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INTRODUGTION

International waridtion in national product is 2 subject
of considerable immerést; and any meaningful comparison of
natigénal preduct or per capitafnafional income has to be in
terms of @ common cufrency. Qn;ihter—temporal,eomparivon for
the same country at two points of time iz moxre meaningful in
real termsJ o in other words when the eurrency unit is adjust-
ed for change in the general prici lcvéi between the two points
of time. In the same manner, the level of -output or of consums
Péian of a gronp of persons belnngingrxo a:-reglon or to 7
partieuiar soéio-econbmiﬁ gﬂoupgfan be meaﬁingfully'compared
with anothex such group, when an %ngoprlate adaustment is made
for the variaﬁlons in the purchasing power of the monetary unit
‘used in the two greups to obtain the measures of the aggregates
‘at current prices, This fesults in the need fot sultable index
number formulae feor @Qiée g@myariébnsa Reseurch in this line
together with the availability of numercus index number farmilae
made the preblem of choice of a system of index\numbgrs, for a

giwven comparison proklem, more acute.

Ehis‘ﬁné led to-the formilation of womé pestriciions
which are infutively: augfifibd, go that the index numbexs nat
satisfying these m»strictinns m?y be discarded ihese are

“
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termed as 'consistency tests' in the literature of index numbers.
It is Irving Fisher who 1ntroduced the idea -of consistency
tests and brought them into prominence. We focus our attention
on the circularity tesf which is the generalization of Fisher's
time reversal test and this test gives the basic problem of the
thesisl. r

Let us formulate the problem of multilateral price and
quantity comparisons, given the price aﬁd quantitj vectors
concerning each coﬁntry. This discussion can be ﬁade more
general by replacing the countries by any sef of weli defined
p0pulatioﬁ gfoups; The groups may refer to different'countries
or different sections of the population of =z country defined
according to certain social and eqonomic_oharacteristiés, and
it may be convenient to talk in terms of grpﬁps from now on.
The analysis Works-in all casés without loss of generality.

Let By Topots.iny 16 price index for the k-th group with the

ik
Jj=th group as base.

In this set-up, the circularity test requires that the
price change between any two groups can be expressed as the
product of price changes meésured'throughba third group.

Hence the test stipulates that Ijk = I$(,lecfor all groups |},
k and £, This test makes use of the asgumption that the price

changes are multiplicative., The condition becomes
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T = Tiq* Ikkf in the case of 2dditive set-up. These two

ik
tests are complementary in nature and index numbers satisfying
one condition generate a system of index numbers satisfying

the other condition,

The circularity test implies-the existence “of M positive

numbers say 7. (j = 1,...,M) in the case where number of

groups is M, so that anyrindex Ijk'is glven by nk/nj.» Here
nj‘can be interpreted as the general price level of group J,
g0 that the ratio of these numbers gives the required index
number. In any problem, one of the ny's can be chosen to be
unity eince we are mainly interested in. the ratios of these
numbsrs, However, 1t might happen that one index number

.- system leads to multiple sets of these numbers, and each set
of numbers satisfying the circularity test, Hence the formulae
which led to unique set of the ratios of these numbers is of
importance, .Index,numbers.with this property are termed as
consisténﬁ and-our probiém is to obtain formulae which yleld
consiétent compajisons, We mayhregard‘the formulae leading

to ihdices satisfying circularity test but not consigtent as
‘semi;consistent nethods, The virtue of a consistent method is
that it guaranteés uhique ordering of the given price and
quantitj vectors and the érdering isﬁcomplete and transitive,

m . - s . N 1 - . L -7 SN S
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Further the problem of obtaining numerous bilnary comparisons

is absent in this case where the general price levels are

determined simultaneously.

In the traaltional-literature on.inde% number construct-
ion, we find that the circulerity test is used in conjection
with many other tests Iike factor reversal teSf, factor test,
proportionality test, determinatemess %est and éommensurability.
test, If there the proportionality test is of“somé relevance.
%o us, The test states that if all prices Increase by a given
ﬁroportion,then the Lindex mumber should also increase by the
same proportionate change, We make use of a weaker version
of this test whieh may be called 'weak proporﬁionality Testt,
This necessiates that‘if prices in one group are higher than
pribes in another, the index nuﬁber for the latter group with

the former as base should be greater than unity.

This thesis studies the methodology of comstruction of
consistent index numbers for price comparisons among well
défined groups of population, The results obtained here are
useful for both intef—tempo;al and international comparison
problems, We concentrate on the price comparisons only, for,
every éystem of'price indices haé an implicit system of
quantitj'index numbers’, fhisris becatise of the condition that

the product of price and quantity indices should yield the

I ———— — =
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value ratios., In fact, there is a kind of duality betwgen the

price and quantity comparisons., The thesis consists of three

- chapters and the chapter-wise summary is given below,

About the Thesis

The first chapter deals ﬁith the Geafnyhamis nmethod of
ponstrpcting consistent index ﬁuﬁbers, Which appears in
Geéry, R.G..(1958), Khamié, S.H. (1969, ?970a,‘1970b). These
index numbers are based oninfuitiveiy appealing concepts like
.'exchange rate’ of a currency and"averagé ﬁrice'lof a commo-
dity.r The exchange rate ié used in t@e same sense asg the
purchasing poWef of a currency which is the reciprdcal of the
géﬁeral price level, defined earlier. Once this is défined,
the average'pfice of a commodity is obtained as the measure
of central.tendency oflthe priées of ‘the ccmmodity in various
groﬁps transformed ihto‘a éomparaﬁie currency unit, The
values of the unknowns are obtained as solutions of a systenm
of linenr homocgeneous équations; given the price and quaﬁtity
information, ‘Khamis obtained some sufficient conditinns which
enéure the existénce of.meaningful'solufﬁon‘for the‘underlying
equations (positivity and uniqueness) s ﬁdwever; sufficient
conditions -are only of.limitéd use rh‘any practical situation,

We obtain necessary and sufficient conditions for the existence
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~and uniquenecs of posltive solution to thc above unknowns. We
O s ‘T . 1 I -' T ',. retore i * ;",r-." iy -r

prove that mcaningful solutionq exist if and onlv if the“set
of countries cannot be diVided into two nonempty subsets such
~ that. they do not have qny commodity common in their consumpt~
ion bcsket The result is proved by using the properties of
non*negative‘ irreducible and dominant diagonal metrices and
graphs. npart from its virtue of easy vcrifiability in any
practic 1 problem thlu condition implies the impossibility

of price comparisons When the groups involved are not related

in tneir expenditurc patterns.”

4
i

! the next. section we propose a new system of consis-
- ,i.—t_;tent,-érﬁ@;@ﬁ mprbers, o Theése dndices also make use of the
s concepks. of exchange rate and; average price., Observing that
,Jntneseﬁare.definedfaslaritnmqticieverégeﬁ-cf a set of observat-
rjaions-with-somerspecifiedjWeightsiin.the:Geary:Khamisdset—up,
we make use of geometrlc mesn and a different set of weights,
Hence the solution of the unknowns emerges from a system of
1og~linear equations.; The consistency of this system of
equations is established and the conditions stated in-the
previous paragraph are shoWn-to be necesserj and sufficient
diln this_case algo, In the particulsr case Wnere the numbsr

of ecuntries involwved are only two, these new Index numbers


http://www.cvisiontech.com

[71
turn.out te bo similar to those used by.Kloek, T, and Theil,H,
(1955), Further we show that 1f all prices move proportionate-
iy by a fixed amoﬁnt then the indices show an increase by the

same proportion,

The sécond chapter starts with a brief introduction to
a few other index number formulae which are in use, like
Braithwaite’s [(1970) fixed weight indices, Flteto, O, and
Koves; P. index numbers (1965), and Yzeren's indices (1956) ,
We provide zn alternative d@rintinA, which is siﬁpler, to
the Elteto-Koves index number férmula; These index numbers
minimize the logarlithmic distance from the corresponding

Pisher's ideal indices for bin~ry comparisons,

The next secfion probes into the definition to average
price that is used in Geary-Khamis method, Given the exchange
rates, thce averoge price is defined as the welghted arithmetic
-imean of the prices transformed intc a common currency unit,
The weights employed are the quantify shares. The problem 1s
one of choosing'% meagure of'central'tendenéy. We chooge the
formula for the average which mininizes the sum of squares of
deviations of the mean from the #ariables. The Geary-Khamis
definition of =verage price is shown to be the resultof one
such mininization, Some interesting ;esults are obtained by

giving cqual welghts. 1In this it is proved that, in most of
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the cases,lonly trivial solution is'possible, However, in
: lthis case, by neglecting one of the equations, we can obtain
a uniquc,.étrict positive solution for the Pnknowhs. This
leads to multiplicity of solutions for unknowns, one for
each group.,. By téking the geometric mean of these sets of
valﬁes, we can arrive at one set of values, which yield a
cénéistént system’of index numbers. It is shown that, in the
caée\ﬁhere;thé number'of_countries is two, the indéx,humbers
given by the vectors correspond to the Laspeyres' and Prasche's
indices. The ;ndicés related to the geometric mean bf the
vectors, obviouSly; coincide with Fisher's ideal indices.
Thus thie particular case prqvidés-an'interesting generaliza-
tion of these indices, in the direction of number of groups.
On the otherhaﬁd the whole exercise establishies a relation
between *he trniitional and more popular index numbers and
thé[Geary-Khamis index numbers, all of them linked through

- tThe concepts of. Yexchange rate' and 'average price!,

The fiﬁal section considers”the_problem of the choice
of é‘éuitabie formula in‘a.given price comparison problem,
The availability of numerous. index number formulaEVSatisfying
‘the various consistency'tests-mentioned previously, makes

the problem more acute, We propese an emperical criterion
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based on the gimple idea of minimum sum of squares of devia-
tions. Thie criterion m=y be used directly to obtain consgis—
tent indices, but the involved norlinearitiecs. make it
difficult to apply. However, a slightly modified criterioﬁ,
based on the minimum sum of équares of the deviations of the
logarithms can be used for such purpose. In the case of
©inary comparisons, we have shown that the resulting index
humber formulaAcoinciﬁes_Wifh the Klpek~fheil index number

formula,

The last chapler deals with the problems that arise in
the ap@lication.of cdnéistent system of index numbers for
concrcte price comparisoné, ‘Fixstly, we consider the appli-
cability of consistent iﬁdeﬁ number formulae in comparing
pricc vectors in heterogeneéus‘groups., It can be scen that
the hinary CQmparisons aré distortaiduc‘to fﬁe consistency
restriction, We demonstrate that in some extreme cases,
consistent index numbers fail to result in meaningful compari-
sons.  For example, the index number may indicate a fall in
general price level even in the case of increase in priceé
~of all items, We show thai the Geary-Khamis system falls
pnder such éategory, by exhibiting an example and analysing
the underlying linear eqdafions. We prove a similar result

in the case of Eltebé~Koves system of index numbcrs,
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4 modification of these two systems has been‘suggested to

yield better compzrisons, .

It is frequently noticed that while the aggregate
expenditure can’'be exhaustively .broken down.by a detailed
list of items, 1t may not be possible to get separate quantity
énd price information for all the itéms. But all the index
number formulae presuppose the exisdence of .price and
quantity components of the expenditure data. In view of this
we sultably adapt the v?rious index number formulae, Another
case of very high significance i1s when the lists of items of
consumption of various countries are not identical., This
occurs freguently in,both_interqtemporal-and inter-country
price comparisons, The reasons for this are many, Since
the mair aim of the prigg comparison between countries and
groups is to obtzin comparable average levels of living by
deflating the aggregate consumption expenditure by.the‘price
indices, we scek to identlify such characteristics of commedi-
ties which directly contribute fto the-level.of living. Qnce
these characteristics are obtained, the problem bpilé down
to one of finding the corrssponding prioe\vectorsf‘ Similar pro-
blem 1s tackled by using Regression Methodg in obtalning

price Indices for sutomobiles by Griliches, Zvi (1961).
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"In this section we uge the‘Linear'Programming'technique to
cbtain thi cquilibrium price vector of the identified chara-
cteristics and diécﬁss'the'properties'of this method., It is
observed that this method secems potentially to be'suﬁeridr to

the Regression Method,

About the Data i
Most of the theoretlcal results are supported by

ﬁumerical illusttations.( In the absence of data relating to
priceé and quantitics in various countries, the problems
discussed in thes;s'for inter—group or ihter-country comparisons
are 111ustrafed through ' Ihdiah data, Apart from serving the
purpose of illustration, the numerical'exercises‘undertaken in
the thesis have special significance. «Through these examples
we try to measure the relafive price 1evcls in va*ious Ancome
groups in India, The ihcome-groups are defined in the follow-
ing manner, Sample houscholds are arranged in ascending ofder
bf their percapita inéomes and groups are formedlsuch that each
particular group, from the‘bottom; gets a specified percentage
of estimated population, the lowest decile grbup thus héviﬁé
-the-groupé have been desbribed as fracﬁrle groups by Mahalanobis
P.C, These groups gives the size classes with which we are
éoncernéd;; In soﬁé cases‘the RuralrUrban"éemparisons are also

obtained,

C\( i%wJAN 1934' \gzj

Y -ﬁ" B 9
CA LCUTTA -
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The importsnce of price comngrisons_ih various income

zroups is well reccanized andthe first formal study on this

bJect 1s by Ryotaro Tochi (1964) and there are many attcmots
by research workers in Indis and elsewlere to measure the nrice
changes in eroups of population telon~ins to aifferent income
brackets, The first reaction of anybndytOn this problem
would he to question the propositidn that people in Aifferent
income sroups pay different prices for:the same commnAity, A
tha outset the answer may seem te bhe ?nb‘. An intultive feel-
ing may he that people pay hisher pricefor a cormmodity for ité
higher.quality or other“considefatiéns. Azainast this 1s the
afgument that peoﬁle in hiqher inecome gfoﬁps Pay 2 smaller
price for the 1+em dué £ some eéonémies ¢f scale or the
hulk of commodl,les they nurchuqo h On the otherhand themarket

imparfections and the mentality of-the uppef income rsroup
people justify'the hizher nrices they pay for the same 1ltenm,
The shopping habits and reluctance to findlout the actual
price of a commc1ity lead to hicher price payments., Hence the
problem of inter—fractile-groub rrice comparisons exists and
is very important, The fact that'expenﬂiture nattern depends
mainly on tho 1ncamo of the individuals, the impact hf price

chanre on two income groups would he different, This prohlem

1s considered in Ryotarc Inchi (1964) and the cxlstence 1is
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demonstrated in the case of Janan, This proposition is too
simple’ to need any special demonstration, The measurement of
consumer price changes by income classes, temporal or spatial,

is essential in major policy meking,

We consider this problem in this thesis and attempt to
obhtain consistent price compariscons, At this stage a brief
introduction to the type of dabta used, is warranted, Naturally
thé quality of the data infrinces ocn the results and the
consequent interpretation, Our study is based on the material
on household hudgets pnaviﬂéd:by the Indian National Sample
Sufﬁéy (N,8,8,),  The N,$,3, is a socio-economic survey of
ali;India coverage carriedi out in the form of successive
rounis, each round taking a few mdnths to cne year, for its
completion, The survey collects varicus types of data and the
enquiry on consumer expenditure has been s constant feature of
all the rounds, We consider <ata from the 18th round of NSS

~which covers the period, February 1963 - January 1964,

Estimates for the distribution of population by size
classes of monthly per capita totsl consumer expenditure are
available. Rural'and Urhan scectors are also distinguished and
the estimates are availahle for different gtates of India,

The data are collected from sarmple households hy iﬁterview
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method, Prohabilit& sampling is uséd-in selecting households
‘anﬁ stratlfled anﬁ miltistage Cdesign is usod Further the
gsample con51sts of two 1nﬂepon00nt and 1ntoryonotrat1n~ sub~--
samples providing equally valid estimates of‘populatlon
characteristics,! The divergence beﬁweenusubsample estimates
1ndicatos the extent of unccrtajnty asgociated with the combined
sample estimates. All tho 1]1Uﬁtrat10ng in the thesis relate 3
ta the com?lneﬂ sample estimates, alnce there is not much
divergence in the corresponding sub-— sample estimates, -The
sample size fqr Rurual and Urban areas in this rvound 1s gilven
by the total numhor of households which are 21776 and 4296

rospoctlvoly,

W@&concentrate on the‘price‘compgriéons fo$ the ten.
Accile groups of population for both rural and urban areas,
these groups beineg based on a ranking by per capita household
consumer expenditure, each sroup conta&niﬁg teh percent of the

estimated populatioﬁ,

For each item in the consumer's bulret the entries‘for
quantity and value of COnsumpticn are given.‘ This gives an
implicit price for each item, The whole data on this were

suhject to a close scrutiny, The main idea was 10 detect the
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extreme values in the implicit brices, arising presumably as

a result of confusion regarding lceal and standard units of
quantity, For our purposes, 56 items are chosen on the hasis
of number of reporting householdse and the divergence between
subsamﬁle estimates of value and guantity, The price,duantity
and expenditure “ata on the 56 items are presented in Appendix
A, This informaticon hés been used for inter-regional price
comparisons by Chatterjee, G, S, and Bhattacharya, N, (19569)
and they obtained fairly sood inter~regional compérisons in
real terms using éonvontional methods, However, they have not

considered the problem of consistent price comparisons,

Cur findings by an? large indicate that formulae ohtained
by us os well by others for consistent comparisons e not
produce results that are far away from those obtalned con the
basis of Laspeyves, Paasche and cther conventional formulae,
Both showr 2 slowly‘rising level of prices as we go up the
- eXpenditure sroups | also, rurazl price levels are systomatically
lower than the correspeonding urban price levels in 211 the
expenditure groups, Thﬁs, the use of consistent index number
gystems give comparisons that ore unique though in the neigh-
bourhood of estimates based on pairwise comparisons using

conventional methods,
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" CHAPTER ONE = .~ . ..

A NEW CLASS OF CONSISTENT INDEX NUMBERS

i

‘The bagic 1dea behind a consfetent’ systan oF fudks
numbers is the existence of unique set of real numbers
indicating the generél pricé ievél Jihis-haé resﬁlted in
the - concept eF, 'oxchange rato or 'purcha31ng power! of a
currency, which 1s deflnod as the rec1proca1 of the aenoral
price. level, . ThlS togethcr w1th tho concopt of average
price of, oach item over s numbor of groups form the basis .’
to conqlstent indox numbor systom by Goary, R,6, “and ™ :
Khamis,. S, H Ve study the DrODertlos ‘of thesé¢ index numbers
and derlve oondltlons for the exis stence and’ ‘unigieness of
these index numbers Probla* doeper 1nto the concepts used
by them we arrive at a new index numbér system which is
consistent and posscsscs the properties of Geary-Khamis
indlces We proparo the grouna work needed for the:
goncrallzatlon of Laspoyrcs =nd Paaqchg inde% numbers given:

cin tho noxt ohaptor
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Section 1,1 Geary-Khamils System of Index Numbers

i

Introduction % An interesting system of consistent index numbers

which is both *heoreticaly sound;and ﬁraeticable is provided b7
Geary, R.G, (1958) and Khamis, 3,H. (1969, 1670a), Geary first
proposed the basic system, werizing out detalls in the simplest
case where number of countries is two; - The Aifficult task of
tackling the multilateral comparisons case and formalising the
index number system was undertaken by Khamis; which bfought'the
index number system into lime light, The compafisons are'ﬁainly
haged on concepts of 'exchange rate! of a currency and ’éﬁerage
price! of a commodity as explained earlier, These values are

inter-related by the actual price and quantity data,

" The index numbers emerge from the-solution for these
unknowns which are related by a set of linear equations, The
price index for any givén comparison is given by the ratid of
the corresponding exchange rates, KXhamis obtained soﬁérsuffici~
ent conditiqns for the existence of uhique‘positivé‘solﬁ@ion‘for
these wnknowns, Uﬁiqueﬁess guaranﬁees that the :esuiﬁing price
comparisons are consistent, In thé sections that‘follow? we
obtain some necessary and sufficient conditionsffor the éxistence

of meaningful solution, which are easily verifiable in any

nrantiagl aifmatior, Tn ths finfching stages of this disserfaiion

]

|
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e obhe to know that Khamis (7970b3 F“VOG 3 set of necessarﬁ

and sufflcient condltions for the “ILSLCHCC.&Hd uniquonoss

Befinitions %
Z@ﬁ pij ﬁrla qij (i ""!N ; j 2 l)n-.,M) donote the
price and Quantity of the i-th Pommodltf consumod in the j=th

gountry, Given the exchange rate, Rj, for the j-th currency,

the expenditurc on a particul“" item can be transformed ﬁntﬁ a

¢comparable eurrency wmit, R P, wives the expendifure on

U s
ij R
the'i=th item by the j~th‘coun ry in a common unlt Addlng this
over countries and dividlng the sum by tho total ouantlty of the
i=th ¢ommodity cons umod we can nbtaln the average price of the

i-th iten, Honce, for.all i

B S STt Lt e SELET)

On the othefhand, given the average price level of each item,

we cen derive the definition for the exchange rate, Pi A 4

shows the average expenditure to ho 1ncur“od to acquire 9 3

&g 2 Pi Oa 13 glv@s the averago 1evel éxpendlturo, in a common
&

currency‘uﬁlt, required for the ccmmOdlty bundlo usod 1n the

S=th c@mntry. Gn the CQntrary, I phﬂ q 1s the actual

1]
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expenditure on- the same comro 41ty bU.ndlo S0 a ratio of these

two values; gives the actual exchange rate, Hende, for all j,

S B M
— (151 =)

iy 4y

A‘I‘n 3,11, there are MtN squations in . .equal number b‘f' un}mowns.
The credit of formulating these..e_qua’gipns goes to Geary, The

final pr‘iéé index numbers sre given by.

where Ijk represents the price indeéx for the k-th cbuntry with
the j-th country as base, *fGeary'establiqﬁed'tﬁét non-trivial
solutlons ‘exist doponding on an arbltrar'y parametor and obtainod

explicit solutions when M= 2 The 1ndex number in uhlS case 1s

shown to be
N Uy o s
Z p e Ll
L 1=1 12 935744
: 12 = K q.E q“l
3 pil

A= q12 M1

In contrast to the customary price index number formulag, we

have "the‘ harmonic mean.of the quantity vectors as we:ights,'
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_ Sirnze the final solution of the‘equations ti.l.l§ and
(1,1,2) result in the required nrice comparisons, let us focus
our atten#ion towards the Solution of this system of linear
efuations; 1fhrther we restrict our attention towards the
exchange rate‘sqlutions,“.Substituting the ‘values of Pi' from
(l.l.l)iin'(l.l;z), we have a system of M linear homogeneous

equations in the M‘gnknowns. Danote

N e b
. v ¥ = A
Oij pij dyj 3 Ej = 1:1 5y Vij oij/Ej
. M - = T T T o
Q' = 2 o *qF = /Q; and R¥ = R, E.

By substitution and:simplification,'we get
BR=0 e BRI e g ey

whers B = ((bk()) and bkx"“k,(‘?: ~1k M

i

" The equation system (lql.l)_and.Gl;l.z):iS'mathEmatically
meaningful only if the respective denominators are non-vanishing,

This necessiateS'thg{following fundamental assumption,

i

>

Assumption i For all 1 and Ly ) Py 3 > p; - i1 Q >0

and  11i) B > o,
This assumption can be casily iﬁterpreted and imposes

‘‘‘‘‘‘

=L GO ._L.,. _E.."ﬁ‘o-._(_{.-'C-. Gl ua.lu Lf.:...-\..- sl Lih.d.‘ihhu \93 udtd. :Lhe
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assumption requires that all prices are positive; each cormodity
is consumed in at least one country and each country consumes

at least one item, This-is satisfied in ény practical problem;

Tor all discussions, it is enough to work with (1.1,3),
since there 1is one-to-one correspondence between solutions
(1,1,1) and (1,1,2) and of the system (1,1,3), Hence we considcx

only equation system (1.1,3),'

A slight deviation;;frdm“the maiﬁ task; tqwa?ds an alter-
native formilation of the system of equations (1,1,3) is?inter—
esting., Since ‘Rj- is _the pxghange raté of the j-th currency,

A Rj Ej gives the total @xgenditure oﬁ the j;ﬁh bountry in .
.cqmmon curregcy unit, Similarly, 5§i_eij‘Rj represents ﬁhe
worth of the total money ekpendiﬁure-onﬁhe i-th'commpdity in

all countries taken togethér, Assuming that quantity shares

. Mo ,
govern thesharesof expenditupe , q¥,. Z e;. R, gives the
- " ik §=1 ij ) : .
share of the k-th country in Z Gij Rj, This can be done for
| | ge1, i T, =y ol
for all commodities, The assumption implies that,’fbr any k;
v B o= Z qg* & e, Ry T
T E e, <
N Mo %1
= X qf & s E, R,
e g2 By 9
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R M

Rk* =0 g s B Lo B

121 1K g=q 1
Thersfor:
M N N : e :
o . * ‘ * &= i =
B T 2 R e R pafoE Tk B, el

These equations can be rewritten in the form

BR = 0

which coincides with equation sys tem (1 1% 3)

Thls way of $Ormu1at1na the system is 31mnlo, though it
it difficult .fo Justlfy the assumption involved in the formula-
tion,’ HbWGVGT, one can do’ aviay v1th the concept of 'average
price’ of a commodity end still arrive at. the basic’ system of

- equations,

Existence and uniquéness';

Lct us consider the problcm of the ex1stonce of a non-~
trivial solution_ibr (1,1¢3) whlch is unique,
Conisider the equations
BR = 0,

The matrix B has the following prmpbf%iesg'
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1), The element by, , >0 if X end bk/( < D
if k¥ A for all k and /(

11) EBach column sum in B is zero, Cosider the A ~th

colurn, We have

M
b, = Z b,
N M N
= (1L~ 2 qg v, )- & 2 aX v, g
(0 cmpsay LA ¥ el =1 K ik
#A
M- N
- i ‘ a *
= k§1 121 Uk V1 A
M : N
3 i - ¥ = =
0 (811‘10‘_‘{3:‘%53 431 L agd 151 7, /( 1)

_ By property (ii) we have that B is singular, Let

3= B = (o 1))

N
‘whare ek/( 6}(/(

= 0 4f k# A,

* _— '=/ '
‘**1 k 9 ad 8 =1 1if k A and_

86 cy20 for k= A and Ck!(: 0. for k # £ and each

row sum in ¢ is zero and hence for all k

eyl = Iﬁi fep 4!
| 7k
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Alsc Cp g = 0 ii a@d iny if ¢K33= O, These p#operties follow

hy assumption 1,

Wo qhﬁll solvo the system of oquatloﬂ (1, 1.3) in the
follow1n1 manner, Settlng one of the .Rff gqual'tp unity and
obtain the solution for the rest of the R;'s. Without loss of

generality put Rﬁ = 1, Then we have

BR = N | = . (_1.1.4:)

where B 1g the matrix obtained by deleting the M-th row and
the M-th column, R ‘is obtained by deleting"the Méth.element
of R and y is‘ghe last column:of'lB without the last clement,
Look aﬁ systemsrki 1.3) and (1, 1'4) Since B is 31ngular

there oxzqts a non-trivial solution for the Rg’s,  Should the
‘solutlons lecad to con51stent‘pfice cormparisens, at least the
ratios of i; s mUSt be uniguely- oc+nrﬁinod This 1mp1105 that

3 mst be nonsingular and further B y must be strictly
ﬁositive bé!ensure the ﬁséfulness qf the éystem; wHence we Adlvert
the attention to the problem of obtainiﬁg éonditions'ﬁhich are
hecessary and sufficient for the existence of unique strict

positive solutions and ﬂoous bouards the qystem of -
‘équations (1,1,4), = Let

tatiofis
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Some pertinent definitions are given below,

Definition 1 i Let G be the graph With the countries as

wvertices and join vertices k and A if there is a comnodity
i Afor which q4,0 and qq g are positive, call ¢ the

’adJ acent graph' of the glvon data

rs

Definition 2 ¢+ The graph G is said to be connected if we

can pass from any vertex to any other ve:ﬂth through an edge,

Definition 3 ¢ We say that the i-th row of the matrix A 1s

dominated by its diagonal if laii[ > 331 laijl.

Definition 4 $ii A matrix %XH is said to possess property

P if the reroval of any K rows 1 < K < n-l, and the

)

corresponding colur"ns leaves tho matrlx with at loast one

‘ row domlnated by its diagonal clemcnt

Definition 5 o '_A matrix Ath' is said t be domnant diagonal

if there exist positive-"nmnbers J»l,}» ,..-.,)»n such that for all
> 3 1 J ¥

A lagg) >

Definition 6 ¢ We say that s matrix is » P-matrix if all the

principal minors are positive, ...
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Dofiniticn 7 Y A non~neggative matrix Anhin = Tféiﬁb) 1s eaid
to bﬂ 1ndecomﬁvgable if there is no non-empty propor subset J

of {1,,*.,n} such that. ay, = 0 for i V J snd j Ao

Pefinition 8 % Let?-ﬁh>ﬁh i3 ((aij)j > 0, Then let G* be the

graph adjoint to the matrix A with the vertex set 1,25 50}

and join i=th vertex .toa the j~th vertex if there exists a chaln
of vertices ikog_kl, vy K( }, k5"= i and kx}; J  such that

for any consecutive ky and Koy aks L > 0.

Observe that the graph is a diredted graph,.

We will prove a 1OQuonco of lemmas tending to Lhe ¢inﬁ1
result yieldihg the nCCstary and SUfflClCnt condltlnns for the
existence cf unique posltlve solutlon to the mystem ol equations

Lemma 1 3 A nécefsary and sufficient’ "ﬁnﬂlfzon that the matrix

C has prbpéﬁty P is that %he ‘ddgacent graph‘ G . is connacted,

Proof 3 Suppoue flrst thdt G is connected, IF¥ the rows
numbeted lj*“‘*#k and the corresponding columns of © are
‘déléteé, let the new matrix be G, Wow since ¢ is connected,
there 15 éh sidge joiniﬁg one of 13,.,,.,1}, o some vertex A
outside, Then in the A ~th rov of C there is & non-zero

element in one of the colittng iiga.vgik and sinece
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1t follows that the corresponding roy of ‘Ci' is dominated by

its diagohél eleﬁent; This proves sufficiéncy;

Next lot C have propﬁrty P, If G is ndﬁ cohnecfedu
thcn tho Vertices can be partltlcnod into: two non~ompty, dlanlnt
subsots {11,.;., k} and {Jl,0||,JA } such thab there is nc

edge joining an .1 and . j, Mow we have ey i O for.
. T o(

o= 1,0,k and B =1,,..,L. Thus tho matrlx obtained from
C by deleting the rows numberod ii;.;;,ik and the correspond-
ing columns has no row dominated by its diagonal element. This

contradiction proves thé necéssity.

£ Sinee . A= E‘, it is alse thc Mdtfln obta 1noo by aelotlng

the last row and the last colﬂnj of C Then we. have

Lemma 2 ¢ A s dominant diagonal if and only if A has property
P and A has'a row dominated by its diagonal element,

Prooft First let A be dominant diagoﬁéi. 1Then'there exist _
bositive numbers Np,ee.yPyg satisfying eguation (1,1,5) above,
- Suppose now that A does no%t have prOperty~P.l'Thsn thofe exist
11,000yl with 1 <k £-M=2 such that the matrix obtained'from
A by Aeleting tho rows numberazd 1""’1k and the coerSpond~

ing columns does not haVC‘any row which is dominated by its
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diagonal =2lemant

Thus
la.s:] # o ' tas s | for i"?!-i:i'. T -
gl - i 1728k
L STV |
Let ,
J\i = min -{J\J 5 # i]_" ""ik'}
Then we have "
z Mba. . = e B ' .}\Ial =J~..|a..!
Piyigy e, i 0 T T Sl T - Ld
> o M lag ]

J?!j-, ._\1’ . oi, lk
a contradiction which proves that A has property P, BSince
A 12 dominant diagenal there cwisis a vow which is dominabed by

its diagonal =21ament), -Thié'proves the only if part,

Conversely let A have property P and let a row be
dominated by its diagonél element, Then we éonétruct nogitive

numbers Aj, Agya.., Ay Satisfying (1,1,5) above.

Let 1y,...,1; Dbe the rows of A dominated by thoir
diagonal elements, Then choose any numbers g ;.;.,ui such .

that
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2 |a _ |
N o
— s [ b Ui <1 for o= l,,.,..",k.‘ i
p o 3 ' :
laic’( 10(
P & LA e Sl
Let o = max ( By yeeesylls }  and definé

Ay =Ry = gop B Li = (1)
1 2 L4

In our construction all the A's will be less than unity,
Hence for o« = 1,,.,,k,
W PV A SR | PR IE S PRR
R aldlo( = P18y 9

1L,

S R PR I S W PO
B P R I 1
s
Now delete the Ibﬁs—numbered i.l,...,i;,k and ‘the co rresponding |
columns from 4 and let Jqaneeyly be the rows which are
dominated by thelr*diagonal elements in the new matrix, Then

ChOOS@ n'le@rS ,Ufjl, ewwyglé such that for ﬁ = 1', seay f( 'l

1L
o las «f - 2 ) 9 - ‘[
gaipye ety B Flpyeeesdy 0 08
: — tﬂj-' <« 1

. Iai-- [ -
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This choice 18 possible since

| = g laa:-f % .ZJ-E' o "laj 'r;

la
ijB j¥ﬁ8’113a~~’ik % Fipsdgsecendy X

2" {a | >0 and a. <1 for ooy gisaily .
jailiiggno.pik ij - e U 1209000y Kk

Let u(g) = max( uJ ”.””jX > and define

_ =30 == ) ) = (2)
}\31 . Ajg = )\j/(— l.b 2
Then for L i l, o e 3 A
F P b AT'CE") T mjﬁ__\;a},;'_:\.‘ﬁ_\ :
> z

. Alas L]

J?{jja’ll,.'.,é/ ; f b _j 'J]{(I jf

1 et =9 ] j

ot 1""’lk 2 Jpd

) LTI "“_' -
: Z tj \ijéﬂ

M/ﬂ B
Now deleting thc rows nunrbhere § jl,,*.,JA and the corrospondlng
columns we get some rows whlch are domingted by their diagonal
elements, The COrresponding L’s can be defined similarly and
the process is repeated unt11 all rows are exhausted, It is
evident that the resulting numbers Al?"'rkMFl are less than
unity and satisfy conditionﬁ(lgl.S) above, This completes the

proof of the theorem,
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Lemma 32 % 4 hus property P and A has at least one row
dominated by its diagohal.alom‘ent if and only if C has

property P,

Proof : If part is trivial, for, the removal of rows numberecd

11, - ,ik and the corresponding columns of‘; A 1is 'equiVaiant

to the removal of the rows numbered i,,1.,...,1, M and the

corresponding columns from G,

To prove the only 1f part suppose thai; A has property
P, A has a row dominated by its diagonal element and € does
not havo phoporty P,

P

Let 14,4..,1 be such that the removal of x*ows
il,.“,lk 'and the correspon&ing colw'nns from C‘ glvcs a.
matrix with row dominated by ﬁ, 61 agonal olemont Thcn

evidently M ¥ il"“'ik‘ Let noy {M jl""’j/( }

{LysasyM} - {il,...,lk} Now by definltion of il,.,.,ik,

we have A ‘
R LA

CMiB = 0 fOI' e 1= l,ccu,,kc

But then c, 4 = 0 and ¢, = 0 and so the deletion of the
103 LT R € s ST 5 S

rows and eolumns numbered M, 7.‘51,‘... Fa in € ‘leaves a maﬁrjix‘-
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A

with no row dominatad by. 1ts disgonal éiemenf; a conﬁradi%tioﬁ
_ . , . Al

o ‘the hypothesis. This completes the proof.of the theo%em;

*

From lemmas 2 and 3 we get

Theorem 4 § A 1s dominant diagonal if and only if C  Thas
property P,
T@@9rem,5,= A matrix 4= (aij) having a positive dominant
dlagonal 1s a P-matrix, .
Proof ¢ See Nikaido,H, (1969),pp, 386~87,

ff A 1s a matrix whose typiéal element -8y g and

BT P b~y wherel ?kf =0 for B# A and 6,01

for k =A, and 4 50 for‘lf.'?“z_ and. . e i
Ax =y ] 118

is a system of pguations, we have
Theoren 6 * ‘The following statements are equivalent, -

(1) System (1.1.6) has a2 set of non-negative solutions

¥ %i é'ﬁfCi = lﬁ*..,n) forlaéme set of positive R )
'Yl >0 (1= L remunit Vg ¥p P L

(11) System (1,1.6) is solvable in the mpm-negafive unlmowns
¥ 20 (1= 1,,,,,m) for any set of nonrnegakive

>
=
Fi ._._:f G gi #-lfzﬁgngﬁjﬁ
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(111} il1 the principal minors are positive,

Proof 1 Nikaido,H, (1969), pp, 20-93, o BT AL .

- hs a result of the sbove theorem, we get

Corollary 7 t If 4 is & P-matrix and of the form required by

(1,1.6) then A1 exists and is non-negative,

_1 . a . > - - .D l )
Proof { A exists since A& is a P-mabrix, A 1 is non-negative

follows from (ii) of the above thecrenm,

-1 : LB = s
If A" exists and is non-nezative we have that B 1ex1sts,

and 1s non-negative which assures that R is non-negative,

-1

Our aim 15 to show that existence of 4 implies that

the graph G is bonnected. Let us prove the follewing,

Lemma 8 ¢ If Afl exlsts thgniwgraph G 1is ¢onnected,

|

Proof . We have that 4 is non-singular, Now suppose that

¢ is not connected, Then the_verticeé cen be partitioned
into non-empty subsets fippenesiy} and fig,.0.,0,3 such
th~t there is nc edge between these two seﬁs. Dbserve that iT
{M} cannot be equal to either of,thé saths, fo;; the matrix A
which is obtained by deleting the rosw and- £olumn nuﬁﬁeréd M
from the matrix €, would not have any row dominated by its

diagonal element,w This implies that 4 1is singular,
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Further the fact that thoro are no edgos between the sets
'{i1’°‘} lk} and {31,.¢z,31} mpllos that A can be writpqn_ y
in. tho form F '

s Al e

where one of the matrices A and A, has all the row sums.
equal tO;ZQrvahich means ﬁhat 4 1s singular, . This contra-

diction proves the theorem,

- J -1
In view of the above theorem, we have that if B =~ exists,

which means that 47t éiiétg; then G 1is ccnnected,'

Theorem 9 {. 4 is non-negative 1uvort1blo 1f.and only if thg

tadjacent graph! G of the 4auu is connoctod

Proof % Result follows from the lemmas, theorems and corollaries

proved before,

Thoorom 9 Jmplles that unique nen-negative sélution exists
for Rg (3 = 1,,..,M 1) given Rﬁ,=.1,r‘s1nce~-ﬁ =y ig
obtained by deletlng the ¥¥th-rbw and Méth celumn of IB}{”‘Tﬂfs
means thétl under the ébovo condibions, “any- (M=1). equations
from the system (1. 1 3) are llbuarlv independant, Thus we are
abls to- ?et conditions unﬂor whlch the ratiosof -j‘é are“

unlquely determlned.f The Pat10“ turn out Te be same no matter
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what R? 15 choven to be unity, We shall"derivé conditiods for
the exigtence of positive solutions for Rg‘r's‘; We state two

theorems, proofs of which appear in Nikaido, H,[1969], pp,107-109,

Theorem 10 1 A matrix A= ((a3)) 20 is indecomposable if

and only if the ‘adjoint graph! G* of 4 ‘is connested,

Theorem 11 ¢ If the matrix (pI-A), p > 0 and A 2 0, is non-
negatively invertible for an indecomposable 4, ité; inverse
(.pI‘-__A)—l is a positive matrix:.

Let ug now state and prove the follow_ing Main Theoremof ~°

P

this section,

Main Pheorem : Unique positive solution for system(.l';lﬁ) 'exists

if and only if the ‘adjacent graph' G of the data is commected. .

Proof 7 VNecessity follows from Theorem 9, To prove the
sufficiency let vhe 'adjacent graph' & of the daba be e@fﬁ.ﬁeeﬁeﬁ.
Then we can find at least two vertices whose removal would resﬁlt
in a connected graph (refer Berge, C, [1962]}, . Let & be one
such vertex, ket 4= 'ﬁﬁ’ where B is obtained by. delotingtho
k-th row and the k-th eoiumn. -I‘ﬁ ris encugh 1f we prove that

£t 45 positive, Obgerve Bhat A is a matrix of the form (I~DY
and D 2 0, Pyrthey the 'aﬂ,]oin‘t: é?a@%’;‘f @ of.whis mateix is

connected singe 1t has the properby dy, 0 if and only if
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dji’é L Henee the'*adjdint graph’ of‘D°is‘ccnnéetéd;- By
Thecrers. 10 and 11, we have thot Afl is positive,  This

completes the proof of the theoren,
Some interesting remaLks arc in orier,

. Remark 1 % The condition that ihe 'aljacent graph! of the daté
1s connected can be shown 5 be nece ssary énd sufficient.for_
the exisfence of unique strict Dosjtive soluticn for all the
M+ N unknowvns in the MiN equat lons (1 1.1) and (1 1.2), Ir
this condition is satisfied, unicue p051u1vo sqlutlﬁn ﬂ>*: RJis
exists and by substituting thesc v luos in ﬁouqtaons (3L oL i

i

can obtain positive solution for the P.'s, by the assumption,

The necessity of this conlition is obvious,

Remark 2 :' This ccncerns-with the intprpretatioﬁ of the
condition obtained above, It is importantAto ség what sort

of restrictions are to be imposed on the-price and'quantity_
Hata soc as to enable comparls ns v1uh this method, This condi-
tlonrtranslated into or&inaTV'terms using @efinitioné'3 and

4 mean the following, Prlco comp rlscns are posslble unﬂer

this mothod if and only if the sct of countries cannot be
div1ﬂed into two non-empty, Jisjoint subgroups sueh. that thase
two groups do not have any commodity common in their consunpticn

baskets, This is a very meaningful condition and is satisfied
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by almost all price comparison problems, This condition can
also be 3ust1f1od 1ntut1v01v. For example, it is difficult to
concieve the comparison of prjccv in two ﬂountrlos whenr they

do not have any commedity which is commonly used,

At this stage 1t is legitinrate to look at the suffic1ont
conditions obtained by Khamis, First, obsorvo that the conﬂlt- :
ion Obtalnﬂd above 1s a strmnger conlltlon than what the assuwp~
tion implies, in the sernse that this cnﬁdltlon 1mp11ﬂs tho |
as%amptidn but not vico:vérqa. Jhe- con%ltlons given by Khamis
(1970a) are sufficient for the existence of unlque p081t1vo

solution fop. MN-1 unkndwms in terms of one unknown_whose

value is arbitrarily assigned, There are three conditions 3

Condition At ZEvery country OGnoumos at least two commoﬁltWQS

and every commodity is consumed in, xwo COUnurlOS (i.e, ) qig 5‘0,
for at least tw 1, fbr each J and a3 5 >0 fecr at least two
j for each 1 ‘and the 1rr0fuc1b111ty of the corrospondlng

matrix

Condi¥ion B ¢ My two countries have a commodity common in

consumption (i,e,) for all. J and k"qij > 0 for at least one

¥

i  and the irreducibility of the corresponding matrix,

Condltion € *  There is a cbuntry'whioh.méﬁsumés g11. the N

commoities.,
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Our condition is weaker than condition C,. which is the
most straightforward, In virtue of the definitions 3 and 4,
Condition B without irreducibility‘implies that the 'aljacent
graph' of the data is cdnnected.and hence the matrix correspon-l-
‘ing t that is irreducible, This condition can be observel to
be stronger than ﬁhe connectedness of the 'adjacént graph' of
the data, Similar result can be cbserved regarding the
Condition A‘alsé, We came to kﬁow that ¥hamis (1970b) proves
that strict positive solution cixists if and cnly if the matrix
involved is irreducible,‘using'results anl sign~symmetric,

irreducible and non~negative matrices,

\ . N ;
Remark 3-% We bring out an interesting property of the Geary-
Khamis method,. Suppose that a commedity is consumed in only

one of the countries under consideration, Then the comparisons

resulting from vhis method are incependant of this commodity.

To prove that, suppose thatithe flrst item is_consuméd in the

first country alone, Hence > Q for only ,j‘= 1, Recall

R
first equation in the equation system (1,1.3), It is

i

M N
2 By E; B o* vy =0
TR T 3=1 Ji=p 11 B
Since iy = 0 for 3 #1 and af; = 1, we have
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Sl R Vo P BN BpheE, 04 ey O
| e o iy “1
Rl(ﬁ"’l @ll)h 35_-‘1 RjCE 913)152 qil TEjhc’lJ) * P
n M N =
Ry By - j§1 R R T Yap T %
whefo K, = Ek e @8 V= ooy /B for all 1 and k.

Further the other M-1 couations can be shown to be
independenf of the flrst comﬁodity, Hence the final solu%ions
for Rj*s are independant of ﬁhis particular item, Geary-Khanmis
mothod ignores all items whlch are consumed in only one- country.

However similar result doos not held for more than ‘one item,

Numerical Illustration *.

Tet us éﬁply the Geary-Khamis method for infer;fréCtile_
group comparisonﬁéf price in Rural Indis far the‘yeér 1963-6-1,
For these purposes we use the ﬁride and quantity aéta for 56 -
items used in ten f?actile groups, The basic.data‘ié presented
in Appendix A, The table beloi: gives the price.indices for
various groups with thé‘U-lo group as the basé,, AThe cdrresponé—
ing Laspeyres and Paasche index numbefs for bingreenparisons
are algo presented to show the relative performance of these

indices,
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Tabls
Fractile Geary-Yhamis Lasneyres' ‘Paasche's
group Incdex Humbers Indices Indices
GR) =) 3 (3 @

0 - 10 100, 00 | 100,00 100, 00
10 - 20 ‘ 103,66 103,81 103,44
20 - 30 106,31 106,27 105,88
30 - 40 106, 38 106, 59 106,15
40 - 50 v 107,85 108,33 107,77
650 ~ 60 109,82 110,95 107,31
60 - 70 109,57 109,69 109,62
70 - 80 - 110,78 - Sk 2] 110,30
80 ~ 90 111,37 110,90 111,55
90 ~100 ' 115,46 . 113,43~ - 115,62

Generally the trend of the prices is incfeasing as
income increases, This is consistent with the usual contentiohs.
other interesting feature reflected in the table is the fact
that Geary-Khamis indices 1io in the bbundaries provided by
Laspeyres! and Pagsche's indices, vhenever they provide the
usuallbdunds, Khamis has shown the® these indices necessarily
lie in the range determined by Laspeyres! amd Paasche's indices
when the number of commodities involved is two (i,e,) N = 2,
Some results which deal with morc interesting aspects of this

are presented im Section 2 of next chapter,
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Section 1,2 A New System of Consistent Index MNumbers

Iﬁffbduotionlilln_ this section we derive a hew system of
_consistent indox numbors. These are élso baged on the concepts
”‘exchange rate’ and Yaverage prﬂco , which formnd the basis for
Geafﬁthamis method Thes e unkmowns arc interrelated-by a
system of log~11noar oquatlop 1%0] the sub—sections below we
ostaolish tho consistency of the oouatlon system and also obtain
the condltions for the existence and uniqueness of solution for
the equation system, We prove that the condition given in the

previous section serves a similar purpose in this case also,

Definitions . The underlying relations between the exchange

rates and the average prices along with the price and duantity

are given below,
V.,

Ne s vy g <
dj = TT Ejf_‘ fC)I’ j:'l’.“.,M'
i=1 13
| : (1,2.1)
| :
p, = 11 [R, p,.] i3 for all i = 1,.,.,0
i 3=1 i ~ yeey
(1.2‘2)
Vs
.13 ) f
= - * — : T et d
whorc' Vi 'Z‘viﬁ 5 vij shows the share of thc 3 th countL,_
j.

in the total share of values on the i-th commodity. ‘Nete that
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the basic azsurpticn of the previous secticn is essential in
formulating the above non-linesr equations,

To justify the ahova equation system, we shall exarine
the Geary-Khamis' definition of these concents more closely,
Let us take-up the dcflnltlon of average price in equatlons
(1], iy, I k) a w01ghtod aTLuhHCtlc mean of the values

i

Rj P. 3 K = L, e 1), th; weights were chosen to be the
quantity shares, This is evident by the followihg.equations

which are obtained by reformulating (1,1.1) and (1,1.2) we have

N :
: d4 N P '
L3 g =5 " i 3
R, C = 1_1 £ }: """l'— vi. ' fOI’ j = 1,50-;-'"
J N i=1 Pij !
2 Pias Qs
j=p T 71
M
z R e s (e o
P a=7 J le Q1J & R ¥ f.
= = ' . b7 e} = e a
i M j=1 Y PlJ 4 FRE e
3 g ‘
=1

.5¢ the definition of P. in the ucarv~hhamls set up is conly one
possible way of solving the problem of obtaining a formula for

central tendency given the values Rjnpij

(j‘.:'-l,oo'.’M)-
- Let us restrict the range of the formulae in the following
way, oince Pi is an average, choose the value which minimizes

the sum of squares of deviations of the average from the original


http://www.cvisiontech.com

[43]

Values.m'Henée“ Pi (1 =1 1,...,) should minimize

Y | 2
2 welnn (Re pynios Byd” o
- 1§1 =1 By myq7 By) e

Minimizatlon of: weighted sum of souares of doviatlons may be
deemed to be superior to an unwelghted minlmgzation (or equal
weights), Further the weights must depend on the actual prlco
and quantity data, We consider two welghtlng schomes-other'than
tho equal welghts. One scheme mivesﬁﬁeights eouaﬁ to the |

quantlty shares in which caSo the minimand is given by’ '

N

Z Z (R, Pys = P-)2 a¥ anl the other has welghts co rrespond -
=1 J=1 9 T T ‘

ing to the value shares and ﬁhe minimanditﬁrns @ut to be

N M

oz (R D )2 Vi se lMinimiging these with respect to
139 o i3 , _ ‘
1=1 J*=1.. - iy
7 Pi, we haVe? for all 1
M | '
(1) _ : '
Pt = % Z By by (1.2.3)
. J=1 ol ‘ \ ol
Py : E Rj P; 3 vlJ . : o . (1,2,4)‘
Lo w2k :
IM‘ .’/ . N g9 . @
L3 . i
P§ ) 2 B SR By Wi psr S (1o2%5)

g=1 31 iJ
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Bquations (1.2.3) corresponl to the minimization with equal
welghts, ‘ |

System of equations corresponding to (1.2.5) and (1.1.2)
give the Geary-Khamis indices, It 1s interesting to note thaf
(1.1.2) together with either of (1,2,3) and (1.2,4) fail to
give unique positive solution which is essential, The proof
of this appears in Sectionrz §f nekt chapter, However, a féw
more interestihg resuits_emergé from the above situations.which

are also discussed there,

In 1light of this position,‘let us use geomet;ic mean
instead df‘the'érithmaticrmean,w As 1t will be seen, this works
out nicely, The modified equa ilon ngtONS c@rrespondlng to
(%.2.3) and (1.2.5) along with (1,1,2) do noct yield unigue
solutlons, leaving alone the system of equations corresponiing
to (1,2,4) and (1,1,2) which coincides with theloné proposed by
us in (1.2.1) and (1,2,2), Let us proceed to the problem 6f

existence and unigueness,

Existence and Uniqueness .
Transforming the non-lincar equaﬁions;(l.z.l)}anq‘(1.2.2)_
by natural logarithms, we have '

N NS

R¥ = P - . '
] 1§1 ( 10g. ps J) Vi for

[
i

- l,c.-,M
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M

‘.P;j = ‘Z- (375 + 10g p ) V;LF:_] o MEK= 1,0003N
- Jml : ’ :
where R¥ = log R, and P¥ =+ log P..
e o 1 ‘1

This is a gystem M+ N 1inear éqﬁatidns in M+ N
unknowns (R?'s -and P;‘s),‘ Since our main 1ntereﬁt centors
round the pricd comparisona 1 t us considor the solution of

R?'s_ Substituting the valuos of P*‘s in and 51mplifying,

we get for k= L, o6 oy
M N - = M'=' N 7 ‘
R*= 2 T Rfv¥, v, + Z I (logpy.~Tog p4jy)vsy V3.
{k C =1 1=1 5 11 ik . =1 i=1 .;3 ik ik "ij

This gives a set of M linear non"homogencous equatlons in M
unknowns as against linear homovoncous equatlons in The prev1ous

secction, The equations are given by ’ ' .

where D = ((djk)); djk = Jk = 2 Vlk Vij.;,ﬁjkgfll
if =%k and =0 if j k] [ ;,.;., vl l"and.

By = ? ? (log gy - log Pyy) vyy vEy.

Lifear equations (1.2.6) have some nice properties,
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N
Property (i) ¢ Each row sumis zero,The k-th row sum is given |

by

et
I
LA M’
ra B
|...l
oy
<3
-X-
l
N
I
[ngl|
<
=
=
b4
<3
*
i
O

*
v
lJ i

I
[}
B
T
N
i
el

since f Vi =

o—

Property (1i) ¢ The matrix D is symmetric, for, dkj = 3 vfj ViyS
i ' o ‘ o A

Consequently each column.sum is zero

2 v = ‘ .
djye  Consequentl; > column. sum s zero,

13 7

Property (1i1) < The column vector b adds upto zerd, The sum
S

of the elements ig given by

M M. N M .
z s = z 2 (lOg o = log p..) V. e
e bk k=1 i=] jzl : plk & pl‘)) vlk vl,']

7 B 25 = 16e Ty v
Tk (log pjy. = Tog pyj) vy Vi3
= 0
; e om R '
sirnce vil{ -V-ij k V j

From properties (i) and (ii) it followé that the matrix
D is singular, ~ Hence unique sclution is not p0331ble fbr R;'

However, our interest is tc determine’ the ratlos of Ri'ls

Iuniquoly. That is to say, ?;’s must be uniguely determined in

terms of one of the R;'S.FOI’ this it 1s necessary that D is of
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rank Mhl'. Before proceeding to obtain the condltlons fbr this,.
we prove the consistency of the eqvatﬂans (1,2.6) which is to bc
established, Thlé was not necessary in the prev1ous case since
(1.1.3) is a system of homogencous linear equations, given that
rank of D is M—l,.we Show that tﬁe'rank'of the qugmenf@d
matrix((D : b);is also MF1 consicder the rows pf~(D;:‘b),r By
prﬁperfies (11) and (iii), ﬁe know that all columns_ada ubto“
zero, Hence the Rank (D ¢ b) < M1, -Since Rank(D) = Mﬁll wo
have Rank (D3 b) Mél . This establlshes that (1 2, o) is a

onsistont systom of equatlon

Let us take ﬁp‘the remaining problem, Set, without loss

of generality, Rf =1, We nave a new system of equations

ot

Be*= By gk \A.2.7

-

where D 1is obtained by Aeleting the last row and 1ast column

of D, ﬁ*, b and y are obtalned by ﬁolotlny, the 1ast eloment O/ 1

R*, b and the last column of D respectlvely, Our problem boils

down ﬁo-qne of obtaining necessary and sufficient'conditionsffor'

the exié%encé o i 5%1

In fact.we arc not conccrned ‘about the
non-neggativity of B i sinee our maln 1nuorost is in tho positiv~\

R y :
Rj‘s, Since Rj = g J,~Rj s positive in any base. 3. )
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Under definitions (3) anl (4) of the previcus section, we

prove the mairn result,

Theorem 3 Unidgue sclution for system (1,2,6) exists if and only

s

if the ‘'adjacent graph' G of ¥the {ata is ccnnected,

o

Proof ¢ The proof is complete once the formal similarity between
the matrix B in system (1.1.3) and matrix D in system (1,2.6).

Consider the typical elements bjk “and ijk of the matrices B

and D respectively, We have bj} > 100 _fiope JF =i

4N

>0 ~and ujk
<0 for 3 # k., Also

and by <0 and a

Ik, ik

where ﬁgk is the Kroneéker‘é‘ﬁelta. Purther observe that

* — . 3 v ) 1* = . o il "’.t'- ) =
a3 5 0 if and gnly if fij O, This implies that bjk. 0
if and only if djk = 0, Further columns in each of these

matrices add up to zero, Hence the structﬁfe of'thé'two matrices

3

is same, = ‘ . s -

The proof follows by repeating the steps involved in the
proof the Main Theorem in the previcus section, It is interest-
ing to note that the conditions which are neécessary and sufficient

for meaningful comparisons in beth Geary~Khamis' method and cur
method are =seme, A few observations on this method are interesting,
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'Remérk i ﬁ Consider the binary comparisons problem, Here M=2,

We have the price index for country 2 with country 1. as base

given by
: v.1 VTE
2 v,
N v, ; il 12
TT il 2 ,
ci=1 P11

This formula is very much similar to the one uéed by Klock-Theil

(1965)for international comparisons, The formila is given by
V.otV

L AL
v.3+v12_ 8 e ri(v 12)
N . 2 N .
-7 A oA
i=1  Pi1 i=1 P

Formula used by Klock*Theil is obtained by the weighted géometric
mean of the price relatives, ltherwe*ghts glven by the arithmetic
average of the- expenﬂiture sharoc of the two countrles. On the‘
other hand our formula uses tho hurmonlc mean of tho oxpondituro

shares of the two countrles.

Remark & 5. It can be shown that when p; = p21=: yo = *..Py .then
Rj =1 for all j, This means that all index numbors .are equal

to unity showing no” price change,, In. fact a strongor rosult 1s-

proved below that if p.

3 =:Aj:pm_ ‘and hj >0, for all j;-thenn
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Rj = 1/kj. However Lj < 0 1is ruled ocut by the basic assumpt-

icn,

Proof * Let Rﬂ_= 1. Then we have by eaquations (1,2,7)

-

DR =%ty g
Solution for R* ig glven by -
| PR [ Ml ' :
B*=D b+D y | (1,2.8)
- ‘ | b -1
Look at the right hand side of equations 1,2,8, Let D ;((Djk)).

Consider the first element of D y, we have.

oy

Dlj— yl + . ."..7 ‘+ : Dl IVE-']_'yM-wl. ) -
= - xp
P11 ? Vi1 Vin T oees Dzm; f Vi M1 V1M
e 2 M
=D o1l Y b SELDabi el B DA
It 1 1M1, 20 M1k
=1

by propertys (1) of. system (1;2.6).' Further consider the first
e

! =

element of D . b, We have,

M : L
¥ - - ‘ % gl 1
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"

Since Py = hj Pyj WE have

= _." = v ; _ - L . -
R:T-"'D]-]-[Lj:(lo? 10{’ 2\- )z Va lv ]+|o -+D11\4_1[§-'(1"\ k‘_] 10 M’“l)

? ViM-1 131 +1

= o = * . *L. =i .
1~log xl[D11(1 E vy VI el 1N Z le e ] <%
~log Ay o [~Dp; ? Ville "’+D1M%1 z viM 1 Vimale

By Property (1) of (1.256) a@d ? Vi vijzi Vij'Yik' for a}l_ 0

n B Y

W
T

1 - log M0y gy * eee ¥ Dy el T e

~log My 1Py Qe toees * Py G

a

'l

1 =ileg kl.

This is true for any of the.'R?*s,-'Eénce

RE =1 - log Ay S for 3= 1,...,¥0
* : ) f ) £y o : : : ] '
RM 1.’ - - 2
Setting By =135 we have. iRt 3 : i
TRy = 1Ay ST 1= 1jueey ¥l
IR o = ekl g ©
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Hence the result,‘

However 'it ﬂoos not seem to be true that pJ > Py
'iﬂPllOo that R > BK But it seems that the values of .Rj
are less than thedr Geary~Kham*s analogues, This may be due
to the use of geometric mean in the formuléébgbf_ ijs and
P'j s‘which irons out the effecﬁ of the extreme cases to some

extent, These are discussel in the section that follows,

Numerical Illustration | :

n the following table we present the index numbers
“obtaiﬁed by the new metked discussed in this section along
with the Geqrthhamls index numbors for the ten size classes
of Rural Indla, Tho indlces are presented with group 0-10
as base, The table gives the LaspeyreS'and.Paasche index

numbers aslso,
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Table

Group - New system Geary-Khamis = Laspeyres  Paasche
(1) ) &) (a) G
0 - 10 . 100,00 100, 00 100,00 100, 00

10 - 20 - 103,62 103,68 103,61 103,44

20 - 30° 106,08 106, 31 106,27 105,88

30 - 40 106,25 105,38 106,59 106,15

40 - 50 107,82 107, 85 108,33 107,77

50 - 60 108,59 109,62 110,25 107,31

60 ~ 70 109,58 109,57 109,69 109,62

70 - 80 110,78 110,78 111,41 - . 110,80

80 - 90 111,47 111,37 110,90 111,55

90 -100 115,73 115,46 113,43 115,62

The new system of index numbers also show a steady rise in the

price level as the income increases,

These index numbers are

generally smaller than the Geary-Khamis indices as expected and

lie in the range given by the Paasche and Laspeyres indices,

Thig system of index numbers is expected to do well in the case

of more heterogenecous groups,
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CHAPTER TWO

OTHER CONSISTENT INDEX NUMSERS AND PROBLEM OF
| ' CHOICE

fpart from the Géary—Khamismsystem of index numbers,several
other formulae yvield consistent ccrparisons, The index numbers
used by Economic Commission for Latin dmerica (BECLA) in compar-
ing prices and quantities among Latin American countries, and
Eltete,0,~Koves,P, (1965) are considered in the first section of
this chapter, We derive some properties of these index numbers
and obtain price comparisons for the fractile groups of Rural
India, Both the index_number systems are based on the concaept
of general price level in each group andthus related to the
indices considered in the previous chapter in a wider set-up,
It is shown thct the concept of exchange rate of a currency and
average pricé 5f a commodity can be used to derive Laspeyres'
and Péaééhe‘s index numbers, 41 attempt has been made to
genefalize these index numhers to multilateral compariscns, which
also leads to érsyst@m of generalized Fisher's ideal indices
Sdtlsfylng the circularity ueqt This mildly suggests that gll
the index number systoms in use cou]d be derived using these
concepts of exchange rate and average price, in the sense thav

for ecach index number system, there exists a definition for the
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exchange rate and average price resulting . in the required index
numbers, Finally, the pnoblem of cholce of a suitable index
number for the comparisons in a con crete problsm i considorod
in the final section, #n empirical critoricn has been proposed
for this purpose and the relativs efficicencies of the index

number{systens are studied,

i
'

Section 2,1 °© Other Consistent “ndnz__nm_gxs

" ECLA Tndex Numbors i

The simplest of all and cJso an intutivoly appealing 1ndox
number system 1is one used oy Unlted Natlons hconomin Commission
for Latin Amorica (ECLA) in comparing the goneral price levels
in Latin American countries. his systom of 1ndex numbors is
pPOposod to serve the purposo of prico comparison in the absonco
of adoquato ocnputational facilities whlch prevent the use of
a highly sophistioated‘indsx mmber system.l For example, the
Gearthhamis method and the neW'system?con51dereu'1n_Chapter g
need good computatlonal fa0111t1es, :As against the standard
formulae like Laspeyres' and Paasche's for price comparisons
which make use of only one of the ouantity tectors foF weiehtingb
this ﬂormula makes use of the averago of the quantity vectors
for the purposo of weighting the prlce rolatives This metho1
is ioscribed in Braithwaite S N [1970],
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A1l the blnary comparisons must maeke use of the average

consumption pattern which is givén By

So éi‘may be considered as an averasge requirement vectnr so
that the ratio of the expenditures, obtained by evaltlating the
quantity wvector at the respecfive price levels, would give the
corresponding price index number, Hgncg Iﬁk’ foer j,kﬁl,_,_,M

is given by

N —
2 Pk Qs
. _ i=1 ik g
Jk N
5 Das Qs
=gl =S S
In fact the general price level Wj (3 =-':.L,,,,,_M) when T = 1
i1s given by
N -
Z P q
_ =1 ij ™
kia
J N
% pis Qs
g, (S
go that Ijk = -n-k/-n-j.
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Ubviously, the ECLA inlices form a consistent“index nuber
system, However, the consistency is aéﬁieved only by using an
unrealistic assumpticn that a. is a representative consumption
voctor fﬁr all the groups 1nvolvcrq in the p“oblom But this
formula works well in the caqo where the conqumptlon patterns
are not very heterogeneous, In fact, this is the situation‘;n
Létin fmerica where this formuls yvielded good results, aAn inver-
esting property of thesé iniices is that they fall in the inter-

val obtained by their Laspeyres  and Paasche counterparts when

¥ = 2, Consider I12' We have
Zpip 8 Zpgp (a3 ¥ oy
f12 T 5 . q : z Py (Qeq + Qo)
s Wl T Al PO S
Py 941 2Py FPple
C— Bl - ‘ ‘ +— -
2 Ppyq939*2 Pi1%e 2 Py1%7  £P11%41%EPi1%0
i i 1 i i
Z pso Q
5 Tig Se
? p11 q12

This is nothing but a weighted average of the Laspeyres and

Paasche index numbers. Hence the result, Hewever the same
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result need not hold when ™ > 2,

We now present some inter-=fractile group price comparlsons
for the Dural India based on the data presented in the Appendix,
The following table shows . the ECLA indices for various groups
with group O -~ 10 as the base and also the standard indlces for

the purpnse of comparison,

- Table
Group =~ - ECLA Laspeyres' Paasche
- 10 - 190,00 100,00 100,00 -
10- 20 103,16 103,61 103,44
20--30 105,75 106,27 105,88
30- 40 106,00 106,59 : 106,15
- 40- 50 S 107,63 108,53 107,77
50~ 60 110,36 . 110,25 107,31
60~ -70 109,55 102,89 109,62
‘70~ -80 110,90 111,41 T w1080
80--90 111,23 - 110,90 - 111,55
90-100 - 114,62 113,43 115,63

The table shows the peculiar behavicur of the ECLA indices,
Vhnile the indices are less than their Laspeyres and Paasche
chrunterparts for the groups 0-10 to 40~50;"there is a sudden

jump in the value of- the index from the next fractile group,
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This may be due to the choice of the weights, On the other
hand the property that it lies in the bzunds of these two

indices when M=2, dves not hold goed in this case,

Elteto~Koves Index Numbers

In a novel attempt to construct a consistent system of
index numbers, Elteto,?d,~Koves,P, (1965) made use of the Fisher'
jdeal indices, Thelr aim waé to generate a consistent system
with sone properties from an ineunsistent system, The index
number can be defined in the following wéy,. Consider Ijk‘
This measures the price change from thh-éountry to the k~th,
This can also’ be measured through a third country, That 1s, we
express .ng as a product of two numbcrs I K- and IAk:’ for
some A, .If we demote the Fisher's 1Loag in7ices by Figer we
have JK FAk:(ﬂar A= 1,.,.,M) as a proxy for ‘Ijk' There
are M such possible values and the LOQUITCH index is Aefined

to he the geomebric mean Qf these M nqmoers, dence we have

L ‘
4 (1) (M) 7 M
Ijk = L ij R Fﬁk ] (2,1.1)
where FSIL/:() = Fj/( " F/(.k’- for A= 1!:...}1\/{.
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These indices make use of Fishéf's ideal indices in an
interesting way, In fact, we prove the following nice property
of these indices, 4n intutively cbvious extension of (2.1.1)
1s to see what happens if PF.,

ik
three numbers ij . Tk L (fer A,m = 1,..,,M); This is

is measured as the product of

to measure the price change from § to k as a product of
price chanze from j to A, A to m and m to k., The requirc
index is Adefined as the geometric mean values corresponding io

all the pessibilities, Hence

Ty = =TT Fg.(km : (2,1.2)

i /{, m=1 g ’
where Fégl = Fyp 0 FppeFne,. for Ay m=1,...,M, Here we
consider pairs ( A, m). as well as (m, A ) since F?;] nee:d

nct be the same as F?é.. The interesting conelusicn is that
(2.1.2) gives the same intices as (2,1,1), T prove this it

is encugh if we show that the terms in ‘the bracket in il 2)
consist of Fy ( K = 1yeea, D, dach M times snd nothing else,

Consider the fnllow1nv matrix,
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11 i
ij e F‘?j_k I
21 . M | N .
* P e i )
Fos i Jk , .
F}jﬁk LY ij j

Bquation (2,1.2) is just the Mo-th root of the product of all
the elements in the matrix F, The product of the first row

and first column yields by the property of Fisher's Ideal indices

M )
A4 - g o
'[Fjl'Flk]L (2\T ij FKIC)’ product of the second row and second
= 2 . -

column, excluling the elements already considere?, is

M R
[Fjg,ng]MFl (kTTg FjA ka ). Similarly finding out the produst

of all the rows and columns, the cver all proiuct can he ilenti-
fied as the required term, In Tact a similar result can be
shown to be true whenthe price change from ] to k is measured
through more than two countries, These idiéés'are unique in

this particular sense,

- They also possess another beautiful property, ~Let us
consider the following problem, Given the Fisher's index
numbers for binary comparisons, cbtain a Qonsistent system which

is minimum Aistant from the given indices, Suppose we look for
an index number system, logafthm of which is minimum distant

from the logarithm of the corresponding Fishers's

|
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ideal indices (i,e.) what 1s the system Ijk(j;k =1,,..,M for
which

Z % (log

e g o |
2 Ijk log ij.) (2,1.3)

-

is minimum subject to the conditicns of consistency 1ike. Ijjz
and I .T, (= Ij'/( for all 3,k and £, Elteto-Koves prove
that their indices possess this property, They derive these
indices from (2.1.3). But we shall give a simple and more
straightforwari derivation using a résultcaleoek, T, anAd
Theil, H, (1965), Xloek anl Theil consiler the problem of
obtaining an additive consistent éystem,'which\is “iscussed in

the intrecducti»sn, from a given system of index numbers, Existenca
of adlitive consistent system impliés the égisﬁemce of numbers
(ryy Tp, eusy T} such that the.inﬂexlis gi%en by the Adifference
of the c¢crresp niing numbers, If P ié.the‘matrix of price

Al

indices given, we have
B=pin®= d§ plef=

where r = [ry,...,ryl’ and 1! = [1,,,,,1] ana U is showing
the discrepancy between the 00nsistent systern and the given
system P, Sc the problem hoils dewn to ohe of finding out r

such that trace (U'T) 1s minimum, Since we are interested in a

consistent system, we can impose an alditional restriction of
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the follewing type

used by Kloek ahﬂ Theil and the solution turns out to be

M
B 9 &
3TN z(El T34

Since the problem of Elteto-Koves is equivalent to cne of

minimizing trace (U'U) where P is the matrix'log ij‘é, we

have
- &
TS M E log FJ[
L gt 1 _ _
and,  wy= [ TTFyp ] | o for Y= 1,
:1 '

gince r. = lo o
j LI

Hence the Elteto-Koves iﬁﬂicég are given by
. < A =
™3 A=1 IA Lo

. B " . M
ik vk
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This coincides with the Aefinition in (2-1 1), This derivation

of the indices is much simpler =nd more appoallng than one given

by Elteto-Koves which i1s lengthy, Further this derivation makes

use of the relationship between the alditive and multiplicative

consistent system,

However it remains to be secen, as to what happens 1if we
mAertake minimization of the Huclidean 1lstance between the
Fisher's ideal indices and the consistent system, -Here the
problem tur%; out tc be one ~f cbtalning Ijk Cj, k=1,..,,M)

which minimize

2
zz (I, -~ F.

In general this problem turns out to be intractible due to the
“involved non*llnearltles ant %He resultingminﬂices may not be

"a511y COmputaJL@. Fu ther usé of an 1torat1ve mothoi to obtain

ng s Aefeat the purpose of the 00n31gtent systoms As a pass~

"gﬂremark we observe that ultCtC‘K“VOS svsfor ﬂﬁos no minim¢zo

the r‘ucliﬂleea'l ﬂistanco Counter examples can be constructel to

thlq of?ect

'SomeiPrice Compariscns

Before presenting scme of the price eomparisons in Rural India,

we conslder the following, Zltetc-Koves type of indicés can be
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éonstructed using any formula for index numbers which satisfies
the time reversal teét; We alrcady have dne such af;our disposal,
. the Gearnyhémis system index for binary comﬁarisons.‘ There is

" no sanctity in using Fiéher’s ideal indices forlthe_cnnstruction
of consistent indices, Under these circumstances it is better

. to use index number formulae which have a scun? theoretical basis,|
We present in the following table, indices for inter-fractile
price comparisons using the 3lteto~Koves indices based on both
Fisher's énd Gearthhamis binary indices, The Fisher's and
Geary-Khamis' index numbers for binary comparison are also

presented side by side,

Table

Group Fisher's Elteto-Koves Blteto-Koves Geary-

(Fisher) (Geary-Knamis ) Khanis
(&0 &) , 33 (@) (5) |
0 - 10 -+ 100,00 100,00 100, 00 1100, 00
10 - 20 103,52 103, 49 103,62 108 54
20 - 30 106,08 ‘ 105,97 106,11 106,13
30 - 40 106,37 . 106,18 106, 38 106,46
40 - 80 108,05 107,83 107,96 - . 108,19
50 - 60 108,77 108,92 108,30 1.08,49
60 -~ 70 109,65 129,62 © 199,71 - 7 109,71
70 -~ 80 110,10 11,90 10307, o o JTFL 4
8) - 90 111,23 111,37 111,36 111.29

90 ~120 114,53 115,96 114,84 114,15
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As expected the lteto-Koves indices basel on Fisher's ideal
an? Gearv-Khamis indices move closely with the index numbers
providing thelr base, Relative efficiencies of these indices

according to an empirical critericn are studied in the last

section of this chaptef.

This section may be closed with a warning that the index
numbers ﬂiscusseﬂ'in this section leave out numercus other
possible consistent systems 5f index nuxbers, At this stage
index nﬁmbers in Yzerens, T, Van (1956) may referred due to their
relevance, Yzefen‘s methot makes use of the concept of exchange
rate and gives an interesting generalizaticn of Fisher's index
numbers, The index numbers are shown to ererpe frem a system of
linear equatinons and the iniices in any practical situation are
derived by an iterative brﬁ§QQUTe, The esnvergence »f the
iterative prmoeeiure and uniquencss ~f the sclutiocns are establish-
ed in the Yzerene (1956), vaever,hiterative procedures leal To
mualtiple sets of indek numbers {epending on the stage at which

the procedure is terminatel,

no ther attemp?t made in this line is by Mukerji, V, and
Makerji, ¥, (1969), %o construct index numbers in. a stochastic
set~up, Assuming that the probability-iistributicns of price

and cuantity veetors are known, the current level -f living
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index an1 curront cost of living in“ex are defined as linear

functions of price and gquantiby vectors, Thon the problem boilsdow

to one of estimating the cnof*1c1onts of the linear’ ?unctions.
The coefficiénts are obtainel from the normal equations of a

least squares procedure minimiging the variance of the differocnce

of product of these indices and the total expendituré Subjéct tl
the condition that the expected value of the produet of theso
indices équals-the total expenditure, The normal eguatlions nro
non-linear in the unknowns and an iterative procedure is suj ox”
ed to estimate the coefficients. Once the coeffilcients are
estimated, they form a basis for consistent price anﬁ quantity
comparisons, But no empirical results based on this methoi |

have been repcrted so far,

Wo ond this discussion with a reference tn “the 1nﬂox
numbers used by Kloek and Tno (1065) fur binary comparlsmnﬁ
of prices, They obtained an index numhor forrula in the alditive
set-up satisfying the time reversél test and some demand thonrebic
tintgrpretation is also furnished, These index numbers are fount
to yield good price comparisins, The next section sugrests s me
possibléiextensions of these in“ex numbers to the case of multi-
lateral cormparisons, We also provide ancther consistent systenm

of index numbers by 5 enorallzln~ the Fisher's index numbers,

TT——SS
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‘.’ .
%

Section 2 | Ueneralized Laspeyers and Paasche Index.Numbers,

A first glance at the basic equations defining the
'Bxchange Rate’ and the 'average pfice"uéed'in Geary~Khamis
method, gives an lmpression that the given définitions are
logical implications of the concepts, waevar, in Section 1,2
we observed that it is only one of many other possible definit-
ions and one can dorlve alternative svstoms of index numbers
uolnp the same concopts : In thiﬂ sectibh we observe that even
the widely used Laspeyroq and Paasche indices can bhe obtained
using these two concepts and thus establishing the importance
of this approach to index number eonsfruction._ In fact, this .
result suggests the possiblility of intefpréping any index number
system in terms of these two ooncepts‘fi éti we can provide a
system of eguaticns emerging from a definition of thc concepts
vhich result in the reQUired syster of index numbers, This in
a sense provides an unified approach to ¥he problem of constract-

ion of index numbers,.

Taet s Tc-zcall Yhe dlscussion on LYhe de’s‘.‘"‘iﬁhi_t‘ion o"ﬁ avérag,e
price in Seetion 1.2, WWe coserve That, for The i~-¥Yn commodivy,
M),

Pi is defined as an average of nunters R.;p (3 Zoil e ny

J
Further we obtained three possible definitions of P,, by

N _ 2o e ,
rinimising £ Z (Pi Rj 1 ) vig s Wyg belng a system of

L]
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| wcights, ranging ovef saqual (M)‘ ouantlty ,hare (qij and é'haré

of expgnditure.éharos (v*j) The de?lnltions are, for 1= 004, Ny

QO i
Py e Ry D,

J
P§2) = % Ry pyy aF
J a1
E) | |
Py =Z Ry pyy iy

As observed already, {2) cou.plod with ‘definition of R;] in

P(1) and R,

(1.,1.2) giveé the Geary*mlamis method, Consider 3

whieh lead: to an interesting system of equations, We have,

P - %? R, B,

1 -
ZPyagy " (2,2.1)
watragpel” o El —— , :
3 1 13 %43
By substituting the values of P, 1in ‘33. and simpli’fyiﬁg
we obtaln | | o
. " BR =0 : h (2,2.2)
TS e B % Pyg Gy
vhere B = ({b g )) § By = 8" % ¥, 5 g
. : P L G X
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and &, ¢+1s as defined earlier, Further R'= [Rl’i'*iRM3**

The main d1fficulty with the above syatem of equablons is the
non~singularity of the natrix B, Tt will be shown that in .
general matrix B is non-singular, In the rarve case,VWhen B
is singular, the condition that all priéés are positive in 511
¢cuntries, pij‘> 0 for all i and J, and that each couﬂtr?-consuIQ'
at least one commodity, qlk > 0 for at least one 1 for each B
which is necessary for Jofinlng (( 2, 1) is also sufficlent for
the existehce of unique positive solution, in terms of one of

the Rj's. The proef is simple and hence omltted,

Let us focus our attention te the case vhere M = g,

Ve have _
. L |
T . n=ut {. =
l. ks l = p12 ql 1, ; Rl } t
: 2% Pyg) Sag, ol | 0
e
Z p ‘
i Pi1 940 1 | 5 s i
22 P15 %p 2 ;8 “
| :
Z pjg 41 & Pi1 Yo
The doterminunt vanishes only if 5 S = 1
By 11 G:1 D 19 Q- 2

which impl;es that tho Laspoyros and Puasohb iﬂrmulao for 112
mist givo tho same Valuo. In general this is not true. This

means that only triviallsolution for thé amugtions is possible
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in most of tne. cases, Hoﬁever, interesting results emerge from
the cases obtalnod by 1gnor1ng one ro>t lct1\ ; In éhe above
case, supprcsing one of the ro@trictlonq we havo one oquaﬁion
in two unknowns (R; and R,). Ef",¢nﬁhe ‘ratios are uniquely

d@torﬂlnod *

Yalues of Rj's,obtained=by first eqﬁaﬁibﬁ are
" J . E
R, =1 and Ry, = -%*————————
M z .
@y 9

and the values obtained By second equation are

.

- Z pyq piz
R, =1 and R e o
1 B iy
- & Pso be
i

Hence I turns out to be '—wiél-il i g th flrst case and

12
' & P G494
2 Pip Yo Y s .
E -——-——= 1in the second cases, which . goincide with the Laspayres
LDl Ny s AR

and PaaSCho indlccs for Il re“pectiVely. The similarity is

complete when we ubserVe thgt tho first set of Valuos of Ry and

'-Rg‘are obtained on Py, Py and gy only.‘ Using the usual
interpretation of these formilne Test of the Index numbers can

be defined similérly, Having obtained twe sets of snlutioha for
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the exchange rates, we mey combine them to yleld price dompari=
sons satisfying circularity test, The georietrie mean of the

two sets, ylelds

)
[ ‘.—v— ) B -
| E‘ Piq 947 2 Pyq G40 (.-2
Ro=1 end By =|Fo—"= . §p o
et 941 3 Pio Y49
|

and the indices resulting from the above ], and BE coincide

with Fisher's ideal index numbers,

'Preceeding discussion establishes_a_link betweén the well~

known index number formgiae and tﬁe copcepts of average price

and exchange rate, using the system of equations in the case

M = 25 This opens uﬁ'a possibility of geﬁéralizing these index
numbers for binary comparisons to multilateral comparisons,

There has been no abttempt to extend the idea of Laspeyres=and
Paasche index numbers to the case where M > 3, Laspeyres price
index is defined as the base guantity weishted average of the
prices whereas the Paasche price indei is défined current
cuantity welghted average of the prices, This can also he inter-
preted in a slightly different fashion which makes the generali-~
zation possible, Laspeyres price index is defired by ignoring
the current gquantlty vecbtor and convéréely for the Paasché index,

Took at the system of equations (2,2,2), We have observed that,
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in geﬁerél;'only;tri%ial‘sblution is possible for the vector R,
However, suppressing one of the couations, we have onlv M=
oquarjons in M unknowrs 3y fixing one of the unkmown“ rest
of the variables can be sclved wnlouoly,undor the condltlon |
stated already,  Let B (J = 1,...,M) be the solution for
the unﬁnowns, resulted. from the ocmmission of the k~-th oquatlon
which implies that the correspending quantityrvector is neglected

din e price comparisons Given the M sets of solutions for

ﬁJ s we shall deflno the required 1ndox numhers in the following

iA}

manner, The generalized Laspeyres price index,:ljk',,

for the
k—-th grdﬁﬁ'wirh j=th group as base, is defined as the ratio of
the corresponding exchange raﬁés obtaihed_by‘ignoring the k~th
restrietion, Hence the index number is given by,'ﬁ%?ﬁi

Similarly geﬁeralized Paasche price inde x_is given by the ratio

R%/Bg. ' Thd index numbors from the geometric mean of the sets

of values of ‘R S, give the: Tonﬁrullzcd Fishers ideal index

humbers,’ 'The‘actual index numbers are giV@n by the ratio of

the;exchéhge-rates Rj which are ‘given by
“ L ¥ o\ W
R szl WY "N
SRR

== ]

and thislyields index numbers gatisfying circularity test,
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The generalized Laspeyros
coincide w1th th01r oountorol%cq

possess 51m11ar p“oportlos for

Lo

v

also holds in this

Laspeyres index oquals h

ij

that the Laspeyres and'Paa

for

T e :"
_Lj il
sche

.
(%)

sons happen to form a cons 1st
can he shown that tho gonerallze

their binaryv co mparioon countern

index nunbers

Paas chn ana quhﬂr 1ndox numbers
inr blaary oombarlqons and also

examnlé the result thnt

G’ roclv“ocLI of ansrho index

ticular case, Further, suppose

for binary compari-~

incox numbor systom then it

d 1nﬁoy nulhhers coineide with

arts This results sounds

similar to a Losult of Yzeren (loo“).whlcﬂ shons that the zeneral-

ized Fisher's index‘numbers obvalned by him coincide w

binary counterparts whenever they

we have obtained an altérnative

numbers, But the difference tha
given here are not given hy the

o e

Laspeyres and Passche indices

Fmperical Results :

Based on the data on rrice

ing to the Rural Indis, we huw

rates corresponding to equation
equations concerning the size ¢l

R

ing table gives the exchange rai

exchange rates obtainéd by @ele;

to the size classes and the last

of the exchanees rateos 4n tha

=
G

aﬁtalneﬁ Len

T4

ith their

are censistent ‘Incidentally,

senera atjon of Fisher's index
b the generalized- Fisher's indices

:metric me an of

[
[

the generalized

be o Hed

A

and oumpuLfy in Gppondlx A Pelat-

1.
W]

se ol exchange

svstems obtained -by deleting the

asgses 0~10 %o §b~100, The follow-

e, the first ten columns glve the

ing the equations corresponding

column gives the cormot=4~ maon

~rea13e ] =i e



http://www.cvisiontech.com

i
]
[~
| 1

Table

: MHosmﬁmm rates owwmwsmmwdﬁ onitting equation relating to group MMMMwwwwn
Group 0 -10 10-20 20-30 20~40 40-50  -50-60 60~70 70-80  B0-90 90300 @ols.
] ; . , = . : i ] 1 to 10
(1) (2) - (3) (4) . (5) (6) (1) (8) (9) (10} 6D

0 - 10 1.0000 1.0000 1.0000. 1.0000  1,0000- T,0000  1.0000  1.0000 1.,0000 1.0000 . 1.0000 -

-

10 - 20 0.9740 0.9550 0.9640 0.9639 . 0.9640 0.9639  0.9640 . 0.9639 0.9640 0.9641 0.9641

20 - 38 0.9%2% 0.9425 D:9357 0.9425 0.%424 0.9425 -0.9425 - 0.5424 0.9424° 0.9411  0.9447

30— 40 0.9510 0.9412 0.9412  0.9316 0.9412  0.9412  0.9412 - 0.9411 0.9411 ormmmm mr@pmn

40 - 50 0.9363 0.9267 0.9265

0.9267

0,9172

0.9267

0.,9267

0.R67 0.9267 0.9266

0.9967

50 = 60 0.9387 0.9%290 0.5291  0.9290  0.9290 0.9197  0.9291  0.9290 0.9290 0.9290  0.9291

60 - 70 0.9211 0.9107 0.9118  0.9117 0.8205 O.H118  0.9023  0.9117 0.9118 0.9117 ~0.9021

70 - 80 0.9116 0.9022 0.9022 0.9022  0,9022  0.9022 . 0.9022  0.8929 0.9023 0.9023  0.9022°

80 - 90 o.woww omm@mw‘.o.m@mm 0.8956 0.8956 0.8958 . 0.8951 0.8955 0.8866 0.8954 0.8956

G0 -100 0.8726 0.8636 0.8635 0.8635 0.9655 0.8635 0.8635 0.8636 0.8636 0.8546  0.8635
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The exchange rates presentedi in the above table do ﬁbt”show

narked ﬂﬂJforﬁncos in the salubions ontalﬂoa by varlous eouatlo
sysdems‘ In many cgsos tho v ctors oﬁyéxch ange fauOS are -
pretty cloSe~“:Howéver‘the @Kehanae"fafes‘are different from each
other establlshlng the non—311~u1 sTity df fhermatfix involved,
Vanothcr interostlng feature of ,he teblo are the Va]uoo of the
"OXChango rates concerning the -zroups, which are oxclu&od frém the
syé%ém of nouatlons 'ror ox1mp]o the Values of thﬁ OXChanye
rates of vroups 10—20 to 90—100 with fhe oxccptlon Proup

= 70 aseumﬁd minlmvm %al“ﬂ 1 the correspondlng rovs,

By the ﬂofinitiun of the generali zcd Laspeyres and Paasche
indices,‘this suggests that the gcneralized Prasche indiceé
are tending fo:bé éméller than their Laspeyres countérparté,
which is in general true in the caserof‘binarj"éomparisoﬁs:-
The follo&ing_ﬁable showing.thesé iﬁdex numbers al&ng with

thelr binary comparison indices also supports the above

phenomena,
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Table
:  Gemeralized 'Generalized‘ e Genéralized

Group Laspeyres ' ' Laspeyres Paasche  Paasche Fisher Fisher

) Y O R G W () 0
0- 10 100.00 160,00 100,00 100,00 100400 100,00
10~ 20 103461 104,71 103454 102466 103,52 18%.7%
204 30 106427 106:87 “106:1% 105401 106408~ 105485 .
30- 40. 106:59 107.34 106,46 108415 108,37 10614
40- 50 108.33 109.03% 108.19 106480 108,05 107,91
50- 60 ‘110.25 108.73 108,49 106453 108.77 107.64
60—~ 70 109.69 110,83 10971 108457 109.65  110.86 -
70- 80 111,41 111.99 114241 109470 411,10 110.84
80- 90 110.90  112.79 11120 110447 S111.23 111466
90-100 113.44 117.01 11415 114,60 114.53, 11580

From the table it can be seen that the generalized Lasﬁeyres‘

index numbers are generally higher than:the Laspeyres;indices

whereas the generalized Paasche indices are below the Paasche

index nuﬁbe%s. ‘Further the zeneralized Paasche indices are lower

than the generalized_Laspeyreg indices which isg conSistentlwith

the usual notion that Paasche and Laspeyres indices provide the

lower and upper bounds respectively,

Fisher indices for binary

comparisons are, in general, higher than the generalized Fisher

index numbers,

be derived

The faet that the Laspeyres and Paasche index numbers can

through the use of notion of exchange rate and
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average price suggésts that mdost.of the index,ﬁgmb@rs-cah be -

brought under this‘framéwork. 'ddnsidérable'EegééfcﬁfﬁéslEd be
undertaken to intefﬁret various systems of indexlnnmberé using.
these two concepts, ' -

»

Other Possible Systems 3,

We are still 1eft‘witﬁ;éome mre possihle systems which.

" correspond to the definitions of the ';yergg@.price’ ahd‘yexcﬁangg
rates’ poihtea out in?thé“ﬁréﬁidus discﬁssions, Our maih';';.‘
objective in this case is to estublish the nnn*ox1stonce of
unique positive solutions in gonmral For the sake of Simpllc1tv,
we restrict the analysis to the case Ms2, Fbllow1gg}i;.the

analysis given system~wise,

System I 3 Definitions involved are ',
LB . \ 3
B, 2 ‘§m Rj Py Vi3 . for all i -
j=1 ,
‘ J% P:L qu : . osigT e
R, & —fg—ssa.i-ua e & 2er al3 |
J ? pij ql;! . ek e

This results in & system of homogeneous equations given by
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|13

? Pi1 il A2 Pig Vg %12 .l o 15 - | G0
I ‘ ’ 1 - t - { i g B, o

Zmn
i

and the determinant need not vanish, and this results)ln é .
trivial sglution for R1 and RQ. qbwevor 'analyﬂls simllar
to that one in last discussion may be carried out in this
case also, | e |

' So far, we concentrated on tho definltions based on .
~arithmetic mean, Let us switeh on to the roomotric mean. .
formulae, - In thlsi-a‘particular case has already been tackled

in Chapter I,

'SySteﬁuIﬁrﬁ Definitionsﬂinvolved‘are

N B, ‘4 " o=
R, = 1 (=) | for all ]
- o
=l %& BT u
P, = | g Bg 4 | Cfor all 1
L A 3

Since these equations are los=~linear, transforming the unknowns

Rj and Pi:‘suitably, we have
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U e e
P{ M ? tﬁf{ + log pij_:)"_

This ylelds a system of linear non-homogzencous equstions, We

have

1 _l‘*‘ lgz(lo = log p3q) Vv
3 SR ANE o 3 108 By g Pyqp) Viq

i ' ! |

5 i

H ! - ::, ' ‘ ‘
-1 IRE S "12-321 5 (log pyy = log pyy) Vi

L ﬁ! i_, _' . - 1 : ) i !

i 3
r - sl

Though the matrix is singular in this case, the system of
equations in general fail to be consistent, This is evident
by following solutions based on different equations, Solutions

based on first equation are

N py; VilC
Ry =1 and Ry= ] (=9
‘ 121 Pi2

whereas the solutions based on the second donation are

.1‘ i y

;,1[.\1{ '{&l}vm
= 1 abd e T = )
&l R2 j=1 Pip
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These two sets of values in‘éénhral do-ﬁét‘coiﬁcide, whigh
accounts ‘for: the ‘inconsistency of tho above cquatioh system,
Mn interesting feature here 1is tho possibility of analysis .
similar to the one presented.above, Geometric mean of the

above two vectors glve us

Vj]»f Vio .
5

g

. E

R %1 T ‘R,Z*-**‘ T

i=1 i@

and this giﬁés %ﬂe index riumbers whichrcqincide with fhose
used. by Kloek and Thell (1960) or inte}hational coﬁparisoﬁ%
of prices, Tr301ng the steps of the pxov1ous analysws fwé‘
can obtqin a gonoralization of these indlces for tho case
where M > 25 Details are omitted duo to Lhoir mochanical

nature,

System III § Definitions pertaining to this are

N P Vi3
Ry & T (o
5= piﬁ ‘m
" b i3
. = _ .R B
ol j=1 3 1]

The relevant system of equations can be shown to he

|
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. 3 - " ] Pl s - : §” :é

11 ? vy Vi 2wy viq Ry ?hiﬁlog Dy y~log pii)vljvil‘
& * - * *. ; . * ;

Z vl Vyg 1~ 2 vig Vo | Rz i ? ?(1og Py 4 log piz)%ijviir

Though the determinant of the matrix vanishes, the system &an be
seen to be inconsistont by looking at the right hand side of the
equations, The explicit values are not furnished,. since they arc

" gasy to derive,

This takes care of most ¢f the possible systems of equatio s

i,

based on several plausible definitions of average price and exchan

rate, We stuck to the expenditure weighted average of

Fa p , AN
;‘l (1 = 1,e..sM) for ;Rj since it is customary to use the
¢ij 3

expenditure ratios to weigh the priece relatiVGsal Howewer, the
possibility of other deéfinitions of these concepts can be
congidered, but it may be expect@d that in many cases unigue

solutions do no% .exist,

We end this section with a reference to the usefulness of
the concepts'~“exchangé rate of a currengy and  average price
of & commodity - which are able tc contaln many well established

“index number forrulae as speclal cases, Further this lends a-
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new flavour to the GearV“Kham 3 indices ‘and the indices proposed
“4in Section l 2. It may reasonhh%y be expected that further
stbdies on th@so connopts XDulu result in more interesting and
fruitful rosuits - ”

Section 2,3 ¢ Problem of choice ¢f a consistent system,

T% 1% indeed paradoxical to consider therpfobieﬁ‘of choice.
of consistent index numbers Lo compare the prices and quantities,
As méntioned in the introductioun, The COnsistency tests came inte
ox1stence to solve the problem of soloctlon of a sultable index
number in- a given situation, But tho prccoealng dlscusqlon
shows- that the problem still haunts us, dﬁsplte the imposed
restrietions, We have mentioned a number of formulae which
satisfy. the circularlty tost These index numbers ‘also paasess
the property of b01ng 1ndonen1nrt of'units-quméééﬁfement and
sa%isiy prapértionality test, It is likely that the same
situation prévails evén after the introductipn ofré‘few mere
tpsts. We shall provide an empirical‘pDOCedure,‘which in a given
‘concrete sifuation enables us to solve the problem of choice,

We diébﬂsé this criterion in a geﬂerdi Set;up.and the criterion
is shown to be more simplified in the case-of consistent index

nimbhers,
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Trading back to the fundamentals; a price ihdex is a real
hu&ber which indicates the general pricé”levei‘ih'a particular
group waen compared to prices in ancther group, Hence the
product ¢f the price of & given item in the base group and the
price index gives us an estimated level of price of the item
in the givé?‘ﬁ group,

Let  J-th group be the base, S0 for the i-th itemypyy,T

ijr ik
'gives the cstimate price of the iten ih the k~th group, TLor a
_reasonab}ngood gystem:of index numbers, one may expect that
fhé deviations Of-the éXpected Vaersrfrom the original values
~are not large, This suggests a cfiterioﬁ based on the mindmum
sum.of squares of deviations of the estimated prices from the
iéctﬂal prices for the choice of a s&stem of.iﬁdex numberé. We
choose an index number system for which the distance between.
actual and the estimated price vectors is minimum, In symbols,
we choose the system of index numbofs"Ijk (j;k = 1,,.;,Pﬁ‘fbr
which )

A

b 351 kil 121 (pik ) ?ij A

yE

3“;‘{. (2'3.1)

~

1s minimim, This is‘éimilér to the familiar least squares

aritericn, 'Aité?naﬁivély, we can insist on weighted sum of
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squaros insteadl ‘of the unweizhted sum 4 , In this case, the

=

distaﬁco functlon turns. ont ucﬁbe

MN

ea g % (o )2 '
ST T R N W e -
=1 k=1 i=1 ¥ j 1k

Tt can be seen that this criterion can be used even as a
hasis for the construstion of an index humber formula, Wren we
need a consistent system, we can minimizé A or A% with respect
to Ijk subject to the condiﬁions of cdnsisteﬁcyl(ezg;: Ijk‘iki =
Ij(- for all r'j,li'and £ Y. The recuired indices can be obhaine’
from'tﬂé*SOIdtion of the éjstem of Simultaﬂeousiequations,derive”
from -the fipet ofder conditions of minimization, But in this
case, these equations would be altficult to solve due to the
involved ﬂbn*linearities“ lThﬁé BT necgésiate the use of sonec
iterative methods, simiiar to those used in 11kolihonﬂ estimation,

which do not scrvo tho real Du*pb se 0F ob’calm,nfT unﬂqu system

of index numbers,

. The problem of the non*linearitigs can be resolved by
changing the minimand from the ordinary distance between the
observed. and expected‘price:vecbors-tO“thé'distanéé netween the

logarithms of these vectors, 'In”this.caseﬁweﬁminimize
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e ol ? b3 Z {1o¢ p13 log pik ij)g

Lot us consider the partlcular case where M= 2 Turther
con31dor the weighted sum of squares of dOVluthﬂS weightsr

deponding on the expendlturo ;haros, Hence we'minimize
ST T T 22 ' IO e o \ 2 b
O ¥ e %(log pizllog pyq-log 112) vig+§(log P3q log pyglog Igl“
- e , 74

ImpOSiﬁg the consigtency restriction I12 o1 * Ly the flrst

drdér condition 4 A*** / 4 log 112 0, aftor simpllfication

yiclds us
Vi Vo ;
log 11 ? o (log by~ 10g7pyq)
bl Sy
: gy P2
and 1., = L2

This formula precisely coincides‘with'TheilﬁKlbgk Ci965)iindex
numbars for international comparisons of prices., In the same
‘lines, we ean obtain consistent index numbers for miltilateral
- comparisons, - This incidentally leads to a generalization of

the Theil-Klock indices, ‘These inddces turn ont tc be Alfferent
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from the consistent indices obtained by Theil-Kloek asctording to

the criterion of minimum'distanceLfrOm”the binary comparisons,

Tho cri*oria.basod on A and A*_ Cah/beaﬁore simﬁlified

in the case of conslstent system of 1ndox ﬁumbcrs Gon'sﬂ.der the
M numbers w4 (3 = 1,..3,RD,:represent;ng general price levels
“implied bj the consistency, Let pj Be the price vector of tho
j-th country, Then‘ pj. #Erepresents the price vector adjust—r
yéd td the over all price chaﬁge, In an idééi céée, these
adausted prico vectors must be very close, In view of fhisl
since Ry 1/TCJ, we choose an index number system for winich

M M N . b o

R R L TR Pii)
is the least, Similar functions_cén_be'conéidered for the choice,

bagsed on different weighting schemes,

It is not out of place to mention the possibility of
critgrion‘basédfon°pricé énd guantity indiéés;-‘Fbr axsrple, we
may Be interested_in‘chooéing price and quantity indices for
binarx Qompér$50ns sﬁch thaffthey satisfy the fécf&r tesﬁ.l This
criterion can be hadle ﬁore‘coﬁplicated by intrbdﬁcing the time
reversal test into the'piéﬁﬁré”and analysis similar %o the sbove

follows, But it is difficult to show that a particular type of
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indices yield minimum sum of scuares of deviations in general,
However A*¥* and A¥** lead to specific index number formulae,

serving the main purpcse,

We have attempted here to find cut the relative efficien~
cios of the systems of index numbers discussed in the previous
séctions, and we have considered the following index numbers
“'fof thglpurpose, LaspQYrés, Paagch#, Fisher, Geary-Khamis;
new system, ECLA and Elteto~Kovo§, 5ased,on Fisher and Geary-
Khamis binary comparisons, We have uged thémcriterion & given
in (2,3.1) to test the efficiencies, based on the price and
Quantity data regarding the ten size classes of Bural India.

The value of A 1is presented below for the different index

numbers,

A (Laspeyras) = 58,716649

A (Paasche) = 58,761452
A [Geary-Knamis | = 57,956754

(binary) 7
A (Fisher) = 53,026808
A (ECLA) C = 58,0004470
Al Blteto-Koves ] = 57,989985
(Fisher)

A[ Elteto-Koves | = 57,914724

(Gaary-Khamis)
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i

A (Geary=Khamis) = 58,217281

A (New System) = 58,702704

Strict adherence to the criterion suzgests fﬁé ﬁse of Elteto~Koves
Fbasod on\Gnarthhamls indlces ‘for blnary comparisons, for the
purposes of prlﬁo comparlsons However the value of A shows
that there‘ls llttle dlffereace in the Vaiuésrih spite 0f the
?act ‘that o -g in our éaloﬁiaplops, depends o1 & fairiy largoe
umber of difforonces betweon observed and expected prlces , iEinis
type of behaviour of & over wvarious systems of indox numbors can
be attributed to the type of data we have c0ﬂ31dered A serutiny
sugbests that the data used by us exhibilt a systematlc change
from Onb group to another, there being a steady rise in the price
and gquantiby elements, as we move up from lower to higher expoendi-
Yure groups, Incidentally tﬁis also explains, to some extont the
good perﬁormanCG of ECLA iﬁdsg numbersAhe:e, ﬁbwever in a situa-
tion where data change widsiy from one group to ano ther, the
value of & is likely to differ widély and enaﬁls ﬁs to choose
an index number system from a number of posslble sysuems. In
the case of very heterogdﬂeous,ﬂroups, it is llkeiv that consis-
tent systems come out to hbe s1ig htly infcrlor to the jndlros for
binary comparlsons. Some’ other aspests of this problem arc

considered again in the next chsapter,
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PROBLEMS OF CONSISTENT INTHBR-GROUP PRLCE COMPARISONS

-'Aﬁy discussion on' the problem of international or 1nters
grotdp price comparison is incomplete 1f the difficulties %egaydr
ing data arc left untouched, The results obtained in Hhis
chapbef shaw that just the aveilabiliby of a index nimber
formulae yielding censis%ent'éompafiséns does ndt take us angwherc
near the actual price comparisons, Application of such meﬁhods
e yield good results, in general, springs many prdblems.ﬂ It is
ﬁndesipab&e to calaulate index mmbers using. any of the.fofmulaé
discussed in the two chaﬁtEIS;in the case of countries or group
thatMare_reiatively-heterOgen@ous in the nature of their consump-
.tién pétterns. The repereussions of‘such‘an'applicatiOn’are3 |
demonsﬁfated in the first section of this chapter, Further, the
set up of full inﬁb;mation,,whiCh'is;implicitly assumed in .
discussions so far,,has_to_be waiVed,:at least partially, because
ﬁé may not get all tﬁe essential informa%ion, Several types of

difficulties zan be summerized as follows §
(1) Tt is frequently noticed that while the expenditure

can be exhaustively broken down by & detailed 1is of itemég it

may not.he possible to ret separate quanbity and priée'iﬁfbbﬁation

for all the items, In view of this, attempts afe sometimes made
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to obtain the exvnenditure pattern in ahzéxhaustive way, and to
obtain prices pf,some itens. in an_expenditnre category, for
which exact specificatioﬁs are provided, We this gek regsqnably
cdmparablo PPlCOo; but thev overn only a pé:t'af the expenditur:
cateﬁory : ik

(ii)t Tﬂéfg are c53es whefe.the lisbs of expenditure
categorics are 1dont1ca1 but some items: 1n tho llst, for which
price and quantlty detalls are uVallablc, have dlfforont speci-

fications

(li‘) Thete may be cases when the lists themselves are not
1dont1cal in the sense that they intersect only in respect of
some of tho 1toms, the data 1n respect of expenditure, price an 'ﬁ
quantity heing assumed to be avalilable for all the common items,
Thus, when M_ groups are beins compared there could be ni{n < X}
items comﬁdn to alljéountries; .also between any tw6 dountries
J and k there are Ty (an > n)_common items,

Confronted with a sltuation like this, it bécoméérneeessary
to adapt the index number systams o that we cand make best |
vossible use_pf all available information, és well as;infbrmation
that can be tallected within.a reasonable time pericd, " The
problems are discussed in the,lightfof the work done under the

International Price Comparisons Project of the United Nations,
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We shell consider these problems in what follows inthe same order,

3ection 3.1 .Price Comparisons in Heterogeneous‘ﬁroups

Thc attraction for con31stont systems for intcr—country
comparlsons con31dcred previously 1s obvious. Thc comparisons
are basod on the ontire available cvidcnco pcrtalnln& to thc
case and are unique, ~ The main dlfficulty with consistent systcms
is that they do not satisfy soMe obv1ously d951rab1e properties
of index numters The use of consistent system distorts"thé
binary colpurlsons impllc t in the exercise, This is due to tho
stipulation of the condition of consistency, nach index for
binary comparison, 1n ‘addition to the measurcnent of prlcc chanso;'
has to satis%y:thc circularlty test, Thls means that the actual
valie ¢ opcnds on 1ndiccs for - other binary comparisons, Hence‘i
this jndex is also a function of the price and quantity voctors
of other countries, So, betweon-any two countries (A4,B) out of
M countrios,'s simplé binary comparison has to be better then
any connarison‘using inﬂarmation about other groups, Likewlse
a binary comoérisonwis also the best botweonjﬁB and C, Ent
apart from the question‘of consistency, it is not obvious tnstﬁf'
these two blnary comparisons when linked provide the best
possiblcrcomparlsons betwcen the countries (A5 Bl C] and nothlng '

better could be done.
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We égEQiﬁ fgfe;céncreté conclusions regarding this matter
presenfiy;; In generaT the price indi ces must pos%os tho
followinr property, "If in two couhitriss under comparison, ﬁhe
price VLCtOP in one country is iiformly sreater than the other,
the corrospond1n3 index : hould reflect the- smme.-.MSSontially,
if Py > Py for countrios j and k then ‘Ijk mist be greafer
“than unity fop any moaﬁinyful index numb@r . This tan be justi-
fied byihe USual consumer behaviour appnﬁgch to the inﬁex'number
brobiem. As étdted in ‘the introduction, a pficeﬁindex nﬁmbef is
the ratio of-thé minimum eXpenditures necessary to keep an
individﬁal’dn the same level 6f indifference before and after a
price éﬁaﬁgé;l”If”the'prices are 211 uniformly higher, thé new .
budget'surfééé lies entirely below the old one which implies
that the ovorall oxpondlturo has to' be inareased to maintain

the same 11t1'Litf "“vr\'? ' This necessiates the index %o be
greater ’chan unjty, This particular eriterion for thé'goodness _
of an iﬁdox numbor system turms out to be a3 weaker. ver31on ShE N,
the proportionallt" consistency? diseusaed by Swarny, '3, (19859,
Proportionaiity consgish oncy implies that a fixed: porcontago
change in the prices of all commodities shoulﬂ iead to a
corresponding chanqe in bhe index number and we nay ﬁoscribe
the property con51dorod abovo as 'weak proportlonal cons:Lstency’l

We observed that consistency effects the binary comparisons and
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now we shall prove that many of the consistent systems discussed
sbove do not possess the property of 'weak proportionality
consistency', However this will be seen to hold in only some
extreme césas whichrﬁafréntﬂa detailéd study on consistent
comparisons in heterogeneous groups, hetercgencous in the sense
of the extreme nature of the price and quantity vectors, TFirst
we shall prove that_the Gégry-Khamis indices do not possess

this property followed by a similar result with respect to the

Elteto-Koves indices,

Theorem ¢ The Geary-Khamis system cf index numbers fails to
‘satisfy the Tweak propoitiohality congistency' for M > 3,
Proof | For M=2, the indlces possess the preperty, since we

have

a, .
| o ) 2 el
- g A oa3o7a4q
. i Ui 447
1 9197947

Pijo

We shall prove the theorem by oxhibiting a:counter exanmple,
Let us consider the case when M= 3 and M= 4 ana the price

and quantity data are given in the following table,
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: Groups
Items 1 2 3 4

Prices

1 5 & 5 7

2 2 2 4

3 1 e 2 15
Quanfities

i : 10 8 11 16

2 , T v e o6 g " ®T 5

3 | 0 5 T8, = uke

in the above exarple, Py 2 Py = Dg.- The sclution .of the'Rj’s

turns out to be Rl = I_L.QO‘J, Ry, = 1,0301, R, = 12,1501 » and

34 = ),3997, Hence indices with the first group:as-base turn

out fo'be I, = 1,0000, I o= 0.8708, I,,= 0,9040 and
114 = 2.7521, The values of 112 and' 1137 are less théh
unity indicating a fall in the gereral price level, and violat-
ing the required property, Tals proves the thecrem, but
detailed discussion on the nature of equaticns basic to this

system would be more educative and serves as a general argument

in support of this theoren,
Consider equation (1,1.4). Putting Rf = 1, we have

B R ='y
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where B, R and

for the existence obtained for

y are as defined earlier,

Assuming cnnditions

unicue pesitive soluticn, we have

L -1
R i B 'Y.
Observe that B is a matrix of the form (I-8) where A 1is a
. LR ‘ _ :
Leontief t¥ype matrix, Denote B by D= ((Djk)). Then
consider the sclution for RI' and Rgv
R = F = . ‘
R =B B =D 2afy Vagt eee ¥ P M-1 f qlM—l ViM
* =3 R =
5= B =Py ? afp Vin* ees Doy E U1 Vim
By putting ﬁmkzl we have
g = -J— *
o i (D, F q11 iMoo Dy ?f afpeg Cqnd
% Tm A ok T % i
By Eo [921 ? a7 Cim T oees T Doy o 91 M1 CiM}
Since Dij's, E, and 32 .are independent of piM' forri=1,..,,N,

PiMfS can be chogen sc as to n

versa under very mild conditions,

are greater than 1 and.rest @i

in the above equations,

B as pointed cut earlier, If

correspoending

This is

pﬂﬁscmlbecmsm1m3mmé

ake Rl greater than 32 and vice

Observe that Dil angd D23

the elements are quite small,

due to the nature of the matrix

x

> % P | - o
LigY in Afor somgr;, then the

B > le-

Similarly
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if af, > qf;, for some i, we can mgke 'R, > Ri, ~ This argument
”fails?iﬂ‘the géserwhere ¥t Q?g' for all i, This, means that
“the éuantity veétors are sarme in beth the countries 1 and 2
which 1s in general not true, Tﬁus the discussion establishes
why these indices do not satisfy the rweak propcrtionality
consistency'.‘lA:similar result is expeéfed in the_cgseﬂof the
new sysﬁeﬁ df‘index numbers discussed in Secticn 1,2, TFocussing
our attention to the femarks at the end of that section, we
observe that the indices fall to satisfy the property only in
more extreme cases, This may be due to-fhe logarithmic ﬁransfor-
mation involved in the pasic éystem of equations, Tet us'go on

te prove a similar theorem regarding Elteto-Koves indices,

Theorem : Elteto-Koves system.ofﬁinaexfhumbérsbdoés not satisfy
"weak propbrtionélity consistency! for M 2> 3,
Proof * Thislsétisfies the ahove propefty for M= 2 since the

indices coincide with the Fisher's ideal indices,” Let M= 3

‘_qu further .0 < Py €:p2 <.pge Elteto-Koves inde¥ 112 is
defined by '
! - : -~ | 1
; _ p(1) 5(2) g(3) °

12 '] 12 T1g Fig -

Since ij is Fisher's ideal index numbéf; we have .

*
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. .- i5
T F2 ...léi s
912- 12 F' ‘

X ,__f-

. | - men W F
Since Py < Py We have Flz > 1 and henco— Fi ; l. Let - P
and Py be tw vectors such that Fig mar,inally'zreater than
unity, We shall establish the pcsgsibility of the choice of
Pgy 9y, Gp and g4 satisfying ‘F23 > ng Fl? which implies that

I <1 and hence ﬁhe'théorém;- We prove that vectors Pay 13

12

4y and 4y can he chogen so as to makel‘F23 exceed F13 by g,

very.blg quantity, We have

. ) -1 5
© Pizg %32 -2 Pig %3 2
i o
F =1 73 . — ;
= i Pig Y32 f Pio Qi3
L -1
; p il : ? i3 443 ?'2;
F = 3 . 3 2
= 1 Pi1 947 i Pi1 %43 |
Hence * =~ = _ o pinzlupge s =8 3
i o : ! z '
1w ¥
L e R
Z P 1=1 Pig 1 i=1 Pig 1 |
- e
| N p, N
F]2.3 o~ z ;.;.‘3. W 2 .I..J..LB ;q‘**
i=1 P43 1 =1 Pi1
— ‘ ok
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where 5 <Al il w¥ m.EiS_EiEL_ £PFF = 5 Pio ¢
UNTER Gt L meBia gty i Prefia

e : :
and quf* B, gpj_l_q.i.:i_.
3011 Y.

5 NN opo Pgs o g ¥ o
=1 3= 3

1 Pi1 Pj

Néwg_let 47 and qy be any two non-negative veetors such that

W1«§§* # 0 only for i = j =k, Hence

— 2 5 =

Pra = e
Pig =) B, % -‘Wﬁ*i %
PPy : | |
' i P33 ° L
Fog =} 22 Eia S
i =2 Sz ) ! |

Choose g, and a4 such that w* w?* # 0 foronly i=] =k
and 1= 3= A and w* = wﬁ* and w} wﬁ*h;' It 1is easy to

check that such a choice of ql"E and q8 is possible. Therefore

.. ?ils.a B x. ’
F23 »' pm Ghﬁ p/(2 W:%
] ) _- %
FlS N pkl (Wk°W§*)


http://www.cvisiontech.com

[105]

E 8 s Amal . e SR - nee. Tk {g
Given Dy~ and Py Fiﬁ ontlrolv depends’ on g, since. wi is
already ¢iven due to the ch01oo of qﬁ « and Oge We can choo'se
qq such that - 1s small enough tc make “Fi8:< FZB"and*ésh

small as we need, Hence the theorem,

This: result would he more‘difficult to restablish in the
case where p3f is unrestricted, Using the above as'baSis, it
is possible to construct counter examples which establish the

theorem,

Though ‘the above rosults rqise ﬂoubts on tho Utiljty of
the consistent systéms in actial pructlcc, a clﬁse'look at thc
proofs given above shows that the oceurence of such a situatlon )
is limited to the extremo cases where the price and quantity
~vectors of the M countries aro very hetorogonoous We explorc
the-p0551bllity of applylng ecnsistent systoms in a more meaning-

ful fashion than a straightforward application of the formulae,

.in a ééneral problem of inter-country comparison of prices,
the sét-ﬁf dountries‘might iﬁclude a few highiy developed
economies and a féw developihg ecqnomies, In such. a. case, the
consumptlcn pattorns of those ?wn subgrou S wguld be widely
divergent, A similar situation me arise iqﬁtheicase where,
prices'in a few regions of a Qountry gré‘compared“ovgr time,

Comparison of'prices in a developing regicn, within a country,
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ten years back and a highly developed region thday would agdin
result in sucH a problem, This problem may be termed as one of

miltiple classification and is considered belnw,

Suppose that we have M sigze clasées eaéh forrurban agd'
rural-ar@as, then the comparison between the éMsgréﬁps can be
made in;différent~WaYSrgiven 5 formula apriori, On the other
hand, we may for eiample,;consider the urban and rufal arecas as
two large groups having some special characteristics, In trie
case of countries, we eaﬁ‘group them into categorles hawving
similar consumptions patterrs.,ln our example, we riay apply
Geary~Khamis Or‘similaﬁga?préaches within ﬂheﬁl&mger:grou®39and
link thg.two groups through somé selected size classes or -
countries, one chosen from each greup, -The’resultingVéomparisdns
are semi-eonsistent and different from tﬁgse“dbtained'When all
the groups or countries are treated together, The use of pricr
knowledgé in selection of relatively homogzenous larger groups
and of ﬁartiéulaﬁ'elements of groups for.purpose of linking,
again from homogeneity considerations, may give bettor results
than a stralghtforward ‘application of Geary<Khamis or alllgd
methods, to a1l gr%upsi_ Flnally, the amount of gomputation
neGGSSary fb? abtalnlng the flnal results will be muell smaller
in this case, In the ru?ai*urban comparison probleﬂ the largest

matrices to be intverted reduce to size M XM gg against the
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inversion of a matrix of dimension 2M > 2M in the case of a

straightforward.appiicationfof the Geary-Khamis method,

Let us formalise the method and apply in the problem of
price comparison for the 10 size classes in rural and urban
areas, Instead of applying Geary-Khamis mothcq (chosen for
illustrative purposes) to all the 20 size classes, we may
compare the rural slize classes with the correspending urban
size elasses and link then by using relative purchasing noOWers
of size classes with the rural (or urban) aréa alone, Let us
call comparisons within the ruralrandfurban'afeas as-veftical
and between urban and rural arcas for the sahe size class as

horizontal, This notation may be used for its siﬁbliéity;'

The mothod can be dcscrlboo 1n‘a more geﬁgrél sot up. '
For each 31ze class j there can be¢morm than two gFOupS ‘Lét
there be 3 groups and ﬁ:SiZG’“laSSQS leen this 51tuat10n,h
thore are three possible metho I's of applylng any system of
consistent index numbers, Bor oxample con91der Goary~Kham1a:;

method,
Method 1 %  Apply Geary-Khamils nethod for é'*:t'groups,m

Method 2 ¢ Tor cach size class j, obtain ‘Rij (1=1,...,8),

by horizontal comparisons, Theh-fixfanroﬁp i and make
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vertical comparison, For example fix the first group for
vertical comparisons; This vields T1 (7 =1 2,...,t) So in

all, we have

i RO .,. LLS].

l ' ' i ar ~ncd - _ o
through horizontal comparlgons and  Toq, Trgyetey Ty through
vortical comparisons Using the vertical comparisens as - link
betWhon the inﬁoponﬂont horlzontal comparlsons we define price
indices 1n tho follow1nr manner, Congider two..prints for
Jgo~th
size ‘class in iz—th group, We measure the price change fron

omparlson, say J;~th size class in 1,~th group and

1]—thigroup in jl~th size class e the first group in_jl, from
the first group in 3, to the rirst group in Jp and from the
first group in Jo to i o~th group in jé, and @efine&the price
index number for 32~th size class in 1 -th group with Jl*th o

size class in il—th group 2as base

i |
Ry 1R A T

G X oo Ny g
Welils ¥ R~ -5 . -

| 91 Jo - 1gdg
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This definition inwlves implicit assumption that the price
change is ﬁultiplicative dut this aésumption is'justified in
the ll”ht ﬂf ofn51qtency tests llkc the tlmo reversal Mnd
circularlty tests It can bo verified that thn abo ve ﬂcfinltlon

fywel@s a system of index num00fs.°at13fy1n~'01rcular1ty tost

Y

iethdd*S" We'obtaln purchasing pcwer for eaeh sroup

-
amp——

i 43 =‘l,;..,t) by vertical comparison and for j=~th class;

» Tij
Rij'(il= lyeveyS) by horizontal compariscn and define index
numbérs in\ekaotiylthe‘same way as done above, o e
As a result ¢f.the previous conciusioné meth@ﬁ-l is not
{ésiiablé Lot us 1llustrate the appllcatlcn of method 2 to
our problem of rural—urban prmce cor arlsnns in 10 size classes

The results obtained. by uslnq,*ho rethoﬂs 1 and 2 are presented

in the tébl@‘belémﬂ
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Table 3 HExchange rates obhtained by Geary-Khamis
mothoﬂ aw*zoth.ﬁ

¥

‘hgrizontal . vertical ‘ " Gearv-Khamis

size rural urban rural rural urban urban with
classes - W - pural =
| . _ - _1..009920
(1) () .. (3) 4y, (&) (&) . . (7}

: . ' 2l : ‘ L) :

0 - 10 1,000 90,8965 1,0000 _ 1,000C. 0,8880, 10,8880
10 - 20 11,0070 0,8692 00,9647  2,9627 0,8508 35,8838
20 - 30 71,0200 0,8661 0,9407  0,9379 " N/8468 17,9729
30 - 40 1,0000 0,8610 0,9401  0,0376 00,8260 00,8817
40 = 50 1,000 0,8717  0,9272  ),9245 10,8305 10,8985
5 - g0 1,700 M,8532  0,0123  D,9469 10,8186 ,8539
60 = 70 1,000 . 0, 8486 0,9126 049109 00,7863 11,8632
700 - g8)  1,0000 © 0,8593  0,0026  2,9008 90,7807 01,8667
87 -~ 90 1,700 - 90,8216  0,8079  0.8066 ".7432 8289
90 =10 1,0000 7 N, 7668  ,8661  0,8644 90,7077 1,8187

Column {7) shows the implicit horizontal comparisons'in'mefhod‘l‘
Comparison of columns (3) and (7) shows that the urban-rural
price changes obtained from the tvo methods are widely Aifferont,
_ This pilcture can be brought out mcre clearly by presenting a

o =9 matrix of index numbers with each of the 1C rural and

19 urban size classes as base, furnishing the figures obtained
by the two methods one below another in each cell, To save
épace, we present, in the table belcw, only the figures for
pural and urban size classes 1,5,6 and 19, the latter foum

being respectively denoted by 11, 15, 16 and 29, The first

line in each cell is based on Geary—Khamls apprcach (method 1)
while the seccond is obtained by method 2,
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.Table * Price index numbers for comparison botwoen.
=11, sizo classes '
i ] 5 6. 30 11 15 16 . . 20

1 1,990 1,0817  1,0561 1,156¢ 1,1261 1,2041 11,2367 1,4139
1,0000 1,0785 1,0962 1,1526 1,1154 1,1472 ~1,1721 1,3041
5 17,0000 0,9763 1,0605 1,0411 1,1132° 1,1433 1,363
1,709 1,0163 1,07u8 1,0342 1,7%637 1.0867 1,2092
6 1,0000 1,0854 11,0663 1,1402 1,1717 1,338)
1,9920 - 1,0522 1,776 1,0466 1,0693 - 1,1897
10 1,2000 90,9734 1,04)8 1,690 1,2214
1,000¢ 0,9660 ©,2836 1,7151 1,1295
. Bl 11,0000 1,7%692 1,0982 1,2548
1,0000° 1,0284 1,0507 1,1691
15 11,0000 31,0271 1,1735
1,0000 1,0217 1,1368
16 1,0000  1,1426
11,0000 1,1127
o0 11,0000
1,070

W

From the table above it can be obhserved 4hat there

difference between the two sets of index nurbers,

feature of the indices from methol

respect to extreme groups,

with the rest as thelr bases

is significant

M interesting

2 is thmir mdvement with

The 1nrices for groups 11,15, 16 20

, are unlformlyvlowep,than that of
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their counter-nsrts from method 1, This suggests that method 2
seems to control the extra-o ﬂir*” béhaviour of the Geary-Khamis
method with respect to extreme groups to some oxtont Ehtries
“in the 1ntersoct10n of: cmlumn helonglng to the 6th group and row
'wbelonglng to 5th group cloarTy U{lngs out tho ugofulness of

”“me;hodf2 l FlTSt hand examination of data Aojie) prlcos and guantit-

(et e 2

Tugies'suggests that 156u mist bd groatOr than- unlty, But however
: while ':la,cco‘rding' to method ‘1, If’6 LSk 4019768, el 3a) Mndgslr=

_able, it is 1,0163 by method 2,

We shall noew prosont the +nd1cos obtalned by method I,
_'mothod 2 and t w8e given by bindry comparisons so that the
-relatlve performanceS'can be judged on that basis, Method 2
}esults in indices which?n be nearer to the binary eomparisoﬁs,

even though it is'not true in all cases,

L

| p )
‘Group | o Maethpd 2 Gearv-Khamis Method 1
' (hinary) ‘
0 - 10 100,00 1.00, 00 100, 00
10 ~ 20 103,66 103454 ' 103,87
20 - 30 106,30 106,13 . . 106,62"
30 - 40 106,37 7 106,46 106,66
40 - 50 107,85 108,19 108,17
50 - 60 109,61 108,40 ' ' 105,61
60-- 70 © ~.100,58 109,73 109,78
70 =8 . 110,79 | 111,41 | 111,01
g0 = 90 | Jng7 S %, dilee & 111,53
- Qa8 _ocR billedifization using.a whisdmdiied eialudtion copy.ot. likio G
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Tﬁéfpfoblems crop up-in the use nf methed 2, which otherwise
scems to yleld better results thon method 1 ih gcneral. The_é
first problem 1s the emergence of wultipleﬂsetshﬁf conslstent
systems through method 2, - legn I.. (J ,...,t) for i‘l,...,S
by horizontal comnarisons tbosb can be llnked up by any of thé&
vertical comparlsons baseﬂ on varlous size classgs, each giving
cne set of consistent inﬂicbq Tﬁe seeond problem is the ahsence
of well Aefined groups., In our exémple we had fairly_homoqeneous
groups based on well-defineﬂ éconcmic’charéatefistics, But this
is not always fhe situation in practice, In inter~country price
comparison problem, there_is usially no éﬁriori.cléssificaéion
cf the coﬁntries into wvarious groﬁps, .While Wé suggest no
céncrete‘methoé for groupinv Eheselcountfies iﬁto félatively
homo geneous groups, an oxamﬂnatzon of tho prlce and quantity
vectors and,ahpllcation of a stqncar& clusforlnr mothcﬂ,'usually
- based on the minirmum distance crxterlon,‘may“yleld clusters on
the basis of which method 2 may be appliéd; Application of this
method may yield two broad zroﬁys éf‘countries Qr Severaifﬁféups
of countries acéording o stéﬁo cf;ieﬁélopment, In:such a case
cqmparispns may.be undértékéh for the two groups separately -and
linking‘these‘?é yvield 6€ér all price éompafisbns may be done by
‘comparipg priqes iﬂ-the most aévaﬁCeﬁ of'the‘déVéIOping?econﬁmies

and the least éeﬁeloped in the well devel-ped économies. This
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procedure in general yields better results than a straiﬂhtforwarﬂ

?applicatlon of ?ny of the,cons1sment methcﬁs.

Bection 3,2 MNon-availability of-Priceruéntity Breadkdown

"A11 the index number formilae, “ﬁﬂSlSTOnt or otﬁorw1se,
presuppose the ex1stence ot prlce and quantlty information with
respect to alllltems. 'Mere expenditure data is nct-usedlby any
of these index numbers, The'proﬁiém'occurs_géneraliy in ths
following way.  Out of all items doﬁsuméi, wgrmay take major
items of consuﬁption apd'leave‘out relativeiy unimportant items,
On the other hand. there may be soms i%ems for which the conceprt
of cuantity cannot be well ﬂefineé This is particularlv true
in tho case of serv1cos, which 1ncluﬂﬂ a varloty of ther like
education for whlch proper iefiniticn nf quantlty is by itself
a research problen, Thls particuiar problgm was first consilerel

by Mukhsrjee (1965) and brousht te the notice ¢f the.author, The

f01ldwing discussion appears in Prasada Rap (1970),

‘in‘Such a case, the simplest way is. to. ignore those itens,
which'is equivalent to the sssumption_that prices of these itens
have the same trend as the genéral price level-based on the itens
Fou ﬁhich the price and quaﬁfity decompositicn is avallable, We
obtain a mre satisfactory soluticn to this problem, The tradi-

tional way of accounting fo the oxnenflturc of the item is to
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distribute this expeniiture over the other items according to
some criterion, For example, we mey 1istribute ﬁhis_expenditure

Jﬁ

gver cther 1toms accordlng to- thelr value shsres, Similar

exercises wersz unﬂertaken by stpuies‘On consumers prices in Indi~s
by G,3,Chatterjee and N, Bhabtacharya (1969), We will.explore
the possibllity of-intrnducing simiiar ijéas into the construct-
ion of consistent index numbers, ‘For the sake of analysis, we

restrlct ocurselves to Goary~Khamls index numbors whlch howovor

hﬁlTs for any con91stont index nurbcr system,

Without lnss of generality we may combine all items"f@r
which the data is missing and call i% ‘compesite commodity!
Suppose we start with a srouping mf the comrmcdities, say K
groups represanted by the sats Al’ AE&V""Ak sgch that

k, B ' , 3 |
i}“\;/'l A = A on? AlffA = 4 for t#3J, where 4 is the

set of all cormodities, The expenditurs on ‘the 'composite
commodlty! can be split up int the,expenéifﬁfe;reléﬁéﬂ tél
varicus grcups, In sorme cases, there could be expenditure which
is not related to any of the commbﬂity'qrdups;.‘Fbr example, in
aur date cn {ural India's consumption Datfefn; price and quantity
compenents for the service items are absent and these itemslform
a separate grmup by themselves and hence cannot be related tb

any other group, Hmpirical detalls are -iven later,
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Distrlbutlon of thn cxnondluuro on com3051te commodlty
t@ varlous commodlty gro hes the 1mp11c1t assumptlon that
the oxchango rato of currency rolqtlnr to a partlcular group
go verns tho sharo of cxpendituro ﬂttrlhutcd to that group. If
we want tolsetrup Geary-Kham;s;SJStem of oquatlons gsimilar tol
(1,1.,1) and (1,1, 2) for our purpcse, we need to doflno sowo new
varlablos Let RK (k = 1,...,K g W 1,,,,,M) bo the oxchﬂngo
rate of currency in j-th group, cglculatod on the ba31s of k-th

commodlty group @Xclu51ve1y, 30 for the k~th commodity group,

we have
k
= P, q.
y ? is Ak i) :
'
RY . = 2! A - P for J = 1,eee,M
J. 18 Ak 13 13 - 7’ R

where P? 'represeﬁts'the average price of i-th commodity based

on only’ R?'s and is given by

Y, Rk ey oy 7
w371 ‘ :
Pi = R ‘  for all 1 € Ak‘-
Z q,
g=1 13

The above doflnltions of R% and Pk for all j and 1 & A,

form a complet@:system of equatlons, Henco fhe ncocssafy and
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sufficieﬁt'éonditiéns dérivéd‘in chaptefhi should be satisfied
byvthe_ﬁataiwith respect‘to'eécb'gfouﬁ'f This™ imposos an addit-
ioﬁai festricthn_ ‘waeVér this condltlon is oﬂtleiOd in
general, for staﬁdérdiciQSSification df:the commoditieé,‘ If this
system is sclvable for all k, then cur problem is one of érriving
at over all purcha51ng powor for cach j. . Basiest way of doing
this is to get a welghted average of ?k g, for each J, and the

weights are glven by the value ratios, Hence

s =
AR
R. = X ' R: N
37 ey 3 B
for all j and E% oij. We will try to justify this

iSAk N i = It

definition in a more objective fashion, thsider~the definition

Of : R.'. Ve have

g ~
N
.% Pi 44y
3 N
¥ 2 Dias Ui
j=1 133
K - . al-
z & Pi as s
k=1 ek +d
o ',
3
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But for the Py's in these equaticns, the value of Rj is same
as one given above, -This indicates that over all Rj differs
from one kind of distribution of expenditure on the Tcomposite

commodity® over commodity groups tc the other,

Let us illustrate this by considering a numerical example,
based on the data for rural India already described, Apart from
the 56 items of consumption for which separate price and gquantity
information are available, we have also taken a residual group
giving only expenditure data, The following table shows the
expenditure on 56 items and the residual expenditure for which

the price and quantity informétion is .absent,

Table | Consumption expenditure by size classes of households,
Rural Thdia, 1963-3Z in Rs, per capita per month,

expenditure expenditure on total

size classes on 56 items residual items expenditure
0 - 10 665 1,69 8,34
10 - 20 9,34 2,15 _ 11,49
20 - 30 11,11 2,58 = 13,69
30 - 40 12,72 2,75 - 15,47
40 = 50 14,11 3,36 | 1747 j
50 -~ &0 15,89 _ 3.92 19,81
60 - 70 W7 | Tuisop B 22,58
70 - 80 20,21 6,05 26,26
80 - 90 24,00 . 8,83 32,23

90 -100 | . 35,567 .. , . .. BLEE 4 55,81
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To consider the residual item, we grouped the 56 items into

~ three groups, (1) Food: (ii) i?uo'l_ and _light, and (111) clothing,
Then the residual,cﬁpendi%ﬁre‘is:ﬁistriﬁﬁtéﬁ over'these commodity
groups so that we,may.aSSume that the'averagé price levels in a
group governs thefcoffeépqnding residuél,ezpenditure; Rest of
the residual expendifure,is-suppﬁéedfto correspond to the service
items and there is no ‘justification'in distributing it over the
threé groups considéfed, 30 we ‘assume that the p?ige ¢co rrespond-
ing to this has the Same tfehd as the overall 1eVeliin these
three groups taken bdgethér. The following table shows the
distribution of.gctuél énd,résiduél_bx@enditure qver the

i

cemrpdity groups,
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fnd

Table

Fs. per capita per month

group Actual regidual actual residual actual residual (services)
allogated i} alloca%ad z2llocated

(1) (2) 53 (4) (5) (6) (1) (8) (9)

0 - 10 5,901 1.1571 0.6294 0.1471 0.1240  0.0701 0.3109 8.34
10 -~ 20 8.31%3 143843 0.7925 0.1573 0.2315 0.1139 0.4972 11.49
20 - 30 9.7736 1.5251 0.9873 0.1943 0.3470  0.1676 0.6951 13,69
30 - 40 11.3469 1.4039 0.9524 041661 0.4256  0.,2464 0.9287 15.47
40 - 50 12.4386 1.6410 1.0725 0.2554 0.5955  0.3253 171417 17 A7
50 - 60 13.9579 1.8842 1.1405 0.2442 0.7962  0.3967 1.3903 19.81
60 - 70 15.4496 241513 1.210% 0.3590 1.0574  0.5547 1.7952 22 .58
76 - 80 17.5090 2.4357 1.3396 0.3436 1.3560 0.7811 2.4941 26.26
80 - 9C  20.2704 2.8377 1.5809 0.3650 2.1437  1.2490 3.768%3 32.2%
90 ~100 28,0068 4.7296 2.1220 0.5778 4.435% 2.7941 13,1446 55.81
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Now we present the RJ
and the overall purchaSIng POWEY RJ

welghtoﬂ ﬂverage, along with the PJ

[116]

oy

.‘i

celculated for the three groups
sHtained by computing ﬁhe

§ corisidering only 56 itams,

taking the exohange rate of currency in the decile group 0-10

to be unity,

Exchange rates for currency

“=Table

frantile

0,713871"

i food fuel aid * clothing welghted  based on
| Tight - ‘average - - 56 ltems
{3y (). L3) -~ 64 _(5) 16).

0 - 10 '1,000000 1,000930 - 1,000000 1,000000  1,000000
10 - 20 '0,970153 - 0,908822 © 0,091014 0,965509  0,964692
50 - 30  0,948358  0,868573  0,032449  0,040475  0,940648
30 = 40 0,0945371  0,872806  0,956361  0,033310  0,949051

. 40 - 50 0,921769  0,848098  0,917623  0,928756 0,927221
50 - 60 0,919917  0,843338  0,071110  0,911747 _ 0,912272
60 - 70 0,921276 0,840770  0,857701  0,910210  0,912611
70 - 80  0,912252 0,837593 . (;857:13  0,890908.. . 0,902635
.80 = 90 0;911300 9,826575 (,793610 = 0,891464 0,897935
90 <170 0,893130  0,763937 1,854490  0,866122

With the help of the ahove tables and dlscu551on we,aro

in a p031tion to present the price 1ndex numbers basod on

Gearthhamis methodrusing‘only 56 1tems

éﬁ@t%lmﬂmdﬂm_
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i i 1 La ’ ansche's indices for the
residual item, and LaspeyTes and Paasche's 1 c
purposes of éomparison,r We zive the inﬂices w;th the first
decile group as base,

Table ¢ Adapted Geary-Khamis, Geary~Khemis, Laspeyres

and Paasche index numbers for size classes of
Indian rural populaticon, 1963-64

Gearv-Khamis

size classes. adapted 56-items - Laspeyres Paasche
(1 (2). & (3) e, A5) o
0. =216 100, 80 100,00 100,00 120,07
10 - 20 103,57 103,66 103,61 103,44
20 - 30 106,33 - 106,31 106,27 105, 38
30 - 40 107,14 106,38 . . 106,59 106,15
40 - 50 107,90 107,85 108,33 . 107,77
50 - 80 109,68 109,62 110,25+ _ y07.31
60 8 Z0, 100,86 109,57 102,69 109,62
70 - 80 1, A | o D0, 78 191,41 .110,80
80 - 90 112,18 111,37 110,90 . 111,55
90 ~100 117,03 115,426 113,23 -« 115,62

When use is made

of the part of the expenditure information on

the residual items, we do get an index number system which is

different from the one based on only 56 items, The above table

shows that the method is useful when the expenditure on the.

'composite commodlty' is hicsh, In the groups 70~-80, 80~20-.anA

90-100 there 1s considerable difference,
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We shall end this‘sectien‘wi¥h aﬁjobéervation on the
adarted.method ﬂiscussed-' Tnstead A f ﬂ“tajnlnh tho cverall
oxchange ratos by takinw arithre t u:averawe .8 the exchange rates
ofthe commodlty, we coulﬁ have it 1lcwea thc Tﬂ]lﬁwiﬂi procrﬂuro
which has 1ntercst1np apgllCQtL‘FS in other brancho like

national accounts.

VStart with the commodity groﬁﬁ;wiseexchange rates, B?.
At this stage, the probler in a nut éﬁéll is one—of chtaining an
hveral] index number, given tha froupw1so 1n01ces This can be
?4oomed to be 51m11ar to-the preblem nf 1n10x number COHSt“uuthH
mhe oxpondltures Azflated by “% would bQ comparable over proups
anl can be cnn510ered as quenunﬁvcs '?Fufther the prices are
given By the recinrececals of exéhange rates. Hencé the new setb

*-J::_ s

X

Of pl‘.{ce and quarltj.ty ’i.ata, JEP q.ij (j— =i, o-o,-l{ anrl j ,c- .,I\’I)

D A

Care given by

N 1
pij En l/-lj

RO e
94 3 et g

Wo can simply apply the uoarf-Knamlq methoﬂ o this problem and
obtaln over all gXchange rates-“né the corrosnonﬂlng index
numbers, This method is sunericr to the earlier methed on two

grounds, Firstly, there is no erbitrariness inwolved in the
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method of ohtalnlng over all ?J . Seconily, this method

results in a un1Que set of R s and hence unique price compari—

mrm, wheress the method fh;aquor earlier vields Aifferent sets

of RJ’S deponilng on the Rk‘ For example instead of R% = 1
in the numerical example it Rél" 1, we aet .an entirely new set
of prlce comparlsons. waever, each of these sets yield a

consistent system of index numbers,

Sltuations simiiar to that of the previous one are not
uncoﬁmon. An interesting prohlem appears in thé National Tncowe
a¢goun£ing. In a standafd national accounting frame wﬁrk, tho
current and éonstant pfice values c¢f the naticnal income are-
avallablc ' fufther sectorwise classification of the national
‘1ncome is also available USuaily in this cése§ the current
price flgures andthe sectoral “eflators satisfy the consistency
‘cdnditions, we can dérive'the inplicit exchahge"raﬁes, Sgppose
we have national income figures for time pericds t = | .o

and sectors J = lys..,M, chce we have secteral exchange rates
R% . The idea 1s to get an overall deflator for each time pericd |
t. In usual practice,a woa_srhteﬂ averas e of R%, similar to one
used by us, 1s obtained, However more meaningful“deflabqrs can

be obtained by treating these varlables in the same manner as

above and get consistent national income deflators,
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Section 3,3 ¢ Problem of Non<identical Lists

Mosf iﬁtfiéate of &1l the nroblems that crop up 1h a price
comparisons éxercise is thevpr@sence of nbh-identiCaI commodity
lists for two or more gnaups; Thisg maj'spring'up in a number of
wayé, In the simplest caée, there are some items common to all
groups and a few others specific to a subset of the countffes,

In this case any of the standard methods can be applied tc yield
falrly gdod comparisons when the common items form a lafge part
of the bﬁdget. However in many cases though the commodities in
various lists of items are same on paper they differ in quality,
This puts in doubt the wvalidity of the straightforward applica-
tion of any method of index numbers, In this case, - the magnitn?s
of the price 1hdex does not measure the actﬁal price change, |
Both the price differences and the ouality differencéds contribut:
to the value of the indek, In many situations, it happens'that-
people pay higher price due to the superior quality of the
produet and this has to be accounted for in the coﬁputatibn of
price index numbers, But no traditional method takes this aspecs
into considefation; ‘ |

This problem is more acute in the case of comparisons

among dissimilar countries, Suppose that we -are comparing the

prices in developed coﬁntry like Unitéd States and a developing
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country like India, The problem of quality variation occurs in
respect of most of the items, In this conneCtion;"it may be of
high relevance to discuss the procedure followed in the

International Price Comparisons Project now in progress under

the auspices of the United Nations and a preliminary report of Unit

Nations(19695 is availahle t~ us, Thé nroeecure fcllowed-here ié‘
to dbtﬁiﬁ expeniliture vecthrrs Tased on an identical liét of items
(not necessarily'of the same quality)for a pair nf countries:A and
a fair amount of details, and theg to choose soﬁe itemé with well
defined specificatioﬁs for which prices are available in both

the countries to obéain'the price relative, which governs the
t@tal expenditure of the category, This material is sufficiént

- for comparing countries 4 and B, When A and C are compared,
the Iist of sxpenditure items may however differ, In,this way
allicountries are cdmpared with 4, providing a system of index
numbers satisfying ciréularity test, The comparison between B
and C 1is obtained through comparisons (A4,C) and (4,B), However
a different syétem'emerges 1f the procedure 1is repeated by replac-
ing the common couﬁtry A by any cther pountry. Gﬂé difficulty
with tﬁe ghove method.isrthe assumption that prices of soﬁelitéms
within a common expenditufe category meaningfﬁlly represent thé'
prices of other'iteﬁs enfering‘the catégdry,ﬂin the choéeﬁ paif

of countries, DBut the items for which specification prices are

B
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obtained may not contribute a large share oflgxpeﬁ&ﬁtuféiﬁith
in a Nca'tegory;‘ - The valldity of this pTOeodu‘re iﬁ‘pf'actié‘e Pay
to be tested, The investigation involves collection of fresh

data and we are not aware df the final results in this matter,

- Some interesting stabisticel aspects of such a problem
are studied by Summers, R, (1971), a preliminary draft of which
1s available to ug, A stochastic fermulaticn of the probhlem is
used to make maximum use of the available data, This method is
designed %@ use the price information on the items %@@rﬁﬁidﬁ
prige data are available in some esountrics and missing in other

countries,

" However tﬁis does not consider the explicit problem of
non~identical 1ists and where tre items in the lists are of
various qualities, The only meshod known so far which crnsiders
ethis'prohlem:explicitly is thefBegreasioﬁ Method used iﬁ_
Griliches,. Zvi (1961) and Kravis, I,B, and Lipsey, R,E,(1969),
designed Yo measure the price chsnges in the autbmébiles. The
basic assumption here is that the price paid for a unit quantity
of a particular commodity is due to some measurable characterise
tics possessed by, the commodity;’ Thué, the price of beer
depends moTe on the qusntity of aleohsl containad in it than on

anything else, ' The price of a moter car depends much on the
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lengtﬁ“gﬁeiéhﬁ and horse power, Similarly one coﬁld think of .
such measurab]e characteristics of various ‘other commoditlaé
governing prices of unit quantltles, Such hypotheses can b6
tééted by régréSSion analysis where price is the deperdent -
quiable and varioug charactorvsalcé 1ﬁdependent Variableé‘

When the analy31s yields two rngrcsalon equations 1n the two
cothtri@s with high values of multiple correlationv these
equations can be used in the following manner, | Fbr example, the
dollar prices of Indian and American cars of average specifica~
tions obtalned from American equation gives an indéx of quality
and the actual price rclative adjusted by the quality iﬁdex
gives a quality adjusted price olntive between dollar and

rupee for motor_cars,_ This proocdure thus enables us to ¢btain
pricéjratios_for ears even when Amerigan cars are rarely sold

in India anﬁlirﬁisﬁ cars aré not avéilabie in U, 5, 4 Similarly,
the Indian:équaﬁion‘will yield ancther price relation between
dollar and f&péea This procedure can bé extensiﬁély used %o
other items for inter¥country comparigon as well as the inter-
group comparisons of the type convideréd-ih our empiriéél studies,
But the basic prnblam here is of 1qont1fying memgurable ch aracters
igties of this type for diffc*@nt countries wbich glve roasonan"
good regression @quations.‘ How far this procedure would Sticceed

can only be Judeged when many more attempbs huve been made, This
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opens up a vast field of empiricel analysis and calls for
enormous amount of new data, ~% is also not obvious that the
regression approach should always lead to reasonable price
relatives,” Data may not give & good fit and the multiple
correlation coefficients may turn out to be smgll,- But the
procedure suggests that it Is friitful to go beyond the
quantities measured in thé customary units snd-try to find some
.basio‘characterist;c$ which mako the comr:dity importaﬂt and

reflect. the relative gualities o7 twe items which have the same

"\

label, Howevar, such chgractorlsfiés nead nct he the only

factors that influepée the prices, We try to exploit this ides
and propose a new method to‘take this into'COnsidera%ion, which
we call "prograrming approach’ since it makes nse of Linear

Programming technique,

Programming 4pproach % Since cne aim of the price comparison

between countries is 1o ¢

CJ

cbtal compara-le average levels of
living by deflating the agoroonf expenditures by price indi
obtained, we are permitted to 9~ck such characteristics of
commodities which directiy nontrzbﬂto to the level of living,
1rrespect1vg of the fact whether they have a clcse influence on

the price or mot, In other words, from the availeble guantity

vectors, which may have some common and scme non-overlapping


http://www.cvisiontech.com

[125]:

-items for a number of oountrlcs, we try to procoed to a ba31c
human redquirement vector having ldentical comnonents for all
countries, In food, for example, the haman requiremeﬂts can bhe
taken to he represénted by calﬁrifie contents and basic nutrients,
While not much attention has beén paid to the Subject, it is
conceivable that for other iters of expenditure aiso, it would

he poasible to identify vériables representing,-lnlsome sense,

the basic himan requirements, Once these variables are obtained,
the problem is_tolfind the prices implicit in the actual price
and quéntity vectors, so that iﬁter*couﬁtry compariéén of purchas-
ing power of money could be bhased on the prices and quantities

of these new variables,

Hence we associate a basic humen reguirement vector b,

with 9 for country Jj. The consumers spend pl qy to obtain

J
bj. This implies that the individual pays a price for each of

the elements of bj indirectly; If we are ablé td dbtain'these
prices (gay yj), then we have*the Vectofs yj; bjfj ﬂl,?,.;.,M)\
for the M _cqunpries, From this we can obtain a consisteﬁt
system of index numbefS'using one of the methods already discussed,
This problem can be éolved by uSin? linear programming in a way |
which avoids the dlfflcultles associated with its application in

index number problems,
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'“Hvually; linear programming methed is applied to bbtain the
minimum ﬂxpenditure necessary to obtain the base. country roquif“—
ment-rector. The rbqulred index is defined- as the ratio of thls
expenditure to the ﬁxpendlture in the base country, However in
this case the index for = coantrv with itself as base may bﬂ
dlfforent from wnity (i,e,, Jﬁ 7 1) This difficulty has been
T'osolvoc‘l in a paper by Ballntfy, <,L,, Nester, S, and Wasserman, W,

(1270), Here optimal expenditures corresponding to different
countries, necessary for obtaining a fixed requirement vector,
" have been comptté&, The requirement véctor is decided in advance
on other grounds,. Then the incex numbers are dafined by respect~
ive ratios of optimal expenditures, But the method is not fully
satisfactory hecause of the arbitrary nature of the reguirement

vector and does not use the aveilsble quantity dats,

These difficulties can he overcome in the approach discussed

- below, Given P;

obtain the corresponding nutriasnt vector by (erder m >1),

and a5 (order n >x1Y for the j~-th group, we

bj = A; qj, where Ay s thexfransformation matrix for the j-th
country showing the contributicn'of one unit of sach item to the
'basic.qequiremengs. Sﬁffix J- To the matrix- 4 shows *that the
Same ltem in,differ§n£,§ountries may cater to different level of

requirements, This accounts for cuality change in the items,
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The implicit assumption is that superior ouality products are
considered supericr hecause o trieir contribution to satisfact-

ion, Hence pﬁ q; can be viewed as the amount spent to acquire

J
~the vector b,, If the individual is taken to be a cost minimi-
i |

zery, he should have spent the anount edual to

minimum p3 a

subject to - Aj“q > bj . (3.3;1)

0]

iv

q
This is true for all j., The shove problem has a non~empty set
of feasible solufions?since a; 1s feasible for (3,2.1), Purther
pﬁ,qj provides an upper bound for the problem, We shall assume
that the problem is solvable for a1l j which is essential,
We next consider the dﬁal of e primal prﬁblem, It can be

written as

maximize Y%,bj

g o Al S ) ‘
suhject to Aj yj = pj ! (3.3.2)

w, > (0
Ty

w*

This problem is solvable by the virtve of the fundamental duallty
theorem, The solution Vg has the conventional interpretation

that they represent the '‘shadcwy prices'! or '‘equilibrium®’
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prices of wvarious elements of bj. 'This‘enébies ué‘to find a
price for each of the elements of b “and furthcr Wwe have a
legitimate e¢laim for calling y§ as price veetor associated

. with bj i Given:theso we can upDEy uny procedure for construct-
ing the ‘Price index numbers using jj and b ins tead of p3

and 9. Two observatlons about the 1niﬂ1_numboLs from our

_ approach may be noted, when Aj 1s same for 211 j.

| (i)' ik P > Py, then the Paasche index bascﬂ on the

transformed wvarisbles is gneater thaﬂ unity, Let :xg

and yf represent the shadow prices of. bé end’ bl'
réSpeCtiVely_“ﬂThen_bv Zefinition of Paasche ifndex

12 2

solution for the linear programming problem_fbr country

I, = V*"bz/yi‘ bo. Obhserve that' yl is a Teasible

By for A! y{ = P1 = Pos Furﬁhe? Po >‘p1 ~implies

that p, > (1A} p;, for some A > 0, Hence v (1)
is feasible for the problemiofr¢0uﬁtry ¢2), So,
RO LN TR S S

o 1S of the for kb,

then the Laspeyres index V*’ b /&1 by 1s greater than

for k > 0

(;1) If Py > Py and b :

unity, Proof is trivial, Thl% result is weaker than

the one in the previous observation,
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Comparing this method with those derived by Ballntfy anid
others (1970), wé find CQrtain advantag@s We are able to use
the dual of linear programmz set-up to obtain eéoﬁdmically
‘meanlngful"‘prlces of the reculrements that are implicit in
the price aﬁd\quantity daﬁa, Thus we mako fﬁil ﬁtflizatidn of
the avaiiable data and remove the. anamollcs in the nrcv1ous
attempts, On the other hand, we face the problem of zZero
prices for some of the variables which makes it difficult
to use standard formulae for price comparisons, To tackle
this problem, we chanée the dual slightly and. replace the
'Consfrainfs. yj 0 by YJ s where & is- a positive vector
with entrles very near zZero, Since —bjfis‘positive this does
not offer any-addltlonal dlfficultieéf -Assumina the solvability
of this nroblem, we can app]y the standard methods to compute

(]

the price irldicPS'

Fbrmidabla dlfficulty still attahcne to the pTOCQdurc
particularly when 1t has to be applied to agpgrezate final |
expenditUre 00nsiderable researches supnlemented by extensive
Surveys are noeded to 1dont1fv the elements of b _and, thc
computation of matrices ' j' Obv1ously, we need a lot of’

information othor than price and ouantity ‘data to solve the

problemn, But on the p031t1vc sice, apart from the advantages
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already pointediout, the m0uaoa helps us to wrk with sh identi-
snal 1ist of basic reguirements for all'gIOups; and . thelr.associa-
ted prices, end there 1s litbtle arbitrariness in subsequent
stages, It might so happen that two basic requiremént vestors
do not have common vositive elements, which is a very hypotheti-
cal caso. In this situation there does not seem to be any
meanlng attached to thn price cowparlqons and the ?TOJOCt may be
ahandoned in. such circumst‘nevg. Contrasted w1th thg depnndbncﬁ
on the information on the bud -ot pattern and snoc1flcat10n
“rj.ces in "re'specﬁ: of a small part of the total exp-endimfé_,’ in
the .case of comparison of two dissimilar countries, here we
depend on the entire price and'éuantity information, a lot of

subsidiary data and some clearly stated assumptions,

Numerical.I1llustration %

Confronted with difficulties ébout.daté, ve illustrate the .
method by a 51mp1e nXample drawm from tho statistical informat--
ion already considered, The somparisen rel ates to food- 1toms
only and covers Qniy four grnups, o] ral uU—QQ and 90~10C and,
urban 280-90 and 90~100, A single trénsfbrmatioh matrix based
on a paper by Chatterjee, G, S,, Sa,fkar.,- D," and Paul, G, (1965)
nog been used forfall;tﬁelgroups and tﬁe nutrients distinguished

are protein, fat, carbohydrate, calcium and ifon; Also, we have
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considered only seven major food items, rice, wheat ata; miik;
ghee, potato, me'a:t and sugar in this example, The price and
quantity vectors relating to these 1tems are given iﬁ Appendix 4

The i‘ollo_wing table shows the transformation matriz,

Table ¢ Transfornation Matrix:

Item Protsin  Fat’ Carbohydrater Caleium Iron

(gms.)  (gms,) (gms,) (mg.) = (mg,)
1 GY N6 T (59 @)
Rice 65,8 - 3,8 794,0 98,7 = 8,2
:%:at 111.9 16,5 S 362,0 65,8
Milk 32.8 32,9 46,17 . - 1118,9 1.0
Ghee 0,0 934.6. 46,1 . 0,07 0,0
Potato 16.8 0,0 181,8 56,0 5.6

Meat  120.4. 132,37 - 8,00 74,5 13,7

Sugzar 0,0 0,0 921,6 ..© 0.0 0,0

4 typical element aj; shows the smotnt of .j~th mutrient in
standard units contained in ons seer C=.933 kg, ) of 1-th food
item, On the basis of in¥ormation g‘iven. above,: ancf using the
soiuti‘on of the dual probiem,, e obt:_ain:_,i:he— rrice and quantityr
vectors of the nutrients. Tt g8 possiﬁle to bhuild up priece
index numbers on the basis of these transformed variables, In

the table below, we present the Laspeyres, Paasche and Fisher's
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ideal index numbers based on the transformed variables as well
as ot the original variables side by sidel\ Hefé; rural groups
80-90 and 90-190 are represented by (1) and (2) respectively

while the ccorresponding urban groups by (3) and (4)'fespé¢fively.

Table : Price index numbers based on original and transformed variables

original variables ' transformed variables
groups groups \ - e EOUDE .
(1) Eh.. 13 _(aF (1) 2y " L (3] {4)

' Lagpeyres T .
(1) 1.0000 1.0239  1.2263 1.2526  1.0000 1.0106 1.1609 1.1668
(2 L 1.0000  "1.1923 1.2230 01,0000 T.161%  1.1740
(3) ' 1.0000 1.033%6 1.0000 1.0155
(4) . | 1.0000 ~ 1.0000

Paasche ' ‘ '

(1Y ~ 1.0000 1.0241 1.2096 1.2538 1.0000 1.0125  1.1893 1.2208
(2) . © 1.0000  1.1821  1.2244 | 1.0000  1.1734 “1.2018
(3) © 1.0000 1.0365 ' 1.0000 1.0197

SRR Eang | 1.0000 | ] 1,0000

Fisher's ideal

(1) 1.000 1.0240  1.217¢ 1.2532 1.0000 1.0116  1.1750 1.1935
(2) ‘ 1.0000 1.1850 1.22%7 1.0000 1,1672 1.1878
(%) © 1,0000 1.0%50 . 1.0000 1.0176

(4) 41,0000 ' 1.0000

-
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The important thing to observe abcut the table is that while
caiculations on originel Varjnbles"prﬁﬂuce intex numberé 8how-
ing a somewhat higher intor**roup price Vdrlatlmn tho pattern
of inter~group varlation “pl“ted by the two . sys tems 18
similér This sugsz sosts that the linear programming approach
used here can give mcanlqpfbl comparigon of 1nter“gfoﬁp prite

variations,

,While-ﬁhe‘examplé‘cgnvidered‘above'?iveé ﬁﬂﬁéﬁfaﬂiﬁ" N

evidenco about the aphllcaolTlty of the method, the Timited

nature of thc oxample sh uld be born in m1nd.' In the abdence
pf ﬂiffercnt transformatlﬁn matrices cnrrcsnonding o each
croup” the above illustratioq does not ako into account the -
quality ﬂifferencos, which actually.is the main purrose of
the above mothod  Agaln, the ligts of items arc not Tiffﬁrunt
though thc congumption. veetors show . c>n51”orablc variatiﬁn
among the groups cdnsidorei Pbrthnr, tho nethod may leaﬂ to
better resulﬁs iﬂ *he presmnce ¢f constraints of Aifferent
nature; Adepicting the frod habits in the groups, Howevef :
the llmi%ed ava11a1ility of ¢ qta nreyv cﬁtsAus from underbaking

ALy such ﬂxercige.
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We end this section with a2 note on the applicabhillty of
.this.method to general price index numbers, While the approach
moy work smaothl& in the case of food price index number,
considersble difficulty attaches to other items of expenditure,
For examgle, 1t may be difficult to identify some requirement
vector in respect to other items like clothing., Bowever,
considerable research supported by efforts to collect new
Infermation in these lines may yield bhetter price comparisons
hetween Adissimilar countries or groups where the problem-of

non-identical lists crops up,
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APPENDIX . A

Basic Datz ¢ FRural Indis

Size Rice Muri éﬁmma Jowar Bajra Maize Ragi. Gram Mill
class Ate b&w, Ata Ata Euw Ata -
1) ) ) ) (5) (6) (7] (8) (93

0 - 10 P 5370 8806 4189 <3130 .3706 L3135 .3342 “L36T4 WATFD
Q A3411 L0112 L9014 92,0084 .5084 1.0894 JJ282 71 2543

10 - 20 P L5608 L9230 1256 L3228 » 3584 3217 3306 BT78  LATR0
Q 547946 0266 1.4888 2.6305 L5587 1.07% .8490 23443 L5302

20- 30 P 5796 1.0383 <1310 3361 3470 3273 .%252 A005  LA9G3
Q 6.475% 0514 1.9614 2.1793 V7736 1.16%9 .9408 3314 AT

30 - 50 R 5772 +8159 «4353 3273 3788 <3363 3282 3945 4923
o) 7.3784 .0605 2.2050 2.5516 1.0949 1.0974 8175 L3756 1.0%305

40 = 50 B .5850 9495 4348 03422 SR17 .3418 .3189 23898 .49+
Q 8.232% .0935 2.5949 2.1037 3876 .8949 7947 JA544 1,238

50 - €0 F L5251 .9721 LAAAT .3283 1.1029 L3061 .3361 A06T  J5065
Q 8.8006 .0987 2.8095 2.2170 L3936 1.0578 JT411 A165  1.5075

5 P .5899 49380 A3T70 .3363 3964 .3404 L3416 .386 05

60 0 34 3869  .5045
{ ) 9.6528 AT %.0776 1.998% 1.1881 . 9914 1344 L5344 1,960

‘ P 5986 L8293 A370 -3405 3972 3396 3406 s

0 -~ 80 4 % o= +3965 +50% 5
T & 10.1678 2241 3.6950 147544 1.4846 9116 5846 6088 2.52: |

P 6013 9834 L4376 3334 3879 6

80 - 90 +3363 <3327 23976 5127
? G 10.96%0  .3212 A.4763 1.8766 1.2768 .6780 .5898 JT068  3.,2074

P L1176 1.0270 4455 L3224 0 > 5.1

90 ~100 4028 3281 <3173 4092 L5209
Q@ 12.0108  .2865 6.7904  1.7053  1.7246 8533 L6491 L9606 5.5273

P represents the price in rupees per unit

Quantity and Q represents the total quantity.
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Basic Data : Rural India {Continued)

Ghee

mwwm Arhar, Gram Moong Masur TUrd Vanaspati Mustard Coco— |
class Tur oil anu o
= A _ owy,
_\ (10) (11) (12) (13) (14) (15) (16) (17) (1e3
0w 10 % 5.6890 L7017 .5222 6260 5756 6350 2.9881 2.6037 2.638C
Q .0053 2474 L0614 L0435 L0494 L0781 .0023 L0382 L0042
10 - 20 P 5.7695 L7226 +5439 6405 L6097 +6553 3.0279 2.5981 2.7644
) L0131 3702 .0923 L0758 L0666 L1119 L0043 L0536 .0044
20 - 50 P 5.7991 7464 .5606 L5650 .6481 L6815  3.1552  2.5686 2.699%
Q .0248 .4155 L1012 09R25 L0841 s ie L0065 .0639  .0065
30 - 40 T 6.0277 1345 5726 . L6610 <6341 6924 2.9751  2.6138 3.024%
Q L0327 5032 1228 L1204 .1010 . 1486 .0066 L0793 0057
40 - 50 T 6.0875 . 7520 <5669 6566 L6063 (709C  2.9628  2.5904 2.991%
o) . 0432 JAT23 .1328 1452 .1387 L1592 OIS L0916 .0062
0. 60 P 6.1145 <7545 STT1 .6863 6711 L7150 3.0%16 2.6104 3.0300
g Q 0516 5549 L1622 21521 -1498 1631 0139 .106% wtommn
P 6.1421 LTT02 .5885 6856 576 7 7
60 — 70 685 6769 7156 2.,0150 2.5837 2.8567
Q. L0714 59683 1557 1570 L1640 L1962 L0168 L1201 L0097
P 6.2377 <1577 +5712 700 1
70 - 80 . , - 7005 7007 7212 3.0411 2.6022 3.0861
e 1055 L6864 1645 2234 L1718 .2259 .0201 L1381 L0037
80 - g0 T 81455 7630 -5841 +7009 .6878 STA09 3.1EN6 2.6021 2.8389
, 148 8269 2049 L2689 2092 »2807 L0316 .1690 L0146
%0 100 £ 5.3645  .7598 .5685 6546 ¢
9 o : ; 6% 7764 2.9699  2.6016 2.7102
¥ $2959 ., 1-0694 -3413 « 3501 -2855 3768 L0692 2119 L0220
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<
o

Basic Data

Rural India (Continued)

Size Gingelly  Groundmut Potato Onion  Tomato  Brinjal  Banena  Cocommit  Groum
class oll cil mtbt
(19) (20). (1) (22)  (23) (24) (25) (26) (27).9 ~
6 - 10 P 22204 1.9645 2726 .2325 . .2441 .23%9 L0387 2670 4311
= Q .0078 L0374 L1987  .1879  .0228 .1249 .0582 .0866 L0067
10 - 0o P 2.2256 1.9679 2849 L2482 2414 2526 L0312 2794 5459
o) .0105 -0549 L3060  .2805 L,0365  .1838 1722 L1139 L0113
20 - 30 P 2.3259 1.9570 2977 2558  .2720 2450 ,0320 2785 L4789
R L0137 L0690 3756 L3000 L0430 2378 2787 -1868 0229
30 - 40 P 2.2724 1.9334 3018 2535 L2724 .2558 .0290 2765 3709
Q L0182 .0847 4506 .3553 L0469 2649 .3181 .1804 L0312
10 - 50 P 2.3526 1.9625 3139 L2463 L2656 2475 .0331 2771 4914
Q 0224 .0891 5221 - L4329 L0635 3020 4609 2526 .0155
50 - 60 P 2.3639 1.9478 <3256 2638  .2866 2709 .0333 2751 5750
0 .0197 L0971 L5862 W4342 L0804 3142 6545 2395 0273
60 - 70 T 23779 1.9366 3321 2725 L3040 2577 .0348 2779 5472
> ) e .1094 6933 4316 .0913 .3829 .8983 2892 .0395
o .go P 2:3%3 1.9611 23305 L2650  ,3080 2696 L0320 2923 4925
7 - Q L0252 L1155 L7906 4979 .1088 .4118 1.1857 3234 L0309
gh - g0 T 2.3196 1.9096 L3368 2633 3027 L2705 L0311 2742 4813
? Q .0359 294 L9902 .5844  .1332 .483% 1.7655 .A846 .0526
g _1oq B 2-3501 1.8900 L3400 2727 .3501 2683 .0378 2699 .5581
% - Q L0622 L1790 1.4058  .BO09  ,1934 L6127 3.3466 6600 L0617
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1v

Basie¢ Data

: Rural India (Continued)

Size

Goat Matton Egg  Fish  Fish  Sugar  Gur Sea-  Turmeric
class Emm.m.\& | __(fresn) (ary) _ {cane ) salt
_(28) (29) G0) G (2) _3) (G1) BGs) &

0-10 P 2:2%24 2.3378 1120 .8155 1.1005 1.1974 L7101 2250 L0230
Q  .0189 .0042 L0221 L0700 L0170  .0276 1460 3442 1.2281
10 =00 P 243036 2.4228 169 L9367 1.2250 1.2016 7525 .1131 L0233
: q  .0276 L0072 .0555 .0834  .0219 0601 2354 3943 1.6700
20 - 30 P 23252 2.277% 21238 .9395 1.2100 1.2243 7307 .1156 L0232
Q L0374 L0120 0762 1138 (205  .083%4 .+2909 4100 1.9946
0-40 ° 2.2478 2.3661 1162 1.0156 1.2520 1.2168 .7912 L1143 .0234
0-40 4o Lodss 0143 1220 1248  .0241 1029 .3375 4358 2.,2842
40 - 50 P 2.3885 2.3418 1195 1.1335  1.4515  1.,2401 L7890 L1205 .0241
Q  .0555 .0143 1583 L1472 L0205 (1408 4066 4505 24717
s P 2.4371 2.4814 212 1.1127  1.3216  1.2498 7913 .1196 L0243
2 o .0746 L0156 1898 .1877  .0297  .1528 .5018 4802 2.7007
60 - 70 P 2.4686 2.6244 L1269 1.2291 1.3232  1.2534 7827 1200 .0349
: Q  .0840 0145 2196 1928 0350  .2020 .5490 5009 3.4082
70 - go P 2.1867 2.2053 .1255 1.3037 1.6527 1.2574 7980 1233 0234
Mg .0901 0249 2739 2120 .0345 2548 L7140 5000 3.6242
80 ~ 90 P 2.4881 2.6199 L1253 1.3746  1.3463  1.2377 8019 .1210 L0239
Q. .1427 L0094 4199 ,2775 .0338 L3462 .8291 5705 3.9298
90 100 P 24642 2.7238 1338 1.4493  1,4100 1.2745 .7810 1212 0251

0344

st e TRl BT e L
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Basiec Data

Rural India (Contimmed)

Size Depper, Green Tarmarind Teal cups) Tedl leaf) Coffee Pan(leaf) Pan mn@wuw Biri
class dry chill- (powder) (finished)
chillies ies
(31)___(38) (39)___{40) (41} (42) _— (43) (44] (45) (46> __
o AW .0%25 .0087 L0090  .0757 2.6061 2.5302 .00%0 L0325 0582 006"
q 5.3%321 2.2921  %.1452  .3B16 © 0094 L0011 6.1066 1259 ATTT 11.8120
10- 20 B 0325 .0083 .0089  .O752 2,849 w.méﬂﬂ .0030 L0314 L0567 . 006
Q 72431 2.7654 41317 6111 L0164 L0017 B.3966 L1571 L7428 164396¢
20- 30 P .0%21 .0c82 L0090 L0748 2.9341 2.6045 .00%0 .owoo, L0592 006
q 8.,0699 3.0841  4.395%  .7875 L0213 .00%36 10,1021 L1971 L8725 20.433¢
50— 40 P .0330 .0086 L0099 0787 3.1435  2.5809 .0031 L0353 L0550 OO
g 8.4338 2,6160 4.6040 .8162 0252 004~ 11.1088 1256 1.0156 23.065%
40- 50 P .0%31 .0086 .0098  .O770 2.9397  2.5553 .00%3 .0396 .omﬂw .006-
N " Q 8.8061 3.05%36  4.6756 9211 .0%38 L0063  12.2237 L2661 1.3047 28.03%6%
50- 60 P .0338 L0084 .0098  .0781 2.,9789  2.5607 .0032 L0361 D206 L006
0 9.6161 A4.5412  5.0208 1.2467 L0415 L0063  15.2568 L4086 1.8554 29.489%
&) TR .0334 0088 .0099  .0786  3.0279 2.5086  .1034 0334 0566 L0053
- q 9.83%24 A.5782  5.2006 1.2559 L0450 0098 16,1796 L1625 1.9373 34.05:3
70- 80~ L0343 . -00%9 0099  .0808  3.0604 2.4562 L0037 0335 L0568 007 5
TN Q0 10.4872 5,02T9 - 1.3774 1.5896 .0560 L0111 18.2123 .4855 2.72%34  37.2185
80~ 90 P L0332 .0090 L0106 ,0834 Z,1730  2.6877 .00%9 .0335 0552 0064
8 11.9841 5.8869  5.7407 2.1215 L0695 L0178 22,2623 7828 2.8%66  44.800t,
90-100 P .0339 .0092 0102 .0901 3,0293%  2,8626 0042 L0351 L0686 L0014
Q 15.071% 7.04%36 T.9768 2.8671° .1103 L0310 31.0298 2.7708 41,0769  56.85¢1
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(vi)

Basgic Data

Imral India (Continued)

Leaf

Size Cigarette Hookah Coke Firewood Xerosene Matches Thuti Sari Clothes
class tobacco tobacco coal - for
shirt:iog
(46) — (27) (z28) {(50) _{%1) _(52) (53) (h4)._ (55) (56) __
w ooy B L0227 3 2144 L8136 .0403 .0280 L6000 0012 1.0426 1., 1.2403
Q .0304 L0279 0296 1297 17.4124 1954 15.2013  .0390  .0419  .03C2
10 = 20 P 0200 3.,2018 1.1178 .0546 L0315 .5862 L0012 1,0228 1.0818 1.3119
Q 1680 L0345 .0%13 2082 19.1070 2557 22.3455 L0719  .0732  .O6C
20 - 30 P .0201 w.uu&m L9722 .0390 0334 5927 0012 1.0779 1.1820 1.36;)
) 9 2657 L0222 L0417 2379 21.6226 L3702 27.9114  .0902  .0911  .104%
30 - 40 P 0203 2.2113 1.1159 L0362 .0334 .5887 L0012 1.028%3 1.1718 1.3323
- <2953 L0364 0448 272 21,3687 3123 3C.0295 L1116 1116 130
40 ~ 50 P L0176 3.1287 1.1297 .0404 L0346 .5885 L0012 11,0972 1.2326 1.35C7
Q 4907 .0349 .0502 4103 23,4104 3414 34,5003  .1576  .1446  .18C3
50 - 60 T .0204 3.,1635 1.0992 L0452 .0348 .5869 0012 1.1128 1.2551 1.4925
] 5062 .0333 .0521 +4587 21.1964 3874 38.6849  .1919 .1964 2252
60 - 70 P L0204 3.0293 1.1429 .0484 .0348 <5902 L0012 1,1352  1.3263  1.4814
a .5864 L0458 .0573 48R 25.5646 .4083 4t.2268  .2240 2507  .317%
70 - 80 P .0208 3.2196 1.3788 .0498 .0365 5965 L0013 1.1527 1.2733 1.,5033
) 1.3044 .048% 0669 .5926 26.5753 .4818 A5.2133  .2842 2948 .434%
80 ~ 90 T L0221 3.0678 1.2927 0433 0360 5773 L0012 1.2393 1.4340 1.5872
. Q 1.9505 08516 L0737 8027 31.6839 .5693 59.1258  .4509  .j241  .818%
90 -t00 T L0241 2.9940 1.4260 0521 .040C 5827 0013 1.3100 1.678% 1,762
Q 4,067 L0616 L0978 .9733  37.4643 .8024 79.0%382  .8211 1.1724

7704



http://www.cvisiontech.com

APPENDIX A 2

Basic Data : Urban India
Size tice gﬂﬂm Wheat Jowaxr Bajra Maise Ragi Gram Milk
clasas Ata Ata, Ata Atz “ta Ata
(1) 2) (3) (4) (5) (6) (1) 8) _ __ (9
e 79 BB .5910 1.3%270 4430 3444 4011 J3432 L3006 © L4031 5679
G 3.2%66 L0095 2.9165 2.7180 .7586 .3879 .3384 -~ .2980 L7919
ol g o & 6191 .9813 4516 3460 .4186 3798 +3909 .43%68 .5882
e Q  5.4860 L0291 343441 1.7757 4095 2163 1906 2619 1.1382
20 .30 T .6294 9191 4610 -3687 4236 3467 3273 4263 6068
G 5.4375 L0288 3,7762 1.6614 5544 L3620 +3025 L1931 1.4772
30 - 40 P 6421 1.1088 .4%38 A104 4106 A016 .3529 4235 <5980
0 5.7123 .0088 4.5310 1.0616 .8102 .0724 .3633 3017 2 .0957
10 - 50 P 6296 1.0150 4733 .4049 .1319 .3826 .2589 4752 +5930
& 6.4288 L0449 43794 1.4701 .5390 . 1439 2811 .1335 1.9524%
cg - 25 T 6608 1.2733 L4730 +3563 4496 «3434 -33%23 .3812 6518
2 N 0 K.8T46 . 0402 Bl 555 1.2829 5426 L0229 2172 2750 245354
60 - 70 E 6684 1.0499 .4800 3809  .4030 4398 .3832 4496 7091
G 7.28%8 0761 A.8795 7525 2001 L0422 2371 3677 %.1118
70 - 80 P 6814 1.1639 L4788 3917 4503 L3673 L3764 4427 L6629
. G 7.%203 *  ,053% 5.6469 5812 .5018 .085% .1073 2568 0 3.650P
80 =100 P <7449 1.2887 .5056 4230 .5226 .wo«m L3469 AT55 226
Q  6.7060 0518 5.5470 W413%3 2336 L0717 1254 .1506 4.9414
90 -100 F <7435 1.2200 «5110 L5695 4987 4227 A142 4327 7729
9 6.892 0596 5.1152 .3228 .3008 L0322 .05% L1811 7.0146

P represents the price in rupees per unit quantity and 0

]

represents the total guantity.
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(viii)

Basic Data : Urban India (Continued)

Size Ghee Arhar, Gram Moong Masur Urd Vanaspati Mustard Coco-
class Tar oll am:®
il
(10) an  (12) (13) (14) (15) _(16) 17 N
o-1 P 6.0860 L7851 5672 .6840 .6871 CTT4 2.9992 2.413%1 3.0 52
QL0192 .3596 L0684 L0889 L0477 L0752 L0207 L0460 7l
I P 5.9987 .7854 .6046 L6729 .6895 8532 2.9893 2,3502 2.8072
Q L0267 <4548 .109% 1239 L0737 4l 22T 0429  .0686 L0050
20 - 30 P 6.1950 .8030 L6240 7226 L7043 8001 2.9618 2.4196 2.6%35
Q 0460 L4709 .1131 1421 .0879 .1286 0446 L0653 L0058
50 - 40 P 6:0798 .8496 6543 7301 L7334 P39 2.9980 2.4468  2.67%
e) .0611 L5438 . 1686 L1462 .0999 .1350 L0905 L0650 L0044
10 - 59 P 5-8708 8193 .6334 7216 .7554 ymmhé 3.0114 2.4480 3,2¢72
& 7 Q .0853 <5144 . 1869 .1885 .1093 L1160 L0715 .0816 LOT01
50 - 60 P 6.4687 8454 L5505 L7125 7290 .8546 2.9721 2.4628 2.2%21
Q .0877 5714 1704 2177 1009 1262 L1153 L1041 L0075
€0 - G P A.8741 8307 .6048 .T263 L7271 L8527 %.0%57, 2.4588 2.7725
: @ sk L6407 L1722 .2108 0974 .1588 L4040 1240 L0004
ﬂo‘u a0 T £.6628 .8403 6060 =5 5il 7759 L7525 3.0409 2.4440 2.972.
Q .1580 LT527 2010 2848 L1306 ATT3 L1356 1709 L0107
80 - 90 P 6.6958 .8552 .6080 JTETH L7587 .8850 2,0608 2.4409 2.7430
q L2340 6969 2452 +3404 L1406 2030 1689 1930 0077
90 -100 F 6.7578 8759 6251 L7689 744 . .BT%38 2.9019 2.3935 2.87.36
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(1x)

Bagic Data

Urban India (Continued)

Size ¥ Groundmut  Potato Onion Tomato Brinjal Banana Cocoamut Growmsd
(19) (20) (21) (22 ) (23) (24) 25) _ (286) 7
0-10 F 2.0502 1.8515 .3183 <2455 2540 2631 L0380 .2839 6037
Q .0092 .0900 3236 2854 .0591 1882 .0878 1343 009"
10 -20 P 2.2890  1.8459 3814 2796 - .3687 3348 L0361 2814 83503
G 0222 .1202 5218 3748 L0854 2446 4609 .2083 .005% .
20 -30 P 2.0237  1.8367 3915 2567 3968 3202 L0372 2569 .8912
qQ .0368 1476 5112 4615 1044 2587 .7987 1945 L007¢
50~ 40 P 2.2207  1.8790 3917 2764 +3903 .2898 L0409 2714 .795¢
e Q 0321 .1604 6186 4288 L1538 3412 .7788 .1881 0120
10 -50 B - 2.1538  1.8485 4227 2714 JA00T  L30% BT 2676 6126
_ 9 0304 2413 .5705 4428 1327 3921 1.1058  .3483 013"
50 - 60 P 2 +3006 1.9039 4049 - 2704 <3747 «3275 0414 «2935 .E547 -
] L0372 2278 L7256 5775 1863 .3328 1.7985 2564 L0114
60 -70 P 2:4450  1.8714 4137 2041 L334 3222 0419 L2741 L8782
Q L0567 .1935 L8274 5460 2827 5101 2.0166  .3804° 0193
70 -po P 2162 1.9537 4255 L3167 L4243 3576 L0419 W3043 .9085,
R <" .0503 2379 1.1334 6293 2697 4613 3.5503 3648 L0237
a0 - 9o P 2.3318  2,0001 L4214 V30 4816 3786 . 0452 2969 8950
) L0517 2555 1.4060 1352 3778 «5150 4.3364 +5785 0245
90 100 T = 2-2544 1.9692 A3 +3304 +5113 +4093 - 0461 <3396 918t
0 .0874 2769 1.6795 L7666 L6562 5759  9.4329  .8750 L0310
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(x)

Rasic Data

Urban India {Continued)

Fish Fish

Size Goat Matton Egg Seagar Cur Sea-  Turweric
class weat (fresh) nanuﬂv (cane) salt
(29) (29) (30) (31)  (32) (33) {(34) (35) (36) _
5% 100 T 2.552% 2.5989 L1079 8823 1.4972 1.1750 .3081 1074 .025¢
_ n L0203 L0231 L0594 0530 L0113 .2032 . 1660 2965 1.793C
10 - 20 P 2.3841 2.7103 .1204 1.0642 1.2042 1.1761 8459 L1172 .025¢€
0, L0631 L0276 . 1460 L0634 L0127 3048 1701 .3426 1.931€
20 - 30 T 245349 2.8129 .1836 L9708 1.2195 1.1842 L8525 .1073% 0254
n L0683 256 L1454 L0916 L0191 .3886 .1893% .3690 2.157%
s0 - 40 P 25897 2.6406 4672 1.1992 1.2110  1.1838 L8672 1079 0257
N .0915 L0337 L2030 W22 L0210 L4676 2145 3747 2.228°
10 = 50 P 2.6189 2.0344 .1385 1.2886 1.6542 1.1830 8420 A122 e At
) A .1223 .0%94 .3527 1336 L0208 .520% 2612 w5955 2.194¢
50 = 60 P 2.7112 2.5943 1619 1.7167  .8548 1.,1689 .9503 172 L0255
9 L1347 L0619 2844 1421 0253 65N 2769 4078 2.7505
60 - 70 P 2.7639 2.9437 .1685 1.63%8 1.3859 1.1867 .8579 1126 026"
0 L1532 .03G69 S1TT 2372 L0171 7210 2347 A759 27510
70 - 80 P 2.9841 2 .6366 . 1697 2.1721  2,0629 1.1924 L9107 .1280 L0240
: Q 1793 L0737 7877 2401 L0148 .8666 .3315 4521 3. 6264
80 - 90 P 2.9019 %,2350 L1794 2.,0201 1.8537 1.1971 .9039 272 L0257
g 2413 L0662 1.159C W3564 L0107 1.0568 2937 4636 % .960.2
90 100 P 2.9817 3.,282% .1830 2.1796 ' 1.6156 1.3508 + 9647 .1325 24
5 2796 L1107 2.3499 4211 L0266 1.3509 2882 <4897 4,773
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\x1)

: Basic Data * Urban India mooﬁdwsﬁwmu

Size Peppen, Green Tea Tea Coffee wmﬁ an _mﬁwmﬂw Biri
class : dry ’ chil- BTl Aoﬁumu ( leaf ) mwoamm._‘. ) (leaf ) ( H.u.s..rm,.
chillies lies A hed )
G (38) (1) R ) B )] (42) (43) — (48) (45) ~ (457
o-10 P 0319 0076 0096 0826 2.5354 2.7184 .00%8 .0350 .oﬂmmk
f 6.8727 2.6758 3.148% 1.3770 .0282 .0058 8.4%95 3156 4930 1
5 =20 P .0324 L0079 L0114 0789 3.0654  2.9356 L0037  .0339 .C851
H N 8,23%82 3.,7650 £.1060 2.8171  .03%342 .0081 9.9578 1.1525 6610
20 - 30 P L0341 .0080 .0110 L0831 2.9910  2.8%12 .0045 0368 L0659 206
2} 8.8464 3.5058 543207 2.6327 - 0521 0088 11.4796  1.0340 +8850 30.359
50 = 40 P .0329 .0080 .0107 0930 2.9863% 2 .9400 .00%6 .0436 .082% 208
N B.T661 4.6729 6.5200 2.6380  .0597 L0142 13.3725  1.0363 1.0407 34..28
40 - 50 P .0307 .0083 L0112 .0828 3.1121 2.5419 .0C49 .0431 L0719 006
2 944871 5.6872 5.9254 4.1720 L0655 (0218 13,1088  1.2272 1.4086 33. 140
50 - 60 T 0347 -0033 0105 {0922 3.27%3  2.455% +0043 0400 .0816  .006
! 75742 | 6.3946 5.3665 4.2%38%3  .0927 0153 16.4652  2.1060 1.2447 38 .369;
6o - 10 F 0333 .0089 .0103 L0956 3.2387 2.9C50 <0037 0400 0758 D06
! n 10.3322 T.4457  8.4098 5.6282  .0%14 owmm 22.4096  1.9177 1.6384 38. 22
70 =30 °© -05372 - 0098 0113 0071 3.1057 L0052 L0354 0708 .06
N 106148 £.9183 5.5513 6.8341 1191 .mep 13,4300  3.6845 1.5918 48.578
80 - 90 P L0342 L0109 -0109 L0920 3.,2931 2.8768 .0056 . 0438 .0825 )OT!
N 10.54%5 7.7385 '6.8692  10.6235 L1397 ° .0510 17.7434  4.7017 1.7300 55,15
90 =100 T G353 -0099 0110 L0976 3.4024  2.8712 0057  .0474 0821 D06
0 10.4174 10.0959 11.2500 13.9674  .2003 L0964  27.4767  6.8437 2.9934 41,305
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xii

Pasic Data : Urban India (Continued)
'y

Size Cigarette TLeaf Bookah Coke mMHmSOOW Kerogsene Matches Dhuti Sari Clot-as

class tobacco tobacco  coal for
-
(46) (47) (48) (500 (51 (52) (53) . (54) (55) _ (58 .

| . 0222 3.5335 7528 L0376 JO467 5603  .0012  1.1895 1.0065 1,297
0-10 74 .6960 .0081  .0203  1.2363 13.0575 2732 26.2713 L0077  .0150 .03
s A o8 P 0197 3.8184  1.1736 L0650  .0523 5642 0012 1.2091 1.6426 1.33%9
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