumption patterns. This inforroatiis usually drawn from

household expenditure surveys. These surveys aelary conducted in most

countries by the respective national statisticgharzations. For purposes of making
inter-area comparisons of consumer prices, theespanding requirement is the
availability of household expenditure survey dadectfic to each area included in the
comparisons. In many cases, for reasons relatisgrtgling and statistical reliability,

detailed expenditure pattern data may not be aeaifar all the regions.

Spatial comparisons of consumer prices pose spgaitiblems because of the non-
overlapping nature of the consumption baskets, mdifferences in the quality of
items priced in different regions and countries] Hre non-availability of crucial data
on region-specific expenditure patterns. These lprob require the development of
new analytical techniques that can handle majoferdihces in quality. National
statistical offices may need additional financesaurces in order to provide reliable
and meaningful price comparisons between diffecdtrgs, areas and regions within
countries, and to compile reliable data for the endifficult task of inter-country
comparisons of prices and real consumption.

4  Aggregation methodsfor spatial comparisons

This section briefly describes the types of aggiegamethods that are commonly
used in cross-country comparisons of prices. Smost of these methods have been
developed in the context of the ICP, and are eguallid for inter-area or regional
comparisons, the discussion below uses countriespaisal entities. This section is
further divided into three parts. The first dealghwthe notation and conceptual
framework necessary to deal with multilateral sdatomparisons. The second
describes the construction of elementary indicesafygregation of prices when no
guantity or expenditure information is availablendfly, a small selection of index
number methods used in spatial price comparisanprasented.



4.1 Notation and conceptual framework

Consider the case involving comparisons achMssountries, and price and quantity
data orN commodities. These commodities refer to goodssandces that are priced
in all the countries. If the commodities refer tems below the elementary level at
which no quantity or expenditure share data aralabla, we make use of only the
price data. At this stage, all the problems retatm non-overlapping commodity lists
and existence of quality differences are set astdthat the main focus is just on the
aggregation issues. Lpt=[pd, ... g ] andg = [ qd, . . . ¢/ ] represent the price
and quantity vectors from country (j=1,2,...M). In the case of international
comparisons, all the prices are expressed in #eative national currency units. As
in the case of the CPI computation, the probleonis of decomposing the differences
in the value aggregates
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into measures of price and real expenditure compsne

Since there ar® sets of price and quantity vectors and, therefgi@]-1)/2 binary
comparisons between all distinct pairs of countréesimpler notation is used in this
annex in the place of the notation generally usethe manual. Letx denote the
(consumer) price index number for couritrwith countryj as the base. Jfandk are,
respectively, the United States and India, andiif= 22.50, then the index is
interpreted to mean that 22.50 Indian rupees hagesame purchasing power as one
US dollar for the goods and services covered inprding the index. Thus the index
can also be interpreted as the PPP between thencies of] and k. This
interpretation is consistent with the meaning agedrto the CPI. Since currency
denominations are involved here, a proper meadurelative price level differences
can be obtained if the PPP is compared to the egehaate prevailing at the time
when comparisons are made.

Because of the multilateral nature of spatial camspas, whenM countries are
involved, it is necessary to provide comparisorisvben all pairs of countries. Thus,
it becomes necessary to compute each and every ienthe following matrix of
binary comparisons:

IMl IM2 IMk IMM (A42)

Several points concerning the matrix,are worth noting. First, the matrix can be
large if the number of countries (or regions) iwaal is large. Second, the results
recorded in the matrix need to be internally cdesis All the index number issues
and various approaches discussed in the manualy appctly to each binary



comparison involving two countries. Diewert (198®99b) provides a summary of
the microeconomic theoretical and test approacbesrdss-country comparisons.
Thus, it is possible to apply Fisher, Térngvist, I8t%eor other index number formulae
described in the manual.

In order to ensure meaningful interpretation of tiesults from multilateral cross-
country comparisons, the index number methods egpieed to satisfy a number of
basic requirements, only the most important of Wrace discussed below. Kravis et
al. (1982), OECD (1999) and United Nations (199%)vjmle a complete list of these
requirements.

Transitivity. An index number formuldx is said to satisfy the transitivity property if
and only if for all choices gfk and? (j,k,’ = 1,2,..M), the index satisfies

ik = Iy % I (A4.3)

Equation (A4.3) requires that the application offamula to make a direct
comparison, li, should result in the same numerical measure asindmect

comparison betweep and k through a link country?. Note that the transitivity

property ensures internal consistency of index ramaln the matrix given in

equation (A4.2). It guarantees that the PPP for ¢wawencies, say A and B, is the
same whether it is derived through a direct congpariof A and B or through an
indirect comparison that compares A with C and @8, which are then combined
to provide an indirect PPP for A and B. This regment arises mainly from the
spatial nature of the comparisons where no natuddring of the countries involved
could be imposed without a value judgement. Mosthef commonly used index
number procedures do not satisfy this requiremBeme. following result is useful in

constructing transitive index numbers.

An index number formuly satisfies the transitivity property in (A4.3) ihé only if
there exisM positive real numbers,, A,,..., Au, such that

. = A
kK Ty
d (Ad.4)
for all j andk.

The proof of this result is straightforward (RacdaBanerjee, 1984). The result is
important since it shows that, when the transitiptoperty is satisfied, all that is
necessary is to measuk& real numbersiy, A,,..., Av, and then all the necessary
indices in (A4.2) can be calculated using thédenumbers, thus reducing the
dimension of the problem involved. Two importanini® may be noted. First, the
numbers/; in equation (A4.4) are not unique, since any scalaltiplication of a
vector of/; can also lead to the same matrix of index numaegtbat derived from the
original A;. Therefore, thesd need to be determined (in any empirical exeraipefo

a factor of proportionality. Second, thede can be interpreted as the PPP of
currencies involved. This particular result formkd basis of the work of statisticians
such as Geary (1958) and Khamis (1970), who prapasggregation methods



designed to compute PPPs directly from the prickqrantity data without invoking
the index number literature.

Base invariance.An index number formula is said to be base invaridna
comparison between a given pair of countrjdg (s invariant to the order in which
the countries are listed. This implies that muiéital comparisons should be invariant
to all possible permutations of the data set. kamnle, consider a set of transitive
comparisons derived using a particular country (88 United States) as a star
country. Under this scheme, price comparison batwae® pair of countries, say A
and B, is effected through the United States whalves as a link country. Therefore,

PPP,, = PPP,, X PPR,;

This scheme is inadmissible under the base invegiariterion since the choice of the
star country clearly affects the PPP of currenoiesountries A and B. Further, the
United States is accorded a special status, irfiaime of a link country, in deriving
transitive multilateral comparisons.

Characteristicity.This is a requirement outlined in Drechsler (197@3)is property
requires that any set of multilateral comparisoaiss/ing the transitivity property
should retain the essential features of the bicangparisons constructed without the
transitivity requirement. Since condition (A4.3)phes that a transitive comparison
between a pair of countri¢gsandk is necessarily influenced by the price and quantit
data for all the other countries, the characteitgtiproperty requires that distortions
resulting from adherence to the transitivity prapeshould be kept at a minimum.
Balk (2001) shows that a complete adherence talilaeacteristicity principle in its
extreme (complete preservation of all binary consosars) would imply that price
indices, and hence PPPs, cannot depend upon amfityuar expenditure share
weights. This is an extreme result, which is to awided in all index number
comparisons. The Elteto—Koves—Szulc (EKS) methadnfaltilateral comparisons,
discussed below, has its origins in the charadigtisproperty.

4.2  Index number methods for spatial comparisons

Spatial price comparisons in general, and inteonati comparisons in particular, use
index number methods for aggregating price and tifyagata at two different levels.
The first is the basic heading level. This is ndiythe lowest level of aggregation at
which expenditure data and weights are availablees& basic headings usually
consist of a fairly homogeneous group of items #rat priced in different outlets in
the countries. The subsequent levels of aggregateand to indices for broad
expenditure categories, and finally to the wholestmnption basket.

4.2.1 Aggregation below the basic heading level

Two commonly used index number methods are destiietow. These procedures
explicitly allow for the possibility that price datnay not be available for all items in
the product list constructed for a given internadiocomparison exercise. Such a



situation is possible in the case of temporal campas, but is usually limited to a
small number of commaodities that are either disapgpg or new goods.

The Elteto—Koves—Szulc (EKS) Methadvariant of the original method proposed in
Elteto and Koves (1964) and Szulc (1964) is geheteled in aggregating price data
below the basic heading level. The EKS method ve®kwo stages. In the first stage,
binary comparisons are constructed using pricetivela of those commodities for
which prices are available in both countriesyfis the number of commodities that
are priced in both countries, then the current ppaavithin ICP constructs a binary
elementary index using the following formula:

nic pk Uny
Jk i
D P (A4.5)

Obviously, these indices are not transitive, sieaeh index is based on prices of a
different set of commodities. The EKS procedurthen used in deriving a transitive
set of indices. The resulting formula for the comstion of elementary indices for
spatial comparisons is given by

M
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(A4.6)

The elementary index number formula in (A4.5) mikr to the formula used in the
construction of the CPI. The principal differenasults from the fact that not all
commodities are priced in all countries and thate¢his a need for transitivity at all
stages of aggregation. The properties of theseasdare discussed in Chapter 20 of
the manual.

The OECD (1999) uses a slightly modified varianttloé binary indices shown in
equation (A4.5). A formula that mimics the standgisher index is used, but without
the use of any expenditure shares since the aggreda below the basic heading
level. This procedure tries to account for the theit not all commodities for which
prices are collected are really characteristic mpdrtant in one or both of the
countries. The procedure takes explicit accounthose commodities which are
starred, indicating that the item is important igimen country. The modified EKS
method uses the same formula as above, but theybirdex on the right-hand side is
replaced by:

1 1 %
_ ps [ [QSTD
|, = _a _
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wheren(s) andn(j) are, respectively, the number of starred itemsoumntriess andj;
M(s) andM(j) are, respectively, the sets of commodities thatssarred (considered
representative) in different countries.

(A4.7)



Use of equations (A4.5) and (A4.6) for the congtaucof spatial CPI numbers at the
basic heading level has its problems. The most itapb problem is that these
formulae do not take into consideration whethemot the commodities priced in
different countries are “representative” of the samption in different countries
within the basic heading. A related problem is \kketor not the coverage of the
commodities, priced with respect to the basic hepdo which they belong, is
adequate. These issues are currently being resehreimd Rao (2001b) offers a
modified approach that attaches weights proportiona coverage and
representativeness.

While there has been much research on the propatiendex number formulae for
the construction of elementary indices within thel @amework (Diewert (1995a),

Dalen (1992) and Turvey (1996)), there has beey Mée research on the properties
of elementary indices within the context of interomaal comparisons.

The Country—Product-Dummy (CPD) Methothe CPD method was originally
proposed by Summers (1973) as a tool to deal wiising price observations. The
method is a simple statistical device that can &eduin deriving the PPPs for a
particular basic heading by simply regressing tigatithm of observed prices against
a set of dummy variables, defined with respectdammodities and countries. Thus
the procedure involves the model:

In(p) =mD;, +..+n Dy + 1Dy +...+ Dy, + u; (A4.8)

where (Q , D;" ) for j=2,...,M and i=1,...,N are two sets of dummyriables for the
N commodities and the M countries, respectively.

Once this regression equation is estimated, the fBPBurrency of country j with
country las base can be obtained by

PPP = exp f, (A4.9)

where i is the estimator ¢’ in equation (A4.8). Then the desired index at thgid
heading level is given by

i (A4.10)

The exponential of the difference in the estimaiésr and 7z obtained from the
regression equation provides the necessary indetoeu

The CPD model offers a number of generalizatioas$ tan explicitly account for a
number of data-related problems. The model canasgyegeneralized to account for
differences in quality measured through a set addpct characteristics. The
feasibility of this approach to inter-area compamis of consumer prices within the



United States was demonstrated in Kokoski et &99). Rao and Timmer (2000)
examined the feasibility of using a generalized GRBdel to incorporate various
measures of reliability in the context of aggregatunit value ratios to provide
comparisons at the manufacturing branch level. &01b) discusses a few model
specifications that are appropriate for aggregatetow the basic heading level
within the context of the ICP.

The EKS method, described in equations (A4.6)-(P4i8 the procedure that is
currently used by all the international organizasidor purposes of aggregation below
the basic heading level. The CPD and EKS methodkl ydentical basic heading
parities when all the commodities are priced inthé countries. Ferrari and Riani
(1998) and Ferrari et .a]1996) present a number of analytical resultsirgjao these
methods.

While the sampling issues relating to the selectind distribution of outlets and the
frequency of price quotations are considered ingmrfor the construction of the
elementary indices within the CPI, issues thatcaneial for the construction of PPPs
below the basic heading for inter-country companssare quite different. Issues of
quality differences and non-availability of goodsdaservices in all the comparison
countries are far more important in spatial congmars of consumer prices.

4.2.2 Aggregation above the basic heading level

This section presents a small selection of thegarigaggregation methods used in the
context of spatial comparisons. A more comprehensmwalysis of the spatial

aggregation methods developed over the past theeadds is presented by Balk
(2001).

This level of aggregation is similar to the stagbeve elementary indices are
aggregated to derive the overall CPI. In the cdderaporal comparisons involving
two time periods, all the methods and approachexried in the manual are
appropriate, and in most cases the national statigiffices use the Laspeyres, Fisher
or some variants of these formulae for CPI consvaoc However, the multilateral
nature of spatial comparisons necessitates sliglitiferent approaches to their
construction.

A number of index number methods for aggregatioovalthe basic heading level
have been developed over the past three decadem lioé interest of brevity, only
the principal methods are discussed below. Thesehar Geary—Khamis and EKS
methods for international comparisons, the princgggregation methods used in
various international comparison exercises by @, the OECD, Eurostat and FAO.

Several approaches to the construction of multddtendex numbers that satisfy
transitivity and base invariance properties arecudised below. Four distinct
approaches emerged during ICP work carried outdemtwi970 and the early 2000s.



The first and most straightforward is the EKS appig which uses binary results as
building-blocks for multilateral comparisons. Thecend is the Geary—Khamis
approach, which provides a methodology for comgut?*PPs of currencies and
international average prices of commodities, usivegprice—quantity data at the basic
heading level. The third is the stochastic apprdzated on the CPD method and its
generalizations that can be used in econometricadlymating the PPPs using a
regression framework. The fourth and the last agghradiscussed here is the linking
approach to the construction of chained comparidmased on the concept of the
minimum spanning tree. This is generating conslderanterest and is explored
further in the last section of this annex. Theser fapproaches are by no means
exhaustive, but they represent major strands efrel and development in this area.

The EKS MethodThe EKS system is a simple method of generatiagsitive
multilateral index numbers from a system of binaigex numbers, with the property
that the resulting multilateral indices deviate tleast (according to a specific
criterion) from the binary indices. Since the samhiaper by Drechsler (1973), it has
been well recognized that (transitive) multilatesgstems necessarily deviate from
their binary counterparts and therefore result insa of “characteristicity”. The EKS
system is designed to minimize such loss of charsticity. The original EKS
system uses the Fisher binary indices, but the wb@aves, Christensen and Diewert
(1982b) and Rao and Banerjee (1984) recognizesothat binary indices could be
used in conjunction with the EKS technique. For pay of countrieg andk, if Fj
represents the Fisher binary index, then

M 1/M
EKS, = H [F, il (A4.11)

provides the EKS index.

There are several notable features of the EKS teclnifirst, it is based on the
premise that direct binary comparisons, deriveshgusiny chosen formula, provide
the best comparison between pairs of countriesor®@even though the EKS index
in equation (A4.11) is defined using the Fisherexadhis approach can be applied in
conjunction with any other index number formular EBaample, the Fisher index in
equation (A4.11) may be replaced by another supezlendex, such as the Térnqvist
index. Caves, Christensen and Diewert (1982b) sigbe use of a Térnqvist-based
EKS formula for spatial comparisons. Third, the EK&exin equation (A4.11) is the
multilateral index that deviates the least from thatrix of non-transitive binary
indices, when the deviations are measured usinggarithmic distance function.
Finally, the EKS index can be interpreted as a snggometric mean of all indirect
comparisons betwegrandk through all possible link countries.

The simple unweighted nature of the EKS index hamaed attention in recent
years. Since different binary comparisons havestbfiit levels of reliability, measured
using various criteria, it is necessary to refbetse differences in defining weighted
EKS index numbers. Rao and Timmer (2000), Rao ef2800) and Rao (2001b)
provide illustrations of how weighted EKS indicesncbe generated in order to



account for various data-related problems.

The Geary—Khamis (GK) Metho@ihe GK method was originally proposed by Geary
(1958) and subsequently developed by Khamis (19802 and 1984). The GK
method has been the principal aggregation methadoist of the ICP phases to date.
Since 1996, the OECD has produced and publishedniamtional comparisons based
on both the EKS and GK methods.

The GK method provides a way of calculating PPPscufrencies of different
countries from the observed price and quantity dapplied at the basic heading
level). The concept of PPP is applicable even whencurrency unit is the same in
several areas of a country. The GK method simuttasly determines international
average prices of different countries. IRetdenote the international average price of
ith commodity. The GK method is defined through tudowing system of
interrelated equations, defined for each coupéryd each commodity
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These simultaneous equations are then solved kb piamerical values of PPPs and
Ps after selecting one of the currencies as a numei@nce the PPPs are solved, the
spatial price index numbers are simply defined as

PPP
PPP

e

(A4.13)

One of the main reasons for the continued use ®GK method is “additivity”.
Additivity requires that aggregates, such as reanestic product, derived by
converting national aggregates using PPPs, shoellédual to aggregates derived
through valuation of quantities at internationates. Thus additivity requires

Z pijqij /PPPR ZZ RQij
= = (A4.14)

This requirement is satisfied automatically by BfePs andPs derived from the GK

system defined in equation (A4.12). The GK systenalso useful in analysing the
structure of real GDP and shares of different camepts across different countries.
This system provides a framework within which inttonally comparable national
accounts could be constructed. However, the GKesyst not rooted in standard
economic theory and fails several test propertigiewert, 1986). There has been
considerable debate among practitioners concethm@verage prices resulting from



the GK system. The system has the potential teaethe price structure of the richer
countries, and therefore has the tendency to atershe real income of the poorer
countries.

Weighted Country—Product—-Dummy (CPD) Methtids possible to generalize the
CPD method discussed in the context of aggregdt@ow the basic heading level.
Rao (1995) has generalized the CPD method by iocatipg quantity and value data
directly into the CPD method described in equa(®.8). The basic idea behind this
generalization comes from the fact that the stah@#D regression model attempts
to track the logarithm of the observed prices usangunweighted residual sum of
squares. In the spirit of the standard index nundygroach, where price index
numbers are required to track price changes of nmp®rtant commodities more

closely, a more appropriate procedure would band éstimates of the parameters
that are likely to track important commodities mailesely. This is achieved by

minimizing a weighted residual sum of squares, watdth observation weighted
according to the expenditure share of the commadita given country. Thus the

generalized CPD method suggests that estimatitimeagquation

Inp; =mD;,+m,D;, +..4 ,Dyy +17,D5 +...477,Dy; +, (A4.15)

be conducted after weighting each observation daogrto its value share. This is
equivalent to the application of ordinary leasta®s to the following transformed

equation obtained by premultiplying equation (A4.15y VWi The resulting
equation is:
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(A4.16)

where i=1 Is the value share of thh basic heading in théh country.

Rao (1995) has shown that the international primed PPPs resulting from the
estimates of parameters in equation (A4.13) aratickd to those derived using the
Rao method for international comparisons, describedRao (1990). Thus the
weighted CPD method may be considered as a bridgeelen the GK approach to
international comparisons and the standard stochegbroach to index numbers.

Kokoski et al. (1999) outline a procedure which emkise of the CPD method to
adjust for differences in quality characteristidsvarious consumer items for the
construction of inter-area CPIs using United Stalats. Estimates derived from the
CPD method are subsequently used in the applicatidhe multilateral Tornqvist
index derived after imposing the transitivity canah. Hence the approach used in
Kokoski et al. (1999) may be described as a mixedhastic and index number
approach to multilateral spatial comparisons of Qihbers.



Spatial linking and chaining approacin recent years, a new approach to inter-area
and inter-country comparisons of prices has begangserious consideration. This
approach advocates spatial chaining of binary coisqas where links are identified
using a procedure based on a measure of distarrediadility of binary comparisons
involved. This approach is in sharp contrast to geeeral approach to multilateral
comparisons, where either all the binary compadsare used, as in the case of the
EKS method, or all the price and quantity datasareultaneously used, as in the case
of the GK and CPD approaches.

Using the graphical theoretical concept of minimgpanning trees, Hill (1999c,

1999d) proposed a method of deriving a systemawisitive multilateral comparisons
from a matrix of binary comparisons. The Hill apgpech is based on the fact that
direct binary comparisons may not always be thé bes

For any pair of countriesandk, Hill suggests a measure of distance (indicatirg t
reliability of the binary comparison) using the pagres—Paasche spread defined as

D(j.k) =

o105
P(1.k) (A4.17)

wherelL(j,k) andP(j,k) are, respectively, binary Laspeyres and Paasohe mdex
numbers. Note that the same distance function eseigprice index numbers are
replaced by quantity index numbeBXj,k) is equal to zero if the price structures or
guantity structures are identical in countriegnd k. Thus, this distance function
serves as an indicator of similarity of price améifity structures in these countries.

Using a matrix of distances calculated for all paf countries, Hill (1999¢, 1999d)
suggests that a minimum spanning tree (MST) beaeted and used in constructing
chained links between all pairs of countries. Th&Tvhas the property that a chained
comparison between any pair of countries has th& distance, and therefore can be
considered as the most reliable. It also has tbhpepty that the sum of the distances
between all the links, in the MST, is the least wlt®mpared to all possible tree-
configurations. For purposes of illustrating thenoepts involved, Figure A4.1.1
shows the MST for Europe constructed using ICP dataEurope for the 1985
benchmark year.

Figure A4.1 A minimum spanning tree: Europe
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It is evident from the MST presented here that mparison between Germany and
Portugal is through a chain involving Ireland, Lod®urg and Spain. This chained
comparison is deemed to be better than a directpaoson between these two
countries. There are a number of issues yet tesdawed regarding the use of

the MST. Nonetheless, an MST provides a formaliratbf a somewhat intuitive
notion of linking dissimilar countries using a ahaif similar countries.

Once the MST is identified, a transitive comparibetween a given pair of countries
in a particular exercise is constructed using lyinadices calculated using a chosen
formula, such as the Fisher or Tornqvist index, #reallinks indicated in the MST.
Thus, if a comparison between Sweden and Denmarkeé&led, then the MST
approach suggests the following index for this cangon:

MST _ F x F
SwederDenmark Swederfrinland Finland Denmark

whereF denotes the Fisher index.

Since the MST provides a unique chain of links lestw any two countries,
comparisons are uniquely defined. The spanning teege, however, sensitive to the
countries included, and the types of measures usedssessing the degree of
reliability or comparability of any two countriedten et al. (2001) examine the
sensitivity of the spanning trees and the resuldoamparisons based on a range of
measures including some similarity indices. Ra@lef{2000) applied the spanning
tree approach to the construction of multilatemgdyricultural input, output and



productivity indices, using United States statesleagricultural production data.

5 I ntegration of the CPI and inter-area and inter national comparisons

The best available inter-area and internationaepcomparisons for consumer goods
and services use data from the national statistifales compiling CPIs. In recent
critical reviews of the ICP by Ryten (1998), andtbé OECD-Eurostat PPPs by
Castles (1997), the accuracy and reliability oeinational comparisons have been
assessed as being less than adequate. Castlestmotdgficulties encountered in
comparing like goods from country to country, angtdR argues for the need to
secure greater support from national statistickted in compiling price data for the
ICP. Both reviews recommended examination of thesifelity of integrating ICP
work with that of the normal CPI work undertakenthg national statistical offices.
Since this annex deals with spatial and internatimomparisons, it is appropriate
now to examine and identify possible steps involved more integrated approach to
the CPIl and ICP activities.

This section first provides an assessment of piaidmtnefits that could flow from the
integration of CPI and ICP activities with statisii systems in general, and price
statistics in particular, at both global and natidevels. It is useful to note here that
the ICP provides cross-country comparisons of prafegoods and services that enter
private consumption, government consumption andestiment. Thus ICP
encompasses all components of gross domestic gr¢@P). In contrast, the CPI
focuses mainly on movements in prices of consumerdg and services. The nature
and scope of the CPI and ICP activities and thé&dion the extent of an integrated
approach are discussed briefly. The final subsedtientifies a number of useful
initiatives that could provide a framework for agtical, more integrated approach to
these important activities involving inter-tempgrahter-area and international
comparisons of consumer prices and the ICP.

5.1  Benefits from CPI and ICP integration

Globalization and the resulting expansion in inational trade and financial flows
have led to an ever-increasing demand for intesnatly comparable statistics that
can be used in assessing the economic perform@amagions. The ICP plays a major
role in meeting this demand by providing internagitly comparable national income
aggregates, such as private and government consumgtd capital formation. The
ICP has also provided valuable information on re¢ainternational prices of goods
and services, at a reasonably disaggregated lgkalh is used by researchers around
the world. The most popular by-products of the rmé¢ional comparisons are the
Penn World Tables and the World Development Indisatwhich are considered
invaluable sources of data for research on glaleduality, poverty and econometric
analysis of productivity growth, and the study atah-up and convergence among
nations.

The potential benefits of the ICP are somewhatmished by the long lags in making



international comparisons available to potenti@rssThe coverage of the ICP is not
extensive and the number of countries covered vaross regions. The limited
coverage of ICP in some regions reflects the resoureeds associated with the
compilation of price data specifically for the pase of the ICP. It is in this area
where significant benefits can be derived if th® l&ctivities can be integrated with
the CPI work of the national statistical offices.

At the global level, the potential benefits are gnand varied. A few are listed below:

* increased country coverage, leading to a betterdveork for extrapolations;

* improved quality of the estimates resulting frone thise of extensive price
data collected for CPI purposes, rather than basomgparisons on products
with specifications that may not be representabivéhe consumption baskets
of the countries involved;

* benefits from research on methods for quality ddjest. Such methods are
necessary to make adjustments for differences oduymt quality across
countries;

» the development of regional PPPs, which are likelynake ICP results more
consistent with domestic price movements and mece@able to national
governments;

e construction of internationally comparable natioaatounts, in a common
currency unit, complementing the existing natiomacounts in national
currency units. Such accounts will be a useful @aldito the international
statistical data bases that will enable globalHleesearch on country and
regional economic performance, and long-term caghand convergence
among countries;

» reliable estimates of PPPs along with domesticsratanflation, providing a
complete matrix of temporal-spatial price differencthat can be used to
better understand the factors influencing natigerede levels and exchange
rate movements.

Several benefits may also be derived by the ndtistatistical offices from an
integrated approach to the compilation of CPI amP$ The nature of benefits
derived will, however, vary depending on the stafjelevelopment of the countries
involved. For more developed countries with wetlabtished statistical agencies and
programmes, the benefits derived are through tmergyes arising out of a joint
approach to spatial and temporal comparisons. Téresas follows:

* Recent work on CPI and ICP manuals addresses thartiamt issue of quality
change over time and quality differences acrossittims. Efforts are being
channelled into finding suitable statistical methdtat can be used in the
measurement of price-level changes leading to texhgin potential biases.

* The treatment of new and disappearing productsirwitiie CPI is also an
important problem associated with increased glabtbn, the expansion of
free trade and the removal of tariff barriers. Timasional statistical offices,



especially in developed countries, are often canéod with the problem of
accounting for new goods, and goods subject tarqpality changes.

The regular compilation of the national accountatisiics and the
measurement of price change through the CPI, atehéixg to inter-area and
international comparisons, can provide informaneeded to assess the levels
of, and movements in, real income.

In the case of developing countries with inadeqsgdéstical infrastructure, benefits
from an integrated approach could be significart aid statistical capacity building
in such countries. These benefits include:

strengthening statistical infrastructure and instin building. Efforts to
implement the CPI manual and its recommendatidosgawith participation
in the ICP activity, are likely to identify deficieies in a country’s
infrastructure and the lack of institutional capacin some countries, it may
be necessary to strengthen management and plafumntions, recruit new
staff, and provide training to conduct householdesxditure and other general
price surveys;

strengthening of data collection, processing systeand dissemination.
Designing and conducting sample surveys to inteynat standards is a
lengthy and demanding exercise. It may be neces$satgvelop a systematic
plan to improve survey designs to coordinate swgvey economic and
business entities, and to conduct periodic censae$esconomic activity.
Computerization of data-processing activities niap ae required,;

improvement in the measurement of income inequality poverty. Improved
price and expenditure data can be used to impratieral and international
estimates of poverty;

improved regional comparisons. PPPs compiled fogiores and for
neighbouring countries can provide useful insigim® the dynamics of
regional development, and help identify the regianth special needs and
required assistance. Comparisons with neighboucmgntries, in terms of
relative price differences and real income changes, provide powerful
incentives to pursue policies for growth and loWaition.

There are many potential applications of the PP&® the ICP. Several papers (by
Astin (2001), Ward (2001) and Prennushi (2001), particular) at the recent

OECD-World Bank (2001) seminar dealt with some inga applications of PPPs at
Eurostat and the OECD, and at the global levelhim assessment of poverty and
inequality.

5.2

Salient features of CPI and ICP integration

In order to identify strategies for closer integratof temporal CPI compilation with
wider inter-area and cross-country comparisonsoosgmer prices and PPPs at the
level of GDP, it is necessary to examine the maatures and the context in which



such an integration will occur. The important iss@aee the scope and coverage of
these two endeavours from the perspective of naltistatistical offices, and a general
framework of price comparisons within which botlegk activities are placed. This
section deals with these two aspects.

The scope and coverage of the CPI and ICP arey\difftrent. The CPI is a measure
of changes, over time, in prices of goods and sesvihat belong to the consumption
baskets of households in a given country. In cehtthe ICP provides a measure of
price-level differences across countries, coveatigcomponents of the expenditure
side of the national accounts. The main compongn@&DP used in ICP comparisons
are household consumption, government consumptapijtal formation and net
exports. In line with theSNA 1993,the ICP merges the portion of government
expenditure that provides goods and services tedfmids with private consumption
to form household consumption. Thus, the scopecandrage of goods and services
in the ICP is much wider than that of the CPI. THoeisehold consumption concept
used is, however, almost identical to that usedcamstructing the CPIl. Any
integration of CPl and ICP work will necessarily benfined to the household
consumption aggregate of the national accounts.

Within the ICP, price quotations from different omties are obtained for a large
number of goods and services with very well-defipedduct specifications. This

approach, described as the “tight specificatiorgrapch, is used in the ICP. The tight
specification approach requires a sufficient desiom of the product so that it is

uniquely defined in the “law of one price” sensed &0 that it can be recognized in a
range of localities and time periods wherever arfterivever it is available. The

product listing is determined on the basis of theug of countries included in an

international comparison exercise. While this applo provides a solution to the
problem of quality variations across countries, tt@mmodities priced for ICP

purposes may not be representative of the consampbaskets in respective
countries. Thus, commodities priced may not beasgmtative of the items consumed
in the countries, which usually make up the bunmaflegoods and services for the
construction of the CPI.

The degree of success of integrating ICP activiih ihe CPI compilation depends
upon the extent to which these two activities ceawdon a common pool of data and
information available at the national level. Théemnsection of data sets for the CPI
and the ICP is represented in figure A4.2.

Figure A4.2. Price data for CPI and ICP activities
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The following marked areas are of particular sigaifice:

(1)

(2) and (3)

(4)

(5)

Common set of goods and services between tHeaG# ICP lists.
These price data can be used directly in an intedrapproach to these
two activities.

Subset of ICP goods and services facwprices can be derived after
making quality adjustments to products listed i @Pl basket. These
are the goods and services that are not idenbcélclose enough for
quality adjustments to be made based on the clesistats of the
goods and services.

Set of goods and services in the CPl basket Hzet no direct
component in the ICP basket.

ICP basket of goods and services under headihglse expenditure
side of the national accounts that has no diredevamce or
correspondence with CPI.

Figure A4.2 shows that if the integration betwebr tCP and the CPI is to be
successful, the ICP comparisons should necessarihgstricted to country groupings
where the basket of goods and services representingehold consumption within
the ICP has a significant overlap with the courspgcific CPl baskets. Such an
overlap can be achieved only when country groupingkin the ICP comparisons
exhibit similarities in their CPI consumption batkeThis has implications for the
ICP and its regionalization programme.

In examining the CPI and ICP activities, it is alsecessary to consider a range of
temporal and spatial price comparisons of intei@stational statistical offices in the

course of providing a comprehensive set of econataitstics for policy-makers and

other analysts. It is possible to consider theswiges in a sequence indicating the

progression involved in these price comparisorvaies (figure A4.3).

Figure A4.3. A Sequence of price comparisons
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The schematic diagram uses the standard CPI actofitestimating annual or
guarterly price changes for the nation as a whimlemost countries, national CPI
figures are supplemented by area-specific CPI astéisnfor either capital cities or
regions within the country. A natural progressiahere data permit, is to undertake
spatial comparisons of prices. At present, very t®untries appear to produce such
indices on a regular basis. A fairly significantnjo from this level is to undertake
price comparisons, on a bilateral or multilaterasib, with geographically contiguous
countries or countries within a political or economgrouping. The last element in this
chain is the participation of the national statstioffices in a global price comparison
exercise such as the ICP. At present, nationakstat offices are mostly involved at
the two extreme ends of this spectrum. The geneval of involvement of national
statistical offices in the ICP is likely to be mamethusiastic, however, when they gain
experience from their participation in inter-areamparisons within the country and
intra-regional comparisons involving countries e@ographical proximity.

5.3  Two core strategies for CPI and ICP integration

Based on the brief discussion of the CPI and ICHvides undertaken by
participating national statistical offices, it isgsible to identify two major strategies
that will result in a level of integration betwetrese two activities that can benefit
both programmes and the systems of economic statistthe participating countries.
Both of these strategies emerge from the need tonmze the flow of data from the
CPIl and ICP, and at the same time provide a frame¥ows improving temporal and
inter-area consumer price comparisons within a tgun

Use of characteristics approaciThis approach was proposed in Zieschang et al.
(2001) and alluded to in Rao (2001a). The charesties approach begins with a
market study by a national statistical office astlyo determine a set of price-
determining characteristics. These product chamatitss, such as size, features,



nature of the sale transaction, type of outlet, sman, are determined according to
the available information about the impact of tletatled characteristic on price at a
point in time or over a specified reference persgh as a year. Under this approach,
product prices are collected and at the same tragtoduct characteristics are also
recorded.

In the standard CPI context, the product listinghams fairly constant, except in
cases where an old variety or product is replacgdalnew one. When spatial
comparisons are undertaken, however, the overlapoiducts may be limited. In such
cases, the characteristics approach becomes ushfsilapproach is in direct contrast
with pricing very specific products in all the cades, or in areas within a country,
thus limiting the overlap and the usefulness ofrdsailting CPIs.

The characteristics approach requires price andacteistics data for a sufficiently
wide variety of detailed commodities or specifioas in the item group to estimate a
regression model of price on characteristics. Socuels are known as hedonic
regression models, where the logarithm of price regressed on various
characteristics. For spatial comparisons, this @ggr is very similar to the
country—product—dummy (CPD) method discussed abotlds annex. Kokoski et al.
(1999) describe a method of producing “exact”, abtaristics-adjusted, economic
index number comparisons between areas that abbowddonic equation parameters
to differ from one area to another. This method lbarclassified as a variant of the
weighted CPD method along with a multilateral Ta@isgindex number.

The main advantages of the characteristics apprisabiat it is not critically based on
the overlap in commodity bundles for different ar@a countries, but on the sample
size and number of commodities for which prices gudlity characteristics are
collected. The sample size needs to be large entmughable efficient estimation of
the parameters involved.

In order to facilitate cooperation with the ICP,addition to having a well-structured
database for the CPI that is extended to coverackeristics, the interests of national
statistical offices are ultimately best served hyplementing product and
characteristic classification schemes consistettt wkernationally agreed standards.
In order to make this approach operational, it esassary that such classification
schemes are established by making use of someeoéxisting classifications, for
example the Central Product Classification (CPChher Classification of Individual
Consumption according to Purpose (COICOP). Thesdyat classifications need to
be extended to include a core set of standard cteaistics for each category within
the classification.

Notwithstanding the benefits of the characterisipproach, implementing a scheme
of product characteristics classification requaitshe countries or parties involved to
agree to a specific standard and to allocate tleessary resources for such an
endeavour. Until comprehensive data sets with pain@é characteristics of products
become available, it may be necessary to expldrergiossible approaches that can
be used in conjunction with the present “tight sfieation” approach used in ICP



exercises.

Linking approach to international comparison$ maximizing the overlap with the
CPI is one of the principal objectives of the IGRen multilateral cross-country
comparisons need to be built up from bilateral cangons, where pairs of countries
are identified on the basis of the maximum oventegheir national CPI baskets. Once
such pairs of countries are identified, then matitital comparisons can be built using
chains constructed on the basis of links. This @ggn is somewhat similar to the
MST approach proposed by Hill. While the basicerrdn in Hill's approach uses
variability in price relatives, measured using thaspeyres—Paasche spread, the
approach suggested here requires measures of pwdriarice data as the principal
criterion.

The linking approach needs a multi-stage frameworihe first stage, it is necessary
to identify groups of countries to form regionsatusters. The principal criteria that
should be used are, first, the extent of overlagb tan be achieved between pairs of
countries within the group and some measures oflasitgy in the expenditure
patterns. In the second stage, an MST approacHdsbeuwused to identify the exact
links within a regional cluster of countries. Onouiltilateral regional PPPs are
constructed, and PPPs for the GDP and its majopoasnts are derived, then the
next stage will involve linking various regionalraparisons to derive a set of global
comparisons and PPPs.

Application of the chaining procedure representsnaor shift from the present
approach to ICP work. Currently, comparisons withiea ICP are based essentially on
a top-down approach, where a commodity listing dase the “tight specification”
approach is determined in the first instance, dmehtprice data from different
countries are collected. Where the ICP work isaedglized, regions are essentially
determined on geographical considerations and m@ny data-based considerations.
If cross-country comparisons are to be based oomely available CPI data, it is
necessary to use a bottom-up approach, where allofterational procedures,
including the determination of clusters and linkged to be built with the data
available from the national sources provided by riagonal statistical offices. The
application of spatial linking procedures will mmize the need for quality
adjustments of the type described under the clarsiits approach to price data
collection.

The integration of spatial and temporal comparisbas the potential to provide a
consistent set of temporal, inter-area and intentty comparisons, and at the same
time improve the quality of the underlying companis. It is an exciting prospect, but
several challenges need to be met before a tridgiated approach to spatial and
temporal consumer price comparisons can be achieved



