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This paper undertakes an empirical comparison of a number of alternative multi-

lateral index-number formulae. It ascertains the magnitude of the e®ect of choosing
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1 In tro d u c tio n

M an y d i® eren t m eth o d s for ag grega tin g m icro econ o m ic p rice an d q u a n tity d ata in to a m u l-

tilateral in d ex of real ou tp u t (or a co m p on en t th ereof lik e con su m p tion ) h ave b een p rop osed

d u rin g th e p a st n in ety years. A ll alon g , so m e of th ese m eth o d s h ave b een p u t in to p ractice

b y variou s statistical ag en cies an d in tern a tio n al org an iza tio n s for th e p u rp oses of eco n om ic

an a ly sis an d / or p u b lic p olicy. M ore recen tly, attem p ts h av e b een m a d e to ¯ n d a th eoretical

ju stī catio n for th e ch o ice of on e m eth o d ov er all oth ers. T h e m o st fru itfu l p ath ta ken th u s

far in a ttem p tin g to p rov id e su ch a ju stī ca tio n is arg u ab ly th e test (or a x iom atic) ap p ro ach .

U sin g th is ap p ro ach , th e in v estiga tor sp ecī es a set of \reason a b le" tests a n d th en u ses it a s

th e b a sis fo r a ssessin g th e rela tiv e m erits o f a ltern ative in d ep en d en tly -m otivated m eth o d s.1

D iew ert (1 986 ) p ro p osed w h at h as co m e to b e v iew ed as th e b en ch m ark set o f m u ltilateral

tests a n d u sed it to assert th e su p eriority o f th ree m eth o d s2 in rela tion to ¯ ve oth ers. U sin g

a m o d ī ed v ersio n of D iew ert's set, B alk (1 99 6) asserted th e su p erio rity of tw o d i® eren t

m eth o d s3 in relatio n to eigh t oth ers (in clu d in g tw o o f th e th ree m eth o d s D iew ert d eem ed

0 The author wishes to thank Erwin Diewert, Ken White, Chuck Blackorby, John Helliwell and

two anonymous referees for helpful comments on earlier versions of this paper.

1 The ultimate ob jective of showing that a set of reasonable tests completely characterizes a

particular multilateral comparison formula has never been realized.

2 V iz., the \star," EKS and own-share methods.

3 V iz., the van Ij zeren balanced and Geary-Khamis methods.
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su p erior). S ettin g a sid e th e d eb a te ov er w h ich of th ese m eth o d s are \ b est," th ere is a clear

con sen su s o f op in ion a m on g ex p erts in th e ¯ eld of in tern ation a l co m p a rison s th at alm ost a n y

m eth o d is b etter th a n sim p ly con v ertin g econ o m ic a ggrega tes in to a n u m ¶era ire cu rren cy b y

m ea n s o f ex ch an ge ra tes. If a lm ost an y m eth o d is b etter th a n th e ex ch an g e-ra te ap p ro ach ,

d o es th e ch o ice am on g th ese su p erior m eth o d s m a tter very m u ch ? T h e p resen t p ap er a im s

to sh ow is th at it d o es: th a t th e ch oice of on e m eth o d (o r fo rm u la) over an o th er can h ave a

su b stan tia l im p act on th e resu ltin g in tern ation al com p ariso n s.

T h e q u estion o f h ow to com p are m u ltila tera l rea l-o u tp u t o r p u rch a sin g-p ow er-p arity

form u la e fro m a n em p irical stan d p oin t h as received scan t atten tio n in th e literatu re. If

th e form u lae u n d er co n sid era tio n satisfy a certa in m in im al set o f req u irem en ts, th en th e

ap p lica tio n of a n y o n e of th em to a b lo c con sistin g o f K cou n tries y ield s a vector of K ¡ 1

n u m b ers w h ich can serve a s a b a sis for a ll p o ssib le b in ary com p arison s w ith in th e b lo c. T h e

u n iversal m ea n s b y w h ich tw o su ch vecto rs h ave b een co m p a red in th e p ast h a s b een an

assessm en t o f th e com p o n en t-w ise p ercen tage d i® eren ces b etw een th em .4 T h is a p p roa ch is

u n sa tisfa ctory fo r a co u p le of rea son s. F irst, th e p ercen ta ge d i® eren ce b etw een tw o n u m b ers

is an asy m m etric in d icator of th e rela tiv e d i® eren ce b etw een th em b eca u se it d ep en d s on

w h ich n u m b er is u sed as th e p oin t o f com p arison . T o p a rap h ra se an ex am p le fro m T Äo rn q v ist

4 See, for example, Kravis et a l. (1975, chs. 1 and 5) and Ruggles (1967) . Note that \similarity

indexes" such as those calculated by Kravis, Heston and Summers (1982, ch. 9) measure the simi-

larity between two vectors of prices or quantities with reference to a sin gle multilateral comparison

formula.
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et al. (1 985 , p . 43), 2 50 is tw en ty -̄ v e p ercen t m ore th an 2 00 , or 2 00 is tw en ty p ercen t less

th an 2 50 . S eco n d , com p on en t-w ise co m p arison s b etw een tw o vectors are u n lik ely to give rise

to a v ery accu rate assessm en t of th e ov era ll d i® eren ce b etw een th em u n less th e co m p on en ts

are few in n u m b er or th e calcu la ted d i® eren ces ex h ib it little varia tio n in size.

S ection 2 p ro p oses a n ew in d ex of th e d i® eren ce b etw een th e resu lts of tw o m u ltila t-

eral com p ariso n m eth o d s ap p lied to th e sa m e d ata set. B a sed o n th e n orm ed , sy m m etric

an d ad d itive log (arith m ic) d i® eren ce in d ica tor, th is in d ex overco m es th e p rob lem s m en tion ed

ab ove to p rov id e a n a p p rop riate su m m ary m easu re of th e d i® eren ces b etw een th e p u rch a s-

in g p ow er p arities (P P P s) o r ou tp u t sh a res a sso cia ted w ith th e tw o m eth o d s. S ectio n 4

d escrib es th e d ata u sed in section 5 to u n d ertak e a n em p irical com p ariso n o f th e tw elve sp e-

cī c m eth o d s| tw o n ew o n es a n d ten p rop osed elsew h ere| d escrib ed in section 3. S ectio n 6

con clu d es b y ex p lain in g w h y d i® eren t so u rces p rov id e d i® eren t valu es for th e sam e P P P s.

2 A S u m m a ry M e a su re o f th e D i® e re n c e s b e tw e e n A lte rn a tiv e

F o rm u la e

T h e m a in ta in ed d om ain of com p arison con sists o f a b lo c of cou n tries K := f 1;:::;K g w ith

H := (H 1 ;:::; H K )0 2 R K
+ + resid en t h ou seh o ld s, a set of co n su m er go o d s a n d serv ices

N := f 1 ;:::;N g w ith co u n try -sp ecī c n ation a l-cu rren cy -d en om in a ted p rices

P := (p 1 ;:::;p K ) =

0
BBBBBBBB@

p 1
1 ::: p K

1

...
...

p 1
N ::: p K

N

1
CCCCCCCCA

2 R
N K
+ + ,
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an d a v ecto r of p er-h ou seh o ld co n su m p tio n b u n d les

X := (x 1 ;:::;x K ) =

0
BBBBBBBB@

x 1
1 ::: x K

1

...
...

x 1
N ::: x K

N

1
CCCCCCCCA

2 R
N K
+ .

T h u s each of th e H k h ou seh old s in cou n try k 2 K is co n sid ered to b e th e p u rch a ser o f x k
n ¸ 0

u n its o f co m m o d ity n 2 N at a p rice o f p k
n > 0 cou n try -k cu rren cy u n its. F o llow in g th e

con ven tio n s of th e test a p p roa ch , th e u n d erly in g p referen ces w h ich gen era te X a re ig n ored

an d th e elem en ts o f P , X an d H are treated a s in d ep en d en t va ria b les.

A n ax iom atic P P P in d ex fo r cou n try i relative to co u n try j is a fu n ctio n ½ ji :R K N
+ + £

R
K (N + 1 )
+ ! R w ith im a ge ½ ji(P ;X ;H ). It is assu m ed th at, a t th e very lea st, th is in d ex is

p o sitiv e a n d tran sitive w ith resp ect to j an d i. T h e positivity req u irem en t en ab les th e u su al

in terp retation of ½ ji(P ;X ;H ) as th e n u m b er of co u n try -i cu rren cy u n its n eed ed to b u y a

com m o d ity b u n d le eq u ivalen t to on e th at ca n b e b ou g h t w ith a sin gle cou n try -j cu rren cy

u n it.

P . P ositivity : F or a ll (j;i) 2 K £ K ,

½ j i(P ;X ;H ) > 0 .

T h e transitivity req u irem en t gu a ran tees th a t th e resu lts of ap p ly in g ½ ji to a b lo c com p risin g

th ree or m ore cou n tries are self-co n sisten t.

T . T ransitivity : F or a ll (j;i) 2 K £ K an d for a ll l 2 K ,

½ jl(P ;X ;H )½ li(P ;X ;H ) = ½ ji(P ; X ;H ) .
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In a d d ition to satisfy in g T , a self-co n sisten t set of P P P s h as tw o fu rth er p rop erties.

T h e ¯ rst, called w eak identity, req u ires th e va lu e o f ½ ji to b e u n ity w h en i = j.

W I. W eak Identity : F o r all j 2 K ,

½ jj (P ;X ;H ) = 1 .

T h e secon d , country reversal, a sserts th at th e valu e of ½ ij is th e recip ro ca l o f th e valu e of ½ ji.

C R . C ountry R eversal: F o r all (j;i) 2 K £ K ,

½ ij(P ;X ;H ) =
1

½ ji(P ;X ;H )
.

T h e o re m 1 If ½ ji satis¯ es P and T then it also satis¯ es W I an d C R .

T h e p ro of of th is a n d a ll su b seq u en t th eo rem s ca n b e fo u n d in th e a p p en d ix .

C o n sid er tw o sets of P P P s, A an d B , each com p u ted u sin g a d i® eren t m u ltilateral

in d ex -n u m b er form u la sa tisfy in g P an d T . F or ease of ex p o sition , let th e K -d im en sion al

sq u are m a trices
³
½

ji
A

´
a n d

³
½

ji
B

´
rep resen t th e elem en ts of A an d B , resp ectively. S in ce P

tog eth er w ith T im p lies W I so th at ½
jj
A = ½

j j
B = 1 fo r a ll j 2 K , th ere are u p to K 2 ¡ K

p o ssib le d i® eren ces b etw een th ese m atrices. O n e w ay to co n stru ct a su m m a ry m easu re of

th ese d i® eren ces is to calcu late th eir m ean . F o r su ch a n in d ex to b e m ean in g fu l, h ow ever, th e

elem en tary d i® eren ce in d icator m u st b e u n it-in d ep en d en t; i.e., it m u st m ea su re th e relative

d i® eren ce b etw een ½
ji
A a n d ½

ji
B .5

5 The a bso lu te di®erence ½
ji
B ¡ ½

ji
A is of the dimensionality i$/j$|the number of units of country
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V a rtia (19 74 , p . 5) d e¯ n ed an in d ica tor o f rela tiv e d i® eren ce as a fu n ction d :R 2
+ ! R

w h ich is con tin u o u s, in crea sin g , h om og en eo u s of d eg ree zero an d h a s th e ad d ition al p ro p erty

th at

d
³
½
ji
A ;½

ji
B

´
¸
(= )

0 if an d on ly if ½
ji
B ¸

(= )
½
ji
A .

T h e h om og en eity p rop erty im p lies th at on ly th e ratio ½
ji
B = ½

ji
A m atters; i.e., th ere ex ists a

fu n ctio n D : R+ ! R su ch th at D
³
½
j i
B = ½

ji
A

´
´ d

³
1;½

ji
B = ½

ji
A .́ O b v iou sly, D is co n tin u ou s,

in creasin g , h om ogen eou s of d egree zero an d sa tis¯ es

D
³
½
ji
B = ½

ji
A

´
¸
(= )

0 if a n d on ly if ½
ji
B = ½

ji
A ¸

(= )
1 .

E x am p les of th is fu n ction ca n b e fo u n d in T Äo rn q v ist et al. (1 985 , p . 4 4).

A s ex p lain ed in sectio n 1, th e p ro b lem w ith u sin g p ercen tag e d i® eren ce a s an in d i-

cator of relative d i® eren ce is th a t it is a sy m m etric. F orm ally, th e in d ica tor D is sa id to b e

sy m m etric if

D
³
½
ji
A = ½

ji
B

´
= ¡ D

³
½
ji
B = ½

ji
A

´
.

It is easy to sh ow th a t th e p ercen tag e d i® eren ce in d icato r D 1

³
½
ji
B = ½

ji
A

´
:= ½

ji
B = ½

ji
A ¡ 1 d o es

n ot satisfy th is req u irem en t.

S in ce th e in d ex -n u m b er form u la e gen eratin g
³
½
ji
A

´
an d

³
½
ji
B

´
a re assu m ed to b e tra n -

sitiv e, it w o u ld b e d esirab le if th e relative d i® eren ce w ith resp ect to an y tw o cou n tries w ere

eq u al to th e relativ e d i® eren ce w ith resp ect to th e ¯ rst cou n try a n d so m e th ird co u n try p lu s

i's currency per unit of country j 's.
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th e relative d i® eren ce w ith resp ect to th e sa m e th ird cou n try a n d th e seco n d co u n try ; i.e.,

for an y l 2 K ,

D

Ã
½
ji
B

½
ji
A

!
= D

Ã
½
jl
B

½
jl
A

!
+ D

Ã
½ li

B

½ li
A

!
. (1)

T h is p ro p erty is eq u ivalen t to D b ein g a d d itive:

D

Ã
½

jl
B

½
jl
A

½ li
B

½ li
A

!
= D

Ã
½
jl
B

½
j l
A

!
+ D

Ã
½ li
B

½ li
A

!
. (2)

U sin g T an d th en C R , eq u ation (1) can b e re-w ritten as

D

Ã
½

ji
B

½
ji
A

!
= D

Ã
½
j i
B

½
ji
A

½ li
A

½ li
B

!
+ D

Ã
½ li
B

½ li
A

!
.

S ettin g j = i an d th en in vok in g W I sh ow s th a t an ad d itive in d ica tor o f rela tiv e d i® eren ce is

sy m m etric. L ettin g u := ½
jl
B = ½

jl
A an d v := ½ li

B = ½ li
A , eq u a tio n (2) ca n b e re-w ritten as

D (u v ) = D (u ) + D (v ) .

E ich h o rn (1 97 8, p . 1 3) sh ow ed th a t th e on ly so lu tion to th is fu n ction al C a u ch y -ty p e eq u ation

is D (u ) = ® ln u , ® 2 R.

A n oth er d esirab le p rop erty for th e in d icator D w ou ld b e th at it b eh ave a p p rox im ately

as D 1 w h en ½
ji
B = ½

ji
A ¼ 1 . F orm ally, D is sa id to b e n orm ed if

lim
u ! 1

D (u )

D 1 (u )
= 1

, lim
u ! 1

D (u ) ¡ D (1)

u ¡ 1
= : D 0(u ) = 1 .

T h u s, req u irin g D to b e n o rm ed a s w ell as sy m m etric a n d a d d itive m ean s th at it m u st b e

th e log d i® eren ce in d icator ln
³
½

ji
B = ½

j i
A .́
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T h e sy m m etry p rop erty of th is in d icato r in con ju n ction w ith C R im p lies th at th e

m ea n o f th e K 2 ¡ K log d i® eren ces b etw een
³
½
ji
A

´
a n d

³
½
ji
B

´
is zero. C on seq u en tly, th e

ap p rop riate su m m ary m ea su re o f th ese d i® eren ces is th e su m of th e absolute log d i® eren ces

b etw een corresp on d in g o® -d ia gon al elem en ts d iv id ed b y th eir n u m b er:

¢ A ;B =

KP
j= 1

P
i6= j

¯̄̄
l̄n

µ
½
ji

B

½
ji

A

¶¯̄̄
¯

K (K ¡ 1)
(3)

U sin g T , for an y l 2 K , (3) can b e re-w ritten as

¢ A ;B =

KP
j= 1

P
i6= j

¯̄̄
l̄n

µ
½
jl

B
½ li
B

½
jl

A
½ li
A

¶¯̄̄
¯

K (K ¡ 1)

=
2

K (K ¡ 1 )

K ¡1X
j= 1

KX
i= j+ 1

¯̄̄
¯̄ln
Ã

½ li
B

½ li
A

!
¡ ln

Ã
½
lj
B

½
lj
A

!¯̄̄
¯̄, b y C R . (4)

F or a p articu lar b lo c of co u n tries, let P := f A ;B ;:::g d en o te th e set of all sets of

P P P s w h ich satisfy P a n d T .

T h e o re m 2 ¢ de¯n ed by the right-han d side of (4) is a m etric on P ; i.e., ¢ ¢;¢ is a real-

valued function on P £ P w hich satis¯ es (i) ¢ A ;B ¸ 0; (ii) ¢ A ;B = 0 if an d on ly if A = B ;

(iii) ¢ A ;B = ¢ B ;A ; an d (iv) ¢ A ;B · ¢ A ;C + ¢ C ;B (trian gle in equality).

T h u s ¢ p ossesses th e m o st im p o rtan t p rop erties of o rd in ary d istan ce in R 3 m ak in g it a

reaso n ab le an d in tu itive m easu re o f th e d i® eren ce b etw een a ltern ative sets of P P P s.

T a b le 1 co n tain s th ree sets of P P P s coverin g th e sam e tw en ty -fo u r co u n tries: th e

¯ rst tw o w ere calcu lated b y th e O rga n ization for E con om ic C o op era tio n a n d D evelo p m en t

(O E C D ) u sin g th e E ltetÄo-K Äoves-S zu lc (E K S ) m eth o d a n d th e G eary -K h a m is (G K ) m eth o d ,6

6 These methods are described in the next section.
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resp ectiv ely ; th e th ird w as calcu la ted for th e P en n W o rld T a b le (P W T ) u sin g th e G K m eth o d .

F or com p a riso n , th e co rresp on d in g ex ch an ge ra tes (E R ) a re a lso in clu d ed in ta b le 1 . T h e

d i® eren ces a m o n g th ese fou r sets o f n u m b ers can b e su m m a rized b y com p u tin g th e asso ciated

¢ valu es u sin g eq u ation (4 ): ¢ E K S ;G K = 0:047 73 , ¢ E K S ;P W T = 0 :1 04 25, ¢ G K ;P W T = 0:083 54,

¢ E K S ;E R = 0:28 83 2, ¢ G K ;E R = 0:304 69 a n d ¢ P W T ;E R = 0 :3 465 9. T h u s th e O E C D P P P s

d i® er fro m on e an o th er b y a b o u t 4.8 p ercen t a n d from th e ex ch an g e rates b y rou gh ly th irty

p ercen t, a n d th e G K P P P s d i® er fro m o n e an o th er b y a b o u t 8.4 p ercen t7 a n d from th e

ex ch an g e rates b y over th irty p ercen t.

A sy stem of b lo c-sp ecī c (rea l) co n su m p tio n in d ex es fo r cou n tries 1;:::;K is a fu n c-

tion ¾ :R K N
+ + £ R

K (N + 1 )
+ ! R w ith im age ¾ (P ;X ;H ) := [¾ 1 (P ;X ;H ); :::;¾ K (P ;X ;H )]0. T o

en ab le th e ith elem en t (i 2 K ) of th is sy stem to b e in terp reted a s cou n try i's sh are o f total

b lo c con su m p tion , ¾ is req u ired to satisfy

S 1 . F undam en tal Share T est: ¾ i(P ;X ;H ) > 0 for a ll i 2 K a n d
P K

i= 1 ¾ i(P ;X ; H ) = 1.

T h e o re m 3 If ¾ satis¯ es S1 then ½ ji de¯n ed im plicitly by

½ ji(P ;X ;H )
¾ i(P ;X ;H )

¾ j(P ;X ;H )
=

H i p
i0x i

H j p j 0x j
(5)

satis¯es P an d T , an d

¾ i(P ;X ;H ) =

8<
:

KX
j= 1

H j p j 0x j

H i p i0x i
½ j i(P ;X ;H )

9=
;
¡1

. (6)

7 The reason for this di®erence is provided at the end of section 5.
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U n d er th e assu m p tion s of th is th eorem , th e n u m b er ½ ji(P ;X ;H ) is th e am ou n t b y w h ich

th e tota l b lo c ex p en d itu re o f cou n try -i h ou seh old s rela tiv e to th o se of co u n try j m u st b e

d e° ated in o rd er to m ak e it eq u al to th e co rresp on d in g tota l con su m p tio n ratio.

S u b stitu tin g for ½ lk in (4 ) u sin g (5) y ield s an eq u iva len t ex p ression fo r th e m ean

ab solu te lo g d i® eren ce b etw een m u ltilateral com p arison m eth o d s A a n d B :

¢ A ;B =
2

K (K ¡ 1 )

K ¡1X
j= 1

KX
i= j+ 1

¯̄̄
¯̄ln
Ã

¾ i
B

¾ i
A

!
¡ ln

Ã
¾

j
B

¾
j
A

!¯̄̄
¯̄. (7)

T h u s ¢ A ;B can b e ca lcu la ted fro m a sso cia ted b a sis sets of P P P s u sin g (4) o r fro m th e

asso ciated con su m p tion -sh are sy stem s u sin g (7).

3 S o m e S p e c ī c M e th o d s

A s n oted ab ove, D iew ert (1 986 ) eva lu a ted eigh t sp ecī c m u ltilateral com p arison form u la e in

th e ligh t of h is test ap p roach . T h e em p irical w o rk of sectio n 5 co m p ares resu lts from seven

of th ese form u lae, tw o varian ts of th e eigh th a n d th ree o th ers, tw o o f w h ich are n ew . T h e

p resen t section p rov id es a b rief d escrip tion of each .

T h e tw o n ew form u la e p rop osed h ere a re m o tiva ted b y th e n otion th at each b in ary

n ation a l- p rice-lev el com p arison sh ou ld b e an av era ge of th e co rresp on d in g co m p a rison s m ad e

from th e p ersp ectiv es of th e K \averag e h ou seh old s." G iv en th e ava ilab le d a ta, h ou seh o ld k 's

b est p rice-level com p arison b etw een co u n try i a n d co u n try j is o b tain ed b y ta k in g th e ratio

of th e resu lts o f p ricin g x k at b o th p i a n d p j. T h is in d ex w ill b e ap p rox im a tely ex act if th e

h ou seh old h a s p referen ces w h ich ad m it v ery little su b stitu tio n a m o n g th e N com m o d ities,
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or if th e K p rice vectors a re n ot v ery d i® eren t from on e a n oth er.

L et µ k (H ) := H k =
P K

l= 1 H l d en ote th e fractio n of b lo c h o u seh old s liv in g in cou n try k .

T h e h ou seh o ld -sh are -w eigh ted g eo m etric m ea n of th e K average-h o u seh old P P P in d ex es is

called th e household dem ocratic P P P index for country i relative to coun try j:

½
ji
H D (P ;X ;H ) :=

KY
k = 1

"
p i0x k

p j 0x k

#µ k (H )

. (8)

B y assign in g ea ch average-h o u seh old in d ex a w eigh t w h ich is p rop ortio n al to th e co rresp o n d -

in g to tal n u m b er o f h ou seh o ld s, ½
ji
H D a® o rd s eq u al treatm en t to all h ou seh o ld s in th e b lo c.

A w ea ker d em o cratic a gg reg ation ru le w ou ld trea t cou n tries as eq u als ra th er th an

h ou seh old s. A ccord in g ly, th e coun try dem ocratic P P P in dex for coun try i relative to coun try

j is d e¯ n ed a s th e u n w eigh ted g eo m etric m ean of th e K av era ge-h o u seh old P P P in d ex es:

½
ji
C D (P ;X ;H ) :=

KY
k = 1

"
p i0x k

p j 0x k

#1

K

. (9)

T h e con verse of averag in g over th e relative co sts of con su m p tion b u n d les X u sin g

p rices p i a n d p j is to com p u te th e relative cost of th e b lo c av era ge con su m p tion b u n d le

Â (X ;H ) :=
P K

k = 1 µ k (H )x k u sin g p i an d p j. T h is m eth o d , ¯ rst u sed b y th e U n ited N a tio n s

E con o m ic C om m ission for L a tin A m erica (E C L A ) in th e 1 96 0s, is called th e E C L A o r average

basket P P P index for coun try i relative to country j:

½
ji
A B (P ;X ;H ) :=

p i0Â (X ;H )

p j 0Â (X ;H )
. (1 0)

E a rly m u ltilateral com p a riso n m eth o d s w ere b a sed on b ilateral in d ex -n u m b er form u -

lae. T h e sim p lest an d m o st p op u lar of th ese m eth o d s in v olved th e u se of th e L asp ey res
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form u la in m ak in g b in ary q u a n tity co m p a riso n s b etw een a p re-selected b ase co u n try a n d

each of th e oth er cou n tries in th e b lo c. In gen eral, su ch a \sta r sy stem " ca n b e con stru cted

u sin g a n y in d ex -n u m b er form u la of th e form Á (p j;p i;x j ;x i). A ccord in gly, fo r a given b ase

cou n try k 2 K , th e coun try-k star system of con sum ption shares is d e¯ n ed b y

¾ i
k¤(P ;X ;H ) :=

H i Á (p k ;p i;x k ;x i)P K
j= 1 H j Á (p k ;p j ;x k ;x j)

. (1 1)

A secon d m u ltila tera l com p arison m eth o d b a sed on a b ila tera l form u la is d u e to

G in i (1 931 , p . 12 ). K n ow n b y th e in itials of its th ree in d ep en d en t re-d iscoverers, E ltetÄo

an d K Äov es (196 4) a n d S zu lc (1 96 4), th e (generalized ) E K S system of consum ption shares is

d e¯ n ed b y 8

¾ i
E K S (P ;X ;H ) :=

H i

Q K
k = 1

h
Á (p k ;p i;x k ;x i)

i1

K

P K
j= 1 H j

Q K
l= 1 [Á (p l;p j;x l;x j )]

1

K

. (1 2)

A th ird b ilateral-form u la -b ased m u ltilateral co m p a rison m eth o d is d u e to D iew ert

(19 86 , p . 2 5). H is ow n-share system of consum ption in dexes is d e¯ n ed b y

¾ i
O S (P ;X ;H ) :=

H i

½P K
k = 1 H k

h
Á (p k ;p i;x k ;x i)

i¡ 1
¾¡1

P K
j= 1 H j

nP K
l= 1 H l [Á (p l;p j ;x l;x j)]

¡ 1
o¡ 1 . (1 3)

N ote th a t in th e ow n -sh a re a n d E K S sy stem s, resp ectively, a h arm on ic m ean of b ilateral

com p arison s a n d a geo m etric m ean of b ilateral com p ariso n s su b stitu te for th e b ase-cou n try

b ila tera l com p a riso n of th e star sy stem .

T h e n ex t th ree m u ltilateral m eth o d s are b a sed o n w eigh ted av era ges o f th e cou n try -k

sta r sy stem s. R esp ectively, th e dem ocratic w eights, plutocratic w eights a n d quan tity w eights

8 In the version of this index advanced by EltetÄo and KÄoves (1964) and Szulc (1964) , the Fisher

formula was used in place of Á .
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consum ption -share system s are d e¯ n ed b y

¾ i
D W (P ;X ;H ) :=

KX
k = 1

1
K

¾ i
k¤(P ;X ;H ) , (1 4)

¾ i
P W (P r̂ ;X ;H ) :=

KX
k = 1

s k (P r̂ ;X ;H )¾ i
k¤(P r̂ ;X ;H ) (1 5)

an d

¾ i
Q W (P ;X ;H ) :=

KX
k = 1

¾ k
O S (P ;X ;H )¾ i

k¤(P ;X ;H ) , (1 6)

w h ere

s k (P r̂ ;X ;H ) :=
H k

³
r k p

k
0́
x k

P K
l= 1 H l (r lp l)

0
x l

(1 7)

is co u n try k 's sh are o f (n o m in al) b lo c ex p en d itu re, r := (r 1 ;:::;r K )
0
is a vector of ex ch a n ge

rates a n d r̂ is th e K £ K d iag on a l m atrix w ith r̂ k k = r k for a ll k 2 K .9

N on e o f th e th ree rem ain in g m u ltila tera l m eth o d s are b a sed o n a b ila tera l form u la.

T h e ¯ rst is a p rop osa l b y G ea ry (1 958 ) w h ich w as later am p lī ed b y K h am is (1 97 0)(19 72);

th e secon d a n d th ird a re varia n ts of van Ijzeren 's (19 56 ) w eigh ted b alan ced m eth o d .

T h e G ea ry -K h am is or G K con su m p tio n sh a res are fou n d b y solv in g th e fo llow in g

sy stem of eq u ation s:

¾ i =
NP

n = 1
¼ n [H i x

i
n ] , i = 1 ;:::;K ,

¼ n =

P K

i= 1
! i
n ¾ iP K

k = 1
H k x k

n

, n = 1;:::;N ,

(1 8)

9 Since r k is the price of a unit of country k ' s currency in terms of some num¶eraire currency, P r̂

is the matrix of num¶eraire-denominated bloc commodity prices.
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w h ere ! i
n := p i

n x
i
n = p

i0x i is th e n th cou n try -i p er-h ou seh old ex p en d itu re sh are. E q u ation s (18b )

d e¯ n e th e \in tern a tio n al p rice" of each com m o d ity a s th e ra tio o f th e p er-h ou seh old ex p en d itu re-

sh a re -w eigh ted su m of th e K co n su m p tio n sh ares to th e tota l q u an tity con su m ed . E q u a -

tion s (1 8a ) d e¯ n e th e sh are of b lo c co n su m p tio n for ea ch cou n try as th e co st o f its n ation al

b asket at in tern ation al p rices.

T h e N + K eq u a tio n s (1 8) a re n ot in d ep en d en t sin ce each con stitu en t set im p lies

NX
n = 1

¼ n

KX
i= 1

H i x
i
n =

KX
i= 1

¾ i (1 9)

an d , co n seq u en tly, a t least o n e n on -triv ia l solu tio n ex ists. K h a m is (197 0, sectio n 3 ) sh ow ed

th at, su b ject to an y n orm alization on th e ¾ i s,
1 0 th e sy stem con sistin g of an y N + K ¡ 1 of

th e eq u atio n s (1 8) h a s a u n iq u e p ositive so lu tion .

T h e con su m p tion sh ares asso cia ted w ith van Ijzeren 's w eig h ted b a la n ced m eth o d are

fou n d b y solv in g th e follow in g sy stem of eq u atio n s:

X
k6= i

® k

p i0x k

p i0x i

H k

H i

¾ i

¾ k

=
X
k6= i

® k

p k 0x i

p k 0x k

H i

H k

¾ k

¾ i

, i = 1 ;:::;K , (2 0)

w h ere ® k is th e co u n try -k \w eigh tin g co e± cien t." If »1 ´ p 1 0(H 1 x 1 )= ¾ 1 ;:::;» K ´ p K 0(H K ¢

x K )= ¾ K are ca lled \ eq u ivalen ts," th e left-h a n d sid e of (20 ) is th e n u m b er o f eq u iva len ts

th at w o u ld b e req u ired to b u y, in cou n try i, th e q u a n tities in th e w eig h ted n a tio n al b askets

th at can b e b o u gh t fo r o n e eq u ivalen t in co u n tries 1 ;:::;i ¡ 1;i + 1 ;:::;K . T h e righ t-

h an d sid e is th e n u m b er o f eq u ivalen ts th a t w ou ld b e req u ired to b u y, in ea ch o f co u n tries

1 0 E .g.,
P K

i= 1 ¾ i = 1.
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1;:::;i ¡ 1;i + 1;:::;K , th e w eig h ted q u an tities p u rch ased in cou n try i fo r o n e eq u iva len t.

T h e b alan ced m eth o d asserts th a t, for i = 1 ;:::;K , th ese tw o q u an tities of m on ey a re eq u al.

V a n Ijzeren (19 56 , p p . 2 5{ 27) sh ow ed th at, su b ject to a n y n orm alization on th e ¾ i s,

th e sy stem co n sistin g o f a n y K ¡ 1 of eq u a tio n s (20) h a s a u n iq u e p ositiv e so lu tion . U n d er

th e n orm alization
P K

i= 1 ¾ i = 1 , th is sy stem is referred to as th e h o u seh old -w eigh ted b a lan ced

(V H ) m eth o d if ® k := H k an d th e q u an tity -w eig h ted b a la n ced (V Q ) m eth o d if ® k := ¾ k .

T h e fo rm er w eig h tin g sch em e origin ates w ith van Ijzeren (1 956 , p . 4); th e latter w ith van

Ijzeren (19 83, p . 45 ).

4 T h e D a ta

T h e raw p rice an d ex p en d itu re d ata u sed in th e em p irical w o rk of th e n ex t sectio n a re th ose of

th e E u rosta t-O E C D P P P P ro gram m e. T h ese d a ta cover th e b lo c com p risin g th e tw en ty -fou r

O E C D cou n tries of 199 0 an d th e gen eral com m o d ity list m ad e u p o f th e 15 8 b asic h ead in gs1 1

of th e m a jor ag grega te called \ F in al C o n su m p tio n of R esid en t H o u seh old s." L et V := (v k
n )

d en ote th e (1 58 £ 24 ) m a trix of n ation a l ex p en d itu res (in n atio n al cu rren cy u n its) at th e

b asic h ea d in g level, a n d let ¹P := (¹p k
n ) d en o te th e co rresp on d in g m atrix o f b asic-h ea d in g

1 1 In principle, a basic heading consists of a small group of similar well-de¯ned goods or services.

In practice, it is the lowest level of classi¯cation for which expenditures can be estimated. Con-

sequently, an actual basic heading can cover a broader range of commodities than is theoretically

desirable.
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P P P s in n ation a l cu rren cy u n its p er U .S . d o llar. H en ce, for all n 2 N an d for a ll k 2 K ,

v k
n ´ H k p k

n x
k
n (2 1)

an d

¹p k
n ´

p k
n

p U S
n

. (2 2)

S everal d i® eren t sou rces w ere em p loy ed in th e d eterm in a tio n of th e h o u seh old n u m -

b ers (H ) p resen ted in ta b le 2. F or th e U n ited S tates an d J a p an , T u rkey, each o f th e N o rd ic

cou n tries ex clu d in g Icelan d ,1 2 an d ea ch of th e E u rop ean U n ion cou n tries ex clu d in g D en -

m ark an d G erm an y, th e co rresp on d in g d atu m w as fu rn ish ed b y, resp ectively, th e U n ited

N atio n s (19 93 , tab le 3), th e S tate In stitu te of S ta tistics (19 93, tab le 6 5), th e N ord ic S ta -

tistical S ecretariat (1 99 4, ta b le 10 5), a n d E u ro stat (1 992 , tab le 3.13 ). E stim ates o f H k for

A u stria , S w itzerlan d , C an ad a, A u stralia an d N ew Z ealan d w ere m ad e b y lin ear in terp olation

u sin g, resp ectively, th e co rresp on d in g 19 83 a n d 1 993 ¯ gu res rep orted b y E u rosta t (19 92, ta -

b le 3.13 ) (199 5, tab le 3.13 ), th e 1 980 ¯ g u re rep o rted b y th e U n ited N a tio n s (1 99 3, ta b le 3)

an d th e 199 3 ¯ g u re rep orted b y E u rostat (1 995 , tab le 3 .1 3), th e 19 86 ¯ gu re rep o rted b y

th e U n ited N a tio n s (19 93 , ta b le 3 ) an d th e 19 91 ¯ gu re rep orted b y S tatistics C an ad a (19 92,

tab le 8), th e 19 86 a n d 199 1 ¯ g u res rep orted b y th e A u stralian B u reau o f S ta tistics (19 95,

tab le 5 .1 1), an d th e 1 986 a n d 199 1 ¯ gu res rep orted b y th e U n ited N a tio n s (199 3, tab le 3).

L in ear ex trap olation w as u sed to estim ate H k for G erm a n y 1 3 b ased on th e corresp o n d in g

1 2 V iz. , Denmark, Finland, Norway and Sweden.

1 3 More precisely, the Federal Republic of Germany, including West Berlin, as constituted prior
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19 86 a n d 1 989 ¯ g u res rep orted b y E u rostat (19 89 , ta b le 3.13) (199 2, tab le 3 .1 3). F or Ice-

lan d , w h ich h as n ot u n d erta ken a n ation a l cen su s in ov er th irty -̄ ve y ea rs, it w as assu m ed

th at th e p op u lation -h o u seh old ra tio in 1 990 w a s th e sam e in rela tio n to th e ra n ge o f valu es

ex h ib ited b y N orw ay, S w ed en a n d F in la n d as it w as in 19 60 .1 4 T h e n u m b er o f h o u seh old s

w as co m p u ted b y u sin g th is estim a ted ratio to d e° ate th e corresp o n d in g p op u lation va lu e.

F or a n y sca le fa cto r ¯ 2 R + + , a m a trix ¹X := (¹x k
n ) o f scaled p er-h o u seh old q u an tities

con sisten t w ith (V ; ¹P ;H ) is d e¯ n ed a s

¹x k
n :=

¯ v k
n

¹p k
n H k

(2 3)

´ ¯ p U S
n x k

n , b y (2 1) a n d (22 ). (2 4)

In th e p resen t p ap er, a ¯ -valu e of 10 0,000 w as u sed in th e co n stru ctio n of ¹X so th at its

elem en ts co u ld b e treated as in tegers w ith ou t an y sign ī can t lo ss of p recision .

5 E m p iric a l R e su lts

T h e calcu lation o f P P P s b a sed on th e d a ta set ( ¹P ; ¹X ;H ) can o n ly b e a cco m p lish ed b y m ea n s

of form u la e w h ich , in a d d ition to satisfy in g P a n d T , satisfy tw o oth er ax iom s. T h e ¯ rst of

th ese, ca lled quantity dim en sion ality w ith respect to X , req u ires th at a com m on p rop ortion al

ch a n ge in a ll p er-h o u seh old q u an tities h av e n o e® ect o n th e valu e of ½ ji.

to October 3, 1990.

1 4 The 1960 population and household numbers for Iceland, Norway, Sweden and Finland were

furnished by the OECD (1993a, p. 156) and the United Nations (1993, table 3) .
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Q D X . Q uantity D im ensionality w ith R espect to X : F o r all (j;i) 2 K £ K an d for all

¯ 2 R + + ,

½ j i(P ;¯ X ;H ) = ½ ji(P ;X ;H ) .

T h e secon d , com m en surability, req u ires th a t a ch an ge in th e u n it o f m ea su re o f each com -

m o d ity h ave n o e® ect on th e va lu e o f ½ ji.

C . C om m ensurability : F o r all (j;i) 2 K £ K an d fo r all ¸ := (¸ 1 ;:::;¸ K )02 R N
+ + ,

½ ji(^̧ P ; ^̧¡ 1 X ;H ) = ½ ji(P ;X ;H ) ,

w h ere ^̧ is th e N £ N d iag on a l m atrix w ith ^̧
n n = ¸ n for all n 2 N .

T h e o re m 4 ½ ji( ¹P ; ¹X ; H ) = ½ ji(P ;X ;H ) if and only if ½ ji satis¯es Q D X an d C .

S im ila rly, th e calcu la tion of co n su m p tio n sh ares b a sed o n th e d a ta set ( ¹P ; ¹X ;H ) can

b e facilitated on ly b y fo rm u lae w h ich satisfy S 1 an d tw o oth er ax iom s. T h e ¯ rst of th ese,

called th e m on etary unit test w ith respect to X , states th a t m u ltip ly in g th e m atrix of p er-

h ou seh old q u an tities b y a p ositive sca la r h a s n o e® ect o n th e co n su m p tio n sh are o f a n y

cou n try.

S 4 X . M onetary U n it T est w ith R espect to X : F or all i 2 K an d for a ll ¯ 2 R + + ,

¾ i(P ;¯ X ;H ) = ¾ i(P ;X ;H ) .

T h e secon d , share com m en surability, req u ires th e co n su m p tio n sh a res to b e in varia n t to

ch a n ges in th e u n its of m ea su re of co m m o d ities.
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S 5 . Share C om m ensurability : F or all i 2 K an d for a ll ¸ := (¸ 1 ;:::;¸ K )02 R
N
+ + ,

¾ i(^̧ P ; ^̧¡ 1 X ;H ) = ¾ i(P ;X ;H ) .

T h e o re m 5 ¾ ( ¹P ; ¹X ;H ) = ¾ (P ;X ;H ) if and on ly if ¾ satis¯ es S4X an d S 5.

A ll tw elve of th e m u ltilateral co m p a rison m eth o d s p resen ted in section 3 satisfy S 1,

S 4X a n d S 5 or, eq u ivalen tly, b y th eorem 3, P , T , Q D X a n d C . C o n seq u en tly, th e co m p u tation

of con su m p tion sh a res w a s a stra ig h tfo rw a rd ex ercise in vo lv in g sim p le su b stitu tio n s in to th e

d e¯ n in g form u la e. T ab le 3 co n tain s a selectio n of th e resu lts of th is ex ercise. In clu d ed

are th e tw o n ew m eth o d s| H D an d C D | th ree of th e fou r m eth o d s n o t b a sed o n a b ilateral

form u la | A B , G K a n d V H | an d th ree of th e six b ila tera l-fo rm u la{b ased m eth o d s| E K S , O S

an d th e k -sta r w ith k := U S (U S * ). T h e G K a n d V H co n su m p tio n -sh a re sy stem s w ere ea ch

calcu lated iteratively u sin g th e h ou seh o ld -d em o cra tic con su m p tio n sh a res a s in itial valu es.

T h e F ish er \id eal" con su m p tion in d ex Á F d e¯ n ed b y

Á F (p j;p i;x j;x i) :=

"
p j 0x i

p j 0x j

p i0x i

p i0x j

#1

2

(2 5)

w as u sed a s th e b asis for each of th e b ilateral-form u la -b ased m eth o d s.

T h e m ean ab solu te log d i® eren ces am on g th e eigh t m eth o d s of tab le 3 an d th e

ex ch an g e-rate a p p roa ch 1 5 a re ex p ressed a s p ercen tages in ta b le 4. If th e cu to ® b etw een

1 5 The exchange-rate{based consumption-share system was calculated by substituting the

country-i exchange rate with respect to country j , as reported in OECD (1992, table 2. 5) , for

½ ji(P ;X ;H ) in equation (6) .
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\su b stan tial" an d \in su b sta n tial" is set a t tw o p ercen t, th is tab le p artition s th e co n sid ered

m eth o d s in to ¯ v e g rou p s b ased o n w h eth er or n ot th ey are su b stan tia lly d i® eren t from on e

an o th er.1 6 H D , A B a n d C D are g rou p ed togeth er sin ce all o f th e d i® eren ces a m o n g th em

lie b elow th e cu to® w h ile a ll o f th e d i® eren ces in v olv in g ju st o n e o f th em lie ab ove. S im i-

larly, V H , E K S a n d O S 1 7 fo rm a gro u p 1 8 as d o each of G K , U S * an d E R .1 9 T h u s th e ch oice

of on e m eth o d over a n oth er ca n h ave a su b stan tial im p act o n in tern a tio n al com p a riso n s of

con su m p tion .

T a b le 5 p resen ts eigh t p er-h o u seh old co n su m p tio n in d ex es d eriv ed fro m th e resu lts

in tab le 3 u sin g th e h ou seh old n u m b ers in tab le 2. E a ch of th ese in d ex es m ea su res th e

con su m p tion o f th e averag e h ou seh old in each O E C D co u n try a s a p ercen tage o f th at in

th e U n ited S ta tes. F igu re 1 is a grap h ical rep resen tation of selected resu lts in tab le 5 a lo n g

1 6 To get a feel for what this means, consider a hypothetical international proj ect to be ¯nanced

by reference to 1990 OECD consumption shares. Using the own-share system instead of the US*

system (100¢U S ¤ ;O S ¼ 2) would change the average national contribution by 1.58 percent. For

some countries, however, this switch in methods would change their contribution by as much as

3.99 percent. In an era of government ¯scal restraint, four dollars per hundred can easily be viewed

as a substantial di®erence.

1 7 Since it is so close to two, 100¢U S ¤ ;O S = 1:992 is treated as a substantial di®erence.

1 8 An extended version of table 4 would show that the quantity-weighted van Ijzeren, democratic

weights, plutocratic weights and quantity weights methods also belong to this group.

1 9 Preliminary support for the hypothesis that this partition is not merely an artifact of the (1990)

data is given by the fact that the same partition obtained from the corresponding 1993 data.
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w ith th o se o f th e ex ch a n ge-ra te ap p ro ach . T h erein , th e releva n t cou n tries2 0 a re arra n ged

from left to righ t alon g th e h orizon tal ax is in ord er of d ecrea sin g p er-h o u seh old co n su m p tion

calcu lated v ia th e h o u seh old d em o cratic m eth o d .

C o n stru cted in th e sam e m an n er as ¯ gu re 1, th e n ex t th ree ¯ g u res serve to illu s-

trate th e d i® eren ce p a rtition estab lish ed ab ove. T h e close p rox im ity of th e p er-h o u seh old

con su m p tion lin es in ea ch of ¯ g u res 2 a n d 3 con vey s th e sim ilarity o f ou tcom es gen erated

b y m eth o d s b elo n gin g to th e sam e g ro u p . B y co n trast, th e rela tiv e sep ara tio n of th e corre-

sp on d in g lin es in ¯ gu re 4 co n vey s th e d issim ilarity b etw een m eth o d s b elo n gin g to d i® eren t

gro u p s.

In ta b le 6, each en try is a P P P asso ciated w ith th e corresp o n d in g co n su m p tio n sh are

in ta b le 3 b y m ean s of eq u a tio n (5 ). C om p a riso n o f ta b les 6 an d 1 sh ow s th at th ere are

rela tively larg e d i® eren ces b etw een th e P W T (-G K ) P P P s an d th e G K P P P s ca lcu la ted b y

b o th th e au th or an d th e O E C D . F or in sta n ce, th e P P P fo r C an a d a is 1 .3 1 a ccord in g to th e

form er an d 1 .1 6 accord in g to th e latter| a d i® eren ce o f ab o u t tw elve p ercen t. G iv en th at

b o th sets of n u m b ers w ere calcu la ted u sin g th e sa m e fo rm u la , w h y d o th ey d i® er so m u ch ?

T h e a n sw er to th is q u estion w a s p rov id ed b y H ill (19 82 , p . 7 ):

2 0 The United States (US) , Luxembourg (LUX), Canada (CAN), Switzerland (CHE), Japan

(JAP) , Australia (AUS) , Italy (ITA) , France (FRA) , Belgium (BEL), Germany (GER), the United

Kingdom (UK) , New Zealand (NZ) , Iceland (ICE), Austria (AUT) , Spain (SPA) , the Netherlands

(NLD) , Ireland (IRE) , Finland (FIN) , Denmark (DEN), Sweden (SWE) , Norway (NOR) , Greece

(GRC) , Portugal (PRT) and Turkey (TUR).
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It is in h eren t in all m u ltilateral agg reg ation m eth o d s ...th a t th e ch aracteristics

of th e grou p of cou n tries as a w h ole im p o se th em selves o n m ea su rem en ts m ad e

w ith in th e g rou p . [T h e P P P ] of F ra n ce [relativ e to] G erm an y, for ex am p le,

can n o t b e ex actly th e sam e w ith in th e con tex t of th e [E u ro p ean U n ion ] a s it

ap p ears w ith in th e co n tex t of th e w orld eco n om y a s a w h ole, even if ex actly th e

sa m e b asic[-h ea d in g ] P P P s, [n atio n al] ex p en d itu res a n d a gg reg ation m eth o d

are u sed .

W ith resp ect to th e G K P P P s of th e p resen t p a p er, th en , th e n oted d i® eren ces a re d u e

to th e fa ct th at o n e set w as ca lcu lated in th e con tex t o f th e 15 2-cou n try P W T w h erea s

th e oth er tw o w ere calcu la ted in th e con tex t o f th e 2 4-co u n try O E C D .2 1 C on seq u en tly, it

seem s sen sib le to rega rd th e O E C D -G K P P P s a n d th e corresp o n d in g P W T P P P s a s d istin ct

con cep ts rath er th a n a s d i® eren t m easu res of th e sa m e co n cep t.

C o m p a riso n of ta b les 6 an d 1 also reveals sm all d i® eren ces b etw een th e (n o n -P W T -)

G K a n d E K S P P P s.2 2 F or b oth m eth o d s, th ese d i® eren ces h ave arisen b ecau se th e d e¯ n ition

of p rivate ¯ n a l con su m p tion ex p en d itu re em p loy ed h erein ex clu d es ex p en d itu res b y p rivate

n on -p ro¯ t in stitu tion s serv in g h ou seh o ld s w h erea s th a t of th e O E C D d o es n o t. F o r th e E K S

m eth o d , th e d i® eren ces are also d u e to th e im p o sition of \ ¯ x ity " b y th e O E C D . U n d er th is

req u irem en t, th e \o± cia l" P P P s fo r th e E u rop ea n U n io n (E U ) m u st rem ain u n ch a n ged in

an y co m p a riso n in vo lv in g a la rger g rou p of cou n tries. T h e a ch iev em en t of ¯ x ity is a tw o -step

2 1 The \consistentization" procedure used in the construction of the PWT (PWT Appendix,

Dec. 1994, endnote /4/) had no e®ect on the component- level PPPs used in the present paper.

Under this procedure, the \adjustment factor" for each 1990 benchmark country was multiplied by

the va lu e of real consumption for that country|n o t the PPP.

2 2 The mean absolute log-percentage di®erences are 0.313 and 0.472, respectively.
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p ro cess.2 3 F irst, ea ch O E C D -sp ecī c P P P co m p a rin g tw o E U cou n tries is rep laced w ith th e

corresp o n d in g E U -sp ecī c P P P . S econ d , each O E C D -sp ecī c P P P com p arin g a n E U cou n try

an d a n o n -E U cou n try is ad ju sted to restore tran sitiv ity. T h u s th ere a re th ree d istin ct P P P

con cep ts em b ed d ed w ith in th e O E C D -E K S resu lts.

6 C o n c lu d in g R e m a rk s

G o rd on (1 99 6, p . 292 ) n otes th at th e u se o f P P P s from altern ative sou rces can lead to v ery

d i® eren t a ssessm en ts of th e relative sta n d ard s of liv in g of cou n tries. In an ex p ressio n of th e

w id esp read co n fu sion th at ex ists am o n g u sers of P P P d ata a b o u t th is seem in gly \ fra gile

sta te of in tern a tio n al...co m p a riso n s," h e th en g o es o n to ask th e ob v io u s q u estion : \[W ]h y

[d o] th e sou rces d i® er so m u ch ?" T h ere are th ree essen tia l reason s.

F irst, d i® eren t sou rces calcu late th e sa m e P P P s in th e co n tex t of d i® eren t b lo cs

of cou n tries. A n ex am p le of th is w a s given ab ov e w h en th e O E C D -ca lcu la ted E K S P P P s

com p arin g tw o E U co u n tries w ere co n tra sted w ith th e corresp o n d in g E K S P P P s calcu lated

b y th e au th or. T h e d i® eren ces b etw een th em a re d u e (in p art) to th e fa ct th at th e E K S in d ex ,

like all oth er m u ltilateral in d ex es, is b lo c sp ecī c: T h e co m p a rison of tw o E U cou n tries in th e

con tex t o f th e E U is con cep tu ally d i® eren t fro m th e com p ariso n of th e sa m e tw o cou n tries in

th e b road er con tex t o f th e O E C D . S im ilarly, th e G K P P P s calcu la ted b y th e a u th or d i® er

from th e corresp on d in g (G K ) P P P s calcu lated for th e P W T b ecau se th e co m p a rison of tw o

2 3 Such a process is necessary since ½
ji
E K S is not invariant to even small changes in the size of the

bloc (Diewert, 1986, proposition 8) .
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O E C D cou n tries in th e co n tex t o f th e O E C D is co n cep tu a lly d i® eren t from th e co m p a rison

of th e sam e tw o cou n tries in th e con tex t of th e w o rld a s a w h o le.

S eco n d , d i® eren t so u rces b u ild th e sam e agg reg ates fro m d i® eren t b askets o f go o d s

an d serv ices. F or ex am p le, F in al C on su m p tio n of R esid en t H ou seh o ld s co n sists of 15 9 b a sic

h ead in gs u n d er th e O E C D 's cla ssī cation a n d 21 5 u n d er E u rostat's. T h is fa ct rev ea ls an

ad d ition a l d im en sion of con cep tu al d isp arity am on g th e O E C D -E K S P P P s sin ce th o se w h ich

com p are tw o E U cou n tries w ere calcu lated on th e b asis of th e latter classī cation w h ile all

th e oth ers w ere calcu lated o n th e b a sis of th e fo rm er.

T h ird , d i® eren t sou rces ca lcu la te th e sa m e P P P s u sin g d i® eren t m eth o d s o f a ggrega -

tion . U sin g a n ew ty p e of d i® eren ce in d icato r, th e p reced in g section sh ow ed th a t th e ch oice

of o n e m eth o d over an o th er can h av e a su b stan tia l im p a ct o n th e resu lts o b tain ed . C lea rly

th en , fu rth er research o n th e th eoretical b asis for in tern ation a l com p ariso n s is n eed ed in

ord er to b etter in fo rm u sers a b ou t w h ich m eth o d is \b est" in so m e releva n t sen se.
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A p p e n d ix

P ro o f o f th e o re m 1 . B y T , fo r an y l 2 K ,

½ lj(P ;X ;H )½ j j(P ;X ;H ) = ½ lj(P ;X ;H ) .

T h u s, b y P , ½ jj(P ;X ;H ) = 1 . N ow ,

½ ij(P ;X ;H ) =
½ ji(P ;X ;H )½ ij(P ;X ;H )

½ ji(P ;X ;H )
, b y P

=
½ jj (P ;X ;H )

½ j i(P ;X ;H )
, b y T

=
1

½ ji(P ;X ;H )
, b y W I.

P ro o f o f th e o re m 2 . F irst, b y 4, th ere is a real n u m b er ¢ A ;B 2 ran g e ¢ w h ich is asso ciated

w ith an y tw o elem en ts A an d B o f P . C lea rly, ¢ A ;B > 0 if B 6= A . If B = A th en

¢ A ;A =
2

K (K ¡ 1)

K ¡1X
j= 1

KX
i= j+ 1

¯̄̄
¯̄ln
Ã

½ li
A

½ li
A

!
¡ ln

Ã
½
lj
A

½
lj
A

!¯̄̄
¯̄

= 0 .

N ex t,

¢ A ;B =
2

K (K ¡ 1 )

K ¡ 1X
j= 1

KX
i= j+ 1

¯̄̄
¯̄ln
Ã

½ li
B

½ li
A

!
¡ ln

Ã
½
lj
B

½
lj
A

!¯̄̄
¯̄

=
2

K (K ¡ 1 )

K ¡ 1X
j= 1

KX
i= j+ 1

¯̄̄
¯̄ln
Ã

½ li
A

½ li
B

!
¡ ln

Ã
½
lj
A

½
lj
B

!¯̄̄
¯̄

= ¢ B ;A .
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F in a lly, fo r an y C 2 P ,

¢ A ;B = 2
K (K ¡ 1 )

K ¡ 1X
j= 1

KX
i= j+ 1

¯̄̄
l̄n

µ
½ li
B

½ li
A

¶
¡ ln

µ
½
lj

B

½
lj

A

¶¯̄̄
¯

= 2
K (K ¡ 1 )

K ¡ 1X
j= 1

KX
i= j+ 1

¯̄̄
l̄n

µ
½ li
C

½ li
A

¶
+ ln

µ
½ li
B

½ li
C

¶
¡ ln

µ
½
lj

C

½
lj

A

¶
¡ ln

µ
½
lj

B

½
lj

C

¶¯̄̄
¯

·
2

K (K ¡ 1 )

K ¡ 1X
j= 1

KX
i= j+ 1

½¯̄̄
l̄n

µ
½ li
C

½ li
A

¶
¡ ln

µ
½
lj

C

½
lj

A

¶¯̄̄
+̄

¯̄̄
l̄n

µ
½ li
B

½ li
C

¶
¡ ln

µ
½
lj

B

½
lj

C

¶¯̄̄
¯
¾

= ¢ A ;C + ¢ C ;B .

P ro o f o f th e o re m 3 . B y S 1,

½ ji(P ;X ;H ) :=
H i p

i0x i

H j p j 0x j

¾ j(P ;X ;H )

¾ i(P ;X ;H )
> 0 .

N ex t,

½ j l(P ;X ;H )½ li(P ;X ;H ) :=
H l p

l0x l

H j p j 0x j

¾ j(P ;X ;H )

¾ l(P ;X ;H )

H i p
i0x i

H l p l0x l

¾ l(P ;X ;H )

¾ i(P ;X ;H )

=
H i p

i0x i

H j p j 0x j

¾ j(P ;X ;H )

¾ i(P ;X ;H )

= : ½ ji(P ;X ;H ) .

F in a lly, fro m (5),

H j p j 0x j

H i p i0x i
½ ji(P ;X ;H )¾ i(P ;X ;H ) = ¾ j(P ;X ;H )

)

KX
j= 1

H j p j 0x j

H i p i0x i
½ ji(P ;X ;H )¾ i(P ;X ;H ) =

KX
j= 1

¾ j(P ;X ;H )

, ¾ i(P ;X ;H ) =

8<
:

KX
j= 1

H j p j 0x j

H i p i0x i
½ ji(P ;X ;H )

9=
;
¡ 1

, b y S 1.
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P ro o f o f th e o re m 4 . B y (22) an d (2 4),

½ j i( ¹P ; ¹X ;H ) = ½ ji((p̂ U S )¡1 P ;¯ p̂ U S X ;H ) ,

w h ere p̂ U S is th e N £ N d iag on a l m a trix w ith p̂ U S
n n = p U S

n fo r all n 2 N . T h e req u ired

eq u ivalen ce fo llow s fro m settin g ^̧ := (p̂ U S )¡1 .

P ro o f o f th e o re m 5 . B y (22) an d (2 4),

¾ ( ¹P ; ¹X ;H ) = ¾ ((p̂ U S )¡1 P ;¯ p̂ U S X ;H ) .

T h e req u ired eq u iva len ce follow s from settin g ^̧ := (p̂ U S )¡ 1 .
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