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Abstract: This paper considers the problem of comparing real incomes across countries. The 
available methods are reviewed and their performance is compared using the raw data 
underlying the Penn World Table. We propose and implement a test of the "Gerschenkron 
Effect": the downward bias in a country's measured real income when its own prices are used as 
weights. The test confirms that this Effect obtains with fixed-weight indexes but not with true 
bilateral indexes based on empirical demand parameters. We also demonstrate the feasibility of 
estimating the G A I A ("Geary-Allen International Accounts") System which yields true 
multilateral real income indexes. 
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s e n s i t i v e t o t h e re fe rence p r i ces used . O n e h y p o t h e s i s c o n c e r n i n g t h e 

n a t u r e o f t h e s e n s i t i v i t y i n v o l v e d i s t h e so-ca l led " G e r s c h e n k r o n Effec t" : a 

c o u n t r y ' s m e a s u r e d r e a l i n c o m e i s h i g h e r t h e m o r e t h e reference p r ices d i f f e r 
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f r o m i t s o w n pr ices . T h i s effect is u s u a l l y t h o u g h t to re f lec t t h e b ias a r i s i n g 
f r o m t h e l a c k o f s u b s t i t u t a b i l i t y a s s u m e d i n s t a n d a r d r e a l i n c o m e indexes . 
Less w i d e l y a p p r e c i a t e d i s t h e fac t t h a t even " t r u e " indexes , w h i c h are based 
o n u t i l i t y t h e o r y a n d so a l l o w for s u b s t i t u t i o n , are i n g e n e r a l s ens i t ive t o t h e 
re ference p r i c e vec to r used. I n t h i s paper w e set o u t to t e s t t h e i m p o r t a n c e o f 
these s e n s i t i v i t i e s , u s i n g t h e r a w d a t a w h i c h u n d e r l i e t h e P e n n W o r l d Tab le . 

T h e o t h e r i s sue w e address i n t h e pape r i s t h e choice o f i n d e x n u m b e r fo r 
use i n m u l t i l a t e r a l c o m p a r i s o n s o f r e a l i n c o m e s b e t w e e n c o u n t r i e s . S u c h 
c o m p a r i s o n s h a v e become i n c r e a s i n g l y c o m m o n i n r ecen t years , r e f l e c t i n g t h e 
g r e a t e r a v a i l a b i l i t y o f c o m p a r a t i v e da t a , o f w h i c h t h e m o s t ex tens ive source is 
t h e P e n n W o r l d T a b l e w h i c h d r a w s o n t h e U n i t e d N a t i o n s s p o n s o r e d 
I n t e r n a t i o n a l C o m p a r i s o n s Pro jec t ( I C P ) . 1 T w o p r i n c i p a l m e t h o d s a re used i n 
p r a c t i c e i n s u c h c o m p a r i s o n s . T h e I C P a n d P e n n W o r l d T a b l e use a m e t h o d 
o r i g i n a t e d b y G e a r y (1958) , w h i c h ca lcu la tes w o r l d pr ices a n d exchange r a t e s 
t h a t c o r r e c t fo r d e v i a t i o n s f r o m p u r c h a s i n g p o w e r p a r i t y . H o w e v e r , i t has 
b e e n e x t e n s i v e l y c r i t i c i s e d fo r i t s l a c k o f t h e o r e t i c a l f o u n d a t i o n s , n o t a b l y b y 
S a m u e l s o n a n d S w a m y (1974) a n d D i e w e r t ( 1 9 8 1 a n d 1987) . D i e w e r t i n 
p a r t i c u l a r h a s a r g u e d i n s t e a d i n f a v o u r o f v e r s i o n s o f t h e so-ca l led E K S 
m e t h o d , d u e t o E l t e t o a n d Kbves (1964) a n d Szulc (1964) , w h i c h is u s e d b y 
t h e O E C D a n d b y E u r o s t a t . 

Recen t w o r k b y N e a r y (1996a , 1996b) a rgues t h a t t h e c l a i m s m a d e for t h e 
t h e o r e t i c a l s u p e r i o r i t y o f t h e E K S a n d r e l a t e d indexes do n o t h o l d u p i f tas tes 
a r e n o t n o m o t h e t i c . M o r e o v e r , i n t h a t case, i t is necessary to select f r o m a n 
i n f i n i t y o f " t r u e " indexes t o use as a n i d e a l o r b e n c h m a r k . N e a r y proposes for 
s u c h a b e n c h m a r k t h e "GALA." or " G e a r y - A l l e n I n t e r n a t i o n a l A c c o u n t s " 
S y s t e m , w h i c h h a s t h e ease o f i n t e r p r e t a t i o n o f t h e G e a r y s y s t e m b u t is 
c o n s i s t e n t w i t h u t i l i t y t h e o r y i n t h e c o n t e x t o f m u l t i l a t e r a l c o m p a r i s o n s . 
H o w e v e r , t h e ease o f c o m p u t a t i o n o f such G A I A indexes a n d t h e i r r e l a t i o n ­
s h i p i n p r a c t i c e w i t h t h e G e a r y a n d E K S indexes r e m a i n o p e n q u e s t i o n s . 
These issues are addressed be low. F i r s t , w e p resen t a b r i e f o v e r v i e w o f some 
r e l e v a n t r e s u l t s f r o m t h e t h e o r y o f i n d e x n u m b e r s . 

I I I N D E X N U M B E R T H E O R Y 2 

2.1 Fixed-Weight Bilateral Comparisons and the Gerschenkron Effect 
F i g u r e 1 i l l u s t r a t e s t h e p r o b l e m s w h i c h a r i s e i n m a k i n g b i l a t e r a l com­

p a r i s o n s o f r e a l i n c o m e s across c o u n t r i e s . P o i n t s J a n d K r e p r e s e n t t h e 
q u a n t i t i e s c o n s u m e d o f goods 1 a n d 2 w h i l e t h e slopes o f t h e l i n e s t h r o u g h 
t hose p o i n t s r e p r e s e n t t h e domes t i c r e l a t i v e pr ices o f good 1 i n each o f t w o 

1. See Krav i s (1984) and Summers and Heston (1991) for overviews of the I C P and the Penn 
World Table respectively. 

2. See Diewert (1981, 1987), Pollak (1971) and Neary (1996a) for more detailed accounts. 
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O q, 

F i g u r e 1: Fixed-Weight Indexes of Country j ' s Real Income Relative to 
Country k: Laspeyres - OB I OK; Paasche = OA / OK 

c o u n t r i e s j a n d k . I t i s c o n v e n i e n t t o choose one c o u n t r y as re fe rence a n d , 
f o l l o w i n g I C P conven t ions , w e select t h e h i g h - i n c o m e c o u n t r y k . ( T h i s choice 
is a r b i t r a r y a n d does n o t affect t h e r e s u l t s i n a s u b s t a n t i v e w a y . ) H e n c e w e 
seek a m e a s u r e o f t h e r e a l i n c o m e o f c o u n t r y j r e l a t i v e to t h a t o f c o u n t r y k 
a n d w e m e a s u r e e x p e n d i t u r e s i n c o u n t r y k 's c u r r e n c y , c o n v e r t i n g a t c u r r e n t 
exchange ra tes . B y t h i s m e a s u r i n g r o d , t h e t w o c o u n t r y ' s t o t a l e x p e n d i t u r e s 
i n domes t i c pr ices e q u a l O A a n d O K respec t ive ly . 

T h e t w o c o u n t r i e s ' r e a l i ncomes c a n n o w be c o m p a r e d a t e i t h e r set o f 
d o m e s t i c p r ices . U s i n g c o u n t r y k ' s pr ices l eads t o t h e L a s p e y r e s m e a s u r e , 
p k . q j / p k . q k , g i v e n b y O B / O K i n F i g u r e l . 3 B y c o n t r a s t , u s i n g c o u n t r y j ' s 
p r i c e s l eads to t h e Paasche m e a s u r e , p j . q j / p j . q k , g i v e n b y O A / O K . T h e 
l a t t e r i s c l e a r l y m u c h l o w e r , r e f l e c t i n g t h e " G e r s c h e n k r o n E f f e c t " d u e to 

3. With m commodities, we let p h and q h denote the m-by-1 vectors of prices and quantities 
respectively in country h. A dot denotes a vector inner product. 



G e r s c h e n k r o n (1951) . T o q u o t e S a m u e l s o n , " I t i s a l w a y s b e t t e r to r i d e t h e 
o t h e r m a n ' s horse" ; m o r e p rec i s e ly , each c o u n t r y ' s r e l a t i v e r e a l i n c o m e i s 
l o w e r w h e n t h e c o m p a r i s o n i s m a d e a t i t s o w n pr ices a n d h i g h e r w h e n i t i s 
m a d e a t t h e o ther ' s . H o w e v e r , as w e s h a l l see, t h i s ou tcome is n o t i n e v i t a b l e 
o n t h e o r e t i c a l g r o u n d s a n d so i t s e m p i r i c a l r e l evance i s a n open q u e s t i o n 
w h i c h deserves i n v e s t i g a t i o n . 

2.2 Reference Prices and True Bilateral Comparisons 
T h e f a c t t h a t f i x e d - w e i g h t i n d e x e s o f r e a l i n c o m e a re s e n s i t i v e t o t h e 

r e fe rence p r i ce s u s e d suggests t h a t w e s h o u l d cons ide r a " t r u e " or u t i l i t y -
based i n d e x i n s t e a d . T h e m o s t n a t u r a l o f these i s t h e A l l e n (1949) q u a n t i t y 
i n d e x , w h i c h e q u a l s t h e r a t i o o f t h e e x p e n d i t u r e f u n c t i o n s o f t h e t w o 
c o u n t r i e s e v a l u a t e d a t a c o m m o n reference pr ice vec tor p r : 

e ( P

r , u J ) 

e ( p r , u k ) ' 

S ince t h e e x p e n d i t u r e f u n c t i o n g ives t h e m i n i m u m cost o f a t t a i n i n g a g i v e n 
u t i l i t y l e v e l f a c i n g g i v e n p r i c e s , t h i s i n d e x a l l o w s fo r i n t e r c o m m o d i t y 
s u b s t i t u t i o n a n d so avo ids t h e biases o f f i x e d - w e i g h t indexes . H o w e v e r , i t i s 
n o t i n d e p e n d e n t o f re fe rence p r ices i n g e n e r a l . A n e x c e p t i o n i s t h e spec ia l 
case o f h o m o t h e t i c t a s t e s , w h e n t h e e x p e n d i t u r e f u n c t i o n t a k e s t h e f o r m 
e(p r ,uJ) = u i . e ( p r ) , a n d so (1) reduces to t h e r a t i o o f u t i l i t i e s , u J / u k , w h i c h i s 
i n d e p e n d e n t o f p r . M o r e r e a l i s t i c a l l y , w h e n t as tes a re n o t h o m o t h e t i c , t h e 
A l l e n i n d e x i s s e n s i t i v e t o t h e choice o f reference pr ices . F i g u r e 2 i l l u s t r a t e s 
t h e d i f f e r ence b e t w e e n w h a t w e c a l l t h e " L a s p e y r e s - A l l e n " a n d "Paasche-
A l l e n " i n d e x e s , w h i c h use c o u n t r y k a n d c o u n t r y j p r i ce s as r e f e r ence 
respec t ive ly . 

W h i l e t h e A l l e n i n d e x does n o t (except w h e n tas tes are h o m o t h e t i c ) a v o i d 
t h e dependence o f o u r m e a s u r e o f r e a l i n c o m e o n t h e reference pr ices used , 
w e c a n use i t t o t h r o w l i g h t o n t h e G e r s c h e n k r o n E f f e c t . S ince t h e 
e x p e n d i t u r e f u n c t i o n g ives t h e m i n i m u m cost o f a t t a i n i n g a g i v e n u t i l i t y l e v e l 
f a c i n g p a r t i c u l a r pr ices , i t fo l lows t h a t e ( p k , u j ) < p k .q-* . Hence t h e Laspeyres-
A l l e n i n d e x c a n n o t exceed t h e c o r r e s p o n d i n g f i x e d - w e i g h t Laspeyres i n d e x : 

e ( p k , u j ) < p k . q j 

e ( p k , u k ) p k . q k ' ( 2 ) 

B y s i m i l a r r e a s o n i n g , t h e P a a s c h e - A l l e n i n d e x c a n n o t be less t h a n t h e 
c o r r e s p o n d i n g f i x e d - w e i g h t Paasche index : 

e ( p J , u J ) p J . q J 

e ( p j , u k ) p \ q k 



F i g u r e 2: True (Allen) Indexes of Country j's Real Income Relative to Country 
k: Laspeyres = OB I OK; Paasche = OA/OE 

These t w o i n e q u a l i t i e s c a n be c o m b i n e d i n t h e spec ia l case o f h o m o t h e t i c 
t a s tes . S u b s t i t u t i n g fo r t h e spec ia l f o r m o f t h e e x p e n d i t u r e f u n c t i o n i n t h i s 
case, t h e l e f t - h a n d sides o f (2) a n d (3) a re e q u a l t o one a n o t h e r a n d t h e 
Laspey re s i n d e x necessa r i ly exceeds t h e Paasche i n d e x . ( M o r e p rec i se ly , t h e 
L a s p e y r e s i n d e x c a n n o t be less t h a n t h e Paasche i n d e x a n d m u s t s t r i c t l y 
exceed i t i f a n y i n t e r - c o m m o d i t y s u b s t i t u t i o n occurs.) T h i s gives a k e y r e s u l t : 
t h e G e r s c h e n k r o n Ef fec t i s a necessary consequence o f u t i l i t y m a x i m i s a t i o n 
b y a s ing le consumer whose tas tes are h o m o t h e t i c . 4 

F i g u r e 3 i l l u s t r a t e s t h e r e s u l t . P o i n t s J a n d K r e p r e s e n t c o u n t r i e s j a n d k 
as before. S ince tas tes are h o m o t h e t i c , a l l i nd i f f e r ence curves h a v e t h e same 

4. Nuxoll (1994) states that the Gerschenkron Effect is implied by the Weak Axiom of 
Revealed Preference when tastes are homothetic. For bilateral comparisons, the Weak Axiom is 
equivalent to utility maximisation. 



F i g u r e 3: nomothetic Preferences Imply the Gerschenkron Effect: 
OB I OK > OA/OK 

s lope a l o n g t h e r a y O K . I n p a r t i c u l a r , t h e slope o f t h e i n d i f f e r e n c e c u r v e 
t h r o u g h J a t p o i n t K ' i s t h e same as t h e slope o f t h e p r i c e l i n e a t K . T h e 
L a s p e y r e s - A l l e n i n d e x the re fo re equa ls O K 7 0 K . I t f o l l ows i m m e d i a t e l y t h a t 
t h e f i x e d - w e i g h t L a s p e y r e s i n d e x , w h i c h equa l s O B / O K , m u s t exceed t h e 
f i x e d - w e i g h t Paasche i n d e x , w h i c h equals O A / O K . 

H o w e v e r , a s i m i l a r geome t r i c a p p r o a c h m a y be u s e d to show t h a t , i f tas tes 
a re n o t h o m o t h e t i c , t h e G e r s c h e n k r o n Ef fec t m a y n o t ar ise . I n F i g u r e 4 good 
1 i s i n c o m e - i n e l a s t i c b u t neve r the l e s s has a h i g h e r r e l a t i v e p r i ce i n k t h a n 
i n j . A s a r e s u l t , t h e Laspey re s i n d e x O B / O K i s less t h a n t h e Paasche i n d e x 
O A / O K . T h e G e r s c h e n k r o n Effec t i s v i o l a t e d , even t h o u g h t h e d a t a r e l a t e to a 
s i n g l e u t i l i t y - m a x i m i s i n g i n d i v i d u a l . W e m a y conc lude f r o m these examples 
t h a t s u b s t i t u t a b i l i t y t e n d s t o encourage t h e G e r s c h e n k r o n Ef fec t a n d t h a t 
n o n - h o m o t h e t i c i t y m a y , b u t n e e d no t , w o r k a g a i n s t i t . O f course, w h e n w e 
c o m p a r e d a t a fo r w h o l e c o u n t r i e s t hese r e s u l t s d e r i v e d f r o m i n d i v i d u a l 
b e h a v i o u r need n o t a p p l y . 
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F i g u r e 4: Non-Homothetic Preferences may Violate the Gerschenkron Effect: 
OB/OK<OA/OK 

2.3 Multilateral Comparisons 
So f a r , w e have cons ide r ed o n l y b i l a t e r a l i n t e r n a t i o n a l c o m p a r i s o n s . T o 

c o m p a r e t h e r e a l i n c o m e s o f a g r o u p o f c o u n t r i e s t h e i ssues a l r e a d y con­
s i d e r e d a re s t i l l r e l e v a n t a n d m a n y o t h e r s also a r i se . R a t h e r t h a n g i v i n g a 
f u l l account , w e s u m m a r i s e t h e t h r e e m u l t i l a t e r a l i n d e x e s whose e m p i r i c a l 
pe r fo rmance i s cons ide red i n t h e r e m a i n d e r o f t h e paper . 

The Geary System: T h e m e t h o d p roposed b y G e a r y ( 1 9 5 8 ) p o s t u l a t e s t h e 
ex is tence o f " w o r l d " pr ices n a n d " t r u e " exchange r a t e s e. T h e t r u e exchange 
r a t e s are Laspey re s p r i ce indexes , w h i c h compare t h e w o r l d p r ices w i t h t h e 
pr ices o f each c o u n t r y i n t u r n : 



£ j = J , j = l , . . . m . (4) 

A s fo r t h e w o r l d p r i ces t hemse lves , t h e y sa t is fy t h e p r o p e r t y t h a t t o t a l w o r l d 
s p e n d i n g o n c o m m o d i t y i i s t h e same w h e t h e r v a l u e d a t i t s w o r l d p r i ce or a t 
domes t i c pr ices conve r t ed a t t h e t r u e exchange ra tes : 

7 t j = - , i = l , . . . n . (5) 

j 

S o l v i n g fo r e a n d TC, i t i s t h e n s t r a i g h t f o r w a r d to ca lcu la te t h e i n c o m e o f each 
c o u n t r y a t w o r l d pr ices : 

z? = 8 j Z j = 1 7 1 ^ , i = L . . . m . (6) 

T h e s e r e a l i n c o m e m e a s u r e s i n t u r n i m p l y a se t o f i n d e x e s , 
Q,fk = zf I z k , V j , k . T h u s t h e G e a r y m e t h o d y i e l d s f i x e d - w e i g h t i n d e x 
n u m b e r s o f r e a l i n c o m e w h i c h use as reference t h e pr ices TC o f a h y p o t h e t i c a l 
" w o r l d " c o u n t r y . 

The EKS Index: T h e s t a r t i n g p o i n t fo r t h e E K S s y s t e m i s t h e F i s h e r I d e a l 
i n d e x , w h i c h i s t h e geome t r i c m e a n o f t h e base -we igh ted Laspeyres i n d e x a n d 
t h e c u r r e n t - w e i g h t e d Paasche i n d e x : 

I n Q f t = 4 n 4 4 + 1 n 4 4 ( 7 ) 

I P - q P - q J 

T h e F i s h e r I d e a l i n d e x has m a n y des i r ab l e p rope r t i e s b u t i t i s n o t s u i t e d t o 
m u l t i l a t e r a l c o m p a r i s o n s . T h e E K S i n d e x e x t e n d s i t t o t h e m u l t i l a t e r a l 
c o n t e x t s ince i t equa l s t h e g e o m e t r i c m e a n o f t h e r a t i o s o f a l l m b i l a t e r a l 
F i s h e r I d e a l indexes , t a k i n g each o f t h e m coun t r i e s i n t u r n as base: 

l n Q f k K S = ^ X { l n Q f , - l n Q ^ } . (8) 
1=1 

T h i s i n d e x , u n l i k e t h e F i s h e r i n d e x , y i e l d s a t r a n s i t i v e r a n k i n g across 
c o u n t r i e s a n d i s n o t s ens i t i ve to t h e choice o f base c o u n t r y . I t also reduces to 



t h e F i s h e r i n d e x w h e n m = 2 . T h u s t h e E K S i n d e x i s i n d e e d a n a p p r o p r i a t e 
m u l t i l a t e r a l g e n e r a l i s a t i o n o f t h e F i s h e r I d e a l . N o t e t h a t i t i s n o t poss ib le to 
g ive a reference p r i ce i n t e r p r e t a t i o n to t h e E K S index . 

The GAIA ("Geary-Allen International Accounts") System: T h i s i s a n " i d e a l " 
c o u n t e r p a r t t o t h e G e a r y sys t em, p roposed b y N e a r y (1996a a n d 1996b) . I t s 
s t a r t i n g p o i n t i s to rep lace t h e f i x e d - w e i g h t Laspey res f o r m u l a i n t h e G e a r y 
exchange r a t e s w i t h t h e i r t r u e e q u i v a l e n t s , w h i c h m a y be c a l l e d G e a r y - K o n i i s 
exchange ra tes : 

e ( n , u j ) f " 1 ^ . n , Q . 
E j = : — - = - , j = l , . . . m . (9) 

e ( p J , u J ) IP i j -qy 

H e r e t h e q-j denote t h e " v i r t u a l " or i m p u t e d q u a n t i t i e s w h i c h c o u n t r y j w o u l d 
choose i f i t w e r e faced w i t h w o r l d pr ices IT 

q ^ = e i ( n , u j ) . (10) 

A s fo r t h e w o r l d p r i ces n i ; t h e y m u s t sa t i s fy a g g r e g a t i o n c o n d i t i o n s o f t h e 
G e a r y t y p e . T h e y c a n n o t do so i n t e r m s o f a c t u a l q u a n t i t i e s c o n s u m e d b u t 
t h e y c a n i n t e r m s o f v i r t u a l q u a n t i t i e s . T h i s leads t o a set o f G e a r y - K o n i i s 
w o r l d pr ices : 

l E j P i j q j j 

n ; = ^ , i = l , . . . n . (11) 

j 

F i n a l l y , t h e i m p l i e d G e a r y - A l l e n m e a s u r e s o f i n c o m e a t w o r l d p r i ce s a re 
de f ined as fo l lows : 

z ^ E j Z ^ i r i i q ^ e t r L U j ) , j = l , . . . m . (12) 
i 

A s n o t e d i n N e a r y (1996b) , t h i s sy s t em combines t h e t h e o r e t i c a l cons i s t ency 
o f A l l e n i ndexes w i t h t h e ease o f i n t e r p r e t a t i o n o f t h e G e a r y s y s t e m . I t also 
a l l o w s a n i n t e r p r e t a t i o n o f t h e w o r l d pr ices : i f preferences a re c h a r a c t e r i s e d 
b y "genera l i sed l i n e a r i t y " as p roposed b y M u e l l b a u e r (1975) , t h e w o r l d pr ices 
c o r r e s p o n d to t h e p r i ce s o f a h y p o t h e t i c a l c o u n t r y w h o s e i n c o m e i s a n 
a p p r o p r i a t e ave rage o f w o r l d i n c o m e s . O f course , n o t w i t h s t a n d i n g t h e s e 



t h e o r e t i c a l advan tages , t h e G A I A s y s t e m is unobse rvab le a n d so i t s e m p i r i c a l 
r e l e v a n c e d e p e n d s o n h o w e a s i l y a n d p l a u s i b l y i t c a n be e s t i m a t e d u s i n g 
a v a i l a b l e i n f o r m a t i o n o n d e m a n d p a r a m e t e r s . W e i n v e s t i g a t e t h i s i s sue i n 
S e c t i o n V b e l o w . F i r s t w e cons ide r t h e s e n s i t i v i t y o f b o t h f i x e d - w e i g h t a n d 
t r u e indexes to t h e choice o f reference pr ices . 

I l l L A S P E Y R E S I N D E X E S A N D T H E G E R S C H E N K R O N E F F E C T 

I n t h i s sec t ion a n d t h e n e x t w e e x a m i n e e m p i r i c a l l y t h e s igni f icance o f t h e 
i ssues r a i s e d i n t h e t h e o r e t i c a l d i scuss ion above. T h e d a t a w e use a re t a k e n 
f r o m t h e I n t e r n a t i o n a l C o m p a r i s o n Pro jec t ( I C P ) w h i c h u n d e r l i e s t h e P e n n 
W o r l d T a b l e a n d a re desc r ibed i n d e t a i l i n t h e A p p e n d i x . I n t h i s p i l o t s t u d y 
w e use d a t a o n 16 c o u n t r i e s i n 1970 , g i v i n g t h e p r i ce s a n d q u a n t i t i e s 
c o n s u m e d o f 11 ca tegor ies o f p e r s o n a l c o n s u m p t i o n . A l l pr ices a re m e a s u r e d 
i n c u r r e n t U S d o l l a r s , c o n v e r t e d a t market exchange ra tes . 

T h e f i r s t s tep i s t o ca l cu la t e t h e r e a l i n c o m e o f each c o u n t r y r e l a t i v e to t h e 
U S , u s i n g t h e p r i ces o f each c o u n t r y i n t u r n as reference, a n d t h e r e s u l t s o f 
t h i s a r e g i v e n i n T a b l e 1 . T h e c o u n t r i e s a re r a n k e d b y z-y t h e i r p e r c a p i t a 
e x p e n d i t u r e i n d o l l a r s , c o n v e r t e d a t c u r r e n t exchange ra t e s . F o r reference , 
t h i s is g i v e n i n l eve l s a n d r e l a t i v e t o t h e U S i n t h e f i r s t t w o r o w s o f t h e t a b l e . 
T h e n e x t s i x t e e n r o w s , c o n s t i t u t i n g t h e b u l k o f t h e t a b l e , g ive t h e r e l a t i v e 
L a s p e y r e s i ndexes o f r e a l i n c o m e , u s i n g t h e pr ices o f each c o u n t r y i n t u r n as 
r e f e r ence . R e a d i n g d o w n each o f t h e c o u n t r y c o l u m n s g ives a l t e r n a t i v e 
e s t i m a t e s o f t h e r e a l i n c o m e o f each c o u n t r y r e l a t i v e to t h e U S . R e a d i n g 
across each r o w g ives t h e i n d e x e s c o r r e s p o n d i n g t o a p a r t i c u l a r c o u n t r y ' s 
p r i ces ; i .e . , t h e i n c o m e s o f each c o u n t r y r e l a t i v e to t h e U S u s i n g a p a r t i c u l a r 
c o u n t r y ' s p r i ce s as w e i g h t s . T h u s t h e e n t r y i n r o w k a n d c o l u m n j equa l s 
p k . q J / p k . q k o v e r p k . q ' / p k . q k ; i .e. , p k . q j / p k . q ' , t h e r e a l i ncome o f c o u n t r y 

j r e l a t i v e t o c o u n t r y 1 ( t he U S ) u s i n g t h e pr ices o f c o u n t r y k as reference. T h i s 
m a t r i x m a y be c a l l e d t h e Laspeyres "star" m a t r i x , s ince each r o w gives a s t a r 
i n d e x w h e r e t h e re fe rence c o u n t r y i s t h e cen t re a n d t h e o t h e r c o u n t r i e s a re 
t h e p o i n t s o f a s t a r . T h e n e x t t h r e e r o w s a n d t h e f i n a l t h r e e c o l u m n s o f t h e 
t a b l e g ive t h e average , s t a n d a r d d e v i a t i o n a n d coeff ic ient o f v a r i a t i o n o f t h e 
d i f f e r e n t L a s p e y r e s i ndexes i n each r o w a n d c o l u m n . T h e f i n a l t h r e e r o w s o f 
t h e t a b l e g i v e t h e E K S , G e a r y a n d G A I A indexes o f r e a l e x p e n d i t u r e , t o be 
d iscussed i n Sec t ion V . 

T h e f i r s t m a j o r f ea tu re o f t h e Laspeyres s ta r m a t r i x is t h a t a l l t h e d i f f e r e n t 
i n d e x e s s h o w less d i s p e r s i o n i n r e a l i n c o m e s t h a n t h e d a t a o n n o m i n a l 
e x p e n d i t u r e . T h u s t h e coeff ic ient o f v a r i a t i o n o f n o m i n a l e x p e n d i t u r e across 
t h e 16 c o u n t r i e s i s 98 .2 pe r cen t , w h e r e a s t h e coeff ic ient o f v a r i a t i o n o f t h e 
Laspey re s indexes r anges f r o m 81.3 pe r cent to 85.8 per cent , w i t h a n average 



T a b l e 1: Laspeyres, EKS, Geary and GAIA Indexes of Real Consumption Expenditure per capita, 1970 

USA Germ. Belg. France Neth. UK Italy Japan Hung. Colum. Korea Iran Malay. Phil. India Kenya Mean SD CV 

z($): 3,362 1,777 1,753 1,709 1,654 1,511 1,203 1,099 286 258 215 207 201 140 76 5 966 949 98.2 

z: 1,000 529 521 508 492 449 358 327 85 77 64 62 60 42 23 1 287 282 98.2 

U S A 1,000 536 598 560 577 512 431 450 140 137 101 133 102 90 44 2 338 283 83.5 

Germany 1,000 530 598 550 578 520 435 438 139 145 111 130 106 93 49 2 339 280 82.7 

Belgium 1,000 529 561 542 563 500 428 432 136 135 103 120 100 83 44 2 330 279 84.5 

France 1,000 526 583 530 566 505 412 429 136 137 103 121 100 84 43 2 330 279 84.6 

Netherlands 1,000 527 583 537 564 515 423 426 138 137 106 119 104 87 46 2 332 279 84.0 

U K 1,000 538 582 560 580 508 428 448 142 135 96 122 99 84 41 2 335 283 84.4 

Italy 1,000 523 598 537 574 517 418 428 137 144 108 125 103 90 47 2 334 280 83.6 

Japan 1,000 534 601 557 585 534 446 417 131 140 109 138 109 99 50 2 341 282 82.7 

Hungary 1,000 531 608 555 585 538 447 435 137 155 125 131 111 101 56 3 345 280 81.3 

Colombia 1,000 544 584 568 572 517 443 438 134 133 99 136 104 93 45 2 338 282 83.5 

Korea 1,000 553 612 597 610 551 465 445 133 138 98 149 107 103 46 2 351 289 82.4 

Iran 1,000 530 569 553 575 528 448 426 137 146 116 117 107 92 51 2 337 279 82.3 

Malaysia 1,000 514 584 541 567 510 416 427 135 142 104 121 99 87 44 2 331 279 84.3 

Philippines 1,000 549 528 572 579 460 444 488 152 133 100 110 93 72 41 2 333 282 84.9 

India 1,000 553 603 594 628 547 464 475 146 154 114 127 103 98 49 2 354 289 81.8 

Kenya 1,000 524 565 546 565 517 420 408 125 129 91 123 97 85 39 2 327 281 85.8 

M e a n 1,000 534 585 556 579 517 435 438 137 140 105 126 103 90 46 2 337 281 83.5 

SD 0 11 21 19 17 21 16 20 6 7 9 10 5 8 4 0 12* 7* 59.3' 

C V (%) 0.0 2.1 3.6 3.5 3.0 4.1 3.8 4.6 4.5 5.2 8.2 7.6 4.6 8.9 9.2 7.8 5.4* 2.3* 43.0' 

E K S 1,000 526 580 551 575 520 427 421 133 136 100 121 102 82 46 2 333 281 84.6 

Geary 1,000 532 592 551 576 518 432 436 138 141 107 127 104 91 47 2 337 281 83.3 

G A I A 1,000 532 580 545 578 519 428 428 126 138 97 112 104 84 31 9 332 283 85.3 

SD: Standard Deviation; C V : Coefficient of Variation (%). 
'Exceptionally, these entries are based on 15 countries only (i.e., excluding the U S ) . 



across c o u n t r i e s o f 83 .5 p e r c e n t . 5 T h e d i f f e r e n t i ndexes also g ive b r o a d l y 
s i m i l a r r a n k i n g s across c o u n t r i e s w h i c h m a y d i f fe r f r o m t h e r a n k i n g s based 
o n n o m i n a l e x p e n d i t u r e . F o r e x a m p l e , a l m o s t a l l t h e d i f f e r e n t i n d e x e s o f 
r e a l e x p e n d i t u r e r a n k G e r m a n y b e l o w each o f B e l g i u m , F r a n c e a n d T h e 
N e t h e r l a n d s , a n d r a n k K o r e a b e l o w I r a n , i n a l l cases r e v e r s i n g t h e 
c o r r e s p o n d i n g r a n k i n g s o f n o m i n a l e x p e n d i t u r e . 

W h i l e t h e r e a re m a j o r s i m i l a r i t i e s b e t w e e n t h e i ndexes t h e r e a re also 
i m p o r t a n t dif ferences . These a re h i g h l i g h t e d b y t h e s u m m a r y s t a t i s t i c s be low 
t h e s t a r m a t r i x , i n p a r t i c u l a r b y t h e r o w g i v i n g t h e coeff ic ient o f v a r i a t i o n o f 
t h e i n d e x e s f o r e ach c o u n t r y . T h e ave rage o f these fo r t h e 15 c o u n t r i e s 
e x c l u d i n g t h e U S i s 5.4 pe r cen t , i n d i c a t i n g a s i g n i f i c a n t v a r i a t i o n i n t h e 
e s t i m a t e o f r e a l i n c o m e d e p e n d i n g o n t h e choice o f w e i g h t s . T h i s effect i s 
c o n s i d e r a b l y g r e a t e r fo r poore r coun t r i e s : t h e c o r r e l a t i o n coeff ic ient (over 15 
c o u n t r i e s ) b e t w e e n t h e coe f f i c i en t o f v a r i a t i o n a n d t h e l e v e l o f n o m i n a l 
e x p e n d i t u r e i s - 0 . 8 2 4 . 

W e n e x t w i s h t o e x a m i n e t h e m a g n i t u d e o f t h e G e r s c h e n k r o n Effec t i n t h e 
s a m p l e . T h i s m e a n s c o n s i d e r i n g a l l poss ible b i l a t e r a l compar i sons . W i t h m 
c o u n t r i e s t h e r e a re m ( m - l ) / 2 such compar i sons ; 120 i n ou r 1970 sample o f 16 
c o u n t r i e s . F o r each o f these compar i sons w e t r e a t t h e r a t i o o f t h e Laspey re s 
t o t h e P a a s c h e i n d e x , p k . q j / p k . q k d i v i d e d b y p ^ . q ^ / p - > . q k , as a n 
i n d e p e n d e n t o b s e r v a t i o n a n d w e e x a m i n e t h e s a m p l e d i s t r i b u t i o n o f these 
o b s e r v a t i o n s . T h e r e s u l t s are g i v e n i n t h e f i r s t r o w o f T a b l e 2. (We pos tpone 
c o n s i d e r a t i o n o f t h e second r o w u n t i l Sec t ion I V . ) 

T a b l e 2: Tests of the Gerschenkron Effect 

Index 
Mean 

Distribution of Laspeyres to Paasche Ratios 
Std.Dev. <0.9 0.9-1.0 1.0-1.1 1.1-1.2 1.2-1.3 >1.3 %>1.0 

Fixed-Weight 
Allen 

1.114 
1.528 

0.118 1 7 59 33 
1.953 25 50 30 1 

12 
0 

8 
14 

93.3 
37.5 

Index Regression of LP Ratio on PD 
R2 a b 

Fixed-Weight 

Allen 

0.139 1.027 0.047 
(0.022) (0.011) 

0.004 1.780 -0.136 
(0.397) (0.191) 

All comparisons are based on the 120 L P ratios; i.e., the ratios of bilateral Laspeyres to Paasche 
indexes for the 16 countries in 1970. PD: Measure of price dispersion, equal to the sum of 
squared deviations of prices between the two countries. Regression coefficient estimates have 
standard errors in parentheses. 

5. These coefficients of variation are independent of the choice of base country. With the U S 
as base, the lower dispersion shows up as a higher average real income with a near-identical 
standard deviation. 



C o n s i d e r i n g f i r s t t h e p r o p e r t i e s o f t h e d i s t r i b u t i o n , t h e t a b l e s h o w s t h a t 
t h e average o f t h e 120 r a t i o s w a s 1.114, w i t h a s t a n d a r d d e v i a t i o n o f 0 .118. 
A l t h o u g h t h i s i s n o t s i g n i f i c a n t l y g r e a t e r t h a n u n i t y , t h e d i s t r i b u t i o n i s 
h i g h l y skewed , w i t h 112, or 93.3 pe r cent , o f t h e r a t i o s exceed ing u n i t y . T h i s 
suggests t h a t t h e Laspey re s i n d e x i s i n d e e d s y s t e m a t i c a l l y g r e a t e r t h a n t h e 
c o r r e s p o n d i n g Paasche i n d e x . A m o r e f o r m a l t e s t o f t h e G e r s c h e n k r o n Ef fec t 
r e q u i r e s t h a t w e i n v e s t i g a t e h o w t h e i r r a t i o v a r i e s w i t h t h e d i f f e r ence i n 
pr ices b e t w e e n t h e t w o coun t r i e s . T o do t h i s w e e s t i m a t e a s i m p l e r e g r e s s i o n 
e q u a t i o n w h i c h regresses t h e L a s p e y r e s t o Paasche r a t i o o n t h e s u m o f 
s q u a r e d d e v i a t i o n s b e t w e e n pr ices o f i n d i v i d u a l goods i n t h e t w o c o u n t r i e s ; 
i .e. , a m e a s u r e o f t h e e x t e n t o f p r i ce dispersion b e t w e e n t h e t w o coun t r i e s . A s 
t h e t a b l e shows , t h e G e r s c h e n k r o n Ef fec t i s o v e r w h e l m i n g l y c o n f i r m e d . A 
u n i t i nc rease i n t h i s m e a s u r e o f p r i c e d i s p e r s i o n i s s i g n i f i c a n t l y assoc ia ted 
w i t h a r i s e i n t h e Laspeyres to Paasche r a t i o o f 0.047. 

I V A L L E N I N D E X E S B A S E D O N E S T I M A T E D S T O N E - G E A R Y 
P R E F E R E N C E S 

T h e p r e v i o u s s ec t i on has c o n f i r m e d t h a t t h e choice o f r e f e rence p r i c e s 
m a k e s a s i g n i f i c a n t dif ference to t h e e s t i m a t e d leve ls o f r e a l e x p e n d i t u r e a n d 
t h a t t h e d i f ferences i n v o l v e d r e f l ec t t h e G e r s c h e n k r o n Ef fec t . T h i s suggests 
t h e d e s i r a b i l i t y o f e s t i m a t i n g a l t e r n a t i v e i n d e x e s w h i c h a l l o w f o r 
s u b s t i t u t a b i l i t y b e t w e e n c o m m o d i t i e s i n response t o p r i c e d i f fe rences . O f 
cour se , t h e r e a r e m a n y w a y s i n w h i c h s u c h s u b s t i t u t a b i l i t y m i g h t be 
p a r a m e t e r i s e d . W e h a v e chosen t o do so i n a s i m p l e f a s h i o n , u s i n g t h e l i n e a r 
e x p e n d i t u r e s y s t e m , w h i c h cor responds to t h e S tone -Gea ry u t i l i t y f u n c t i o n . 
T h e d e m a n d f u n c t i o n fo r c o m m o d i t y g r o u p i i n t h i s s y s t e m ( s u p p r e s s i n g 
c o u n t r y subscr ip t s for s i m p l i c i t y ) i s : 

P i q i = P i Y i + P i ( z - S p h Y h ) (13) 
h 

T h e Y; coeff ic ients a re u s u a l l y i n t e r p r e t e d as subs is tence p a r a m e t e r s , w h i l e 
t h e m a r g i n a l b u d g e t shares p" s ( w h i c h m u s t s u m t o u n i t y ) d e t e r m i n e t h e 
a l l o c a t i o n o f " s u p e r n u m e r a r y " i ncome z - £ h p h Y h a m o n g c o m m o d i t y g roups . 

C a l c u l a t i n g t h e A l l e n indexes is s t r a i g h t f o r w a r d . T h e e x p e n d i t u r e f u n c t i o n 
c o r r e s p o n d i n g to t h e S tone-Geary u t i l i t y f u n c t i o n , e v a l u a t e d a t t h e p r ices o f 
c o u n t r y k a n d t h e u t i l i t y l e v e l o f c o u n t r y j i s : 

r N P i 

e ( p \ u j ) = Y k + P k u j , whe re : Y k = l Y i P i k a n d (3 k = FT Pik 

Pi 
(14) 



T h e y k a n d p k t e r m s c a n be c a l c u l a t e d u s i n g t h e p a r a m e t e r e s t i m a t e s f r o m 
T a b l e A l i n A p p e n d i x 2, w h i l e t h e l e v e l o f u t i l i t y i n each c o u n t r y is f o u n d b y 
s o l v i n g (14) fo r j = k ( w h e n t h e l e f t - h a n d side equals zJ a n d so a l l t h e t e r m s i n 
t h e e q u a t i o n except u-i a re observable) . A l l 16-by-16 t e r m s i m p l i e d b y (14) can 
t h e n be c a l c u l a t e d a n d t h e r e s u l t s are s h o w n i n t h e c e n t r a l m a t r i x i n T a b l e 4. 
T h e e n t r y i n r o w k a n d c o l u m n j o f t h e m a t r i x g ives t h e r e a l i n c o m e o f 
c o u n t r y j r e l a t i v e to t h e reference c o u n t r y ( the U S ) , e v a l u a t e d a t t h e pr ices o f 
c o u n t r y k ; t h a t i s , e ( p k , u j ) / e ( p k , u k ) o v e r e ( p k , u 1 ) / e ( p k , u k ) , o r 
e ( p k , u j ) / e ( p k , u 1 ) . T h e spec ia l d e m a n d s y s t e m u s e d imposes c o n s i d e r a b l e 
s t r u c t u r e o n t h e e n t r i e s i n t h e m a t r i x . 6 F r o m (14) , t h e difference b e t w e e n a n y 
t w o e n t r i e s j a n d h ( n o t necessar i ly adjacent) i n r o w k is : 

A j h = E L Z H - L H \ whe re : H k , - ^ — . (15) 
u y + u p 

I n w o r d s , t h i s is t h e u t i l i t y d i f fe rence b e t w e e n c o u n t r i e s j a n d h ( r e l a t i v e to 
t h e U S ) t i m e s H k , w h i c h measures t h e r a t i o o f s u p e r n u m e r a r y t o t o t a l i n c o m e 
for t h e U S a t c o u n t r y k pr ices . T h u s , a n y e n t r y i n t h e t a b l e can be c a l c u l a t e d 
f r o m t h e v a l u e s o f u a n d H o n l y ( g i v e n i n t h e f i r s t r o w a n d l a s t c o l u m n 
r e s p e c t i v e l y ) . 7 

Since a l l t h e i n d e x e s a re l i n e a r i n u t i l i t y , t h e y a re p e r f e c t l y c o r r e l a t e d 
across c o l u m n s . N e v e r t h e l e s s , r e a d i n g d o w n c o l u m n s t h e r e i s cons ide rab le 
v a r i a t i o n b e t w e e n t h e d i f f e r e n t i ndexes for each c o u n t r y . T h i s i s less t r u e o f 
t h e h i g h - i n c o m e c o u n t r i e s i n t h e sample , for w h i c h t h e r e s u l t s are r e l a t i v e l y 
i n s e n s i t i v e t o t h e r e f e r e n c e p r i c e s u s e d . H o w e v e r , fo r t h e l o w - i n c o m e 
c o u n t r i e s t h e o p p o s i t e i s t r u e . I n fac t , t h e average coeff ic ient o f v a r i a t i o n 
(over 15 c o u n t r i e s ) fo r these indexes i s 10.4 per cent , a l m o s t t w i c e as m u c h as 
for t h e Laspey re s indexes i n T a b l e l . 8 O f course, some o f t h i s v a r i a t i o n m a y 
r e f l ec t t h e f a i l u r e o f t h e l i n e a r e x p e n d i t u r e s y s t e m t o c a p t u r e t h e v a r i a t i o n s 

6. Our discussion in the remainder of this section has benefited from a stimulating 
correspondence with Patrick Honohan. 

7. Equation (14) also applies to any member of the Gorman Polar Form family of demand 
systems. This generalises the linear expenditure system to allow for arbitrary yk and B k functions 
which are linearly homogeneous in prices. Hence the comments in this paragraph apply to any 
member of this family. 

8. As with the Laspeyres indexes, this effect is greater for poorer countries though rather less 
so than in Table 1: the correlation coefficient (over 15 countries) between the coefficient of 
variation and the level of nominal expenditure is -0.532. These computations are not signifi­
cantly affected if India and Kenya are omitted. 



Table 3: Allen Indexes of Real Consumption Expenditure per capita, 1970 

USA Germ. Belg. France Neth. UK Italy Japan Hung. Colum. Korea Iran Malay. Phil. India Kenya Mean SD CV H 

Util ity 1,000 490 543 505 541 476 378 377 49 63 17 34 25 3 - 5 4 - 7 8 273 308 112.7 

U S A 1,000 529 578 543 576 516 426 425 121 134 92 108 100 79 26 4 329 284 86.5 0.924 

Germany 1,000 534 582 547 580 521 431 430 130 142 101 116 108 88 36 14 335 281 84.0 0.915 

Belgium 1,000 530 578 544 577 517 427 426 123 136 94 109 101 81 28 6 330 284 86.0 0.922 

France 1,000 530 578 543 577 517 426 426 123 136 93 109 101 81 28 6 330 284 86.0 0.922 

Netherlands 1,000 532 580 545 578 519 429 428 126 139 97 113 105 84 32 10 332 282 85.0 0.919 

U K 1,000 529 577 542 575 515 425 424 120 133 90 106 98 78 25 2 327 285 86.9 0.925 

Italy 1,000 533 581 547 579 520 430 430 129 142 100 115 107 87 34 12 334 282 84.3 0.916 

Japan 1,000 536 584 549 582 523 434 433 134 147 105 121 113 93 40 18 338 280 82.8 0.910 

Hungary 1,000 543 590 556 588 530 442 441 146 159 118 133 125 105 54 32 348 276 79.4 0.897 

Colombia 1,000 530 578 543 577 517 426 426 123 135 93 109 101 81 28 6 330 284 86.1 0.922 

Korea 1,000 536 584 550 582 524 434 434 134 147 106 121 113 93 41 19 339 280 82.7 0.910 

Iran 1,000 539 586 552 585 526 437 437 139 152 110 126 118 98 46 24 342 278 81.4 0.905 

Malaysia 1,000 532 580 545 578 518 428 428 125 138 96 112 104 84 31 9 332 283 85.2 0.919 

Philippines 1,000 533 581 546 579 519 429 429 127 140 98 114 106 85 33 11 333 282 84.7 0.917 

India 1,000 542 589 555 587 529 441 440 145 157 116 132 124 104 52 31 347 276 79.8 0.899 

Kenya 1,000 528 577 542 575 515 424 424 119 132 90 106 98 77 24 2 327 285 87.1 0.925 

M e a n 1,000 534 581 547 580 520 431 430 129 142 100 116 108 87 35 13 335 282 84.2 0.915 

SD 0 5 4 4 4 5 6 6 9 8 9 9 9 9 9 10 7* 2* 31.9 0.009 

C V ( % ) 0.0 0.9 0.7 0.8 0.7 0.9 1.3 1.3 6.6 5.9 8.8 7.5 8.1 10.2 27.0 75.2 10.4* 19.2* 184.6 1.0 

SD: Standard Deviation; C V : Coefficient of Variation (%). 
*Exceptionally, these entries are based on 15 countries only (i.e., excluding the U S ) . 
H : Ratio of supernumerary to total income for U S at country k prices. 



i n e x p e n d i t u r e p a t t e r n s b e t w e e n t h e coun t r i e s i n t h e s a m p l e . 9 Neve r the l e s s i t 
suggests t h a t t h e choice o f reference pr ices m a k e s a t l eas t as m u c h dif ference 
t o t h e t r u e i ndexes as i t does t o t h e f i x e d - w e i g h t Laspey res indexes . F i n a l l y , 
a p p l y i n g t o t h e A l l e n i n d e x e s t h e same tes t s fo r t h e G e r s c h e n k r o n Ef f ec t 
as w e a p p l i e d t o t h e f i x e d - w e i g h t i n d e x e s i n S e c t i o n I I I , w e f i n d t h a t t h e 
presence o f t h e effect i s re jec ted . (See t h e second r o w o f T a b l e 2.) T h i s shows 
t h a t t h e s e n s i t i v i t y o f t h e A l l e n indexes t o reference pr ices i s n o t s y s t e m a t i ­
ca l ly r e l a t e d to t h e degree o f p r i ce d i spe r s ion b e t w e e n t h e coun t r i e s compared . 

V G R O P I N G T O W A R D S G A L A 

T h e l a s t set o f i n d e x e s w e ca l cu l a t e a re those c o r r e s p o n d i n g t o t h e G A L A 
s y s t e m . T o do t h i s w e i m p l e m e n t t h e i t e r a t i o n p rocedure p roposed i n N e a r y 
(1996b) . T h i s i s a t a t o n n e m e n t - t y p e a l g o r i t h m , w h i c h t akes as s t a r t i n g p o i n t 
t h e s t a n d a r d G e a r y w o r l d p r ices a n d t r u e exchange r a t e s and/uses t h e m to 
ca l cu l a t e i n i t i a l e s t ima te s o f t h e v i r t u a l q u a n t i t i e s de f ined i n (10). T h e G e a r y 
m e t h o d i s t h e n a p p l i e d t o t h e e s t i m a t e d v i r t u a l q u a n t i t i e s a n d t h e process is 
c o n t i n u e d u n t i l i t converges . I n p rac t i ce , i t p r o v e d possible to i m p l e m e n t t h i s 
p r o c e d u r e f a i r l y s t r a i g h t f o r w a r d l y a n d convergence w a s r e a s o n a b l y r a p i d : 
v e r y m u c h so fo r r e a l i ncomes , r a t h e r less so for exchange r a t e s a n d s lowes t 
o f a l l for w o r l d p r i c e s . 1 0 T h e r e s u l t s are s h o w n i n t h e l a s t r o w o f F i g u r e 1. 

T a b l e 4 s u m m a r i s e s t h e r e l a t i o n s h i p s b e t w e e n t h e p r i n c i p a l i n d e x e s w e 
h a v e c a l c u l a t e d ( i n c l u d i n g t h e E K S a n d G e a r y indexes) as w e l l as some o f t h e 
s t a t i s t i c a l p r o p e r t i e s o f each. A s can f>e seen t h e co r r e l a t i ons b e t w e e n a l l t h e 
i n d e x e s a re e x t r e m e l y h i g h , i n b o t h levels a n d f i r s t differences. ( T h e average 
o f t h e A l l e n indexes i s pe r fec t ly co r r e l a t ed w i t h t h e G A L A i n d e x , r e f l e c t i n g t h e 
f a c t t h a t , w i t h S t o n e - G e a r y p re fe rences , b o t h these i n d e x e s a re l i n e a r 
f u n c t i o n s o f t h e da t a . ) T h e n o m i n a l e x p e n d i t u r e i n d e x is t h e l eas t c o r r e l a t e d 
w i t h t h e o t h e r i n d e x e s i n l e v e l s w h i l e t h e G A I A i n d e x i s s l i g h t l y m o r e 

9. The two negative utility levels for India a i d Kenya pose special difficulties of interpre­
tation. Since utility is ordinal rather than cardinal, negative values do not matter in principle, 
but with Stone-Geary preferences they imply that the country in question has total expenditure 
less than the "subsistence" level (i.e., z> < I h p h j yhj). This in turn implies that the substitution 
matrix is not negative semi-definite when evaluated at those countries' consumption bundles. 
Such a violation of concavity means that the hypothesis of utility maximisation is not valid at 
these points. See Irvine and McCarthy (1980). This finding is common with the linear expen­
diture system. Brown and Deaton in their 1972 survey (Section IV.3) note that even in time-
series studies supernumerary income is often negative for the first few observations. 

10. Copies of the G A U S S program which calculates the G A I A system are available on request 
from the authors. Implementation on a Pentium 90 notebook with 16MB R A M running under 
Windows 95 took 2.69 seconds of calculation time. The convergence criterion selected was that 
the sum of squared deviations between the estimated n vectors in successive iterations be less 
than 1 0 ~ 1 4 and this was satisfied after 316 iterations. Further details are given in Neary and 
Gleeson (1997). 
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T a b l e 4: Correlations Between Different Indexes 

Index: Expenditure Av. Laspeyres Av. Allen 

Mean: 287.3 337.2 334.5 
Standard Deviation: 282.2 281.5 281.6 
Coeff.ofVar (%): 98.2 83.5 84.2 

Correlation Coefficients: 
Expenditure 1.0000000000 0.9962482043 0.9965736256 
Average Laspeyres 0.9986399639 1.0000000000 0.9998062474 
Average Allen 0.7700815976 0.7406721740 1.0000000000 
E K S 0.9984205271 0.9999458452 0.7343514622 
Geary 0.9985890156 0.9999982507 0.7397424918 
GAIA 0.8468864765 0.8247088435 0.9924840417 

Index: EKS Geary GA7A 

Mean: 332.6 337.2 331.5 
Standard Deviation: 281.4 280.9 282.9 
Coeff.ofVar (%): 84.6 83.3 85.3 

Correlation Coefficients: 
Expenditure 0.9966830510 0.9962349641 0.9965736256 
Average Laspeyres 0.9999030691 0.9999612073 0.9998062474 
Average Allen 0.9998299199 0.9997905392 1.0000000000 
E K S 1.0000000000 0.9998947261 0.9998299199 
Geary 0.9999555033 1.0000000000 0.9997905392 
GAIA 0.8195704744 0.8239766478 1.0000000000 

Correlation coefficients above the diagonal relate to the levels of the indexes. 
Those below the diagonal relate to the percentage first differences of the indexes. 

c o r r e l a t e d w i t h t h e E K S i n d e x t h a n w i t h t h e G e a r y i n d e x i n l e v e l s a n d 
conve r se ly i n f i r s t d i f ferences . O f course, t h e h i g h c o r r e l a t i o n s b e t w e e n t h e 
d i f f e r e n t i ndexes does n o t m e a n t h a t t h e y have i d e n t i c a l i m p l i c a t i o n s for t h e 
l eve l s o f r e a l c o n s u m p t i o n e x p e n d i t u r e i n d i f f e r e n t c o u n t r i e s . N o t e f i n a l l y 
t h a t t h e G A I A i n d e x is t h e m o s t d i spersed o f a l l t h e indexes , except for t h a t 
based o n n o m i n a l e x p e n d i t u r e . 

V I C O N C L U S I O N S 

T h i s p a p e r has u s e d a s p e c i a l l y c o n s t r u c t e d d a t a set d r a w n f r o m t h e 
I n t e r n a t i o n a l C o m p a r i s o n s Pro jec t w h i c h u n d e r l i e s t h e P e n n W o r l d T a b l e to 
i n v e s t i g a t e a n u m b e r o f r e l a t e d issues w h i c h a r i se i n m a k i n g compar i sons o f 
r e a l incomes a n d e x p e n d i t u r e s b e t w e e n coun t r i e s . 

T h e f i r s t i s s u e w e a d d r e s s e d w a s t h e e m p i r i c a l i m p o r t a n c e o f t h e 
G e r s c h e n k r o n Effect , w h i c h pos tu la tes t h a t a coun t ry ' s r e l a t i v e r e a l i n c o m e i s 
h i g h e r t h e m o r e t h e re ference pr ices used t o m a k e t h e c o m p a r i s o n d e v i a t e 



f r o m i t s o w n pr ices . W e n o t e d t h a t , o n t h e o r e t i c a l g r o u n d s , t h i s p h e n o m e n o n 
m a y be expec t ed t o occur t o t h e e x t e n t t h a t u t i l i t y - m a x i m i s i n g c o n s u m e r s 
s u b s t i t u t e a w a y f r o m c o m m o d i t i e s w h i c h a re r e l a t i v e l y m o r e e x p e n s i v e . 
H o w e v e r , w h e n t as tes a re n o t h o m o t h e t i c a n d i n c o m e leve l s are s u f f i c i e n t l y 
d i f f e r e n t , i t m a y n o t occur e v e n i f we h a d obse rva t ions o n t h e b e h a v i o u r o f 
i n d i v i d u a l u t i l i t y - m a x i m i s e r s . 

G i v e n t h e s e t h e o r e t i c a l a m b i g u i t i e s c o n c e r n i n g t h e l i k e l i h o o d o f t h e 
G e r s c h e n k r o n Effec t , w e p roposed a n d i m p l e m e n t e d t w o tes ts o f i t s s eve r i ty , 
based o n t h e d i s t r i b u t i o n o f t h e r a t i o s o f t h e Laspeyres to Paasche indexes for 
a l l poss ib le b i l a t e r a l compa r i sons i n t h e sample . O u r r e s u l t s c o n f i r m e d t h a t 
t h e G e r s c h e n k r o n Ef fec t w a s p resen t i n t h e sample . 93.3 per cent o f t h e r a t i o s 
exceeded u n i t y a n d t h e y w e r e s i g n i f i c a n t l y a n d p o s i t i v e l y r e l a t e d t o t h e 
degree o f p r i c e d i s p e r s i o n b e t w e e n t h e t w o c o u n t r i e s c o m p a r e d . T h e same 
t e s t s w e r e a p p l i e d t o t h e A l l e n i n d e x e s , c a l c u l a t e d u s i n g t h e e s t i m a t e d 
p a r a m e t e r s o f t h e S tone -Gea ry u t i l i t y f u n c t i o n . B y c o n t r a s t w i t h t h e r e s u l t s 
for t h e f i x e d - w e i g h t indexes , t h e r e was no s i g n i f i c a n t r e l a t i o n s h i p b e t w e e n a 
c o u n t r y ' s A l l e n r e a l i n c o m e i n d e x a n d t h e d e v i a t i o n b e t w e e n i t s o w n pr ices 
a n d t h e re fe rence p r i ces used . T h i s suggests t h a t t a k i n g accoun t o f i n t e r -
c o m m o d i t y s u b s t i t u t i o n s u b s t a n t i a l l y e l i m i n a t e s t h e G e r s c h e n k r o n Effect . 

W h i l e t h e A l l e n i n d e x e s e l i m i n a t e t h e G e r s c h e n k r o n Effect , t h e y do n o t 
r educe t h e dependence o f r e a l i n c o m e measu res o n reference pr ices . O n t h e 
c o n t r a r y , a c o m p a r i s o n o f T a b l e s 1 a n d 4 shows t h a t t h e s e n s i t i v i t y o f r e a l 
i n c o m e s to re fe rence pr ices is c o n s i d e r a b l y g rea t e r fo r t h e A l l e n t h a n for t h e 
L a s p e y r e s i n d e x e s , w i t h t h e i n c r e a s e d s e n s i t i v i t y espec ia l ly p r o n o u n c e d for 
l o w - i n c o m e c o u n t r i e s . T h i s s t r e n g t h e n s t h e case for a s y s t e m s u c h as t h e 
G A I A w h i c h p rov ides a n e x p l i c i t r a t i o n a l e for t h e choice o f reference pr ices . 

F i n a l l y , t h e a c t u a l e s t i m a t i o n o f t h e G A I A s y s t e m w a s s h o w n to be 
feas ib le , w i t h convergence o c c u r r i n g r a p i d l y . T h e r e s u l t i n g indexes are m o r e 
d i spe r sed t h a n a n y o f t h e o t h e r r e a l i ncome indexes , t h o u g h t h e y are s l i g h t l y 
m o r e s t r o n g l y c o r r e l a t e d w i t h t h e E K S t h a n w i t h t h e G e a r y indexes . 

N a t u r a l l y , t h i s p a p e r has r a i s e d m o r e ques t ions t h a n i t has a n s w e r e d . I t 
w o u l d be e s p e c i a l l y d e s i r a b l e t o e x t e n d t h e m e t h o d s o f c a l c u l a t i n g r e a l 
e x p e n d i t u r e s to o t h e r ca tegor ies o f aggrega te d e m a n d , w i t h a v i e w to c a l ­
c u l a t i n g t r u e i n d e x e s o f n a t i o n a l o u t p u t . A s for t h e t r u e i ndexes w h i c h w e 
h a v e e s t i m a t e d , t h e y a re c l e a r l y c o n d i t i o n a l o n t h e hypo thes i s t h a t d e m a n d s 
i n a l l t h e c o u n t r i e s o f t h e s a m p l e c a n be r e p r e s e n t e d b y t h e l i n e a r 
e x p e n d i t u r e s y s t e m . Since t h e S tone-Geary u t i l i t y f u n c t i o n w h i c h u n d e r l i e s 
t h i s e x h i b i t s a d d i t i v e s e p a r a b i l i t y , i t i s open to t h e c r i t i c i s m o f D e a t o n (1974) 
t h a t i t i m p o s e s o n t h e r e s u l t s a n i n v e r s e r e l a t i o n s h i p b e t w e e n i n c o m e a n d 
p r i ce e l a s t i c i t i e s . ( D e a t o n cal ls t h i s "Pigou's L a w " . ) T h i s m a y e x p l a i n w h y t h e 
E K S s y s t e m does n o t f a re b a d l y r e l a t i v e to t h e G A I A sys tem: d e v i a t i o n s f r o m 



h o m o t h e t i c i t y w o r k aga in s t t h e E K S sys t em b u t , because o f Pigou 's L a w , t h e y 
also t e n d t o i m p o s e g r e a t e r p r i ce s u b s t i t u t a b i l i t y , w h i c h also w o r k s a g a i n s t 
t h e G e a r y s y s t e m . T h e s e c o n s i d e r a t i o n s sugges t t h a t i t w o u l d be v e r y 
d e s i r a b l e t o r e p e a t t h e c a l c u l a t i o n s o f t h i s p a p e r u s i n g d e m a n d s y s t e m s 
w h i c h do n o t impose a d d i t i v e s e p a r a b i l i t y . 
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A P P E N D I X 1 

T h e D a t a 

T h e r a w d a t a o n 16 c o u n t r i e s are t a k e n f r o m Phase I I (1970) o f t h e U n i t e d 
N a t i o n s I n t e r n a t i o n a l C o m p a r i s o n s Pro jec t ( I C P ) , a n d w e r e r e t r i e v e d , v i a t h e 
I n t e r n e t , f r o m f i l es a t t h e U n i v e r s i t y o f P e n n s y l v a n i a . E x p e n d i t u r e d a t a 
z i j = Py -Qij w e r e g i v e n as percentages o f G D P w h i l e t h e p r i ce d a t a w e r e g i v e n 
r e l a t i v e t o t h e U S , py / p ; i . T h e d a t a o n p e r s o n a l c o n s u m p t i o n e x p e n ­
d i t u r e w e r e b r o k e n d o w n i n t o 110 categories , so these h a d to be aggrega ted t o 
o b t a i n t h e 11 ca tegor ies u s e d i n t h e p re sen t projec t : food; beverages; tobacco; 
c l o t h i n g a n d f o o t w e a r ; gross r e n t s ; f u e l a n d p o w e r ; house f u r n i s h i n g s , 
a p p l i a n c e s a n d o p e r a t i o n s ; m e d i c a l ca re ; t r a n s p o r t a n d c o m m u n i c a t i o n ; 
r e c r e a t i o n a n d e d u c a t i o n ; a n d m i s c e l l a n e o u s goods a n d serv ices . T o ge t 
e x p e n d i t u r e o n food, fo r e x a m p l e , t h e e x p e n d i t u r e shares o f a l l i t e m s i n t h e 
food ca t egory w e r e s u m m e d a n d t h e n grossed u p b y G D P , t a k e n f r o m t h e I M F 
s t a t i s t i c a l yea rbooks . T h e aggregate p r i ce l e v e l for food was ca l cu l a t ed as t h e 
w e i g h t e d s u m o f a l l food i t e m pr ices w h e r e t h e w e i g h t was t h e share o f each 
food i t e m i n t o t a l food e x p e n d i t u r e . F i n a l l y , d i v i d i n g each e x p e n d i t u r e e n t r y , 
Pij.qjj, b y t h e c o r r e s p o n d i n g r e l a t i v e pr ice , p y / p i i , g ives q u a n t i t i e s i n c o u n t r y j 
m e a s u r e d i n U S pr ices , pn.qy. T h e pr ice a n d q u a n t i t y d a t a are g i v e n i n N e a r y 
a n d Gleeson (1997). 



T a b l e A l : Estimated Parameters for the Stone-Geary Utility Function, 1970 

Commodity Average P's: Marginal y's: Subsistence 
Group Budget Budget Shares Parameters R2 

Shares Coeff. t-value Coeff. t-value 

Food 0.219 0.140341 9.80 123.783 5.99 0.896 

Beverages 0.033 0.027571 6.45 12.366 3.17 0.637 

Tobacco 0.022 0.015973 6.84 13.261 6.49 0.782 
Clothing and 
Footwear 0.079 0.079609 22.59 26.514 5.41 0.974 

Gross Rents 0.106 0.130337 17.95 8.939 0.89 0.946 

Fuel and Power 0.027 0.030799 37.74 2.398 3.81 0.985 

Household 0.092 0.092661 10.92 22.007 1.93 0.894 

Medical Care 0.077 0.092666 22.88 2.903 0.88 0.963 

Transport and 
Communications 0.102 0.127407 16.12 3.752 0.50 0.939 • 

Recreation and 
Education 0.128 0.138453 27.96 26.602 4.01 0.985 

Miscellaneous 0.108 0.124183 * 14.622 1.01 * 

(3 for the Miscellaneous group was estimated residually, so these entries are not relevant. 

A P P E N D I X 2 

T h e D e m a n d S y s t e m P a r a m e t e r E s t i m a t e s 

T a b l e A l g ives t h e p a r a m e t e r s o f t h e l i n e a r e x p e n d i t u r e s y s t e m e s t i m a t e d 
f r o m t h e 1970 d a t a fo r 16 c o u n t r i e s . I n t h i s p i l o t s t u d y w e d i d n o t e x p e r i ­
m e n t w i t h a l t e r n a t i v e spec i f i ca t ions . T h e e s t i m a t i o n m e t h o d i s S e e m i n g l y 
U n r e l a t e d Regress ions , w i t h no c o r r e c t i o n for he t e roscedas t i c i t y . T h e s t a t i s ­
t i c a l pe r fo rmance o f t h e equa t ions is sa t i s fac to ry a n d t h e r e s u l t s are p l a u s i b l e 
i n economic t e r m s . C o m p a r i n g average a n d m a r g i n a l b u d g e t shares , w e see 
t h a t food, beverages a n d tobacco dec l ine i n i m p o r t a n c e as t o t a l e x p e n d i t u r e 
r i ses , w h e r e a s gross r e n t s ; fue l a n d power ; m e d i c a l care; t r a n s p o r t a n d com­
m u n i c a t i o n s ; r e c r e a t i o n a n d e d u c a t i o n a n d misce l l aneous i t e m s are l u x u r i e s . 




