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OECD) when preferences are homogeneous quadratic. The Geary method
seems preferable since it gives a (possibly poor) approximation to a consistent
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NON-TECHNICAL SUMMARY

How should we compare price levels and real incomes between countries?
The question is of great importance, since the demand for such comparisons
is enormous. Apart from their intrinsic interest, they are essential for testing
hypotheses about comparative growth performance. Indeed, such tests have
themselves become a major growth industry in recent years. This reflects, in
part, the revival of interest in growth theory and the development of models of
endogenous growth. It also reflects the relatively recent availability of
comparative data on real incomes for a wide range of countries and years, of
which the major source is the Penn World Table – an enormous data set that
originates from the United Nations International Comparison Project.

The basic question of how comparable measures of real income should be
calculated, however, remains unresolved. Some method must be used to
correct for the fact that prices are not equalized between countries, and so
international comparisons that use current exchange rates give a misleading
picture of the extent of divergences in real incomes. On average, poorer
countries have lower price levels, so international comparisons that do not
correct for deviations from common price levels tend to exaggerate the degree
of income inequality between nations.

A great many methods of calculating real incomes have been proposed. In
practice, the two most widely used are the ‘Geary method’, devised by the
Irish statistician Roy Geary in 1958, and the ‘EKS method’, named after its
originators Eltetö and Köves (1964) and Szulc (1964). The Geary method has
many practical advantages, most notably that it leads to a consistent set of
world accounts which can be disaggregated by country and commodity. For
that reason it was adopted in the International Comparison Project and so
forms the basis for the Penn World Table. The method lacks a secure
theoretical foundation, however, and has been heavily criticized by theorists –
especially by Erwin Diewert, who argues for the EKS method in his
authoritative surveys. This method is a multilateral extension of the Fisher
‘Ideal’ index, and is used by the OECD and by Eurostat (the Statistical Office
of the European Union) to produce purchasing-power-parity-corrected real
income data for their member countries.

The Paper re-examines the theoretical foundations for international
comparisons of purchasing power and real incomes. It suggests that the
claims of Diewert and others for the EKS method, based on the Fisher index,
do not hold up. The Paper also shows that Fisher-type indexes have desirable
properties for bilateral comparisons that do not extend to the multilateral case.

More positively, the Paper proposes a new set of ‘true’ indexes for
international comparisons, which combine the desirable aggregation property
of the Geary method with a firm foundation in economic theory. This proposed



system is called the GAIA (‘Geary-Allen International Accounts’) System. Like
the Geary method, it yields a consistent set of real incomes that can be
consistently disaggregated by commodity and country. It also draws on the
economic theory of index numbers, however, and, in particular, on the work of
RGD Allen. He showed how to compute a bilateral real income index which
takes account of the behaviour of consumers, who typically respond to price
differences by substituting away from more expensive goods towards cheaper
ones. Neglecting this substitution yields biased estimates of price and real
income indexes. The GAIA system extends this approach to multilateral
international comparisons. Like any index of the Allen type, it provides an
answer to the question ‘How well-off would a given reference consumer be in
different countries?’ The distinctive feature of the GAIA system is that the
reference consumer chosen is the hypothetical consumer whose consumption
bundle most closely approximates the observed consumption patterns of the
world as a whole.

The GAIA system has two kinds of uses: theoretical and empirical. At a
theoretical level, it can be used as a benchmark to evaluate the performance
of empirical indexes, which are easy to calculate, such as the Geary and EKS
indexes. The paper shows that the GAIA system is identical to the EKS index
if tastes exhibit a particularly strong form of ‘homotheticity’. This means that
consumption patterns do not vary with income: rich and poor consumers
spend the same fraction of their budget on food, for example. By contrast, the
GAIA system is identical to the Geary system if there is no substitutability in
demand. This means that consumption levels do not vary with price: unless
their real incomes change, consumers do not reduce their consumption of
goods that have risen in price. Both of these assumptions, homotheticity and
zero substitutability, are highly unrealistic. If forced to choose, however, it is
less implausible to assume that there is no substitutability (i.e., consumption
levels do not vary with price) rather than to assume that tastes are homothetic
(i.e., consumption patterns do not vary with income). The Paper argues that,
for practical purposes, the Geary method is to be preferred to the EKS method
and its variants, since it gives an approximation, though not necessarily a very
good one, of an appropriate ideal procedure, whereas the EKS method yields
a set of inconsistent multilateral comparisons.

The second use to which the GAIA index can be put is to estimate it directly.
This requires estimating the behaviour of the hypothetical reference
consumer, whose behaviour is as close as possible to the consumption
behaviour of the world as a whole. This is done in the Paper by estimating a
variety of demand systems from the QUAIDS (Quadratic Almost Ideal
Demand System) family. This is a general assumption about demand
behaviour, and, by looking at special cases, it is shown how different
assumptions about income and price responsiveness affect the performance
of the Geary and EKS indexes relative to the empirical GAIA index. The
empirical application is of interest in itself, because it uses data from the
International Comparison Project that underlies the Penn World Table,



covering 11 categories of consumption expenditure in 60 countries in 1980. As
well as illustrating the pitfalls and potential of estimating true multilateral
indexes, this section turns up two key empirical findings. First, in accordance
with the theoretical results, homothetic tastes rationalize the EKS index,
whereas with non-homothetic tastes there is little basis for choosing between
the EKS and Geary indexes. Second, both the EKS and Geary indexes
compress the distribution of world income much more than the acceptable true
indexes. This suggests that conclusions about international convergence of
real incomes based on either index have to be treated with caution.

One empirical application in the Paper illustrates the importance of ‘excessive’
convergence and also the quantitative significance of choosing between
different indexes. This takes as its starting point the UN target for foreign aid
by rich countries of 0.7% of GNP. When applied to the OECD countries in the
sample, this target implies a transfer to poor countries of over $30 billion.
Different index numbers, however, give significantly different answers. The
EKS gives the lowest, with the Geary index $0.3 billion greater. The true GAIA
indexes, estimated using the Paper's empirical demand systems, imply a
transfer fully $1 billion more than that implied by the EKS. Just as the Boskin
Commission found that the choice of price index number formula was crucially
important for calculating the US federal deficit, this finding shows that the
choice of multilateral real income formula is critical for measures which are
cumulated over many countries.
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How shouldwe compareprice levelsandreal incomesbetweencountries?Thequestion

is of greatimportance,sincethedemandfor suchcomparisonsis enormous.Apart from their

intrinsic interest, they are essential for testing hypothesesabout comparative growth

performance.Indeed,suchtestshavethemselvesbecomea major growth industry in recent

years. This reflectsin part the revival of interestin growth theoryand the developmentof

modelsof endogenousgrowth. It alsoreflectstherelativelyrecentavailabilityof comparative

dataon real incomesfor a wide rangeof countriesandyears,of which the major sourceis

the Penn World Table, an enormousdata set which originatesfrom the United Nations

InternationalComparisonProject (ICP). (See Kravis (1984) and Summersand Heston

(1991).)

However,a paradoxlies at theheartof thePennWorld Table. Thebasicmethodit uses

to constructinternationallycomparabledataonrealincomesreliesonamethodfor computing

"purchasing-power-parity-corrected"exchangerates,devisedby the Irish statisticianRoy

Geary(1958). This methodhasmany practicaladvantages,most notably that it leadsto a

consistentset of world accountswhich can be disaggregatedby country and commodity.

However,themethodlacksa securetheoreticalfoundationandhasbeenheavilycriticisedby

theorists, especially by Erwin Diewert, who argues for alternative approachesin his

authoritativesurveys (1987, pp. 776-778; 1999, pp. 14-16).1 The best-knownof these

alternativemethodsis the "EKS" index,namedafter its originatorsEltetö andKöves(1964)

andSzulc (1964) (thoughDiewert (1987)notesthat it wasearlierproposedby Gini). This

is a multilateralextensionof the Fisher"Ideal" index,andhasbeenusedby the OECD and

by Eurostat(the StatisticalOffice of the EuropeanUnion) to producepurchasing-power-

1 See also the dismissive remarks by Samuelsonand Swamy (1974, p. 591), Caves,
Christensenand Diewert (1982, p. 83), Samuelson(1984, p. 277 and 1994, p. 212) and
Officer (1989).



parity-correctedreal incomedatafor their membercountries.2

This paper reexaminesthe theoretical foundations for international comparisonsof

purchasingpower and real incomes. I suggestthat the claims of Diewert and othersfor

methodsbasedon theFisherindexdo not hold up. Essentially,theFisher-typeindexeshave

desirablepropertiesfor bilateral comparisonswhich do not extendto the multilateral case.

More positively, I proposea new set of true indexesfor internationalcomparisonswhich

combinethe desirableaggregationpropertyof the Gearymethodwith a firm foundationin

economic theory. I also show that, under a wide class of assumptionsabout demand

behaviour,my true indexesyield internationalcomparisonsof real income relative to a

hypotheticalcountrywhoseincomeis an averageof world incomesin an appropriatesense.

Finally, I arguethat, for practicalpurposes,the Gearymethodis to be preferredto the EKS

methodandits variants,sinceit givesan approximation,thoughnot necessarilya very good

one, to an appropriateprocedure,whereasthe EKS method yields a set of inconsistent

multilateralcomparisons.

Section1 setsup theproblemandintroducesthe threemultilateralindexeswhich will be

comparedin thepaper,theEKS index, the closely-relatedCCD indexof Caves,Christensen

andDiewert (1982)andthe Gearyindex. Section2 reviewssomerelevantresultsfrom the

theory of index numbers,paying particular attentionto the specific issueswhich arise in

multilateral cross-sectioncomparisons. Section 3 considersthe results of Konüs and

Byushgens(1926)andDiewert(1976)whichprovidea theoreticaljustificationfor Fisher-type

2 Thesetwo organisationsconvenedaconferencein 1989,atwhich theirexpertadvisorsfailed
to agreeon whetherthe Gearyor EKS methodsshouldbe adopted. As a result,the OECD
now publishesannuallytwo completetablesof real incomeindexesfor its membercountries.
However,"Eurostatrequiresthat only onesetof resultsbe recognisedasthe official results
of theCommunity,"so thatbasedon theEKS methodis releaseda yearbeforethatbasedon
the Gearymethod. SeeOECD (1990).
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indexesandshowsthat theydo not extendto multilateralcomparisons.Section4 introduces

my own proposedindex, which I call the GAIA ("Geary-Allen InternationalAccounts")

System. I noteits theoreticalproperties,showhow it relatesto the Gearymethodanddraw

on the theory of linear aggregationto explain the world priceswhich it implies. Finally,

Section5 presentsanempiricalapplication. By estimatinga varietyof demandsystemsfrom

the QUAIDS ("Quadratic Almost Ideal DemandSystem") family, I show how different

assumptionsaboutincomeandprice responsivenessaffect theperformanceof theGearyand

EKS indexesrelativeto the empiricalGAIA index.

1. Preliminaries

1.1 The Problem

Supposethat, for eachof m countries,labelledj = 1, ... m, we haveobservationson the

prices (expressedin national currencies)and quantitiesconsumed(expressedin common

units) of n commodities,labelled i = 1, ... n. Price and quantity vectorsin country j are

denotedpj andqj, with typicalelementspij andqij, respectively.Totalexpenditurein domestic

pricesis denotedzj=pj.qj. (Following standardpractice,I use"income"asshorthandfor total

expenditure.)Eachcommodityis assumedto be identicalin quality worldwidebut, because

of transportcosts,imperfectcompetitionor otherbarriersto arbitrage,pricesarenotequalised

internationally. Hence,official exchangeratesarenot appropriatefor comparingprice levels

or real incomesbetweencountries. What we seekis a setof index numberswhich express

the real incomeof eachcountry j relativeto everyothercountryk: {Qjk, ∀ j,k}.3

3 Many moremethodsfor multilateralcomparisonshavebeenproposedthanareconsidered
here. See,for example,Balk (1996),Diewert(1996)andHill (1997). However,theEKS and
Gearymethodsareby far the mostcommonlyusedin practice.
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1.2 The EKS Index

The simplestway of making multilateral comparisonsof real incomesis the so-called

"star" method,which revalueseachcountry’sconsumptionvectorin termsof thepricesof a

singlereferencecountry. This amountsto constructinga setof Laspeyresquantity indexes,

with the countryat the centreof the starasbase. But this methodis clearly arbitrarysince

the resultsaresensitiveto the choiceof basecountry. Moreover,it leadsto a well-known

bias,the"GerschenkronEffect": acountry’smeasuredrealincomeis higherthemorethebase

country’s prices differ from its own.4 Even in bilateral comparisonstheseproblemsare

usuallyavoidedby adoptingsomecompromisebetweenthe base-weightedLaspeyresindex

and the current-weightedPaascheindex, of which the most widely-usedis their geometric

mean,the Fisher"Ideal" index:

The Fisherindex hasmanydesirablepropertiesbut (aswe shall seein the next section)it is

(1)

not suitedto multilateralcomparisons.The EKS index avoidsthe drawbacksof the Fisher

index by extendingit to the multilateralcontext. It equalsthe geometricmeanof the ratios

of all m bilateralFisherindexes,taking eachof the m countriesin turn asbase:

SincetheFisherindex is reflexive (QF
j j=1) andsymmetric(QF

j k.Q
F
kj=1), this mayberewritten

(2)

as:

4 SeeGerschenkron(1951),Nuxoll (1994)andNearyandGleeson(1997). TheGerschenkron
Effect is a consequenceof utility maximisationif preferencesare homothetic,but may not
arise,even with a single utility-maximising consumer,if preferencesare non-homothetic.
NearyandGleesondevelopandimplementa testof the Effect.

4



which reducesto the Fisherindex whenm=2. ThustheEKS index is indeedanappropriate

(3)

multilateralgeneralisationof the Fisherindex.

1.3 The CCD Index

Caves,Christensenand Diewert (1982) haveproposedan alternativeto the EKS index

which resemblesit in manyrespectsbut hassuperiortheoreticalproperties.Its startingpoint

is the bilateralTörnqvist index,5 definedas:

whereωij is the budgetshareof good i in country j. The CCD index extendsthe Törnqvist

(4)

indexto multilateralcomparisonsin thesamewayastheEKS indexextendstheFisherindex:

Caves,ChristensenandDiewerthaveappliedthis indexto internationalcomparisonsof output

(5)

and productivity and PrasadaRao, Selvanathanand Pilat (1995) have applied the

correspondingprice index to internationalcomparisonsof consumerprices.

5 This is sometimescalled the Divisia index. Seefor example,the extensiveliteratureon
monetaryaggregatessurveyedby Barnett, Fisher and Serletis (1992). However, strictly
speaking,the Divisia index is definedin continuoustime and the Törnqvist index (4) is a
discreteapproximationto it.
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1.4 The Geary Method

The Gearymethodproceedsin a very different way to the other two indexes.6 It first

postulatesthe existenceof "world" pricesπ and"true" exchangeratesε. The true exchange

ratesare Laspeyresprice indexes,which comparethe world priceswith the pricesof each

country in turn:7

Put differently, each country’s real income is the same,whether valued at world prices

(6)

(Σiπijqij) or valuedat domesticprices,convertedat thetrueexchangerates(εj Σi pij qij). As for

the world pricesthemselves,they are implicitly definedby the requirementthat total world

spendingon commodity i is the samewhether valued at its world price (πi Σj qij) or at

domesticpricesconvertedat the true exchangerates(Σj εj pij qij):

Solving simultaneouslyfor ε andπ, it is thenstraightforwardto calculatethe real incomeof

(7)

eachcountryat world prices:

Thesein turn imply real incomeindexes,QG
j k = zG

j /z
G
k, ∀ j,k. ThustheGearymethodis a star

(8)

6 For a geometricexposition,seeNeary(1997).

7 The ICP definestrue exchangeratesor "purchasingpowerparities"as the inverseof (6),
following theU.S.conventionof measuringexchangerates. I follow Gearyin usingtheU.K.
convention,sinceit facilitatesthe matrix derivations.
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systemwith the hypotheticalcountry(the "world") whosepricesareπ ascentre.

2. Criteria for Choosing between Index Numbers8

How can we choose between the different real-income indexes which have been

introducedin the last section? Therearetwo distinct approacheswhich canbe takento this

problem. The "test" or "axiomatic" approach,following Fisher (1922), treatsprices and

quantitiesasindependentvariablesandassessestheextentto which different indexessatisfy

certain desirable,though not necessarilymutually consistent,properties. By contrast,the

"economic"approachassumesthatpricesandquantitiesarisefrom optimisingbehaviourand

exploreshow closelyempiricalindexesapproximateto the"true" indexesbasedon economic

theory.

Considerfirst the testapproach.While therearea greatmanytestswhich a satisfactory

indexnumberformulamight beexpectedto satisfy,four in particularareespeciallyrelevant

to multilateralcomparisons:9

1. Base-CountryInvariance: It is intuitively desirablethatindexesof real incomeshouldnot

be sensitiveto the choiceof baseor referencecountry.

2. Transitivityor Circularity: A satisfactoryindexnumberformulashouldprovidea unique

cardinalrankingof the real incomesof the countriesconsidered.Thus, the real incomeof

country j relativeto countryk shouldbe the samewhetherthe two arecompareddirectly or

via an arbitrary intermediatecountry l: Qjk = Qjl.Qlk.

8 Overviewsof the vast literature on index numbersmay be found in Pollak (1971) and
Diewert (1981) and (1987). A more extendedbut non-technicaltreatmentof the issues
specific to internationalcomparisonsof real incomeis given in Neary(1996).

9 For alternativeperspectiveson thetestapproachappliedto thechoiceof indexnumbersfor
internationalcomparisons,seeDiewert (1987,Section9, 1988and1996)andEichhornand
Voeller (1990).
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3. Characteristicityor Independenceof IrrelevantCountries: Thecomparisonbetweentwo

countriesshouldasfar aspossibledependonly on variableswhich characterisethemandnot

on variablescharacteristicof other countries. Thus, country j’s real income relative to

countryk’s shouldideally be unaffectedby changesin third countries.

4. Matrix Consistency: Finally, the usefulnessof a set of real income indexesis much

enhancedif they canbe consistentlydisaggregatedby commodityaswell asby country.

How well do the index numbersconsideredin the last sectionmeetthesecriteria? It is

clear that the "star" and bilateral Fisher index numbersdo not satisfy either base-country

invarianceor transitivity, whereasall threemultilateralsystemsdo. As for characteristicity,

the EKS index exhibits this to a high degreeby construction,sinceit is the solution to the

problemof finding a transitiveindex which minimisesthe sum of squareddeviationsfrom

thebilateral(andnon-transitive)Fisherindexes.(SeeDrechsler,1973,p. 28.) However,both

the EKS andCCD indexesfail to satisfymatrix consistency,whereas,becauseof its linear

structure,the Gearysystemdoessatisfy this test. It was primarily for this reasonthat the

Gearysystemwas usedin the ICP and subsequentlyas the foundationfor the PennWorld

Table.

Thetestapproachis ausefulstartingpoint in choosingbetweencompetingindexnumbers.

However,ever since Frisch (1936), it has beencriticised on a numberof grounds. At a

practical level, different testsoften turn out to be mutually inconsistent. For example,we

haveseenabovethatsometrade-offis necessaryin practicebetweenthecriteriaof transitivity

andcharacteristicity.At a theoreticallevel, thetestapproachdoesnot requirethattheindexes

haveanybasisin economictheory;in particular,little or no intercommoditysubstitutionmay

be allowed. Finally, at a conceptuallevel, all empirical index numberformulaeareopento

the devastatingcriticism of Afriat (1977) that they provideno more than "answerswithout

8



questions":in theabsenceof a clearconceptualframeworkno meaningcanbeattachedto the

conceptof "real income"which empirical indexespurport to measure.

The"economic"approachto indexnumbersavoidsthesedifficulties by explicitly starting

from maximising behaviour. In the context of international comparisons,the data are

assumedto begeneratedby theutility-maximisingbehaviourof a representativeconsumerin

eachcountry,with identicaltastesworldwide. Theassumptionof identicaltastesshouldnot

be thoughtof asa naiveandalmostcertainly false restrictionon behaviour. Rather,it is a

conceptualframeworkwithin which Afriat’s criticism can be answered:the tastesassumed

arethoseof a particular(realor hypothetical)consumer,andthe resultingindexanswersthe

well-defined questionof what real standardof living would that consumerattain in each

country.

Oneimmediatedifficulty with the economicapproachis that it doesnot imply a unique

ideal real incomeindex. In addition to the needto selecta particularreferenceconsumer,

thereare alternativeways of comparingliving standardsacrosscountries. Even confining

attention for the presentto bilateral comparisons,at least three distinct measuresof real

incomehavebeenproposed:

1. TheAllen Quantity Index,QA
j k: This equalsthe ratio of the expenditurefunctionsof the

two countriesevaluatedat a commonreferenceprice vectorpr:

Sincetheexpenditurefunctiongivestheminimumcostof attainingagivenutility level facing

(9)

given prices, this index allows for intercommodity substitution and so avoids the

GerschenkronEffect biasof fixed-weight indexes.

2. The Konüs Quantity Index, QK
j k: A problem with the Allen index is that it is not in

generalconsistentwith the true price or cost-of-living index due to Konüs. An alternative

9



index which meetsthis criterion by constructionis the Konüsquantity index:

This index equalsthe ratio of actualexpendituresin the two countriesdivided by the Konüs

(10)

price index,evaluatedat a referenceutility level ur.

3. TheMalmquistQuantityIndex,QM
j k: Finally, a difficulty with both the Allen andKonüs

indexesis that theyarenot homogeneousof degreeonein quantities. An indexwhich meets

this desirablecriterion is that of Malmquist:

This is definednot in termsof the expenditurefunction but of the distancefunction,d(q,u0)

(11)

≡ Maxδ {δ:u(q/δ)≥u0}. Like the Konüsindex, it is evaluatedat a referenceutility level ur.

If tastesarehomothetic,all threeindexesreduceto the ratio of utility levels,uj/uk (since

the expenditurefunction and distancefunction becomee(p,u)=uε(p) and d(q,u0)=u(q)/u0

respectively).But otherwisethethreeindexesdiffer amongthemselvesandthevalueof each

onedependson thereferencepricevectoror utility level chosen.This underlinesthefact that

thereis no suchthing asa uniquemeasureof real income.

Finally, what canbe saidaboutthe different empirical index numbersintroducedin the

last sectionin the light of the economicapproachto index numbers? As far as the Geary

methodis concerned,the consensusappearsto be that it hasno basisin economictheory.10

By contrast,the EKS andCCD indexeshaveobtainedconsiderablesupportfrom resultsof

Konüs and Byushgens(1926) and Diewert (1976) which relate the bilateral Fisher and

10 An exceptionto this rule is Marris (1984),who comparesthe Gearymethodwith a setof
multilateralAllen indexes,thoughwithoutdiscussinghowtheworld pricesmaybecalculated.
Geary himself did not provide any theoretical justification for his system, other than
remarkingin passing:"if theentitiesπi andεj exist,theycouldscarcelybedefinedreasonably
in any other terms."

10



Törnqvist indexesto particularspecificationsof preferences.In the next sectionI review

theseresultsandconsidertheir relevanceto multilateralcomparisons.

3. Superlative Indexes and Multilateral Comparisons of Real Income

The first result relatingtrue to empirical indexesis the following:

Result1 [KonüsandByushgens(1926)]: TheFisher indexis exactwhentheutility function

is a homogeneousquadratic: u=(q′Aq)1/2, A symmetric.

Sincetastesarehomotheticin this case,sayingthat the Fisherindex is exactmeanssimply

that it equalsthe ratio of the utility levels in the two countries:

As Diewert (1976)hasnoted,the quadraticutility function is a flexible functionalform, i.e.,

(12)

it provides a second-orderapproximation to an arbitrary twice-differentiable linearly

homogeneousutility function. He arguesstrongly for the useof index numberswhich are

superlative, in thesensethat theyareexactfor flexible functionalforms,andResult1 shows

that the Fisherindex is superlative.

Result1 would appearto justify the useof the EKS index for multilateralcomparisons,

sincethe EKS is an appropriategeneralisationof the bilateral Fisherindex. However,my

first propositionthrowsdoubton this:

Proposition1: TheEKSindexis exactwhentheutility functionis a homogeneousquadratic.

Proof: Thepropositionfollows immediatelyon substitutingfrom (12) into theexpressionfor
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the EKS index (2):

At first sight, Proposition1 appearsto justify the useof the EKS method. Since the

(13)

(14)

quadraticutility function is a flexible functional form, Proposition1 implies that the EKS

methodis superlative.Thedifficulty with Proposition1 is that it goestoo far. It showsthat,

as far as economictheory is concerned,there is nothing to be gainedby using the EKS

procedureover the bilateral Fisher index. While the EKS index is exactfor the quadratic

utility function, it is alsoredundant,sinceit actuallyequalsthe bilateralFisherindex in that

case. Of course,theEKS indexby constructionyieldsa transitiverankingof incomelevels,

unlike the Fisherindex. However,this is a statisticalpropertyanddoesnot imply that the

EKS method approximatesan underlying transitive preferenceordering when the utility

function is not a homogeneousquadratic.

What if tastesarenot homothetic? The quadraticutility function doesnot generaliseto

this case. Howeverits logarithmicequivalent,the translog,does. Considerfirst a resultof

Diewert’s which dealswith the homogeneoustranslog:

Result2 [Diewert (1976)]: TheTörnqvist index,QT
j k, is exactwhenthe utility functionis a

homogeneoustranslog:

The translogis alsoa flexible functionalform but is moregeneralthanthequadratic. Result

(15)

2 thereforesuggeststhattheTörnqvistindexis evenmore"superlative"thantheFisherindex.
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This in turn hasbeeninterpretedto justify the useof the CCD Index, which as we saw in

Section1 is theappropriatemultilateralextensionof theTörnqvistindex. However,my next

propositionshowsthat it faresno betterthanthe EKS index:

Proposition2: TheCCD indexis exactwhentheutility functionis a homogeneoustranslog.

The proof is identical to that of Proposition1. Hence,like the EKS, the CCD index is

redundantwhenit is exact.

Considerfinally the extensionof the translogto the non-homogeneouscase,which leads

to the translogdistancefunction:11

Theappropriatebilateralindexnumbercorrespondingto this non-homotheticspecificationof

(16)

preferencesis given by anotherresultof Diewert’s:

Result3 [Diewert (1976)]: TheTörnqvist indexQT
j k equalsthe MalmquistindexQM

j k (and

so is exact)if the distancefunctionis a general(non-homogeneous)translogand QM
j k is

evaluatedat the geometricmeanof the two countries’utilities, (ujuk)
0.5.

However,thedifficulty with this resultis thattheMalmquistindexis evaluatedat a particular

utility level which is specific to the two countriesbeing compared. This suggeststhat the

correspondingmultilateral index, the CCD index, aggregatesin generalover m inconsistent

11 Thevectorb is thesourceof non-homogeneity,which maybeseenfrom theequationsfor
thebudgetshares:ω = ∂lnd(q,u)/∂lnq = a+Alnq+blnu. Whenb is zero,(16) reducesto (15)
by settingd(q,u)=1 and(without lossof generality)normalizingb0=−1 andc0=0.
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bilateralcomparisons.This is confirmedby the next proposition:

Proposition3: TheCCD indexdeviatessystematicallyfrom the Malmquistindexwherever

the latter is evaluated,if the distancefunctionis a general(non-homogeneous)translog.

Proof: Supposefirst that the Malmquist index is evaluatedat the geometricmeanof the

utilities of the two countries being compared, denoted by ujk≡(ujuk)
0.5. It is then

straightforwardto calculatethe biasof the CCD index explicitly:

where u* and q* are the geometricmeansof all m countries’ utility levels and quantity

(17)

vectors,respectively:

Alternatively, and perhapsmore naturally in a multilateral context, supposethat the

(18)

Malmquist index is itself evaluatedat u*. The biasthenbecomes:

Of course,theCCD index is alsobiased,andin a lesssymmetricway, if QM
j k is evaluatedat

(19)

any otherutility level.

Equation (19) shows that the CCD index evaluatedat u* is exact only when tastesare

homothetic(i.e., b=0), when from Proposition2 it is redundant,or when the two countries

compareddeviatesymmetricallyfrom average. Proponentsof the CCD index can perhaps
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draw someconsolationfrom the fact that, in any sampleof countries,the bias of a given

bilateral comparisondependsonly on the deviationsof utilities and quantitiesin the two

countriesbeingcomparedfrom the correspondingworldwide averages.However,it should

benotedthatneitherthebenchmarku* nor thebiasesin (17) and(19) is invariantwith respect

to non-proportionaltransformationsof the utility function.

In conclusion,notethatall thepropositionsin this sectiongive only sufficientconditions

for the variousmultilateral indexesto beexact(or not, in the caseof Proposition3). In this

respecttheyareno weakerthantheresultsfor bilateralcomparisonswhich I havequoted,and

which underlie the enormoustheoreticaland empirical regardin which the Fisherand the

Törnqvist indexesareheld. (Witnessfor examplethe official "Divisia" indexesof the UK

moneysupplypublishedby the Bank of England.)

4. The GAIA System

The propositionsin the last sectionthrow doubt on the claims that the EKS and CCD

indexeshavea firm basisin economictheorywhenappliedto multilateralcomparisons.By

contrast,the Geary methodat least usesa consistentset of world prices to comparereal

incomes. However,it suffersfrom the drawbackof all fixed-weightindexesthat it doesnot

allow any substitutionin consumption. In this sectionI proposea new set of true indexes

which overcomethis drawbackwhile preservingthe spirit of the Gearymethod.

4.1 True Multilateral Indexes

Thefirst stepis to selecta particularreferenceconsumer,whosetastesarerepresentedby

an expenditurefunction e(p,u). Note that this is not the sameas assumingidentical tastes

worldwide,althoughthis interpretationis usedin Section4.3 to rationalisethe world prices.
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Next, replacethe fixed-weightLaspeyresformula in the Gearyexchangerates(6) with their

true equivalents,which I call Geary-Konüsexchangerates:

Herethe q*
i j denotethe "virtual" or imputedquantitieswhich the referenceconsumerwould

(20)

chooseif it hadcountry j’s level of utility andfacedthe world pricesΠ:

Comparingthe pricesof all countrieswith a commonworld price vector is unremarkablein

(21)

itself. The final stepis to requirethat the world pricessatisfyaggregationconditionsof the

Geary type. They cannotdo so in termsof actualquantitiesconsumed12 but they can in

termsof virtual quantities. In placeof (6), this leadsto the following world prices:

The correspondingmeasuresof real incomecanbe expressedin threeequivalentways:

(22)

Thesein turn imply Geary-Allentrue indexesof real income:

(23)

In words,z*
j , the real incomeof country j, is the expenditureneededto give the reference

12 After the first versionof this paperwaswritten, I cameacrossPrasadaRaoandSalazar-
Carillo (1988),who proposea systemwhich doesthis. Themotivationandapproachof their
paperis very similar to mine. However,insteadof my (20) and(22), they proposea hybrid
combinationof (7) and(20). Summing(7) over commoditiesand(20) over countries(asin
(25) below) showsthat thesetwo setsof equationsare inconsistentin general.
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consumerthe samestandardof living (i.e., level of utility) at world pricesasit would attain

(24)

at country j’s own prices. Country j’s true exchangerateis the ratio of its real incomez*
j to

its incomeat domesticprices. Finally, the world price of good i equatesthe valueof total

world virtual consumptionof good i with the sumof eachcountry’sactualspendingon that

goodconvertedat the true exchangerates.

The advantagesof this proposedsystemare that it combinesthe best featuresof the

economicapproachto index numbersand the Gearymethod. Like the former, it is firmly

basedon the microeconomictheoryof the consumerandallows for the possibility of inter-

commodity substitution. Like the latter, it satisfiesmatrix consistency,albeit in termsof

virtual ratherthan actualconsumptionlevels: the q*
i j can be consistentlyaggregatedacross

countriesandacrosscommoditiesusingthe world pricesandtrue exchangerates. Henceit

is appropriateto use the acronym GAIA ("Geary-Allen InternationalAccounts") for the

system. Finally, the systempresentedhereavoidsthe conflict betweenbilateral Allen and

Konüsquantityindexesnotedin Section2: eachexchangerateEj is a Konüstruepriceindex,

while the real incomeindexesQ*
j k areAllen true quantity indexes,usingΠ asthe reference

prices.

4.2 Groping from Geary to GAIA

Canwe besurethatnon-negativeGAIA exchangeratesandworld pricesexist? Are they

unique? And what is the relationshipbetweenthe original Geary systemand the "ideal"

GAIA systemproposedhere? The answersto thesequestionsareprovidedin the following
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Proposition:13

Proposition4: Assumeqij>0 and pij>0, ∀ i,j. Then:(a) thereexistsa solutionto equations

(20) to (22) with all Εj, q*
i j and Πi strictly positive; and (b) there exists a unique

tâtonnementpath from the Gearyto the GAIA prices.

Proof: As a preliminary step,we needto choosean appropriatenormalisation. This is

becausethe m+n equations(20) and(22) are linearly homogeneousin Ε andΠ andarenot

independent,since from matrix consistencythey both imply the sameaggregateequation

(summing(20) over countriesand(22) over commodities):

A similar equationappliesto the Gearyexchangeratesand world prices,ε and π. In this

(25)

section,the normalisationchosenis to requireboth the π and Π vectorsto lie on the unit

simplex:Σi πi=Σi Πi=1. The remainderof the proof is in threeparts.

(i) The first stepis to prove that the Gearypricesand real incomesare uniqueand strictly

positive. To do this first rewrite the key equations(6) and (7) in matrix notation as

follows:14

13 The proof of part (i) is adaptedfrom Balk (1996).

14 All vectorsare column vectors;z denotesthe m-by-onevector of total expendituresby
country, with typical elementzj = p j.q j; Z denotesthe n-by-m matrix of expendituresby
commodityand country, with typical elementzij = pij qij; Q denotesthe n-by-m matrix of
quantitiesby commodityand country,with typical elementqij; and q denotesthe n-by-one
vector of world consumptionlevels of eachcommodity, with typical elementqi = Σj qij.
Finally, a prime(′) denotesa transpose;anda circumflex(^) overa vectordenotesa diagonal
matrix formedby placingon theprincipaldiagonalthecorrespondingelementsof thevector.
Note that q canbe written asQι, whereι is an m-by-onevectorof ones.
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Thesetwo equationscanbe combinedin a singleequationfor the Gearyreal incomes:15

(26)

(27)

andthe typical elementof the m-by-m matrix M is:

(28)

The matrix M is known andall its elementsarestrictly positiveby assumption.Hence,by

(29)

the Perron-Frobeniustheorem,its largesteigenvalueis real andpositiveandcorrespondsto

a positiveeigenvectorwhich is unique(up to a constantof proportionality). Moreover,the

matrix M is column-stochastic:ι′M=q′q̂−1W=ι′W=ι′; i.e., Σk mjk=1. Hence,from a corollary

of thePerron-Frobeniustheoremdueto Solow(1952),its largesteigenvalueequalsone. (See

Takayama(1985),p. 388,for discussionandfurther references.)It follows from (28) thatzG

itself is thecorrespondingeigenvector.Hence,zG is uniqueandstrictly positiveandso,from

(27) and(6), the requiredπ andε vectorsarealsouniqueandstrictly positive.

(ii) Next, apply exactly analogousderivationsto the GAIA exchangerates(20) and world

prices(22), to obtain:

Of course,unlike (28), this is a highly non-linearequation,sincethe M* matrix dependson

(30)

the unknownΠ. Assumea particularΠ0 is given. Then,from (21), with the utility levels

15 W≡Zẑ−1 is the matrix of world budgetshares(in domesticprices),with typical elementωij

= zij/zj.
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uj given, the virtual quantitiesq*
i j are uniquely determinedand so from (30) M* is also

uniquelydetermined.Now, applyingpart (i) of the proposition,we may solvefor a strictly

positive z*(Π0). Finally, substitutingin the definition of Π (i.e., the equationwhich is the

GAIA analogueof (27)) we may solve for a strictly positive Π(Π0) vector,which we may

normalisesuchthatΣi Πi=1. All thisdefinesacontinuousmappingfrom theunit simplexinto

itself and so Brouwer’s Fixed Point Theorem implies that it must have a fixed point:

Π(Π0)=Π0, for someΠ0. This provesstatement(a) of the Proposition.

(iii) Part (ii) provesthat GAIA prices always exist but not that they are unique. Now,

considerequation(30) asdefiningnot a continuousmappingwhich musthavea fixed point,

but ratherthefollowing discretealgorithm. First, calculatetheGearyworld incomeszG using

(28). Next, use(27) to solvefor theGearyworld pricesπ andthenusetheHicksiandemand

functions(21) to calculatefirst-round estimatesof q*
i j. Then, from the secondequationin

(30), calculatethe implied M*(π) matrix and use it in the first to calculatesecond-round

estimatesof z*. From part (ii), repeatingthis algorithmmustconvergeto a solution for the

GAIA prices. Moreover,from part (i), the pricesat eachstepmustbe uniqueandpositive,

andso the final price vectorΠ mustalsobe uniqueandpositive. This provesstatement(b)

of the Proposition. (Note I haveonly provedthat thereexistsa uniquepathfrom the Geary

pricesto someGAIA price vector,not that this value is itself unique.)

Thealgorithmproposedin thePropositionis notveryefficient from acomputationalpoint

of view. (Computationalissuesare discussedfurther in Appendix 1.) However,it shows

clearly that the GAIA pricescanbe viewedasthe outcomeof a tâtonnementprocesswhich

adjustspricesat eachstageto ensureworldwidevirtual commoditybalance.Hence,it gives

a further justification for the Gearymethod,asproviding a first-roundapproximationto the

20



true but unobservableGAIA pricesandreal incomes.

Finally, a different link betweenthe two systemsis that they coincidewhenthereareno

substitutionpossibilitiesin consumption:

Proposition5: If pricesin differentcountriesare unrestricted(subjectonly to pij>0, ∀ i,j),

thentheGAIA world pricesand real incomescoincidewith thosefrom theGearysystem

if and only if preferencesare of the Leontief(fixed-coefficients)kind.

Proof: Leontiefpreferencesareequivalentto zerosubstitutioneffects:epp=0. (Notethat this

doesnot imply that preferencesarehomothetic.) It follows immediatelyby inspectionthat

(28) and(30) canhavethesamesolutionif andonly if q*
i j=qij, ∀ i,j . With no restrictionson

prices(other thanthat they arepositive) this is equivalentto Leontief preferences.

Leontiefpreferencesarenot very realistic. Nevertheless,it is usefulto havea benchmark

casewherethe GearyandGAIA systemscoincideandplausiblethat it is preciselythe case

where the GerschenkronEffect does not arise. Of course,an alternativebenchmarkis

providedby homotheticpreferences.From (23) it is immediatethat the GAIA real income

index reducesto the ratio of utility levelswhentastesarehomotheticandso coincideswith

all three true real incomemeasuresintroducedin Section2. In addition, it follows from

Proposition1 thatit coincideswith theEKS indexwhentheutility functionis ahomogeneous

quadraticandwith the CCD index whenthe utility function is a homogeneoustranslog.

4.3 Interpretation of the GAIA World Prices

The GAIA systemsatisfiesbase-countryinvarianceandmatrix consistencyonly because
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it choosesaparticularsetof world prices. This raisesthequestion:to which countries,if any,

do the world prices correspond? In the ICP, the Geary prices have beenfound to come

closestto thepricesof middle-incomecountriessuchasHungaryor Italy. (See,for example,

Nuxoll (1994).) In this section,I show why this must be so for the GAIA prices,undera

wide classof preferences.

This issueis mosteasilyaddressedwhentheequationsdefiningtheworld pricesandtrue

exchangeratesarereexpressedin termsof budgetshares.Considerfirst theGearycase. Let

θG
j denotethe shareof eachcountry in world income,measuredat world prices:

Definetheworld budgetshareof commodityi astheaverageof eachcountry’sactualbudget

(31)

shareωij, weightedby the θG
j :

Substituting(6) into (7) anddividing by world incomeΣkz
G
k showsthat(32) mayalternatively

(32)

be expressedasthe shareof commodityi in world spendingat world prices:

wherethe ωG
i j arebudgetsharesin world prices,πiqij/z

G
j .

(33)

Thoughthe equivalenceof (32) and(33) is a neatimplication of the Gearyaggregation

conditions,it yields no additionalinsightsby itself, becausethe budgetsharesωG
i j haveno

behavioralsignificance:quantitiesarechosenfacing pricespj but aggregatedusingpricesπ.
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The sameis not true, however,of the correspondingequationfor the GAIA system:

Hereθ*
j , ω*

i andω*
i j aredefinedanalogouslyto thecorrespondingtermsin (31), (32) and(33),

(34)

exceptusing GAIA ratherthan Gearyworld prices:θ*
j ≡z*

j /Σkz
*
k, ω*

i ≡Πi Σj qij /Σh Πh Σj qhj and

ω*
i j≡Πiq

*
i j/z

*
j . Now the quantitiesunderlyingthe budgetsharesat world pricesω*

i j are both

generatedby and aggregatedby the sameworld prices. They thereforehavea behavioral

interpretationwhich links our resultswith the theory of linear aggregationdevelopedby

Gorman(1953)andMuellbauer(1975). The key result is the following:

Proposition 6: If preferencesexhibit GeneralizedLinearity, then world demandpatterns

wouldbe generatedby a hypotheticalcountryfacing theGAIA world pricesand with an

incomeequal to a weightedquasi-linearmeanof the individual countries’ incomes.

Proof: GeneralizedLinearity is a specificationof preferencesintroducedby Muellbauer

(1975)which implies an expenditurefunction of the following form:

where the functions a and b are linearly homogeneousin prices p and the function f is

(35)

linearly homogeneousin (a,b).16 Muellbauer shows that the budget sharesimplied by

GeneralizedLinearity are:

16 GeneralizedLinearity is equivalentto the"no-torsion"conditionof FreixasandMas-Colell
(1987)and to demandsbeingof rank two for the generaldefinition of demandrank due to
Lewbel (1991).
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whereAi andBi arecommodity-specificfunctionswhich areindependentof income. Hence,

(36)

if preferencesexhibit GeneralizedLinearity, country j’s budgetsharesevaluatedat world

pricesare:

Weightingby countrysizeandaggregatingover countriesgives:

(37)

where"average"world incomez̃* is definedimplicitly by:

(38)

Given Π, z̃* is a symmetricmean, or morespecificallya weightedquasi-linearmean, of the

(39)

z*
j .

17 Combining(34) and(38) yields the desiredresult:

Equation(40) thus statesthat world expenditurepatterns,in the senseof the world budget

(40)

sharesat world prices,would be generatedby a hypotheticalcountrywhich facesthe same

pricesandwhoseincomeis an appropriateaverageof the individual countries’incomes.

GeneralizedLinearity is an extremelygeneralspecificationof preferences,which nests

manyof the mostwidely-useddemandsystems. Proposition6 is significantly strengthened

whenwe specialiseto someof thesesub-cases:

17 A symmetricmeanis a function which is symmetricin the z*
j andwhich equalsz0 when

z*
j=z0, ∀ j. SeeChew(1983)andDiewert andNakamura(1993,chap.14).
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A. Price-IndependentGeneralizedLinear ("PIGL") Preferences

In this case,alsodueto Muellbauer(1975),theexpenditurefunctionspecialisesto a CES

form:

andthe incomefunction in the budgetsharesis independentof prices(whencethe name):

(41)

It follows thattheaverageincomelevelwhichgeneratesworld spendingpatternsat theGAIA

(42)

pricesis alsoindependentof pricesandequalsa CESmeanof individual countries’incomes:

B. Price-IndependentGeneralizedLogarithmic("PIGLOG") Preferences

(43)

This systemis the limit of the PIGL systemasα approacheszero. A specialcase,due

to Lewbel(1989),nestsin turnboththeexactlyaggregabletranslogof Christensen,Jorgenson

and Lau (1975) and the AIDS ("Almost Ideal DemandSystem") model of Deaton and

Muellbauer(1980). The expenditurefunction takesa Cobb-Douglasform:

and the budget sharesdependlinearly on lnz. Hence the averageworld income which

(44)

generatesworld budgetsharesat theGAIA pricesis a weightedgeometricmeanof individual

countries’incomes:

(45)
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C. TheGormanPolar Form

A differentspecialcaseof PIGL, obtainedby settingα equalto one,is theGormanPolar

Form, which neststhe Linear ExpenditureSystemcorrespondingto the Stone-Gearyutility

function. The expenditurefunction is now:

andthe budgetsharesare linear in the reciprocalof income:

(46)

Now, thesimpleaverageof world incomesgeneratesworld consumptionpatternsat theGAIA

(47)

prices:

In addition,the demandpatternsaggregatenot just in the senseof yielding the samebudget

(48)

sharesbut in the much strongersenseof yielding the samelevelsof world expenditureon

eachcommodity:

Thus, when preferencesexhibit the Gorman Polar Form, the GAIA world prices would

(49)

generateactualworld demandsif world incomewasequallydistributed(or, sinceexpenditure

is linear in utility from (46), if world utility wasequallydistributed).

5. An Empirical Application

So far, I havediscussedthe theoreticalpropertiesof the GAIA system,andusedit asa

benchmarkto infer the implicit assumptionsunderlying the Geary and EKS indexes.
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However,like any true index, the GAIA systemcan also be implementedempirically if a

particular specification of preferencesis selected. In principle, any specification of

preferencescould be chosen: the investigator’s, perhaps,or that of the representative

consumerin onecountry,if suchexists. However,in multilateralapplicationssuchchoices

seemtotally arbitrary. The approachadoptedhereis to chooseas referenceconsumerthat

specification of preferenceswhich comes closest to generating the observed world

consumptiondata. In this section,I showhow to calculateGAIA real incomeindexesusing

estimatesof a complete system of consumer demand equations, and compare their

performanceandpolicy implicationswith thoseof the standardindexes.

5.1 A First Look at the Data

The dataare takenfrom the InternationalComparisonProjectfor 1980. (SeeAppendix

2 for details.) Price and quantity observationsare available for per capita consumer

expenditureon 11 commodity groups in 60 countries. Table 1 and Figure 1 rank the

countriesby total expenditurevaluedat currentexchangerates,taking thepoorestcountryin

thesample(Ethiopia)asreference.18 Five empiricallybasedreal incomeindexesareshown:

the EKS, CCD and Geary indexes,and the maximumand minimum of the sixty different

Laspeyresstarindexesfor eachcountry. Thelatter two definea rangeor corridor(analogous

to the Laspeyres-Paascheinterval in bilateral comparisons)within which any index which

equalsan averageof bilateral fixed-weight comparisonsmust lie. Moreover, if tastesare

18 The actual valuesof per capita expenditure(in U.S. dollars) rangefrom $8919.51for
(West)Germanyto $112.56for Ethiopia.
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homothetic,the GAIA index must lie within this corridor.19

Figure1 showsclearly that all five real incomeindexesmakean enormousdifferenceto

theabsolutelevelsof real income,reducingby 50 to 70%their rangeof variationrelativeto

the variationin expendituresat currentexchangerates. They alsoaffect the rankingsacross

countriesin similar ways:for example,theU.S.andCanadajump from fifth andtenthto first

and secondplacesrespectivelyfor all five real income indexes. In addition, there are

significantdifferencesbetweenthe indexes(exceptfor theEKS andCCD indexes,which are

empirically indistinguishable). In particular, the Geary index compressesthe distribution

rathermorethanthe EKS, lowering the coefficientof variationfrom 0.821to 0.799andthe

Gini coefficient from 0.458to 0.448.

5.2 Specifying Consumer Preferences

The next stepis to selectan empiricalspecificationof preferences.From Section4, we

seeka specificationwhich rationalisestheconsumptionbehaviourof all 60 countriesin terms

of utility-maximising behaviour. Recallingthe conditionsgiven in Section4.2 for the EKS

and Geary indexes to be exact, we would also like to be able to relax separatelythe

responsivenessof demandto pricesandincome. Sinceour representativeworld consumeris

hypotheticalrather than actual,we are not concernedwith testing the hypothesisof utility

maximisation,nor arewe concernedwith intra-nationalincomedistribution. The estimates

which follow shouldnot beseenasattemptingto providea full explanationfor international

differences in demandpatterns. Rather, they attempt to answer the question "Which

representative-agentparameterisationof consumerbehaviouris mostconsistentwith thedata?"

19 Theproof usesthestandardresultfrom bilateralcomparisonsthat, if tastesarehomothetic,
the Allen index is unique and lies betweenthe Laspeyresand Paaschebounds. Seefor
example,NearyandGleeson(1997),Section1.2.
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A suitableframeworkwithin which to do all this is the QuadraticAlmost Ideal System

("QUAIDS") of Banks,Blundell and Lewbel (1997).20 The expenditurefunction for this

systemis:

where:

(50)

The budgetsharesarequadraticin lny (whencethe name),wherelny ≡ lnz− lnα(p); i.e., the

(51)

log of nominalexpendituredeflatedby the "subsistence"price index α(p):

For consistencywith consumertheory, the parametersmust satisfy some restrictions.

(52)

Homogeneityor absenceof money illusion requires that Σi=1αi=1 and Σiβi=Σiλi=Σhγih=

Σiγih=0; while negativityor symmetryof the Slutskysubstitutionmatrix requiresthat γih=γhi.

With further restrictions,the QUAIDS systemalso nestscleanly two importantsub-cases.

Settingλi=0, ∀i, gives the AIDS model mentionedin Section4.3, while settingβi=0 and

λi=0, ∀i, givesthe HomotheticAIDS (HAIDS) model.

5.3 Imposing Negativity

Thehomogeneityrestrictionsareeasilyimposedin theestimationprocedureby dropping

20 An earlierpilot projectby NearyandGleeson(1997)usedthe linearexpenditurefunction.
However,thewide rangeof variationin expenditurelevelsin thesamplepulls theestimated
subsistenceparametersin theStone-Gearyutility functioncloseto zero,which is tantamount
to imposinghomotheticity. I am grateful to Anton Bartenfor this point.
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the budgetshareequationfor the nth goodandexpressingall pricesrelative to that good’s

price. However,the negativity restrictionis more tricky. To imposeit, I usean approach

pioneeredby Lau (1978)andappliedto the AIDS modelby Moschini (1998).

For any demandsystem,the typical term in the Slutskysubstitutionmatrix equals:

whereδih is the Kroneckerdelta. For the QUAIDS system,the first term on the right-hand

(53)

sidebecomes:

To imposenegativity at a point, chooseunits so that z=pi=1, ∀i (and so lny=0 and, from

(54)

(52), ωi=αi, ∀i) at that point. The Slutsky substitutionterm (53) then reducesto a simple

function of parametersonly:

(This is the sameasin the AIDS case,thoughbecauseof the additionalquadraticandcubic

(55)

termsin (54), the restrictionis more likely to be violated away from the point whereit is

imposed.) Finally, negativityis imposedby estimatingnot E, the (n−1)-by-(n−1) matrix of

theeih from (55),but ratherits Choleskydecomposition,theupper-triangularmatrix T, where

E=−T′T. In practice,I choseunits to imposenegativityat the samplemean,estimatedthe

αi, βi andλi alongwith theelementsof T, andthenused(55) to recovertheimplied estimates

of γih.
21

21 Moschini givesdetailedformulaefor the γih in the AIDS case. In the presentapplication,
the estimationwas programmedin a matrix language,which avoidedthe needto usesuch
formulae.
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5.4 Restricting Price Responsiveness: The Semiflexible QUAIDS

Evenwith the restrictionsof homogeneityand negativity imposed,the QUAIDS model

has½(n−1)(n+6) parameters(n−1 eachof the αi, βi andλi; and½n(n−1) of the γih).
22 With

11 commodity groups,this gives a total of 85 parameters. More seriously,most of the

parameters(all but n−2 of the λi) enter every budget share equation,so there are 76

[=½(n2+3n−2)] parametersin eachequationbut only 60 observations. The conventional

wisdom is that this makesmaximumlikelihood infeasible.23 Previousauthorshaveeither

resortedto approximations(replacingα(p) by an empiricalprice index suchas the "Stone"

index, lnPS = Σi ωilnpi, following DeatonandMuellbauer)or usedthe two-step(andhence

lessefficient) minimum distanceestimatorratherthan maximumlikelihood. However,the

fact thatutility maximisationis a maintainedhypothesisin thepresentapplicationallowsthis

problemto be overcomein a moresatisfactorymanner.

The estimationmethodI useextendsto the QUAIDS modelan approachdevelopedby

DiewertandWales(1988)andappliedto theAIDS modelby Moschini(1998). This involves

restricting the degreeof price responsivenessof a flexible functional form, leading to a

"semiflexible" system. Using the Choleskydecomposition,this is accomplishedby setting

the lastn−k−1 rowsof T to zero. As a result,therankof T (andhenceof E) is k, andsothe

numberof parametersto be estimatedis reduced(to 3(n−1)+½k(2n−k−1) for the whole

systemand½(2n−1)(k+2)−½k2 per equation).

22 This doesnot includeα0. In practiceit hasproveddifficult to estimatethis parameterwith
precisionandpreviouswritershaveusedoneof two methodsto imposeits value. Deatonand
Muellbauer(1980) and Banks, Blundell and Lewbel (1997) set α0 just below the lowest
expenditurelevel in thesample,while Moschini (1998)setsit equalto zero. Giventherange
of variation in the data,thesetwo methodsareequivalentin the presentapplication.

23 Deatonand Muellbauer(1980) and Deaton(1986, p. 1784) attribute this piece of oral
tradition to TeunKloek.
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Previousauthorshaveusedthesemiflexibleapproachto estimatesystemsof reducedrank

only. However,it hasa furthercomputationaladvantage.For anyvalueof k abovezero,the

coefficient estimatesfrom the precedingvalue of k can be usedas startingvalues.24 This

procedureallowedmaximumlikelihood estimationof both the AIDS andQUAIDS systems

for all valuesof k (including the full rank caseof k=n−1), without the needto resort to

approximations.25

This procedurehas the addedattraction in the presentcontext that restricting price

responsivenessis of interest in itself. Recalling from Proposition5 that with zero price

responsivenesstheGearymethodis identicalto theGAIA, it seemsreasonableto conjecture

thatincreasingthedegreeof priceresponsivenessshouldmaketheGearyindexlessattractive.

5.5 Econometric Estimates

In other respects, the estimation procedure was standard. Thirty-three different

specificationswere estimated,one for eachvalue of k from 0 to 10 and for eachof the

HAIDS, AIDS andQUAIDS systems.For eachspecification,budgetshareequationsfor the

first ten commodity groups were estimatedby maximum likelihood. The budget share

equations(52) arelineargivenβ(p) andα(p), soaniterativeapproachwasused. Thestarting

24 Of course,estimatingthesystemfor k=k0 givesestimatesof only someof theτi parameters
neededin thek=k0+1 case. Startingvaluesof 0.1 wereassignedto theremainingτi: starting
valuesof zerodid not work, presumablybecause,sinceall the τi aresquared,the numerical
derivativesareall zero.

25 Thefact that,for high valuesof k, estimationwasonly possibleusingtheparametervalues
from the previousvalueof k asstartingvaluesmight causeconcernthat a global maximum
of thelikelihood functionhasnot beenfound. Somereassuranceon this point is providedby
theresultsof a serendipitousprogrammingerror. In preliminaryruns,theequationsgivenby
(52) were estimatedwith both lny and (erroneously)λi deflatedby the Stoneprice index.
This convergedto estimatessimilar to thosein Figure2 from arbitrarystartingvalues(where,
becauseof the difficulty noted in footnote 24, the "arbitrary" starting values used were
typically αi=βi=λi=0 andτi=0.1).
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valueswereusedto constructestimatesof β(p) andα(p), andthe resultingparametervalues

werethenusedto recalculatethesefunctionsfor the next iteration.

Table2 givesthevaluesof thelog likelihood for thedifferentspecificationsestimatedand

Figure 2 illustrates them in a "likelihood tree", with the number of parametersin each

specificationgiven on the horizontal axis. Each "branch" of the tree correspondsto a

different specificationof the relationshipbetweenbudgetsharesandreal expenditure:none

in the caseof HAIDS, linear in the caseof AIDS and quadraticin the caseof QUAIDS.

Each"leaf" on a given branchcorrespondsto a different valueof k, the rank of the Slutsky

substitutionmatrix,asthesubsistencepriceindexα(p) variesbetweena Cobb-Douglas(k=0)

anda translog(k=n−1) specification.26 Hence,moving to a higherbranchimplies a greater

degreeof responsivenessto income,while movingrightwardsalongabranchimpliesagreater

degreeof responsivenessto price.

As well as allowing a convenientvisual presentationof the results,the likelihood tree

diagramhasanadditionaladvantagethatvarioustestcriteriafor comparingpairsof likelihood

valuescanbe illustrateddirectly. The threeloci in the lower right-handcornerof Figure2

show how this can be donefor a hypotheticallog likelihood value given by point A. The

threecriteria illustratedaretheAkaike informationcriterion(AIC) andtheχ2 likelihood ratio

test at the 5% and 10% significancelevels. The AIC attachesequal weight to identical

incrementsin the log likelihood andthe numberof parameters,whereasthe likelihood ratio

typically tradesoff increasesin the log likelihood moregenerouslyagainstincreasesin the

numberof parameters.All pointsbelow a given locuscanbe rejectedin favour of point A

by the test criterion in question. Hence, the significanceof any particular specification

26 The HAIDS specificationwith k=0 (so all γih=0) correspondsto the Cobb-Douglasutility
function,with budgetsharesindependentof priceaswell asincome. TheAIDS specification
with k=0 is consideredandestimatedby Deaton(1978).
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againstalternativescan be assessedvisually by moving the three loci so that point A

coincideswith the point representingthe specificationof interest. Of course,someof the

possiblecomparisonsbetweenbranchesare non-nested.(Specifically, for any given point,

this is truefor all comparisonswith pointsthatareon a higherbranchbut havea lower value

of k, and conversely). Even for the nestedcomparisons,the significancelevels cannotbe

takentoo seriously,both becausethey areasymptoticonly andbecauseof the sheernumber

of possiblecomparisons:with 32 independentbilateralnestedcomparisons,we would expect

someto be significant evenwith randomdata. Nevertheless,the resultshavea degreeof

regularitywhich seemsto justify sometentativeconclusions.27

The first conclusionto be drawn is the overwhelmingimportanceof allowing for some

relationshipbetweenthe budget sharesand income. For each value of k, the HAIDS

specificationis clearly dominatedby AIDS. However, the pay-off to including quadratic

terms in income is not major: QUAIDS doesnot do much better than AIDS for given k.

Next, at leastin the AIDS andQUAIDS cases,allowing for additionalprice responsiveness

doesnot contributevery much to the likelihood. Indeed,on purely statisticalgrounds,the

singlespecificationwhich is to be preferredoverall is the AIDS casewith k=0 (henceforth

abbreviatedin an obviousway as"A0").

5.6 Comparisons between the GAIA and Empirical Indexes

The final stepis to usethe estimateddemandparametersto calculatethe corresponding

GAIA index. Appendix1 givesdetailsof how the GAIA indexesarecalculated;TablesA1

27 I concentrateon likelihood functioncomparisonsfor choosingbetweensystems.Of course,
every"leaf" in Figure2 representsa completesystemof demandequations,eachwith its own
parameterestimates,implied incomeandprice elasticities,equation-by-equationdiagnostics
andobservation-by-observationchecksfor negativity. Detailsareavailableon request.
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to A6 presenttheGAIA realincomesandworld pricesfor all thirty-threetrueindexes;Figure

3 illustratesa selection;andFigures4 to 6 comparetheir summarystatisticswith thoseof the

EKS, CCD andGearyindexes.28

The first conclusionto be drawn from thesetablesand figures is that homothetictastes

rationalisethe EKS index. The indexesconditional on the HAIDS systemsare almost

indistinguishablefrom theEKS indexin Figure3 andaremuchmorecorrelatedwith theEKS

than with the Geary index in Figure 4. Conversely,non-homothetictastesare more

favourableto theGearyindex,QUAIDS moreso thanAIDS, althougheventheyareslightly

morehighly correlatedwith the EKS thanwith the Gearyindex.

Homotheticity or its absencealso affects the responsivenessof the GAIA indexesto

changesin k, therankof theSlutskymatrix. Considerfirst theGAIA world pricesin Tables

A2, A4 andA6. Thesearehighly implausiblein all the HAIDS casesandalsofor A0 and

Q0. By contrast,in the AIDS andQUAIDS casesthey arereasonablystablefor all values

of k abovezero,andare fairly stronglycorrelatedwith the Gearyworld prices. This alone

justifies rejectingthe A0 andQ0 indexes,which areoutliers in all four figures. (In Figure

3, A0 is implausiblelow, while Q0 is omittedsinceit is implausiblyhigh.) Ignoring these

cases,increasesin k havelittle effecton thecorrelationwith theEKS index,but (at leastfor

increasesfrom 0 to 2) tend to raise the correlationwith the Geary index, contrary to our

earlierconjecture.(TableA7 showsthat therankof thedifferent indexesis extremelystable

acrosscountries,exceptfor very low-incomecountries.)

28 None of the figures illustratesindexesfor valuesof k higher than 7, since for eachof
HAIDS, AIDS andQUAIDS, everysinglereal incomeindexwasunaffectedto threedecimal
places as k increasedfrom 7 to 10. Figure 3 also omits many other indexes: Q0 is
implausiblyhigh, asdiscussedin thetext; Hk for all k, A1 andQ1 areindistinguishablefrom
the EKS index; A4 andA5 areindistinguishablefrom A3; A6 andA7 areindistinguishable
from Q7, andQ6 is very closeto it; Q3 is indistinguishablefrom Q5; andQ4 lies between
A2 andQ5.
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Figure 3 suggeststhat increasesin k tend to raise the absolutedispersionof the true

indexes,and this impressionis confirmed by Figure 5, which shows the coefficient of

variationand the Gini coefficient for all indexes. (The two measuresof dispersionarenot

far from linearly relatedto eachother.) Figure5 showsthat, ignoring the rogueA0 andQ0

cases,all the GAIA indexesimply a dispersionin real incomesgreaterthaneither the EKS

or Gearyindexes;this dispersionis greaterthe greaterthe degreeof incomeresponsiveness;

andfor the AIDS andQUAIDS indexesit is closeto monotonicallyincreasingin k.

Finally, the high correlationsin Figure 3 might suggestthat the choicebetweenany of

these indexes is of little practical consequence. This ignores the fact, familiar for

intertemporalcomparisonsfrom studiessuch as the U.S. Boskin Commission,that small

differencesbetweenindexnumberscanhavesignificantimplicationsfor policy issues,when

their effects are cumulated. Figure 6 illustratesthis in the presentcontext, taking as its

startingpoint the U.N. targetfor foreign aid donationsby high-incomecountriesof 0.7%of

GNP. To operationalisethis, I calculatefor eachindex the implied total transferin billions

of U.S. dollars (taking 0.7% of consumptionexpendituregrossedup by population)from

countrieswhich were membersof the OECD in 1980 (denotedby an asteriskin Table 1).

This measureis sensitiveto thechoiceof referencecountry,andwith a high-incomecountry

(the U.S.) selectedasreference,the implied transferis inverselyrelatedto the dispersionof

theOECDcountriesrelativeto the restof thesample. Figure6 showsthat,despiteits lower

coefficientof variation,the Gearyindex implies a transferwhich is over $0.3billion greater

thanthatimplied by theEKS index;theHk indexesimply considerablylower transfers;while

the Ak and Qk indexesimply much greatertransfers,over $1 billion more than the $31.0

billion implied by the EKS index.

To conclude,we needto addresstwo key questions:which of thecandidate"true" indexes
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is preferable?;andwhat do the true indexesimply aboutthe absoluteandrelativemeritsof

the EKS and Gearyindexes? As far as the first questionis concerned,we haveseenthat

statisticalconsiderationsalonerule out theHAIDS indexes. Within theAIDS andQUAIDS

sub-groups,the superiorstatisticalperformanceof the two systemswith the leastdegreeof

price responsiveness(A0 and Q0) is outweighedby their implausibleimplications for the

GAIA real incomesandworld prices. But from Figure2 if we acceptincreasesin k thereis

no statistical justification for stoppingat k=1. Indeed,on economicgrounds,it may be

desirableto allow asmuchflexibility aspossibleto both incomeandprice. All this suggests

thatat leastQ2, andpossiblyQ7 (which it mayberecalledis indistinguishablefrom the full

QUAIDS caseQ10) is the preferredGAIA series.

As for the Geary and EKS indexes,I have already emphasisedthe key finding that

homotheticityalone justifies preferring the latter. Otherwise,there is little advantageto

either. Moreover,bothcompressthedistributionconsiderablymore(andthusunderestimate

the degreeof inequalityacrosscountries)thanthe true AIDS andQUAIDS basedindexes.

6. Conclusions

Many researchershaveworked with the PennWorld Table,29 but not many haveasked

what exactly the numbersmean,and thosewho haveconsideredthe questionhavemostly

advocatedverydifferentmethodsfor calculatingrealor purchasing-power-correctedincomes.

In this paper I have reexaminedthe conceptualframework of internationalcomparisons,

proposeda newbenchmarkfor them,andconsideredhow well it is approximatedby existing

methods,including the Gearymethodwhich underliesthe PennWorld Table.

29 HestonandSummers(1996)quoteananonymousclaim thatover20,000regressionshave
beenestimatedusing the PennWorld Table. Sala-i-Martin (1997) alone exceedsthis (in
combinationwith otherdatasources)by a factor of almost100!
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At a conceptuallevel, I havearguedthat therearetwo distinct questionswhich mustbe

facedin choosinga desirableindex for multilateralcomparisons.First, what arewe trying

to measure? Second,given a particular choice of true index, which of its nature is

unobservable,how can it bestbe approximatedin practice? The importanceof the first

questionis inadequatelyrecognisedin the literature,becauseit doesnot arisewhentastesare

homothetic, a special and highly unrealistic case which is unduly emphasisedin both

theoreticaland empirical analyses. (See,for example,Diewert (1996) and Dowrick and

Quiggin (1997)respectively.) Exceptin that case,thereis a threefoldinfinity of candidates

for the "true" index. Real incomescould be measuredby either the Allen, Konüs or

Malmquistindexes,eachoneof which in turn canbe evaluatedat any of an infinite number

of referencepoints (a referenceprice vector in the Allen caseor a referenceutility level in

the other two cases). Hence,as emphasisedby Allen (1949), there is no unique "true"

measureof real income. For differentpurposes,differentreferencevectorsmaybepreferred:

for example,a Swissmultinationalwishing to calculatelocal allowancesfor its executives

might want to usea "star" systembasedon Swisspricesratherthan the methodproposed

here. However, for researchersinterestedin world growth patternsor non-economists

interestedin internationalcomparisonsof living standards,thereseemslittle justification for

privileging onecountry in this way.

The answerproposedin this paperto the first questionabove,the GAIA system,is a set

of Allen real income indexes,definedwith referenceto a vector of "world" priceswhich

ensureconsistentaggregationacrosscommoditiesand countries. Under a wide classof

demandsystems,theworld priceswould generateactualworld demandpatterns.This system

combinesthe best featuresof the economicapproachto index numbersand of the Geary

method. It meetsall of the testsdiscussedin Section2, exceptthat of "characteristicity";it
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allows for inter-commodity substitution; and it relates directly to the theory of linear

aggregation.

As for the secondquestionposedabove,the bottomline of this paperis that the Geary

methodwhich underliesthe PennWorld Table is an acceptable,though not necessarilya

particularlygood,approximationto an appropriateideal system. By contrast,the EKS and

CCD methods provide good (second-order)approximationsto an inconsistent set of

multilateralcomparisons.The resultsof this papersuggestthat the EKS andCCD methods

can only be recommendedif tastesare closeto homothetic,whereasthe Gearymethodis

satisfactoryif substitutabilityis weak. Neitherassumptionis attractive. However,if forced

to choose,it seemsmorereasonableto assumethat spendingpatternsare invariant to price

changesthan that they are invariant to incomechanges. Of course,an appreciationof the

theoreticalunderpinningsof theGearymethoddrawsattentionto potentialpitfalls in applying

it. For example,sincethe only casewheretheGearymethodhasbeenshownto be exactis

whenpreferencesareof thefixed-coefficienttype,it would notbeappropriateto usethePenn

World Tableto testhypothesesconcerningthe degreeof inter-commoditysubstitutability.

Two drawbacksof thebenchmarkproposedhere,onegenuineandoneillusory, shouldbe

mentioned. A genuineobjectionto the GAIA systemis that it drawson consumertheory

aloneandhencerelatesonly to comparisonsof householdexpenditurepatterns.Appropriate

theoreticalfoundationsfor makinginternationalcomparisonsof investmentandgovernment

spendingmust await further research. Of course, an alternative approachis to make

internationalcomparisonsof realoutputonly but suchcomparisonshaveno implicationsfor

incomeor living standards.30

30 Comparisonsof realoutputcorrectedfor deviationsfrom purchasingpowerparity mayalso
give highly misleadingestimatesof relativeproductivepotential, if internationaldifferences
in technologyaresignificant. SeeHonohan(1997).

39



A secondbut in my view spuriousobjection to the approachadoptedhere is that it

assumesthat tastesare identical worldwide. This confusesthe question of whether a

representativeconsumerexistswith theneedto selecta referenceconsumerin orderto make

internationalcomparisonsof realincome. Noneof thepaper’sresults,exceptthosein Section

4.3, relies on the assumptionof identical tastesworldwide. The empirical applicationin

Section 5 sets out to find that parameterisationof preferenceswhich most closely

approximatesthe data,but doesnot require that a world representativeconsumeractually

exist. By contrast,selectinga referenceconsumeris a necessaryrequirementfor making

internationalcomparisonsin thefirst place. Insofarasdataon realincomehaveanymeaning,

it is that they provide an answerto the question:"How well-off would the samereference

consumerbe in different countries?" Of the multitudeof candidatereferenceconsumers,it

seemssensiblefor economiststo focus on the hypotheticalconsumerwhoseconsumption

patternsmimic world consumptionbehaviourascloselyaspossible.

Turning to the empiricalapplicationin Section5, this showedhow the GAIA index can

becalculated,usingestimatesof a completesetof demandequations,basedon datafrom the

International ComparisonProject which underlies the Penn World Table. As well as

illustrating thepitfalls andpotentialof estimatingtruemultilateralindexes,this sectionturns

up two key empirical findings. First, in accordancewith the theoreticalresults,homothetic

tastesrationalisethe EKS index,whereaswith non-homothetictastesthereis little basisfor

choosingbetweenthe EKS and Gearyindexes. Second,both the EKS and Gearyindexes

compressthe distribution of world income much more than the acceptabletrue indexes,

suggestingthatconclusionsabout"convergence"basedoneitherindexhaveto betreatedwith
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caution.31 It would be very desirableto estimatethe GAIA index on a paneldataset, to

investigatewhether this over-compressioneffect imparts some spurious convergenceto

intertemporalcomparisons.32

Appendix 1: Calculating the Geary and GAIA World Prices

Thesolutionalgorithmgiven in Section4.2 is not very efficient, sinceit requiressolving

(30), a matrix characteristicequationof orderm, at eachstep. Moreover,it is not guaranteed

to converge,in spiteof Proposition4 which guaranteesthat a solutionexists. Thedifficulty

is thatthisPropositiononly holdsif world pricesandvirtual quantitiesremainstrictly positive

at all times. This is reasonablefor actualconsumersbut it is not guaranteedfor theQUAIDS

system. Neary and Gleeson(1997) useda different algorithm, iterating on the alternative

solutionto (20) and(22): Π=(q̂*)−1WQ*′Π. This is only of ordern andit convergedrapidly

for thelinearexpendituresystem.However,it failed to convergein thepresentcase,because

calculatingvirtual quantitiesfor the QUAIDS systemrequiresdividing the virtual budget

sharesby pricesat eachiteration,andfrom (52) the budgetsharesarenot definedif evena

31 This sectionalso makessomemethodologicalcontributions. It estimatesa semiflexible
QUAIDS model; it introducesthe "likelihood tree" diagram (Figure 2) as a convenient
summaryof anestedspecificationsearch;and,by usingtheestimatesfrom roundk asstarting
valuesin roundk+1, it overcomesthe "Kloek critique" (seeSection5.4), which hashitherto
beenassumedto restrict the feasibledimensionalityof estimateddemandsystems.

32 Theapproachproposedin this paperhasa further implication for time-seriescomparisons.
Therequirementof "characteristicity"is oftentakenfor grantedin a time-seriescontext:why
shouldthe estimatedgrowth rateof real incomebetween1990and1991changewhendata
on 1999becomeavailable?But onceit is recognisedthat thereis no suchthing asthe"true"
growth rateof real income,this questionlosesits paradoxicalcharacter.For somepurposes,
a consistenttime seriesexpressedin terms of the prices of a central year or even of a
consistentaverageof different years,asin the GAIA system,may be moreappropriate.As
the resultsof Section3 haveshown,superlativeindexeshavedesirablepropertiesonly in
bilateralcontextsor whentastesarehomothetic. Sincealmostall comparisonsin economics
aremultilateral,this calls into questionthe standardpracticeof "chaining" togethera setof
annualbilateralcomparisonsto producea multi-periodtime series.
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singleprice is negative.

In practice, the world prices were calculatedby solving the equationsin (34) non-

linearly.33 Positive prices were ensuredby seekingvalues for the squareroot of the Π

vector,ratherthanΠ itself. This methodworkedwell for all specificationsexceptHAIDS[0]

(the caseof Cobb-Douglaspreferences),for which the calculatedΠ vector was not well-

determined.This wasnot surprising,sinceCobb-Douglasbudgetsharesareindependentof

prices. Even in this case,the implied z* vector was identical to that calculatedby an

alternativeroute. This relieson the fact that relativeGAIA indexesfor all QUAIDS models

canbe derivedexplicitly:

In the HAIDS case,this expressioncan be usedto calculatethe relative indexesdirectly,

(56)

without the needto calculateΠ. With β(Π)=1 andλ(Π)=0, (56) reducesto:

which is just the ratio of nominal expendituresdeflatedby a Cobb-Douglasfunction of

(57)

domesticprices,wherethe weightsarethe estimatedbudgetshares.

Appendix 2: The Data

The raw data are taken from PhaseIV (1980) of the United Nations International

ComparisonsProject (ICP), availablein hard copy as United Nations (1986). For the 60

33 As explainedin Section5.3, the parametersof the demandsystemswereestimatedusing
pricesandexpenditurescaledby samplemeans. For consistency,therefore,the solution to
(34) usedcorrespondinglyscaledquantities.
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countriesin 1980, data on 11 categoriesof personalconsumptionexpenditurewere used:

food; beverages;tobacco; clothing and footwear; gross rents; fuel and power; house

furnishings,appliancesandoperations;medicalcare;transportandcommunication;recreation

andeducation;andmiscellaneousgoodsandservices.

Table 6 of United Nations (1986) gives data on per capita expenditurein national

currencies,zij = pij .qij wherepij is the price of good i in country j andqij is the quantityof

good i in country j. Table 8 gives the purchasingpower parities which are the national

currencyexpendituresfrom Table 6 divided by expenditurein internationalprices. These

internationalprices are producedby the Geary method of aggregationused in the ICP.

Thereforethe entries in Table 8 are: ( pij .qij ) / (πi .qij ) = pij / πi , where πi is the

internationalprice of good i. Dividing eachentry by the correspondingentry for the United

States,pi1 / πi , gives prices in country j relative to prices in the United States:pij / pi1.

Dividing eachentry in Table 6, pij .qij, by the correspondingrelative price, pij / pi1 , gives

quantitiesin country j measuredin U.S. prices,pi1 .qij. This givespij / pi1 andpi1 .qij , which

arethe price andquantitydatarequiredto calculatethe variousreal incomeindexes.
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Table 1:  Alternative Indexes of Real Income, 1980

Country Expenditure Max. Lasp. Min. Lasp. EKS CCD Geary
1 Germany* 79.242 35.979 22.638 30.017 29.859 25.503
2 Denmark* 78.833 36.438 20.822 28.995 28.645 24.699
3 Belgium* 73.600 32.618 21.932 29.085 28.982 24.851
4 France* 73.282 35.337 20.916 29.338 29.319 25.021
5 U.S.A.* 70.273 44.789 26.716 36.120 35.653 30.624
6 Luxembourg* 69.860 38.703 22.369 30.066 30.016 26.114
7 Netherlands* 68.652 32.509 20.829 28.265 28.013 23.993
8 Norway* 63.528 26.880 17.236 23.571 23.445 20.591
9 Austria* 62.537 33.509 18.800 26.636 26.607 22.905
10 Canada* 62.280 41.345 25.125 34.171 34.033 29.230
11 U.K.* 56.530 31.368 17.669 25.304 25.251 21.614
12 Finland* 52.658 27.797 15.663 22.089 22.000 19.061
13 Japan* 49.079 26.722 15.356 21.630 21.597 19.102
14 Italy* 43.309 31.265 18.221 24.784 24.755 21.596
15 Spain* 36.987 24.896 16.087 21.070 21.196 18.226
16 Ireland* 33.789 18.917 12.288 16.978 17.217 14.638
17 Argentina 31.926 14.896 9.387 11.752 11.903 10.451
18 Israel 30.784 25.323 12.603 18.791 18.685 16.525
19 Hong Kong 30.640 25.132 18.700 22.450 22.530 20.783
20 Greece* 27.082 19.566 12.907 16.531 16.601 14.297
21 Uruguay 24.203 15.727 12.193 14.497 14.645 13.226
22 Venezuela 20.852 18.175 10.980 14.085 14.161 12.566
23 Portugal* 18.026 18.162 10.322 13.741 13.887 12.340
24 Yugoslavia 16.669 14.116 8.056 11.011 10.876 9.821
25 Chile 16.536 12.017 8.461 10.755 10.811 9.396
26 Poland 13.733 14.982 8.736 12.156 12.198 10.545
27 Brazil 13.598 12.901 8.875 11.347 11.297 10.045
28 Costa Rica 13.555 10.980 8.275 10.270 10.264 9.115
29 Hungary 10.454 16.031 9.658 13.285 13.152 12.017
30 Panama 10.439 8.232 6.510 8.026 8.066 7.142
31 Paraguay 9.473 9.027 6.032 7.576 7.554 6.686
32 Korea 9.454 8.038 5.774 6.679 6.834 6.491
33 Dominican Rep. 8.698 7.980 6.210 7.635 7.561 6.820
34 Colombia 8.443 11.193 8.036 9.813 9.862 8.758
35 Ecuador 8.406 7.644 6.212 7.161 7.172 6.719
36 Tunisia 8.094 6.888 5.045 6.201 6.149 5.583
37 Guatemala 7.845 9.223 7.054 8.624 8.470 8.077
38 Côte d'Ivoire 7.114 3.983 2.675 3.410 3.396 2.924
39 Peru 6.968 8.161 6.444 7.685 7.592 7.065
40 Bolivia 6.178 5.073 3.721 4.464 4.493 4.172
41 Nigeria 5.690 2.468 1.983 2.355 2.375 2.120
42 Botswana 5.615 3.761 3.129 3.658 3.676 3.285
43 Morocco 5.599 4.161 3.289 3.896 3.870 3.520
44 Cameroon 5.313 3.071 2.303 2.803 2.804 2.509
45 El Salvador 5.178 5.243 4.108 4.804 4.824 4.413



Table 1:  Alternative Indexes of Real Income, 1980  (cont.)

Country Expenditure Max. Lasp. Min. Lasp. EKS CCD Geary
46 Phili ppines 4.646 6.194 4.308 5.891 5.907 5.096
47 Honduras 4.398 4.987 3.204 4.079 4.051 3.642
48 Zimbabwe 4.245 2.825 2.273 2.674 2.711 2.371
49 Senegal 3.907 2.645 2.070 2.442 2.438 2.266
50 Zambia 3.369 1.948 1.257 1.620 1.629 1.421
51 Indonesia 2.753 3.431 2.459 2.958 2.946 2.802
52 Madagascar 2.652 2.196 1.704 1.974 1.963 1.862
53 Pakistan 2.619 4.772 3.114 4.175 3.983 3.624
54 Kenya 2.603 2.051 1.857 2.052 2.055 1.938
55 Sri Lanka 2.023 5.902 3.252 4.377 4.402 4.246
56 Tanzania 1.906 1.298 1.030 1.186 1.187 1.135
57 India 1.526 1.891 1.412 1.716 1.730 1.602
58 Mali 1.512 1.345 0.917 1.187 1.128 1.073
59 Malawi 1.302 1.502 1.083 1.260 1.282 1.208
60 Ethiopia 1.000 1.000 1.000 1.000 1.000 1.000

Mean 23.358 14.754 9.355 12.370 12.345 10.841
Standard Deviation 25.014 12.528 7.351 10.153 10.105 8.660
Coeff icient of Variation 1.071 0.849 0.786 0.821 0.819 0.799
Correlation with EKS†  0.9210 0.9937 0.9948 1.0000 0.9999 0.9989
Correlation with Geary†  0.9107 0.9921 0.9962 0.9989 0.9990 1.0000
Gini Coeff icient 0.5620 0.4720 0.4406 0.4581 0.4574 0.4479
Implied Transfer* * 33.674 30.675 30.699 30.997 31.203 31.327

* Denotes an OECD member in 1980
  †  Squared correlation coefficients
** In billi ons of US$; see text for detail s.



Table 2:  Number of Parameters and Value of Log Likelihood
for Different Specifications

k HAIDS AIDS QUAIDS
# Params. LF Value # Params. LF Value # Params. LF Value

0 10 435.464 20 457.913 30 464.094
1 20 437.432 30 460.174 40 464.756
2 29 448.354 39 468.280 49 473.098
3 37 452.837 47 474.616 57 479.289
4 44 455.592 54 477.625 64 483.785
5 50 456.738 60 478.922 70 485.071
6 55 457.408 65 479.861 75 485.987
7 59 457.416 69 480.054 79 486.567
8 62 457.416 72 480.054 82 486.567
9 64 457.416 74 480.054 84 486.567
10 65 457.416 75 480.054 85 486.567



Table A1:  GAIA-HAIDS[k] Indexes of Real Income, 1980

Country EKS Geary 0 1 2 3 4 5 6 7-10
1 Germany 30.017 25.503 30.027 30.579 30.571 30.538 30.181 30.146 30.137 30.128
2 Denmark 28.995 24.699 28.665 29.243 29.275 29.273 28.937 28.906 28.903 28.894
3 Belgium 29.085 24.851 29.665 30.165 30.133 30.159 29.807 29.769 29.762 29.754
4 France 29.338 25.021 29.446 30.017 30.006 30.036 29.684 29.644 29.640 29.631
5 U.S.A. 36.120 30.624 37.142 37.403 37.418 37.314 37.109 37.071 37.047 37.039
6 Luxembourg 30.066 26.114 29.593 30.065 30.077 30.265 29.926 29.947 29.938 29.928
7 Netherlands 28.265 23.993 28.863 29.271 29.279 29.286 28.939 28.889 28.883 28.875
8 Norway 23.571 20.591 23.178 23.531 23.630 23.559 23.368 23.344 23.341 23.335
9 Austria 26.636 22.905 26.439 26.956 26.980 26.936 26.630 26.617 26.616 26.610
10 Canada 34.171 29.230 34.955 35.150 35.121 35.021 34.788 34.779 34.866 34.859
11 U.K. 25.304 21.614 25.267 25.827 25.784 25.710 25.412 25.402 25.402 25.396
12 Finland 22.089 19.061 22.165 22.445 22.482 22.398 22.144 22.137 22.148 22.145
13 Japan 21.630 19.102 21.229 21.638 21.651 21.557 21.332 21.328 21.388 21.383
14 Italy 24.784 21.596 24.673 25.131 25.117 25.086 24.802 24.795 24.793 24.791
15 Spain 21.070 18.226 20.963 21.355 21.338 21.321 21.073 21.044 21.039 21.034
16 Ireland 16.978 14.638 17.526 17.692 17.668 17.607 17.402 17.443 17.468 17.472
17 Argentina 11.752 10.451 11.408 11.522 11.556 11.524 11.403 11.452 11.442 11.439
18 Israel 18.791 16.525 18.377 18.742 18.710 18.651 18.436 18.447 18.449 18.444
19 Hong Kong 22.450 20.783 22.123 22.177 22.189 22.223 21.978 22.088 22.105 22.098
20 Greece 16.531 14.297 16.254 16.662 16.660 16.658 16.468 16.462 16.462 16.457
21 Uruguay 14.497 13.226 14.149 14.362 14.348 14.295 14.132 14.192 14.223 14.218
22 Venezuela 14.085 12.566 13.840 13.744 13.759 13.839 13.809 13.821 13.819 13.817
23 Portugal 13.741 12.340 13.398 13.551 13.637 13.583 13.462 13.482 13.497 13.496
24 Yugoslavia 11.011 9.821 11.008 11.160 11.207 11.127 11.030 11.098 11.102 11.101
25 Chile 10.755 9.396 10.559 10.801 10.798 10.781 10.666 10.664 10.666 10.664
26 Poland 12.156 10.545 12.276 12.265 12.311 12.239 12.113 12.175 12.179 12.180
27 Brazil 11.347 10.045 11.507 11.592 11.574 11.593 11.457 11.495 11.489 11.485
28 Costa Rica 10.270 9.115 10.145 10.318 10.328 10.290 10.191 10.199 10.216 10.214
29 Hungary 13.285 12.017 13.358 13.460 13.473 13.379 13.235 13.314 13.320 13.318
30 Panama 8.026 7.142 7.966 8.145 8.152 8.128 8.039 8.044 8.044 8.042
31 Paraguay 7.576 6.686 7.524 7.588 7.603 7.640 7.567 7.581 7.600 7.598
32 Korea 6.679 6.491 6.724 6.566 6.665 6.637 6.581 6.630 6.647 6.654
33 Dominican Rep.7.635 6.820 7.631 7.719 7.724 7.698 7.643 7.644 7.665 7.665
34 Colombia 9.813 8.758 9.726 9.731 9.781 9.746 9.672 9.680 9.739 9.738
35 Ecuador 7.161 6.719 7.004 7.083 7.081 7.092 7.017 7.043 7.049 7.047
36 Tunisia 6.201 5.583 6.176 6.309 6.321 6.303 6.239 6.243 6.241 6.240
37 Guatemala 8.624 8.077 8.537 8.515 8.544 8.533 8.459 8.472 8.522 8.522
38 Côte d'Ivoire 3.410 2.924 3.400 3.463 3.468 3.457 3.419 3.419 3.419 3.419
39 Peru 7.685 7.065 7.529 7.653 7.670 7.644 7.578 7.577 7.591 7.589
40 Bolivia 4.464 4.172 4.489 4.520 4.537 4.515 4.484 4.476 4.492 4.492
41 Nigeria 2.355 2.120 2.411 2.459 2.458 2.455 2.432 2.433 2.434 2.434
42 Botswana 3.658 3.285 3.603 3.690 3.685 3.674 3.638 3.635 3.634 3.633
43 Morocco 3.896 3.520 3.836 3.938 3.936 3.927 3.889 3.886 3.886 3.885
44 Cameroon 2.803 2.509 2.755 2.794 2.798 2.797 2.777 2.778 2.778 2.777
45 El Salvador 4.804 4.413 4.727 4.738 4.745 4.728 4.702 4.709 4.729 4.728



Table A1:  GAIA-HAIDS[k] Indexes of Real Income, 1980 (cont.)

Country EKS Geary 0 1 2 3 4 5 6 7-10
46 Phili ppines 5.891 5.096 5.978 6.081 6.085 6.066 6.005 6.009 6.012 6.012
47 Honduras 4.079 3.642 4.028 4.064 4.076 4.076 4.037 4.039 4.055 4.054
48 Zimbabwe 2.674 2.371 2.649 2.730 2.726 2.714 2.687 2.687 2.686 2.685
49 Senegal 2.442 2.266 2.409 2.449 2.444 2.443 2.418 2.415 2.420 2.420
50 Zambia 1.620 1.421 1.573 1.601 1.600 1.595 1.588 1.587 1.587 1.587
51 Indonesia 2.958 2.802 2.939 2.948 2.992 2.971 3.031 3.027 3.027 3.027
52 Madagascar 1.974 1.862 1.917 1.972 1.970 1.965 1.944 1.942 1.943 1.942
53 Pakistan 4.175 3.624 4.341 4.371 4.410 4.398 4.352 4.360 4.360 4.361
54 Kenya 2.052 1.938 2.016 2.061 2.058 2.056 2.038 2.036 2.036 2.036
55 Sri Lanka 4.377 4.246 4.554 4.324 4.503 4.474 4.436 4.481 4.483 4.485
56 Tanzania 1.186 1.135 1.259 1.225 1.228 1.242 1.236 1.259 1.258 1.257
57 India 1.716 1.602 1.752 1.741 1.765 1.757 1.746 1.751 1.755 1.755
58 Mali 1.187 1.073 1.214 1.243 1.243 1.244 1.229 1.230 1.232 1.232
59 Malawi 1.260 1.208 1.234 1.249 1.248 1.244 1.231 1.229 1.234 1.234
60 Ethiopia 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Mean 12.370 10.841 12.352 12.513 12.527 12.508 12.384 12.391 12.398 12.396
Standard Dev. 10.153 8.660 10.210 10.366 10.361 10.355 10.248 10.239 10.240 10.237
Coef. of Var. 0.821 0.799 0.827 0.828 0.827 0.828 0.828 0.826 0.826 0.826
Corr. with EKS* 1.0000 0.9989 0.9993 0.9994 0.9995 0.9995 0.9995 0.9995 0.9995 0.9995
Corr. with Geary* 0.9989 1.0000 0.9973 0.9972 0.9973 0.9973 0.9973 0.9975 0.9975 0.9975
Gini Coeff icient 0.4581 0.4479 0.4600 0.4609 0.4603 0.4606 0.4603 0.4599 0.4597 0.4597
Transfer (US$b.) 30.997 31.327 30.449 30.643 30.633 30.651 30.552 30.557 30.581 30.581

* Squared correlation coefficients

Table A2:  World Prices from HAIDS Estimates

     k: Geary 0* 1 2 3 4 5 6 7-10
1 Food 1.068 0.667 0.536 0.528 0.425 0.389 0.343 0.312 0.309
2 Beverages 0.732 0.356 0.149 0.178 0.156 0.287 0.149 0.147 0.144
3 Tobacco 0.894 2.529 0.294 0.225 0.273 0.273 0.222 0.411 0.406
4 Clothing & Footwear 1.010 0.000 0.553 0.576 0.592 0.321 0.397 0.471 0.471
5 Gross Rents 0.870 14.410 0.735 0.720 0.702 0.630 0.411 0.447 0.436
6 Fuel and Power 0.968 0.950 1.694 1.906 1.280 9.512 2.976 4.732 4.596
7 House Furnishings 1.109 0.693 1.625 1.666 1.276 0.388 0.585 0.683 0.684
8 Medical Care 1.012 0.365 0.822 0.770 0.853 0.405 0.353 0.462 0.456
9 Transport & Comms. 0.940 0.003 1.023 0.915 0.804 1.436 0.951 1.250 1.241
10 Recreation & Ed. 1.209 0.000 1.219 1.181 1.065 0.483 0.603 0.440 0.440
11 Misc. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Corr. with Geary prices† -0.331 0.576 0.525 0.625 -0.039 0.083 0.004 0.007

*  Estimates of Π for k=0 are not well -determined.  See Appendix 1.
†  Simple correlation coeff icient between GAIA world prices Π[k] and Geary world prices π 



Table A3:  GAIA-AIDS[k] Indexes of Real Income, 1980

Country EKS Geary 0 1 2 3 4 5 6 7-10
1 Germany 30.017 25.503 19.051 30.618 34.831 38.818 38.515 38.284 40.645 40.785
2 Denmark 28.995 24.699 18.703 29.802 34.061 37.993 37.725 37.511 39.828 39.968
3 Belgium 29.085 24.851 18.772 30.182 34.276 38.125 37.836 37.614 39.907 40.047
4 France 29.338 25.021 18.806 30.223 34.250 38.108 37.812 37.591 39.912 40.054
5 U.S.A. 36.120 30.624 21.663 35.378 40.538 44.913 44.854 44.570 47.386 47.557
6 Luxembourg 30.066 26.114 19.207 31.046 35.166 39.081 38.801 38.585 40.948 41.106
7 Netherlands 28.265 23.993 18.079 28.726 32.578 36.281 36.001 35.796 37.964 38.096
8 Norway 23.571 20.591 15.673 23.919 27.292 30.536 30.365 30.277 32.028 32.143
9 Austria 26.636 22.905 17.621 27.822 31.580 35.280 35.033 34.869 36.990 37.122
10 Canada 34.171 29.230 21.980 35.898 40.682 45.353 45.194 45.310 48.210 48.415
11 U.K. 25.304 21.614 16.792 26.168 29.790 33.494 33.219 33.070 35.081 35.207
12 Finland 22.089 19.061 15.478 23.582 26.877 30.218 29.993 29.854 31.576 31.695
13 Japan 21.630 19.102 15.277 23.248 26.531 29.784 29.591 29.472 31.232 31.352
14 Italy 24.784 21.596 16.657 25.935 29.451 32.877 32.631 32.479 34.434 34.565
15 Spain 21.070 18.226 14.245 21.442 24.429 27.344 27.128 26.995 28.530 28.631
16 Ireland 16.978 14.638 12.536 18.027 20.598 23.130 22.934 22.858 24.236 24.356
17 Argentina 11.752 10.451 8.718 11.687 13.354 15.004 14.899 14.937 15.647 15.704
18 Israel 18.791 16.525 12.897 18.890 21.594 24.219 24.023 23.943 25.295 25.388
19 Hong Kong 22.450 20.783 15.196 22.417 25.629 29.149 28.988 28.924 30.674 30.787
20 Greece 16.531 14.297 11.792 16.986 19.406 21.792 21.618 21.533 22.684 22.773
21 Uruguay 14.497 13.226 10.533 14.554 16.740 18.802 18.635 18.642 19.625 19.698
22 Venezuela 14.085 12.566 10.508 14.278 16.336 18.598 18.505 18.454 19.397 19.463
23 Portugal 13.741 12.340 10.064 13.826 15.832 17.784 17.701 17.647 18.591 18.665
24 Yugoslavia 11.011 9.821 8.472 10.721 12.757 14.301 14.294 14.286 14.997 15.055
25 Chile 10.755 9.396 8.163 10.871 12.404 13.904 13.809 13.769 14.409 14.464
26 Poland 12.156 10.545 9.394 12.408 14.268 15.987 15.862 15.876 16.684 16.750
27 Brazil 11.347 10.045 8.778 11.674 13.333 15.008 14.892 14.905 15.620 15.669
28 Costa Rica 10.270 9.115 7.836 10.304 11.760 13.162 13.068 13.021 13.647 13.692
29 Hungary 13.285 12.017 10.204 13.524 15.751 17.657 17.538 17.589 18.492 18.563
30 Panama 8.026 7.142 6.369 8.076 9.176 10.221 10.138 10.127 10.546 10.578
31 Paraguay 7.576 6.686 5.939 7.408 8.446 9.397 9.368 9.374 9.759 9.788
32 Korea 6.679 6.491 5.316 6.247 7.074 7.841 7.783 7.801 8.181 8.239
33 Dominican Rep.7.635 6.820 6.009 7.510 8.508 9.457 9.402 9.369 9.782 9.811
34 Colombia 9.813 8.758 7.561 9.770 11.135 12.450 12.382 12.337 13.018 13.066
35 Ecuador 7.161 6.719 5.678 6.980 7.885 8.810 8.759 8.781 9.126 9.163
36 Tunisia 6.201 5.583 5.131 6.304 7.088 7.834 7.777 7.757 8.044 8.068
37 Guatemala 8.624 8.077 6.566 8.213 9.344 10.434 10.345 10.310 10.847 10.885
38 Côte d'Ivoire 3.410 2.924 3.056 3.388 3.782 4.132 4.095 4.081 4.194 4.218
39 Peru 7.685 7.065 6.032 7.562 8.569 9.527 9.459 9.438 9.848 9.876
40 Bolivia 4.464 4.172 4.012 4.624 5.136 5.768 5.728 5.701 5.886 5.909
41 Nigeria 2.355 2.120 2.159 2.330 2.492 2.652 2.630 2.625 2.674 2.679
42 Botswana 3.658 3.285 3.250 3.662 4.052 4.408 4.373 4.363 4.486 4.498
43 Morocco 3.896 3.520 3.366 3.859 4.253 4.621 4.582 4.569 4.698 4.712
44 Cameroon 2.803 2.509 2.339 2.539 2.803 2.980 2.958 2.945 3.006 3.014
45 El Salvador 4.804 4.413 3.672 4.167 4.632 5.086 5.055 5.034 5.225 5.239



Table A3:  GAIA-AIDS[k] Indexes of Real Income, 1980 (cont.)

Country EKS Geary 0 1 2 3 4 5 6 7-10
46 Phili ppines 5.891 5.096 4.693 5.606 6.419 7.082 7.027 7.012 7.256 7.280
47 Honduras 4.079 3.642 3.308 3.628 4.049 4.392 4.348 4.335 4.487 4.509
48 Zimbabwe 2.674 2.371 2.622 2.839 3.096 3.414 3.383 3.363 3.446 3.457
49 Senegal 2.442 2.266 2.329 2.528 2.743 2.917 2.896 2.896 2.955 2.964
50 Zambia 1.620 1.421 1.600 1.571 1.727 1.846 1.850 1.845 1.873 1.876
51 Indonesia 2.958 2.802 2.736 2.829 3.088 3.576 3.633 3.618 3.695 3.706
52 Madagascar 1.974 1.862 1.808 1.889 1.991 2.110 2.090 2.084 2.113 2.120
53 Pakistan 4.175 3.624 3.501 3.824 4.455 4.917 4.876 4.855 4.995 5.007
54 Kenya 2.052 1.938 1.901 2.005 2.137 2.245 2.228 2.217 2.252 2.255
55 Sri Lanka 4.377 4.246 3.318 3.472 3.984 4.398 4.358 4.371 4.482 4.495
56 Tanzania 1.186 1.135 0.989 0.929 0.962 0.944 0.939 0.935 0.936 0.939
57 India 1.716 1.602 1.456 1.440 1.524 1.636 1.623 1.611 1.624 1.626
58 Mali 1.187 1.073 1.202 1.196 1.226 1.259 1.248 1.240 1.244 1.247
59 Malawi 1.260 1.208 1.471 1.452 1.532 1.606 1.599 1.604 1.622 1.626
60 Ethiopia 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Mean 12.370 10.841 8.725 12.550 14.273 15.928 15.823 15.771 16.633 16.694
Standard Dev. 10.153 8.660 6.314 10.531 12.019 13.447 13.363 13.302 14.166 14.219
Coef. of Var. 0.821 0.799 0.724 0.839 0.842 0.844 0.845 0.843 0.852 0.852
Corr. with EKS* 1.0000 0.9989 0.9937 0.9984 0.9986 0.9983 0.9984 0.9983 0.9983 0.9983
Corr. with Geary* 0.9989 1.0000 0.9952 0.9969 0.9974 0.9975 0.9976 0.9975 0.9975 0.9975
Gini Coeff icient 0.4581 0.4479 0.4106 0.4676 0.4700 0.4719 0.4719 0.4715 0.4756 0.4757
Transfer (US$b.) 30.997 31.327 33.036 32.152 32.011 32.188 32.074 32.112 32.062 32.064

* Squared correlation coefficients

Table A4:  World Prices from AIDS Estimates

     k: Geary 0 1 2 3 4 5 6 7-10
1 Food 1.068 0.000 0.943 0.935 0.935 0.932 0.957 0.918 0.898
2 Beverages 0.732 0.115 0.665 0.660 0.668 0.693 0.716 0.689 0.667
3 Tobacco 0.894 0.853 0.903 0.880 0.908 0.893 0.904 1.085 1.003
4 Clothing & Footwear 1.010 0.989 1.028 1.009 0.976 0.963 0.990 1.041 1.011
5 Gross Rents 0.870 0.000 0.941 0.915 0.918 0.916 0.952 0.943 0.876
6 Fuel and Power 0.968 0.247 1.162 1.138 1.145 1.029 1.077 1.120 1.092
7 House Furnishings 1.109 0.906 1.207 1.134 1.105 1.106 1.129 1.214 1.147
8 Medical Care 1.012 0.978 1.087 1.039 1.036 1.049 1.097 1.217 1.148
9 Transport & Comms. 0.940 0.000 1.069 1.050 1.055 1.025 1.047 1.098 1.086
10 Recreation & Ed. 1.209 0.000 1.267 1.229 1.204 1.211 1.229 1.149 1.154
11 Misc. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Corr. with Geary prices* 0.123 0.852 0.852 0.821 0.892 0.875 0.686 0.753

†  Simple correlation coefficient between GAIA world prices Π[k] and Geary world prices π 



Table A5:  GAIA-QUAIDS[k] Indexes of Real Income, 1980

Country EKS Geary 0 1 2 3 4 5 6 7-10
1 Germany 30.017 25.503 67.720 29.444 32.568 36.668 35.695 37.016 40.203 41.221
2 Denmark 28.995 24.699 66.496 28.826 32.009 36.060 35.094 36.382 39.499 40.533
3 Belgium 29.085 24.851 66.238 28.962 31.986 35.940 34.988 36.275 39.373 40.367
4 France 29.338 25.021 66.555 29.057 32.046 36.015 35.041 36.333 39.427 40.449
5 U.S.A. 36.120 30.624 79.930 34.022 37.811 42.316 41.660 43.284 47.216 48.385
6 Luxembourg 30.066 26.114 69.323 30.060 33.135 37.160 36.236 37.588 40.935 42.021
7 Netherlands 28.265 23.993 62.706 27.478 30.338 34.130 33.219 34.420 37.295 38.222
8 Norway 23.571 20.591 53.092 23.273 25.795 29.155 28.547 29.567 31.924 32.710
9 Austria 26.636 22.905 61.552 26.915 29.726 33.540 32.660 33.843 36.661 37.596
10 Canada 34.171 29.230 82.531 34.804 38.319 43.248 42.400 44.488 48.587 49.818
11 U.K. 25.304 21.614 57.509 25.256 27.939 31.750 30.934 32.032 34.675 35.537
12 Finland 22.089 19.061 52.358 22.941 25.417 28.865 28.193 29.165 31.485 32.260
13 Japan 21.630 19.102 51.658 22.673 25.131 28.489 27.852 28.870 31.240 32.003
14 Italy 24.784 21.596 57.238 25.124 27.761 31.291 30.509 31.584 34.166 35.011
15 Spain 21.070 18.226 46.537 20.777 23.006 25.996 25.405 26.239 28.249 28.930
16 Ireland 16.978 14.638 39.428 17.594 19.523 22.119 21.647 22.312 24.108 24.674
17 Argentina 11.752 10.451 24.205 11.469 12.738 14.420 14.134 14.557 15.437 15.798
18 Israel 18.791 16.525 40.907 18.401 20.435 23.130 22.630 23.337 25.113 25.706
19 Hong Kong 22.450 20.783 50.856 21.705 24.099 27.712 27.172 28.105 30.519 31.267
20 Greece 16.531 14.297 36.376 16.551 18.370 20.807 20.376 20.993 22.477 23.022
21 Uruguay 14.497 13.226 31.206 14.208 15.864 17.957 17.591 18.168 19.381 19.853
22 Venezuela 14.085 12.566 30.758 13.790 15.338 17.604 17.345 17.839 19.035 19.473
23 Portugal 13.741 12.340 29.334 13.470 14.981 16.949 16.739 17.193 18.375 18.805
24 Yugoslavia 11.011 9.821 23.049 10.451 11.972 13.504 13.524 13.868 14.772 15.082
25 Chile 10.755 9.396 22.017 10.620 11.804 13.331 13.090 13.413 14.194 14.498
26 Poland 12.156 10.545 26.454 12.043 13.448 15.172 14.908 15.322 16.378 16.729
27 Brazil 11.347 10.045 24.549 11.493 12.780 14.499 14.217 14.626 15.517 15.843
28 Costa Rica 10.270 9.115 20.327 9.928 11.044 12.440 12.209 12.493 13.207 13.483
29 Hungary 13.285 12.017 29.719 13.153 14.859 16.772 16.509 17.048 18.212 18.620
30 Panama 8.026 7.142 15.502 7.903 8.763 9.810 9.614 9.822 10.312 10.511
31 Paraguay 7.576 6.686 13.892 7.217 8.032 8.977 8.815 9.025 9.459 9.627
32 Korea 6.679 6.491 11.721 6.053 6.723 7.480 7.324 7.443 7.863 8.000
33 Dominican Rep.7.635 6.820 14.159 7.264 8.055 8.998 8.883 9.066 9.505 9.683
34 Colombia 9.813 8.758 19.416 9.439 10.498 11.813 11.608 11.895 12.598 12.864
35 Ecuador 7.161 6.719 13.192 6.842 7.565 8.503 8.344 8.532 8.930 9.092
36 Tunisia 6.201 5.583 11.573 6.171 6.822 7.564 7.461 7.598 7.943 8.075
37 Guatemala 8.624 8.077 15.615 7.829 8.710 9.775 9.589 9.793 10.330 10.541
38 Côte d'Ivoire 3.410 2.924 5.488 3.342 3.652 4.002 3.964 4.005 4.148 4.228
39 Peru 7.685 7.065 14.244 7.317 8.129 9.079 8.899 9.096 9.532 9.719
40 Bolivia 4.464 4.172 7.992 4.511 4.939 5.543 5.407 5.479 5.693 5.767
41 Nigeria 2.355 2.120 3.137 2.263 2.408 2.559 2.490 2.502 2.544 2.576
42 Botswana 3.658 3.285 6.068 3.656 3.985 4.341 4.280 4.330 4.465 4.533
43 Morocco 3.896 3.520 6.280 3.800 4.130 4.494 4.427 4.479 4.623 4.693
44 Cameroon 2.803 2.509 3.620 2.489 2.701 2.870 2.849 2.863 2.929 2.966
45 El Salvador 4.804 4.413 6.538 3.909 4.283 4.706 4.604 4.656 4.807 4.890



Table A5:  GAIA-QUAIDS[k] Indexes of Real Income, 1980 (cont.)

Country EKS Geary 0 1 2 3 4 5 6 7-10
46 Phili ppines 5.891 5.096 9.662 5.372 6.013 6.655 6.526 6.626 6.888 6.997
47 Honduras 4.079 3.642 5.929 3.533 3.879 4.207 4.114 4.150 4.275 4.376
48 Zimbabwe 2.674 2.371 4.412 2.815 3.038 3.353 3.282 3.303 3.403 3.461
49 Senegal 2.442 2.266 3.741 2.535 2.722 2.894 2.852 2.888 2.963 2.998
50 Zambia 1.620 1.421 2.138 1.592 1.719 1.842 1.872 1.879 1.909 1.927
51 Indonesia 2.958 2.802 4.309 2.681 2.913 3.336 3.283 3.306 3.405 3.466
52 Madagascar 1.974 1.862 2.451 1.854 1.947 2.062 2.017 2.026 2.058 2.082
53 Pakistan 4.175 3.624 6.333 3.668 4.200 4.633 4.543 4.588 4.736 4.798
54 Kenya 2.052 1.938 2.698 1.992 2.109 2.212 2.185 2.191 2.226 2.247
55 Sri Lanka 4.377 4.246 5.522 3.183 3.630 3.996 3.906 3.958 4.087 4.140
56 Tanzania 1.186 1.135 0.961 0.915 0.945 0.922 0.924 0.918 0.926 0.931
57 India 1.716 1.602 1.668 1.375 1.463 1.557 1.513 1.508 1.527 1.532
58 Mali 1.187 1.073 1.313 1.180 1.211 1.240 1.215 1.213 1.223 1.232
59 Malawi 1.260 1.208 1.923 1.492 1.567 1.642 1.633 1.653 1.678 1.691
60 Ethiopia 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Mean 12.370 10.841 26.552 12.161 13.467 15.152 14.832 15.303 16.427 16.809
Standard Dev. 10.153 8.660 24.274 10.162 11.255 12.738 12.430 12.939 14.128 14.500
Coef. of Var. 0.821 0.799 0.914 0.836 0.836 0.841 0.838 0.846 0.860 0.863
Corr. with EKS* 1.0000 0.9989 0.9972 0.9979 0.9981 0.9977 0.9977 0.9977 0.9977 0.9977
Corr. with Geary* 0.9989 1.0000 0.9959 0.9966 0.9970 0.9971 0.9972 0.9970 0.9969 0.9968
Gini Coeff icient 0.4581 0.4479 0.5069 0.4660 0.4668 0.4701 0.4688 0.4725 0.4795 0.4808
Transfer (US$b.) 30.997 31.327 31.733 32.268 32.171 32.351 32.174 32.132 31.996 32.000

* Squared correlation coefficients

Table A6:  World Prices from QUAIDS Estimates

     k: Geary 0 1 2 3 4 5 6 7-10
1 Food 1.068 0.000 1.006 1.000 0.989 0.995 1.017 0.923 0.884
2 Beverages 0.732 0.087 0.724 0.717 0.712 0.747 0.770 0.686 0.648
3 Tobacco 0.894 0.191 0.966 0.939 0.964 0.952 1.051 1.111 0.966
4 Clothing & Footwear 1.010 0.505 1.075 1.049 1.012 0.995 1.071 1.039 0.959
5 Gross Rents 0.870 0.020 0.951 0.925 0.924 0.929 1.015 0.880 0.797
6 Fuel and Power 0.968 6.197 1.104 1.089 1.093 1.008 1.193 1.080 0.981
7 House Furnishings 1.109 0.026 1.277 1.201 1.167 1.160 1.216 1.204 1.103
8 Medical Care 1.012 0.000 1.107 1.054 1.050 1.055 1.226 1.203 1.090
9 Transport & Comms. 0.940 0.000 1.053 1.036 1.040 1.012 1.092 1.098 1.055
10 Recreation & Ed. 1.209 0.000 1.274 1.244 1.221 1.212 1.227 1.173 1.189
11 Misc. 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Corr. with Geary prices* -0.045 0.914 0.929 0.906 0.944 0.792 0.718 0.828

*  Simple correlation coeff icient between GAIA world prices Π[k] and Geary world prices π 
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