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CHAPTB I

INTRODUCTION

Models of the international econony which assr'me conplete asset narkets

predic t  that  cons\rmpt ion co-noves c losely  in  d i f ferent  countr ies as th is

st ruc lure of  asset  markets a l lows agents in  d i f ferent  countr ies to  'poo1'

the country-speci f i  c  r isks which they face (see Scheinknan (1984) ,  Lene

(1984)) .  Examples in  tb is  c lass of  nodels  inc lude the recent  in ternat ional

ReaI Business Cyc1e nodels of, among others, Backus, Kehoe & Kydland

( 1 9 8 9 ) ,  B a x t e r  &  C r u c i n i  ( 1 9 8 9 ) ,  S t o c k n a n  &  T e s a r  ( 1 9 9 1 ) -

The f i rs t  essay in  th is  thes i .s  (chapter  I I )  tests  the impl icat ions for  the

trend behavior of consunption of models of the international econony which

assume complete asset narkets. In a world where consunptions and real

b i la tera l  rea l  exchange rates of  d i f ferent  countr ies fo l low uni t  root

processes, such models predict that (under certain assumpti'ons about

preferences) consunPtions and bilateral real exchange rates

cointegrated for any glven pair of countries. The paper presents

statisttcal tests whj,ch suggest that data on consunptions and real exchange

rates for the US, Japan, France, Britain, Italy and Canada during the

per iod 1971-1987 are inconsis tent  wi th  th is  predic t ion.

These f ind ings  suggest  tha t  node ls  w i th  l in i ta t ions  on  in te rna t iona l  asse t

m a r k e t s m i g h t b e n e e d e d ' t o e x p } a i n t h e i n t e r n a t i o n a l c o v a r i a t i o n o f



consunpt ion .

The second essay  in  th is  thes is  (chapter  I I I )  p resents  a  ReaI  Bus iness

Cyc le  mode l  i .n  Hh ich  I im i ta t ions  on  in te rna t iona l  cap i ta l '  marke ts  ex is t  in

the  sense tha t  on ly  debt  cont rac ts  a re  ava i lab le  fo r  in te rna t iona l  cap i ta l

f1ows.  S imu la t ions  o f  the  node l  suggest  tha t  i t  can  exp la in  the  low

cross-count ry  cor re la t ions  observed in  de t rended consunpt ion  da ta ,  and tha t

fo r  ' rea l i s t i c '  c ross-count ry  cor re la t ions  o f  the  exogenous shocks '

The second essay  argues  a lso  tha t  a  nodeL wh ich  a l lows fo r  add i t i ve

technol.ogy shocks i.s better able to explain the observed pos!tive

correlations of inYestment and output across countries than standard

bus iness  cyc le  theor ies  in  wh ich  EMl t iP l i ca t i ve  shocks  to  to ta l  fac to r

produc t iv i t y  a re  the  on ly  source  o f  econon ic  f luc iua t i 'ons '  One poss ib le

interpretation of the additive shocks is as shocks to goverrunent

consunDt ion.



CHAPTB II

TTTE STRUCTURE OF INTBNATIONAL CAPITAL MARKETS AND COMMON TRENDS IN

INTBNATIONAL CONSTJMPT I ON DATA: AN E.TPIRICAL ANALYSIS

1.  In t roduc t . ion

Models of the lnternational economy which assume complete asset narkets

pred ic t  tha t  consumpt ion  co-noves  c lose ly  in  d i f fe ren t  count r ies  as  th is

s t ruc tu re  o f  asse t  narke ts  a l lows agents  in  d i f fe ren t  count r ies  to  'poo l '

the  co \ rn t ry -spec  i f  i  c  r i sks  wh ich  they  face  (see Sche inknan (1984) ,  Lene

(1984) ) .  Exanp les  in  th is  c lass  o f  node ls  inc lude the  recent  in te rna t iona l

Real Business Cycle models of, anong others, Backus, Kehoe & Kydland

( 1 9 8 9 ) ,  B a x t e r  &  C r u c i n i  ( 1 9 8 9 ) ,  S t o c k m a n  &  T e s a r  ( 1 9 9 1 ) . 1

Prev ious  empi r i ca l  eva lua t ions  o f  these node ls  have t lp ica l ' l y  focused on

the i r  h igh- f requency  inp l i ca t ions  (see ,  e -g . ,  Backus ,  Kehoe & Kyd land

(1989)  who ,ca l ib ra te '  the i r  node l  o f  in te rna t lona l  bus iness  cycLes  by

conpar ing  i t s  p red ic t ions  to  de t rended da ta) .  In  cont ras t  Lhe present  paPer

tes ts  long-n :n  inp l i ca t ions  o f  these node ls ,  by  focus ing  on  the i r

lnp l i ca t ions  fo r  the  t rend behav io r  o f  consu lnp t ion  in  d i f fe ren t  count r ies .

Un i t  roo t  les ts  suggest  tha t  consunPt ion  in  the  US,  Japan,  France,  Br i ta in '

Italy and Canada during the period 7977-L9A7 can be described by unit root

processes .  Under  cer ta in  assunpt lons  about  p re fe rences ,  node ls  w i th

comple te  asset  narke ts  p red ic t  tha t  in  a  se t t ing  where  ( Iog)  consumPt ions

and b i la te ra l  rea l  exchange ra tes  fo l lou  un i t  rooL processes '  these

tsee these papers and chapter III for further references'



var iab les  are  (s tochas t lca l l y )  co in tegra ted  fo r  any  g iven pa i r  o f

c o u n t r i e s ,  i . e . ,  t h e r e  e x i s t s  a  l i n e a r  c o n b i ' n a t i ' o n  o f  t h e s e  s e r i e s  w h i c h  i s

t rend s ta t ionary  (see Ogak i  (1988) )  The paper  Presents  resu l ts  based on

t v o  t ] a p e s  o f  c o i n t e g r a t i o n  t e s t s  ( P a r k  ( 1 9 9 1 ) '  P h i l l i p s  &  o u l i a r i s  ( 1 9 9 0 "

wh ich  suggest  tha t  consunpt i 'on  behav io r  in  the  eount r ies  nent ioned ear l - ie r

i s  incons is ten t  w l th  th is  p red ic l ion '

These resu l ts  suggest  tha t  node ls  w i th  inconp le te  asset  markeLs  migh t  be

needed to explain the international covarj 'ation of consunption' The paper

considers a structure of incompLeLe asset narket ln which consunptions in

d i f fe ren t  count r i .es  fa i l  to  be  co in tegra led .  l Jha t  nakes  asset  narke ts

inconpLete in this econony is the fact that only debt instruments can be

used for international borrowing and lending' when rates of change of

consunption and of real exchange rates are log-nornally distributed and

when agents  have tso-e las t i c  p re fe rences '  th is  nodet  i rnp l ies  a  l inear

res t r i c t ion  on  cond i t iona l  expec ta t ions  o f  fu tu re  ra tes  o f  consumpt ion  and

real exchaDge rates in different countries Vari 'ous tests of this

res t r i c t ion  are  d iscussed '  S inu la t ions  o f  an  in te rna t iona l  ReaI  Bus iness

Cycle nodeL with the asset narket incompleteness which was Just described

suggest that 1t can explain the low cross-country correlations observed in

detrended consunption data (see chapter III) '  GeneraLized Method of Monents

based tes ts  o f  a  vers ion  o f  the  node l  w i th  incomple te  asset  narke ts  wh ich

assunes a single consulPtion good fail to reject the nodel' Tests lrhich

are  based on  a  ne thod due to  Ve lu  e t  a I '  (1986)  re jec t  the  s ing le  good

version of the nodel, but they are rnore supportive of a version of the

rnodel in vhlch countries consune heterogeneous (country-specific)

consunption goods.



Sect ion  2  o f  the  paper  Presents  a  node l  o f  the  in te rna t iona l  econony H i lh

comple te  asset  narke ts  and i t  descr ibes  j . t s  tes tab le  imp l ica t ions .  sec t ion

3 descr ibes  s ta t i s t i caL  methods  used !o  tes t  the  pred lc t ions  o f  tha t

node l .  Sec t ion  4  descr ibes  the  da ta  used fo r  the  tes ts  and sec t ion  5

presents  the  enp i r i ca l  resu l ts .  Sec t ion  6  summar izes  the  f ind ings  ob ta ined

in  sec t ions  2-5  -  Sec t ion  7  p resents  a  node l  w i th  an  a l te rna t ive

( i .ncomple te)  asse t  marke ts  s t ruc tu re  and l t  tes ts  inpL ica t ions  o f  th is

asset  s t ruc tu re .  Tab les  w i th  sunmary  s ta t i s t i cs  and empi r i caL  resu l ts  a re

presented in the aPPendix.

2. complete International Asset Markets and Comovements in

International Consumption

In the presence of conplete asset markets, the behavior of ttle world

econony can be characterized as the solution to a social planni'ng problem

which consis ts  in  naxin iz ing a wej-8hted sun of  the ut i l i ty  levels  of  the

( representat ive ) consuners of the different countries subiect to world

resource and technoLogy constra ints  (  see ,  e 'g ' ,  Scheinknan (1984) '  Lene

(1934) ,  Backus,  Kehoe & Kydl 'and (1989) ,  Baxter  & Crucin l  (1989) '  Stocknan

&  T e s a r  t 1 9 9 0 ) ,  Y i  ( 1 9 9 0 )  ) . 2

c o n s i d e r  a  w o r l d  w i t h , I ,  c o u n t r l e s  l n d e x e d  b y  I = 1 , . . , I .  F o l l o v l n g  B a c k u s ,

Kehoe & Kydland (1989), assume that each country is tnhabited by a

( representat ive ) agent who is infinitely Ilved and whose interternporal

preferences can be represented by a tlne separable utl}lty fr'nction of the

zApplications of the sane idea in a

consumers in a closed econony setting can
( 1991) and Townsend ( 1989) .

context which involves individual
be found in  Cochrane (1991) '  Mace



f o r m
r - i

v ;=EL l r ; (F ' ) ' u ; * r :  he re  E r denotes  exPecta t ions  cond i t iona l  on

o < F i = 1 / ( 1 + b i ) < 1 ,  w h e r e  b r  i s  j ' '  s

' u l * r '  i t  t h e  a g e n t ' s  i n s l a n t a n e o u s

in fo rna t ions  ava i lab le  in  per iod  t ;

sub jec t ive  ra te  o f  t ime pre ference and

ut i l i t y  f r - rnc t ion  in  Per iod  t+z '

The soc ia l  p lann j .ng  prob len  ment i 'oned ear l ie r  cons is ts  in  max in iz ing  the

r - r  i  i  i

t . r r  | i : l l i v l ,  where  l r  i s  a  'we l fa re  we igh t '  a t tached to  count ry  i '  The

wel fa re  we igh ts  a re  t lne  invar i 'an t '  They  re f lec t  the  d is t r ibu t ion  o f  wea l th

betHeen the  d i f fe ren !  counLr  ies  '  
3

2 .1 .  A  Vor ld  w i th  a  S ing ' le  Consumpt  ion  Good

Assume that--as in the Real Business cycLe models of, anong others' Backus '

Kehoe & Kyd land (1989)  and Baxter  &  Cruc in i  (1989) - - there  ex is ts  a  un ique

consr.unption good which can costlessly be shipped between countries' and let

Ca and ci a.note total world-wide consurnption and the consumption of

coun l ry  
' i '  i n  per iod  t  resPec l i ve ly '

r*

Let C, denote the optinal aggregate world consunPtion inplied by the

rofuti-on of the social planning problen' Given oPtinal v'orld consunption'

the opt imal  consunpt ions of  countr ies i=1 ' " . 'n  can be character ized by

solv ing the fo l lowing Problen:

Max l i :?r iv l  bY choice or  c l , " ,c f  s ' t ' f o r  a I I  P e r i o d s  t u o '

?  . .-To any conPetlErve equilibrium in the world econony with complete

asset narkets tn.ru co,r"sp-Jtia-J a set or-verrtt:."tlgll: :lt:l^t:^:::i,ll::

L i=  1"  t - "  t

t;:":"Tl'.::;-"il;. .;;;;'il;;i"s problen is.ldent:-car to the competitive

equilibrium. Countries "uoJu 'u"fitt- (evaluated at the prices vhich obtain

in a given competiti '," 
-"-q-uiii l i i" 

l is large are given large welfare

wefghtJ in the social planning Problen'



Throughout  th is  paper ,  i t  i s  assumed tha t  the  per iod  t  u t l l i t y  func t ion  o f

count ry  i  i s  add i t i ve ly  separab le  in  consunpt j 'on  and a l l  o ther  goods

[denoted  by  'Z ' )  wh ich  a f fec t  i ' s  we l l -be ing  and tha t  i t  depends on

consunpt lons  ln  per iod  t  on ly  (depar tu res  f ron  these ass \ rnp t ions  are

d i s c u s s e d  b e l o w ) :

i i i

, l = r r t ( " 1 ) * p t ( z l t  ,  
( 2 ' 7 )

,h... ui is assr.med to be an increasing and concave function'

For  th is  spec i f i . ca t ion  o f  p re fe rences ,  the  so lu t ion  to  the  soc ia l

p lann ing  prob lem requ i res  the  fo l low ing  cond i t ion  to  be  sa t is f ied :

i  i  i  i t  i  i

t r t * ( B t ) r . , . , t , t c r t l = f J * t F J ) ' + u J ' ( c i )  
( 2 . 2 1

(2.2)  imposes st rong rest r ic t ions on the behavior  of  consr 'mpt ion in

countr ies i  and j :  i t  inp l ies that  country  j 's  consunpt j 'on can be expressed

as an increasing function of cor'ntry i 's consunption'=

To obta in testable inp l icat ions f ron (2 '2) ,  I  fo l low the ReaI

Cycle l i terature and adopt  a constant  e last ic i ty  specl f icat ion

per iod ut i l i ty  funct  ions:

k
,.rk=4k* 1 17o'k; *"4 , wi th Ak>o , ok< 1 f or k=i , J

With these Preferences,  condl t lon (2 '2)  becones

1 1 *  1 B i  1 t r 4 i . 1 " i  '  { r i - r  ) = ^ j . 1 U j  '  
t * O j ' , " j ,  ( r j - r  )  .

Business

of the

( 2 . 3 )

( 2 .  4 )

4Thi ,  fo l ror= f rom the concavi ty  of  u i  and uJ.  Recal l  that  the weights

tri and AJ  are  t ine  invar ian t .



Tak ing  logs  o f  (2 .4 )  y ieLds  the  express ion

(o i - r  )  * rn ( .1  l= r i ,  i * r r , (p izg i  ) ' t+  (o i -1  )  *  In (  c i  ) ,

w h e r e  K i  '  
j = 1 n  

1  1 1 j  * a j  1 7 1 1 i  * a i  I  1  .

( 2 . 5 )  f o r n s  t h e  b a s i s  f o r  t h e  f i r s t  s e t  o f  t e s t s  t o  b e  p r e s e n t e d  b e l o w '

Sta t is t i ca l  tes ts  d iscussed be  1o ! '

satnpl.e of countries considered in

processes .

6A var iab le is  t rend
a determin is t ic  t rend and

t 2 . s )

suggest thaL consumption series in the

th is  paper  can be nodeled as uni t  roo!

stationary if it can be represented as the sun ot

a covariance stationary randon variable'

( 2 . 5 )  i m p l i e s  t h a t  t h e r e  e x i s t s  a  l i n e a r  c o m b i n a t i o n  o f  t n ( c i )  a n d  1 n ( c i )

wh lch  exac t ly  equa ls  a  de tern in is t i c  t rend.  From an empi r i ca l  po in t  o f

v iew however  i t  nakes  nore  sense,  to  ln te rpre t  Q.5)  as  a  long-nm

'equ i l ib r iun  cond i t  j .on '  ra ther  than as  a  cond j " t ion  wh ich  each per iod  is

exac t ly  sa t is f ied  in  the  da ta '5  G iven the  ev idence accord ing  to  wh ich

(1og)  consurnpt ions  fo l tows un i t  roo ts  p rocesses '  I  in te rpre t  cond i l ion

( 2 . 5 )  a s  p r e d t c t r n g  t h a t  I n ( c i )  a n d  i n ( c i )  a r e  ' s t o c h a s t i c a l r y

co in tegra ted ' ,  i .e . ,  tha t  there  ex is ts  a  l inear  conb ina t ion  o f  these

var iab les  wh ich  is  t rend s ta t ionary '6  ogak i  (198s)  de f ines  randorn

-For example because of neasurernent errors in consunption data' Randon

taste shocks are another  reason vhy the detern in is t ic  rest r ic t ion on the

consumpt ions of  d i f ferent  countr ies 
-speci f ied 

in  (2 '5)  rnay fa i l  to  hold '  To

nodel these shocks, assrme for exanpl'e that At and AJ are randon nunbers

rather than constant paraneters, as was assuned.up to now' Then K-'" is

- - r 'J  is  s tat ionarY'  condi t ion
randon.  under  the ident i fy ing assumpt ion that  K -  rs  s laLrorrdt -v :  i ] ' i l ] i l
i - . - l  preaic ts  that  a t lnear  cornblnat lon of  the consumpt ions of  cor 'n t r ies i

and j is trend stationary'



v a r i a b l e s

is  t rend

wi lh  Lhe

ex is tence

wi th  r in i t  roo ts  fo r  Hh ich  there  ex is ts  a  l inear  conb ina t ion  wh ich

s la t ionary  as  "s tochas t i ' ca11y  co in tegra ted"  He cont ras ts  th is

concept  o f  "de tern in is t i c  co in tegra t ion"  wh ich  requ i ' res  the

7

of  a  l inear  conb ina t ion  wh ich  is  covar iance s ta t ionary '

The tes ts  p resented  be l 'ow are  tes ts  o f  the  jo in t  hypothes is  o f  conp le te

narke ts  and the  pre ference spec i f i ca t ions  (2 '3 ) '  I t  shou ld  however  be  noLed

tha t  -  up  to  a  (1og)  l inear  approx ina l ion  -  l inear  res t r l c t ions  s in i la r  to

(2 .5 )  fo l . low f rom the  r i sk -shar ing  cond i t ion  Q '2 \  fo r  more  genera l

spec i f i ca t ions  o f  the  ins tan tanous u t i l i t y  func l ion  
'u "  Under  ce I . ta in

cond i t ions ,  res t r i c t ions  on  the  behav lo r  o f  consumpt ion  in  d l f fe ren t

count r ies  wh ich  are  s in l la r  to  (2 '5 )  can  a lso  be  ob ta ined 1 f  the  assunpt ion

a

t h a t l i f e - t i ' n e u t i l i t y f u n c t i o n s a r e t i m e . s e p a r a b l e i s d r o p p e d . -

( N . 1 )

holds in  a l l  Per iods '
( to  obta in th is  condi t ion i t  ls  inpontant  that  the parameter  'a '  is  the

sane for  countr les 1 and i ) .  For  the constant  e last ic i ty  speci f icat ion

(2.3) ,  th is  condi t ion inp l ies a l inear  rest r ic t lon on the behavior  of

tn(c l*a*c i - r )  ana tn(c i+a*c l - r ) .  A nore convenient  rest r j 'c l ion can be

TSee 
Canpbe l l  &  Per ron  (1991)  fo r  fu r ther  d iscuss ions  o f  these concepts '

8A=.,rt" for example ttrat ul=uk t clta*cl-, ) (where a is a constant)'

i . e . , t h a t t h e p e r i o d t i n s t a n t a n e o u s u t i l i t y o f c o r ' n t r y k d e p e n d s o n
consunptions in periods t and t-1 ' The solution to the social planning

proUf.,n ,tor, ."q,ri..= the folLowing condj'tion to be satisfied for al1

per i .ods t=0:
|  (  i  r  i  i  i  i  + + ' t  i  i  i . , ' l -

l r . l  1 B I ) " * u "  ( c i * a * c i _ r ) + ( F ' ) ' ' ' * a * E t u ' '  ( c ; + 1 + a ' c l ) J =
r  

rJ.  I tpJ l  t ' "J '  t . l*a 'c l-r  l .  tuJ l i*1 '" 'sr , , j '  t " f rr-" ' " i lJ '

This condl t lon 1s sat ls f ied l f

I i *  (F i  ) t r , . r i ,  1  q i+3rq i_,  ;  =1 j ,  1p j  ;Trr rJ ,  t  c l ra 'c l_ ,  )



The cons tan t  e l 'as t i c i t y  spec i f i ca t ion  (2 '3 )  i s  a  s tandard  fea lu re  o f  nany

nnode l  in  nacroeconomlcs  and f inance.  Ex is t ing  Rea l  Bus iness  cyc le  mode ls

use i t ,  as  i l  i s  the  on ly  p re fe rence spec i f l ca t ion  wh ich  -  in  a  node l  w iLh

in f in i te ly  l i ved  agents  -  y ie lds  s teady  s ta te  g rowth  pa ths  fo r  wh ich

consunpt ion  growth  ra tes  and rea t  in te res t  ra tes  are  cons tan ! '

In  th is  contex t  i t  seens  inpor tan t  to  no te  tha t  the  ReaI  Bus lness  cyc le

I i te ra tu re  typ ica l l y  a l lows fo r  Pre ferences  in  wh ich  consunpt j 'on  and work

e f f o r t i n t e r a c t l n a n o n - s e p a r a b l e w a y ; w h e n l a b o r i s i n n o b i l e

internat ional ly, non-separabi I i t 1es betveen consurption and work effort

reduce the  in te rna t iona l  cor re la t ion  o f  consunpt io , t '9  Th i t  I i te ra tu re

assumes however  tha t  there  ex is ts  a  s teady  s ta te  leve l  o f  work  e f fo r t  wh ich

obta ined i f  ins tead o f  a

e x p o n e n t i a l  u t i l i t Y  f u n c t i o n
k - k

f o r  k = i , i ,  w h e r e  A "  a n d  B

function and taking logs of

constant  e last ic i ty  ut i l i ty  funct ion an

is used: ,-rkt" l*t- .1-, l=Ak'exp(Bk'(ctn"*cl-,  )  t

are constants.  Rewr j ' t ing (N.1)  for  th is  ut i l i ty

the resul t ing exPressi .on Yie lds:

ei*  tc i *a*c i_r ;= . i ,  
j r ln lB izBi  )  * t *B i*  (  " i  *u* . i - ,  )  ,

wh" re  r i , i = I . r111 j *6 j *e i ) z t l i *A j *g j11 .  Assume tha t

uni t  root processes'  i .e '  that t l=r 'k*" f-r* t l  for

mean zero variable which is covaFi'ance statlonary'

" { - ,  r .o t  these express ions in to (N'2)  y ie lds:

^ t  I  t  I  I  t
g r + . r _ r = 6 r '  J + B J r c i _ l + l n  ( F ' l F "  )  r t + l  

^ i  r  i  i  i  I  i  i  t  i  i  i

"haaa * t ,J=* t ,J+Brrpr_BJrpJ and r | I=BJre. , -B-*e l  is  a

random variabl.e. According to (N'3) consr'mptions in

cointegrated.

9Se" Dever"r :x ,  Gregory & Smith (1991)  for  deta i led d iscussions of  th is

p o i n t .

( N . 2 )

r" i r  ana {ci}  rorrow
k = i , i  w h e r e .  e l  i s  a

Subst l tu t lne c l - t  and

( N . 3 )

covarlance stationarY

c o u n t r l e s i a n d i a r e
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of

t o

is  cons tan t .  
t 'U . rd . t  

th is  assunpt ion ,  the  res t r i cL i 'on  fo r  the  t rend behav io r

consumpt ion  in  d i f fe ren t  coun l r i .es  wh ich  are  imp l i .ed  by  (2 '5 )  con t inue

.  _  .  1 1
n o 1 q .

In  add i t ion  to  the  se t t ing  w i th  a  s ingLe consumpt ion  good,  I  a lso  cons ider

econonies in which countri"es differ 1n the consurnption goods which they

consune,  Th is  i s  mot iva ted  by  the  la rge  var ia t ions  in  rea l  exchange ra tes

experienced by tbe countri.es in the sanple' Note for exanple that on

average the price of a unit of non-durable JaPanese consumption in terns of

US consumpt ion  has  r l sen  a t  the  ra te  o f  5 '4% p 'a '  dur ing  the  per iod

1 2
1971:1_gg:1 . r4  Tab]e  2  fo rna lLy  tes ts  the  h l@othes is  tha t  uncond i t iona l

means of the log growth rates of real exchange rates are zero' For nost

country pairs 1n the sanple there 1s strong evidence against thls

hvDothes is .

1 0 s . "  
,  . . g . ,  K i n g ,  P l o s s e r  &  R e b e l o  ( 1 9 8 8 ) '

11Thi= ""n east ly  be l l lust rated us ing the standard ut i l l ty  f r 'mct ion

used ln  the Real  Buslness Cycle I i terature (see,  e: .S ' '  K1l8- ' -aPlossser .&

Rebeto (1988) ,  Rotenberg & l l todford (1989)) :  u=Ar(c*exp[- ry ' (L) ] ) -  where 'L '

denotes the nunber of hours vorked and ry' is an lncreasing functlon. For

th is  ut i l l ty  funct ion,  condi t lon (2.5)  becones:
. i t i t i i i i i t i l i

( o i - r ) . r n ( c l ) - o - r * g t g - | )  = K r ' J + I n ( F J I F ' ) ' t + ( o J - 1  )  '  I n  (  c {  )  - c J  r { t "  (  L i  )  .
t -

If {Ll} ana {l-j} are covarlance stationary, then the prediction lhat
- l

r .n(c l l  ana rntc l )  are s tochast ica l ly  co integratedr  cont inues,  t?  noto

(actual ly ,  the predic t ion cont inues to hold prov ided 9-(L i )  ana f " (L i )  that

are t rend stat lonary) .

th.aL exchange rates defined in terns of aggregate consumption

have behaved sinilarly during the sanple period'

1 1



2.2 .  A  Vor ld , ' , r i th  one Count ry -Spec i f  i c  Good

I  nex t  cons ider  a  mode l  in  wh ich  each cour t t ry  consunes a  s ing le  good Hh ich

is  d is t inc t  f ro rn  the  goods consumed by  o ther  co \ 'n t r ies '  In  what  fo l l ' ows '  I

r e f e r  t o  t h i s  f r a n e w o r k  a s  t h e  ' o n e  c o u n t r y - s p e c i f i c  g o o d  . o d e I ' . 1 3  I n  t h i s

se t t ing ,  the  assunpt ion  o f  cornp le te  asset  narke ts  inp l ies  tha t

11* 16i  y  t * r r i ,= l j *  1Bj  y  t r , r j  '  *p i ,  j ( 2 . 6  )

t ro lds where n i ' j  is  the re lat ive pr ice of  the consunpt ion goods of

countr i .es i  and i  ( i .e '  Ri ' i  is  the b i la lera l  rea l  exchange rate of  these

countries in terns of their respective consunPtion goods: Let ni tt 'a pj

denote the pr ices of  " i  . "a  " l  respecLive ly  in  terns of  sone num6rai re;

i i i i

t h e n  R i '  J = p ' / p J  )  .

To understand whY (2.6)

markets,  note that  the

f ron the Point  o f  v iew

t I J ' ( g J ) " * u r '  l .  ( 2 . 6 )  i s

subst i tu t ion Uetween c i

two gooqs.

is  inp l ied by the assunpt ion of  conplete asset

marginal  ra te of  subst i tu t ion bet l reen " i  u"a t i

i i + i

of  the  soc ia l  p lanner  
' *  

i s  t I ' *  (F ' )  " 'u ' '  
|  /

the  cond i t ion  tha t  the  p lanner 's  narg ina l  ra te  o f

i .
ana c{  is  equated to the re l 'a t ive pr ice of  these

1tA toa.  real is t ic  speci f tcat ion would assume that  each country

consumes tvo goods: a tradable good (which ls- consumed by nore than one

".,-Gvl and 
-a 

non-tradable good ('horne' good)' The franework wi'th one

country-sPec lf i c consurnptlo" €l-ooa ts adopted because available statistical

sources do not dLsaggreg;te 
*national 

consurnption into home and inported

goods .

sT=-l 
i tthecat l  that  the p lanner 's  object ive funct ion is 0 '

15A to."  in tu i t lve Just i f lcat ion of  condi t ion

there ex is ts  a mater ia l  input  (such as o i1)  iJh ich

countries and which is used by al'I countries

(2.6)  1s to  inagine that
is  f ree ly  t raded between
as an inPut lnto the

1 2



W i t h  t h e  c o n s t a n t  e l " a s t i c i . t y  P r e f e r e n c e s  d e f i n e d  i n  ( 2 . 3 ) ,  c o n d i t i o n  ( 2  6 )

impL les  tha t

i o i - r  )  * l . r t " i  )= r i '  i * r r , (p izp i  )  * t+  (o i - t  )  r tn (c i  I  * rn tn i '  i  I ( 2 . 7  )

w h e r e  a s  b e f o r e  K i ' j =  l . r  t  (  r i * e j  ) z  ( r i ' e i  ) l

As shown be1ow, bil-ateraL real exchange rates in the sanpl'e of countries

can be descr ibed by uni t  root  processes.  I  therefore in terpret  (2 '7)  as

predic t ing that  (1og)  cons\ .mpt lons and ( log)  b i la tera l  reaL exchange rates

are stochast ica l ly  co integrated for  these countr ies '

2.3. A Vortd vith Two Country-Specif ic Goods

I also consider an extension of the previous model in which each country

consumes two country-spec if i c goods: assune that country !'s period t

ut i  1 i  ty  funct ion 1s

u l=" '  t "a l ,  ' i l  ,  (2 .8 )

i i
where nd] and sl are the tr 'ro goods consumed by i '  In the enpirlcal part of

the paper these two goods wil l be lnterpreted as non-durables and services

production of their country-spec if ic consumption good' Denote this good by
' z ' . A | t h e o p t i m u n t h e S o c i a l p l a n n e r i s i n d i f f e r e n t b e t w e e n a l l o c a t i n g a n

additional uni.t of the tradable input to country i and allocating that unit

to  country  i .  A l locat ing an addi t ional  uni t  to  country  k=i , i  a l lows to

increase that  country 's  product lorL (and consunpt ion)  of  i ts

corrntry-specif tc consurnpilon good by aco/az (the narginal product of the

rnaterlal input). Hence the solution to the soctal planning problen has the

property that-  

11* (Bl  )  
t *  (  ac i la ,  )  *  (ar r i  ( . i  )zac i ;  =1J* 1BJ ;  

t  *  (acJ /  az) '  (au i  ( " i  )  ra"J )  .

Under  per fect  compet i t ion,  ack/az=UPk holds where pk i t  th t  pr ice-  of

country k's consunption good in tenns of the naterial input; we therefore

h a v e  t h a t  r i * ( F i ) t * ( a . . , i ( . i ) 2 a " 1 ) = l i . ( F J 1 t ' 1 o i 7 o k y * 1 6 ' . r J ( " J ) z a " i ) ,  i . e .

( 2 . 6  )  h o l d s .

1 3



consurnpt  ions  respec t ive ly .  (2 .8 )  i s  no t iva ted  by  Stockrnan & Tesar  (1990)

who present  a  Rea l  Bus iness  cycLe mode l  wh ich  d isaggregates  pr iva te

consumpt ion  in to  t radab les  and non- t radab les  (ser t i ces) ;16  they  argue lha l

th j -s  goods  narkeLs  s t ruc lu re  he lPs  the  mode l  exp la in  Lhe low c ross-count ry

cor re la t ions  wh ich  are  observed j 'n  de t rended consumpt i 'on  da la '

In  the  wor ld  w i th  two count ry  spec i . f  i c  consumpt ion  goods,  the  soLut ion  o f

the  soc ia l  p lann ing  prob len  sa t is f ies  the  foL lowing  cond i t i ' ons :

1i* 1Bi ; t*,rio {r,ai, =i I =ri- tei I t.,rjo r.,ai, =l l 'RNDI' i,

and 1 i*1p i ; t * , r i {na i , " i l=r i . te j l t * , - , i t . ,o i , t i l * * t l ' i '

where RND1' i  rnsi ' i l  I 's  the rerat ive pr ice

countr ies i  and J.

The tests  of  (2 .9 a)  and (2 9 b)  use

funct i on:

. k k
, r k  (  r r d k  ,  = k ) = A * ' ( n d k ) t  * ( s K ) P

a  c o n s t a n t  e l a s t i c i t Y  u t i l i t Y

This ut i l i ty  funct  ion i .s increasing and concave in nd and s

and orp)o ho ld.

w r i t i n g  Q . 9  a )  a n d  ( 2 . 9  b )  u s i n g

speci f ied in  (2.3 ' )  and tak ing logs

r e l a t i o n s :

l6Ernpir i cal research in international

thal  serv ices are non- t radable:  see for
( 1 9 8 2 ) ,  K r a v i s  &  L i p s e y  ( 1 9 8 3 ,  1 9 8 8 )  '

( 2 . 9  a )

{ 2 . 9  b  )

of the nd (s) goods consumed bY

iff o+p< 1

the constant elasticitY funct ion

y ie lds the fo l lowing cointegrat  ing

econonics has frequently assumed

example Kravis' Heston & Sunners
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i i i

t r i - t  t  * r n t na l ) *u t ' r n t= l )=  ( 2 . 1 ' o  a )

r i ,  j *  r n  (F i  zB  i  ) ,  r +  ( o  j -  r  ) .  r n  ( na l  t  * u j .  r n  t  = l  l ,  Ln tnuo i '  i  )  :

i i i
r t . r n t n a l ) * r p r - t  t ' r " ( " I ) =  ( 2 . 1 o  b )

K i '  
j *  L n ( F j z F i  ) .  s * 6 i '  1 p  J p 6 j  I  *  t u j - t  t '  r . r  t . l  )  *  r n  t n s l '  

j  
l ,

Hhere as before Ki ' i= t . r  [  ( r i *e j  )z  ( r i *e l  )  ]  .

Hence the nodel vith two country-spec if i c consunption goods implies that

1og consumptions of non-durables and services in countries i and i and the

b i l a t e r a ] ' l o g r e a l e x c h a n g e r a t e s b e t w e e n t h e s e c o r r n t r l e s a r e c o i n t e g r a t e d .

E n p i r i c a l - l y ,  t e s t s  o f  ( 2 . 1 0  a )  a n d  ( 2 . 1 0  b )  y i e t d  v e r y  s i n i l a r  r e s u l t s '  T h e

discussion in  the rest  of  the paper  focuses on condi t ion (2 '10 a) '

To conclude th is  sect ion,  I  restate the cointegrat ing re lat ions which

wiLt  be tested below:

( i )  The nodel  wi . th  a s lngte consunpt ion good:

(r i-r  )  * r .r  ( .1) =ri  '  j*yn 
1Bj7Bi 1*t* (r i- t  )  * rr,  ( . i  )  . ( 2 . s )

( l i )  The mode l  w i th  one count ry -spec  i f  i c  consunpt ion  good:

( r i - 1 ) * r n ( c l ) = r i ' j * t n ( p J z F i ) * t + ( o j - 1  ) * 1 n ( c i ) * r . , r n i ' j l  Q ' 7 )

(ii i.) The model with two country-specif lc consunptlon goods:

r  I  I  _ i ,  ( z . r o  a )( a ' - 1  )  * I n ( n d ;  ) + p ^ r  I n ( s i  ) =

11, i*rn (FizFl ) *t+ (ci-1 ) * rn (nai I *rri* r., t r i  I  * rn truroi '  i  ),

T t r e n e x t t w o s e c t i o n s d i s c u s s e s t h e S t a t i s t i c a l n e t h o d s a n d t h e d a t a w h i c h

wi l l  be used for  the tests  of  these cointegrat ing re lat ions '

1 5



3 '  S ta t i s t i ca l  ne thods

I  ass \ .me tha t  a l I  var iab les  can be  represented  as  sums o f

t rends  and tnean zero  s tochas t ic  components  as  in  the  fo l low ing

Several  un i t  root  tests

l i terature.18 Th.  test  used

l rh ich consis ts  in  est imat ing

detern in is t i "c

. 7 7
expressron :

x t = a + b l t + Z t  ,  
( 3 ' 1 )

where  Z t  i s  a  nean zero  random var iab le '  Fo l towing  Campbe l  l  &  Per ron

(1991) ,  I  assume tha t  Za  fo l lows an  ARI ' IA  Process :  A(L)Z t=B(L) r€ t '  where

A(L)  and B(L)  a re  po lynomia ls  i ' n  the  lag  opera tor  L '  wh i le  e t  i s  i id '  The

ser les  {xa}  has  a  un i t  roo t  i f  the  au toregress ive  po l }momia l  o f  Z ,  has  one

un i t  roo t ,  wh i le  a l . l  o ther  roo ts  a re  s t r i c t l y  ou ts ide  the  un i t  c i rc l 'e  (see

c a n p b e l l  &  P e r r o n  ( 1 9 9 1 ) ) .  I f  t h i s  c o n d l t i o n  i s  s a t i s f i e d '  ( 1 - L ) * x t  1 s

covar iance s ta t ionary  w i th  nean b '

3 . l .  U n i t  R o o t  T e s t s

have been discussed in the econonetrics

here is the Augnented Dickey-Futler (ADF) Lest

the following model bY OLS:

Axt=c.+F* t+Ctxt - t 
*t=l9t *A*t-t *"t.

O=o holds rmder the null hypothesls that

( 3 . 2 )

the stochastic conPonent of 'Z' in

general tyPes
var ia t ions in

lTca,npbel t  & Perron (1991)  d iscuss t ime ser ies wi th nore

of deterninistlc conponents, includlng ones characterized by

intercepts,  s loPes etc .

18see carnpbel l  & Perron (1991)  and cochrane (1991)  for  references '
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1 0
( 3 . 1 )  f o l l o w s  a n  A R I l , t A ( k + 1 , 1 , 0 )  p r o c e s s .  

- -  
T h e  l i n e a r  t r e n d  a ' + 8 ' L  i s

inc luded in  (3 .2 ) ,  because the  de tern in j ' s t i c  par t  o f  xa  is  assr .ned to  be  a

L i n e a r  t i n e  t r e n d  ( s e e  ( 3 .  1 )  ) .

Under  the  h lpo thes is  tha t  O=o,  the  d is t r ibu t lon  o f  the  s tudent ized  va lue  o f

the  OLS es t ina te  o f  d  i s  non-s tandard ;  c r i t i ca l  va l 'ues  fo r  th is

d is t r ibu t ion  are  tabu la ted  in  Fu l le r  (1976) .

Resul ts  f rom uni t  root  tests  are d iscussed in  sect ion 5.1.

3.2-  Cointegrat  ion Tests

I  use two nethods for  test ing for  co integrat ion:  the 'spur ious regress ion '

test  proposed by Park (1990)  and the ' res iduaL based'  test  o f  Phi l l ips &

Oul .  iar  is  t  19901 .

Park 's  nethod a l lows to test  the nul l  hypothesis  that  a set  of  var iab les is

cointegrated.  Thls  is  an at t ract lve feature as i t  a l lows to d i rect ly  test

the cointegrat ing re lat ions inp l ied by the nodels  d iscussed in  the last

sect lon.  In  contrast ,  the Phi l l ips & oul iar is  test  ( l ike a l I  o ther

cointegrat ion tests  current ly  avai lab le in  the econometr ics I i terat r . " )20

tests  the hypothesis  that  a set  of  var iab les is  not  co integrated '  Phi l l ips

& Oul iar is  tests  are repor ted because fa i lure to  re ject  the

no-co integrat ion hypothesis would provide usefuL infornation on the rnodel

19A= ARIMA(p,1,q)  Processes can be apProximated by ARII4A(g,1,o l
processes for  su i tab le choices of 'g ' ,  the Dickey-Ful ler  test ing procedure

tan also be applled when Zt has a novlng average conponent (see Said &

Dickey (1984) ), although using the Dickey-Fuller procedure can be

problenat ic  i f  the !1A parameters are large (see Schwert  (1987)) '

20see canpbel l  & Perron (1991)  for  an overv iew.
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H h i c h  i s  i e s t e d .

3 . 2 .  1 .  P a r k ' s  ( 1 9 9 0 )  t e s t 2 1

Assurne lhal  the q+1 var iables

are co in tegrated,  the res idua. I

x;=D+F' t +I'- l 'rs'xi +4 r
t r  l )

P a r k ' s  m e t h o d  c o n s i d e r s  a  v a r r a n t  o f  t h l s  c o i n t e g r a t i n g  r e g r e s s i o n  v h i c h

o b t a i n s  v h e n  t h e ' x '  v a r i a b l e s  i n  ( 3  3 )  a r e  t r a n s f o r n e d  b v  a d d i n a  t o  t h e m

c e r r a i n  s t a t i o n a . v  r a n d o n  v a r i a b l e s  ( s e e  P a r k  ( 1 9 9 0 )  '  p  1 1 7 )  D e n o t e  l h e

t r a n s f o r m e d  ' x '  v a . i a b t e s  b v  x  P a r k  ( 1 9 9 1 )  r e f e r s  t o  t h e  c o i n t e s r a t r n g

r e g r e s s i o n  v h i c h  o b t a i n s  v h e n  r n  ( 3  3 ) ,  t h e  x  v a r i a b l e s  a r e  ' e p l a c e d  b v ;

a s  a  ' c a n o n i c a l  c o i n t e g r a t i n g  r e g r e s s i o n '  T o  a p P r v  P a r k ' s  m e t h o d '

22
'superf luous'  rearessors, such as high order t ine potvnonials ' --  ' re added

to the canonical  coinlegratrng regression and one tests whethe'  these

superf luous regressors enter signi f icant ly in lhe regresslon

F o r  e x a m p l e ,  t e t  z a = ( t 2 , t 3 ,  -  , t p )  a n d  l e t  7  b e  a  c o l u n n  v e c t o r  o f

c o e f l i c i e n t s H h i c h i s c o n f o r m a b l e l J i t h z t ' T o a p p l y P a r k ' s m e t h o d ' o n e c a n

add the term ztrT to the canonical  colntearat lng regression:

21see Campbel l  & Perron (1991) and

discussions of this test '

2 2 P " . t  t t g g o l  s h o w s  t h a t  h i s

superf luous random var iables vi th

.andom valks) to the cointegrat ing

x q  o l l  h a v e  J  r r  - o o t s  l r  - n ^ v

r o l  l o ! J L n a  - o i n r e g r " -  : n g  I  e g F s s i o n

a n d  F l s h e r  &  P a r k  ( 1 9 9 0 )  f o r  u s e f r r l

lest can also be perforned bv addins

unlt  roots (such as computer generated

o 1

1a



*!=o.r' t.y' l iv,. '" i.., '  r-,,

Park  s  tes t  exp lo i t s  rhe  rac t  t ha t  t t  . ?  " l '

c o i n t e g r a t e d ,  t h e n  t h e  W a l d  t e s t  s t a t i s l i c  f o r

t o  a  s t a b l e  l i m i t i n g  d i s t r i b u t i o n .  O t h e r \ r i s e '

T h e  P a r k  t e s t  s t a t i s t i c  f o r  t h e  t e s t  o f  t h e

t . a n s f o r m a t i o n  o f  t h e  W a I d  t e s t  s t a t i s t l c

As the outcome of the Park test can depend on Hhich of the 'x '  var iabLes is

used on the lef t-hand side of the cointearat ing 'egression (3 3) '  rest

results Hi l I  be reported for aI l  posslbLe choices fo '  the Ief i -hand side

var iable in  that  equat  ion.

Park (  1991 )  shows hol i  to  conduct  tests of  hr?otheses concernrng lne

coef f ic ients of  the cointegrat ing regresslon This is  usef ' r1 '  as the

c o e f f i c i e n t s  o f  t h e  c o i n t e g r a t i n g  r e l a t i o n s  Q ' 5 )  '  Q  1 )  a n d  ( 2  1 0  a )  '  a r e

funct ions of  preference paraneters Park 's  method lherefore a l lows to test

whether  the preference paraneiers t l r lp l ied bv the est lnated coef f ic lents of

the cointeArat ing regressions are consistent  Pi th weI l -behaved ut i l i tv

( 3 . 4 )

.  " i  . . .  s t o c n a s t r c a l  r v

the hwothesis 7=O converAes

t h e  W a I d  s t a t i s t i c  d i v e r g e s

n u l l  o f  c o i n t e g r a t i o n  i s  a

s  t e s t  s t a t i s t l c s  f o r  t h e  t e s t  o f  t h e  n u l l  o f

is necessary to correct for ser ial  correlat ion in the

To compute Park

cointegrat ion, ! t

residual tn the colntegrat ing relatron (3 3) and in the f l rst  di f ferences

of the 'x '  var iables included on the r iSht-hand slde of (3 3) (see Park

( 1 9 9 0 ) ,  p . 1 1 7 )  I  u s e  t h e  N e v e y  &  ! ' l e s t  ( 1 9 s 7 )  m e t h o d  a n d  1 0

1 9



aLrtocorre I  at  ions for tha. purpose

The Park tests reported beloH use

i n  { 3 . 4 )

2 3

1 2

3.2.2. The Phj. l t iPs & Oul j 'ar is (1990) bethod

The fact t /hich underl ies the ' residuals based' neihod is thar i f  the n+1

ave unit  roots '  and l f  lhey are no'
v a  r  i a b l e s  x ; . x a  x t  a r r

stochast ical ly cointegrated'  then the residual in th€ coinlegrarng

r e g . e s s i o n  ( 3 . 3 )  i s  n o n - s t a t l o n a r y ;  h e n c e  u n i t  r o o t  t e s t s  c a n  b e  a p p l i e d  l o

that regression residual in order to test the nul l  hvporhesis that

" O  " 1  . . * a  a r e  n o t  c o i n l e g r a L e d  P h i l l i p s  &  o u l i a r i s  ( 1 9 9 0 )  u s e  P h i I I i p s '

Og87) 2e and 2, uni t  root test stat lst ics for this purpose ln the vork

presented belos, I  use both of these tests

t le 2, and 2d test stat ist ics one runs the resression:

,a=" 'ra-r- ta,  vhere r l t  is the regresslon 'esidual obtained bv f i t t ing

( 3 . 3 ) .  U n d e r  i h e  n u l l  h w o t h e s i s  t h a i  t h e  v a r l a b l e s  . ;  . i '  ' x i  a r e  n o t

c o i n t e g r a t e d ,  a = 1  h o 1 d s .  T h e  Z d  t e s t  s t a t i s t i c  1 s  a  t r a n s f o ' m a t i o n  o f  t h e

expression T'( i -1) (r ' rnere i  is the oLS est inate of a and T is the sample

^  
t t n t f o r n a t i o n  o f  t h e  t - t e s t  s t a l i s t i c  f o r  a

Iength) vhi le the Zt test is a t

test of  the hyPothesls that . l=1'

T o  c o n p u t e  t h e  P h l l I i p s  &  O u l l a r i s  t e s t  s t a l i s t i  c s '  i t  i s  n e c e s s a ' v  t o

c o . r e c t  f o r  s e r i a l  c o r r e l a t i o n  i n  i h e  r e s i d u a l  t a  r s e e  n  l 7 1  i n  P h i I l i p s

,  t 3  a n d  t 4  a s ' s u p e r f l u o u s '  r e g r e s s o r s

Monte Carlo simulatLons Hhich suggest
( 6 9  p e r i o d s )  1 t  m i g h t  b e  a p p r o p r i a t e

23t.ot"  z reports the results of

that for the avai lable sanple length

t o  c o r r e c t  f o r  1 O  a u t o c o r r e l a t i o n s '
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&  O u l i a r i s  ( 1 9 9 0 ) ) .  I  u s e  t h e  N e w e y  &  l { e s t  m e l h o d  a n d  1 o  a l r t o c o r r e l a l i o n s

f o r  t h i s  p u . p o s e .

A s  o \ r t c o m e s  o f  t h e  P h i l l i p s  &  0 u l i a r i s  t e s t  c a n  d e p e n d  o n  " h i c h  x

v a r i a b l e  i s  u s e d  o n  t h e  l e f t - h a n d  s i d e  i n  t h e  c o i n t e g r a t i n g  r e g r e s s r o n

( 3 . 3 ) ,  t e s t  r e s u l t s  H i l l  b e  r e p o r t e d  f o r  a l l  p o s s i b l e  c h o i c e s  f o r  t h e

lef t -hand s ide var j .able ln  that  equat ion.

4. The Data

Thi.s paper uses quarter ly data on pr ivate consunpt lolr  ln the US' Japan'

France, B. i tain,  I taly and Canada {henceforth I  refer to these countr ies as

'ce couatr i"s)24 from the oEcD Quarter lv Nat ional Accounts (QNA) database

The consunpt ion ser ies for the US, France l taly and Canada are supPl ied in

seasonal ly adjusted form by the oNA Series for Japan and the UK are

provlded in seasonal ly unadjusted fo.mi I  used the 'esmooth'  comand in the

econonetr ics package RATS to seasonal lv adJust them. AI I  consunpt ion

f iSures used in the empir lcal  vork are expressed ln per capita t t . t t  25 Th"

c o n s u n p t i o n  d a t a  a r e  a v a i t a b l e  f o r  t h e  p e . i o d  1 9 7 0 :  1 - 8 8 :  1  ( 7 1 :  1 - 8 8 :  1  f o r

I taly).  The database contains non-durable and se.vices consunpt ion ser ies

in current pr ices ( in units of the respect ive nat lonal currenciesl  as wel l

as in constant pr icesi  by dividing the forner by the lat ter '  I  constructed

price lndlces for non-durables and for services. Exchange rate data are

24.I .r"  cs "qr lut"  the more famil iar G? without Germany Gernany is not

included in the sample because the OECD quarter ly nat ional accounts

database does not provlde data on Gernan consuhpt ion of non-durables and

2 S- - U s i n s  p o p u L a L l o n  f i S u r e s  f r o m  t h e  I n t e r n a ! L o n a I  F l n a n c l r l

S t a t i  s t i c s  d a t a b a s e .

2 1



taken fron the Inte.nat

D e s c r i . p t i v e  s t a t i s t i c s

countr ies are presented

i o n a l  F i n a n c  i a 1  S t a l i s t i c s  d a t a b a s e .

on consuript ion and real exchange rates lor the G6

i n  t a b i e s  1 - 4 .

I  t e s t e d  t h e  c o i n t e g r a t i n g  r e l a t i o o s  i m p l i e d  b v  t h e  s i n g l e  c o n s w p t i o n  a o o d

model (see 2.5) and bv the nodel Hith one coutry-spec!fLc cons$pt ion

a o o d  ( s e e  2 . 7 )  f a r  a  v a . i e t v  o f  c o n s u n p t l o n  ( i l  n o n - d u r a b l e s

( i i )  n o n - d u r a b l e s  p l u s  s e r v i c e s ,  ( l i i )  n o n - d u r a b l e s  p l u s  s e r v i c e s  a n d

gover nent consunLpt ion, ( iv)  total  pr ivate consunprion expenditures

( i n c t u d i n A  e x p e n d i t u r e s  o n  d u . a b l e s ) ,  ( v )  t o r a r  p r i v a t e  c o n s u n p r l o n

expenditures plus aoverrunent consurnpt ion expenditu 'es

It  appeats that the tests results usjns these dl f ferent consunpt ion

q u i  t e  s  I m  i  1 a r .

For the tests of the single Sood model and of the model wi th one

country-specif ic good, results are rePorted belol l  for a coosurnpt lon

measures consist ing of non-durables plus servlces'  i  e lhe colntesrat ing

.elat ions (2 5) and Q 7) are tested uslng the sun of non-du'abIes and

services consunpt ion in country i  as a neasure for the consunpt ion good

'c '  .  The tests of lhe nodel \ { i th tHo countrv-specif ic consuinpt ion goods

ident i fy these tvo goods Yith non-durables and services respecl ivelv

22



5. FjnPir j  cal  Results

5 . l  R e s d i t s  F r o n  U n i t  R o o t  l e s t s

Tables 5 and 6 p.esent the results ol  uni t  root tests for consurnplrons and

bi lateral  real  exchange rates These tests 'ere conducted for the fol lowing

v a l u e s  o f  t h e  1 a s  p a r a m e t e r ' k '  i n  ( 3 . 2 1 :  k = o ' 1 2 ' 3 , 4 ' 5 ' 6 '

TabIe 5 presents unit  root tests for consunpt lon For countr ies other than

Japan we see that there 1s I l t t le evidence at the 1OZ level against the

unit  root ht?othesis.  For the Japanese series, the table p'ovldes sr 'ons

evidence aaainst the unit  .oot hlTothesisi  i t  appears hovever that for

Larger valr .res of k there js l i t t Ie evidence against the unit  root

hwothesis.  Because of thls,  I  do not exclude Japan trom the sanple-

Table 6 presents tests of the h'?othesis that the bi late'al  real  exchanae

r a t e s  ( i n  l o g s )  o f  t h e  G 6  c o u n t r i e s  f o l l o H  t n l t  r o o t  p r o c e s s e s  T h e  t e s t ' s

a.e for real  exchange lates in te 'ms of non-durable consunPtion goods

(test results for .ea1 exchange rates in terms of services are sini lar and

are therefore not been presenred in t i le appendix) Even at the 502 level

there j .s I i t t le evidence against the hypothesis tbat bi lateral  real

exchange rates foI loH unlt  root processes'

5-2 Resu-l ts Fron Cointegrat ion Tests

5 . 2 .  1 .  P a r k  t e s t s

Table 8 reports results for the Park test '

For each country pair ,  table 8 reports p-values of 2 Park test stat ist lcs

for the sinaLe Sood nodel (correspondinA to two dl f ferent cholces for the

left-hand slde var iable in the cointearat lng reSresslon {3 3)) and hence
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t h e . e  i s  a  t o t a t  o f  3 0  t e s t  s t a t i s t i c s  f o r  t h e  s i n a l e  g o o a  n ' o o e L  2 6  r l  o t

t h e  3 0  i e s t  s t a l i s t i c s  r e j e c t  t h e  n u l l  o f  c o i n t e g r a t i o n  a t  t h e  2 a z  I e v e \

a n d  l 2  t e s t  s t a t i s t i c s . e j e c t  t h e  n u l I  a t  t h e  1 0 %  l e v e l '

C o n c a v i t y  o f  t h e  u t i l i ' - v  f u n c t l o n s  o f  c o L m t r i e s  I  a n d  j  i r n p l i e s  t h a r

( ' i - r ) z ( ' j - r ) r o .  s i t h  f e l i  e x c e p t l o n s ,  t h i s  i n e q u a t i t v  i s  s a l i s f i ' e d  b v  t h e

- 2 7

The test .esults threfo.e cas! doubt on the single good nodet 
2a Thev

s\rpport  the f indinas of Neusser (1991) vho argues that a consunptron

m e a s u r e c o n s i s t i n a o f t h e S u i o f p r i v a t e a n d a o v e r n n e n t c o n s u n p t l o n f a l l s

to be deterninist ical ly cointegrated for Austr ia '  Canada' Gernanv'  Japan'

2 9
B r i t a i n  a n d  t n e  u > .

T a b l e  I  a l s o  r e P o . t s  t e s !

coosunpt  ioo 8ood.  A totaL

country Paj  r ,  ihree lest

results for the model with one countrv-specif ic

o f  4 5  t e s t  s t a t i s t i c s  i s  n o w  r e p o r t e d  t f o '  e a c h

s t a t i s t i c s  a r e  c o m p u t e d )  .  T h e  c o i n t e a r a t l n g

2 6 f h . . "  u . .  l 5  c o u n r r y  p a i r s  i n  t h e  s a m p ' e

2 7 A  '  ( p ) '  i n  t h e  t a b l e  i n d i c a t e i  a  s t a t + s t i c a l t v  s i g n i f i c a n l  ( a t  t h e  5 z

I e v e l )  v i o l a t i o n  o f  t h e  c o n d l t i o n  ( o ' - 1 ) / ( o ' - 1 1 > o '

29H..." . . .  uses a coinlearat ion test due to Johansen (1989)

2 g e  p o t e n t l a t  q u a l i f i c a t t o n  o f  t h i s  s u a g e s t e d  c o n c l u s i o n  f r o n  P a r k ' s

test is ihe fact ahat the for manv countrv pairs the -  
choice of rhe

i" i t_t ."a side var iable 1n the the cointearat ing .egression affects the

.,r l i " r .  "r  the test:  tbere are 9 counttv paj ' rs where --one 
of. the tvo test

" l . i i r i r . r  re;ects t t re nul l  of  colntesrat ion (at the 2oz level) '  whlIe the

in" .1r ' . .  te; t  stat ist ic far ls to reJect l t  rhe- dependenc". : :  
: -1 '- . : : : :

; i . ;  ""  the cholce of the tef t-haDd side var iable is some{hat

i" .""r .  l .vrp." t lcal lv that choice does not affect the dist ' ibut ion of

p " . * ; .  a . . f . t u t i " t i .  ( t h e  a s y n p t o t i c  d i s t r i b \ r t l o n  I s  u s e d  t o  c a l c u l a t e  t h e

p-values rePorted in table 8l
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re lat ions impl ied by the model  v i th  one col rnt ry  speci f ic  consunpt ion good

a r e  r e j e c t e d  ( a t  t h e  2 0 7  l e v e l )  b y  3 0  o f  t h e  4 5  t e s t  s i a t i s t l c s  ( a t  t h e

The prefe.ence paraneters .ecovered f ron the cointegrat iog regressions

f r e q u e n t l y  v i o l a t e  c o n c a v j t y .  I f  H e  e l i m i n a t e  t h e  c a s e s  e h e r e  f o r  a t  L e a s t

one of  the countr ies inc luded ln a a iven count .v  pai r ,  ve re ject  the

hwothesis that  d '<1 at  the 5Z level ,  we are le f t  r i th  12 cases Hhere at  the

1 0 %  l e v e l  t h e  P a r k  t e s t  f a i l s  t o  r e j e c t  t h e  n u l l  o f  c o i n t e g r a t i o r

FinaI ly,  Table 8 .eports test results for the model wi th tvo

country-specif ic cons'rnpt ion 8oods. For each country pair '  f ive test

stat ist ics are nov computed (corresponding to f ive di f ferent choices of the

1 0 , .  r e v e I ,  t h e r e  a r e  2 0  . e j e c i i o n s ) .

le f t -hand s lde var iable in ( 3 . 3  )  )  e h i c h  s i v e s a  t o t a l  o f  7 5  t e s t

s t a t i s t l c s .  A t  t h e  2 O Z  l e v e l ,  t h e  n u l l - h r c o t h e s l s  o f  c o l n t e g ' a L i o n  i s

r e j e c t e d  f o r  4 0  o f  t h e  7 5  t e s t  s t a t i s t i c s .  A i  t h e  1 O Z  l e v e l  t h e r e  a r - '  2 0

r e j e c l i o n s .  S t a t i s t l c a l l y  s i S n l f i c a n t  v i o l a t i o n s  o f  t h e  c o n d i t i o n s  o r + F r < 1 ,

o r . r r > g ,  d J r g J < 1 ,  6 . J . ! J > 0  
J v  o c c u r  l n  a p p r o x i n a t e l y  t v o - t h i r d s  o f  t h e  7 5

cases consldered in table 8

consuitpt ton 8oods.

f o r  l h e  m o d e t  v i t h two country-spec i f ic

30c+g<1 and o,p>o
t h e  u t i l i t y  f u n c t i o n
concave and increasing

and s\r f f lc ient condlt ions under Hhich
!. i th tvo country-speclf lc goods is

are necessary
in the nodel
in both Soods.



5 . 2 . 2 .  P h i I l i p s  &  o u l . i a r j s  t e s t s

P h i L l i p s  &  O u l l a r i s  t e s t  r e s u t t s  a r e  i n  t a b l e  1 0

T h e  P h i l r i p s  &  O u l i a r i s  m e t h o d  t e s t s  t h e  n u l l  h w o t h e s l s  t h a t  a  s e t  o t

v a r i a b l e s  i s  n o t  c o i n t e g r a t e d  T h e  t e s t  r e s u l t s  r e p o r t e d  i n  t a b l e  l o  a ' e

consistent ! , i th the hwothesis that the three cotnteg'at ing 'elat ions

derlved ln sect ion 2 do not hold: at  the 202 signj  f icance level

approximately 8Oz of the test stat ist ics reported in table 1o fo '  the

c o i n t e g r a t l n g  r e l  a t i o n s  e - 5 )  ,  1 2  7 )  a n d  ( 2  1 0  a )  f a i t  t o  r e j e c L  t h e

hypothesls that the cointe8rat ing relat ions stated at the eod of sect ion 1

.  _  .  l L

6. SwmarY of Empirtcal Results

Cointegrat ion tests {ere used to test a nodel of  the lnternat ional economv

whj.ch assuires conplete asset narkets. A verslon of that model which assunes

a slngle consunpt ion aood and lso-elast ic ut i l i ty funct ions predicts that

loa consunpt ions i .n dl f ferent countr les are colnteSrated

In a ror ld in vhich each country consunes a count 'v specif ic consunpt lon

aood, the 1og consunpt lons of di f ferent countr ies and their  Iog bi lateral

real exchanSe rates are predlcted to be stochast lcal ly cointegraied

Final ly,  a dlodet ,as considered in ,hich each countrv consunes tvo

3 1 T h u  p . o p o . t l o n s  o f  t e s t  s t a t l s t i c s  H h i c h  v i e l d  r e J e c t i o n s  a t  t h e  2 0 2

IeveI di f ier somevhat for the three cointeSrat lng relat ions The

p r o p o r t i o n s  o f  r e j e c t i o n s  b v  t h e  2 o  s t a t i s t l c  o f  t h e  n u l l  h v p o t h e s i s  o f  n o

c o i n t e s r a t l o n  a r e  ( a t  t h e  2 o Z  l e v e l ) :  0 . 2 0 ,  0 1 1  a n d  0 1 8  f o r  t h e  s i n e l e

gooa moaef,  the model vt i th one country-specif tc good and the model with tvto

;ountry_specif  rc goods respect jvely.  The correspondlng proport lons of

r e j u . t i o n .  y l e l d e d  t y  t h e  Z t  s t a t i s t i c  a r e  O  2 3 ,  0  1 3  ^ n d  0  2 8
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c o u n t r y - s p e c i f i c  g o o d s  l n  s u c h  a  s e t t i n g ,  a  n o d e l  H i t h  c o m p L e t e  a s s e l

m a r k e t s  i n p l i e s  t h a t  ( w l t h  i s o e l a s t i c  p r e f e r e n c e s l  t h e  c o n s u n p t l o n  o t  l h e

l w o  c o u n t r y - s p e c i f i c  g o o d s  b y  d j . f f e r e n t  c o u n t r i e s  a n d  t h e i r  b i t a t e r a l  r e a l

e x c h a n g e  r a t e s  a . e  s t o c h a s t i c a l l y  c o i n t e g r a t e d .

T e s t s  u s i n g  n e t h o d s  d e v e l o p e d  b y  P a r k  t 1 9 9 0 )  a n d  P h i l l . t p s  &  O u l i a r i s  ( 1 9 9 0 )

cast strong doubt on these predict ions

The.esutts of thj .s paper sugSest that the fai lure of the sinale good model

cannot be explalned (at teast not by a model wlth complete asset markets)

by the large var lat lons in real.  exchaoae rates vhich occured durinS the

s a m p l e  p e r i o d .

\ , /hi te reject ions of the impl icat ions of the complete asset markets nodel

t e s t e d  i n  t h l s  p a p e r  c o u l d  b e  d u e  t o  t h e  f a c t  t h a t  p r e f e r e n c e s  o .  o t h e r

aspects of the model are nlsspecif ied, the reject ions cast strona doubt on

the internat lonal Real Business Cycle model,  as the preference

specif icat ion and other features of the modet tested in thls paper are the

ones conmonly used in RBC models.

The f lndj .ngs presented ln this sect ion suSSest that models with l imitat ions

on asset markets (see chapter I I I  and Cooze & Scheinkman(1991)) mtght be

needed to aain a better understandina of the internat lonal covarlai ion of
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An Economy in Yhich
Internat ional

OnlY Debt cont.acts Can ae Used Fo'
Borrosina &d Lendina

C h a p t e r  I l i  o f  t h i s  t h e s i s  c o n s l d e ' s  a n  e c o n o n y  i t h  i n c o n p l e t e  a s s e t

markets,  in  , , {h ich onlv debt  contracts can be used in in ternat ionar  asset

m a r k e t s .  A s  q i l l  b e  s h o l n  b e l o v i  s u c h  a  s t r u c t u r e  i m p l l e s  ( i n  g e n e r a l l  t h a l

consunpt ion fa i ls  to  be cointegrated Ln d i f fe 'ent  count ' res

S e c t i o n  7 . 1 .  d i s c u s s e s  t e s t a b l e  i m p l i c a l i o n s  f o '  t h e  m o d e l  a n d  i t  d e s c ' i b e s

t h e  s t a t l s t i c a l  m e t h o d s  v h i c h  H i l l  b e  u s e d  t o  t e s i  t h e s e  i n p t l c a t i o n s  T  z

p . e s e n t s  t h e  e m p l r l c a r  r e s u l t s  c o n c l u s i o n  f o '  s e c t i o n  7  a r e  i n  7  3 '

7 . 7 .  T e s t a b l e  I n P l i c a t i o n s  o f  t h e  D e b t  l 4 o d e  l

7 . 1 . 1 .  A  L o . I d  v i t h  a  S i n a l e  G o o d

A one good vorld is considered f l rst  The asset narket structure is assuned

to be Lhe same as ln chapter I I I  and I  in i t ia l lv assume a vor ld with a

s i n g l e  g o o d .  I n  p e r j o d  t ,  t h e  o n l v  t y ? e  o f  t r a n s a c t i o n  b e t w e e n  d i f f e r e n t

c o u n t f i e s c o n s i s t s i n u l c o n d t t i o n a l b o r r o v i n g a n d l e n d i n a a t t h e . e a l r a t e

r  u s i n E  o n e  p e r i o d  b o n d s :  i r  c o u n L r y  L  m a k e s  a  l o o n  o r  A 1  ' n i r s  o r  t h e

consumption good in period t '  then that cou]] trv gets back t1+rt l 'Al  unrts

i n  p e r i o d  t + 1 .

Hence i 's budget const.alnt  ln Period t  is:

i i r t i
c ;  +  I ; + A ; =  (  1 .  r  i - t  ) ' A r  -  l + Y a

"n . . "  v l  i .  l ' s  (a ross )  ou tpu t  i n  pe r iod  t ,  vh r l e  I i  i s

in physical capital bet*een periods t and t+l '

The fol louing constraint is lnposed in order to rule out

- zA t  f o r  a l l  t '

Hhe.e Z is a larAe Posit ive nunber'

Optimal behavior of countrv k inPlies that the fol loeina

( 7 . 1 1

i ts  net  investnent

P o n z i  s c h e m e s ;

E u I e r  c o n d i  t  i o n  i s

2A



F  B k . r r * r  ) { u k L c k  ) , u k r c k ) } = t  ( 7 . 3 )' ' L ' _ -  
! - 1 ' " (  '

Hence expected intertemporaL marainal raies of subst i tut ion are equated

bet lreen countr les:

s r . 6 , r u r r 6 ' . r t , u ' r c i ) ) = p J ' E r { u J r c ; . r  r i  u ' ( c i i r  t o r  i , j  r ' 4

t h e  i s o - e l a s t i c  u t i l i t y  f u n c t l o n  s p e c l f l e d  i n  ( 2 -  3 )  ,  c o n d i t i o n  ( 7  4 1

b e  t e s t a l e d  a s :

,  - t  - ,  t  -  
j - t

8 r ' c i , r c l * 1  . i r '  
- ' t - e ' ' r , t L . i , ,  . i ) "  ' t  r o r  i ' i .  '  4 . r

I n  o r d e r  t o  f a c i l i t a t e  e m p i r i c a l  t e s t i n g  o f  t h i s  c o n d i t i o n ,  I  f o l l o w

Obstfeld (1989) and assune that consunpt ion SroHth rates are joint lv

loa-normaILy distr ibuted and condit ional ly tronosleaast ic '32

s t a t e d  a s s u n p t i o n s  l t  f o l t o v s  f r o r n  ( 7 . 4 ' )  t h a t

r  o  '  -  t  r  e  .  a  L  r .  t  .  f  -  ,  
t = r '  J t t c J - L ) ' E t A I n ' c f . r l  .  7  s l

w h e r e  i . r '  r  i s  a  c o n s t a n i . " -

Hence we see that with 1o8_normal and condit ional ly honoskedast ic

consulnpt ion Sroeth and isoelast ic ut l l i ty f \urct ions'  the condi i ion that

expecled intertemporal rates of subst l tut ion a.e equated betveen coutrres

inpl ies that condlt ional expectat lons of Srovth rates of consurnpt ion

betHeen periods t  and t+1 are perfect ly correlated

--See also Hansen & Slngleton
assurnpt ions of loa-nornal i ty in the

(1983) for an exainple of the use of the

analysis of consuhe.s'  Euler equat ions'

33gi ' i  a.p.na" on the rates of t lne preference of countrtes l  and j

and on var iances of consunpt ion SroHth 1n these countr ies
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N o t e  t h a t  c o n d i l i o n  ( 7  4 )  h o l d s  l n  a n v  s i n g l e  g o o d  m o d e l  i n  l r h i ' h  t h e r e

e x i s t s  a  r i s k l e s s  a s s e l  w h i c h  c a n  f r e e l y  b e  t ' a d e d  b y  t h e  r e s i d e n t s  o f

d i f f e r e n t  c o u n t r i e s  H e n c e  i t  a l s o  h o l d s  ! l i t h  c o m p l e t e  a s s e t  n a r k e l s '

The key d i f ference between incomplete and complete asset  markels is  that  in

the la t ter  in ter temporal  nargrnal  rates o l  subst i tu l ion 3re equated ex posr

a s  e e l l  ( a n d  n o t  n e r e r v  r n  e x p e c t e d  v a l u e )  '  ' r h i c h  i m p l i e s  t h a t  v i t h

j .soelast ic  preferences,  ex posl  groxth rates of  consunpt ion are per fect lv

posi t ive ly  corre latec l  betveen countr ies 
34 

t "  gt t ' t t " t '  consunpt ion s 'outh

rates fa i l  to  be pe ' fect ly  corre lated betveen countr ies {hen asset  marKers

a r e  l n c o m p l e t e :  i t  f o l l o ' � s  f r o n  ( 7  5 1  t h a t

( ' i -1  ) ' ^ r . , '  (  " l *1  )=p i  '  i  *  {oJ-1) ' ^1n i  c i *1 )  * ' r r *1  ' ( 7 . 5  )

u,r , . . "  a,*r=( ' i - t ) - . i * r - i " i - r l " i r , ,  Hi th c l+r=^rn(ct+1)-Et^rn(ct*1)

k=i,  j  r r111 is a l lnear combinat ion of the forecast erro's made i n

forecast ing consulnpt ion grov?ln Det!?een periods i  and t+1 and therefore rr t+L

is a se. ial ly uncorrelated randon variable ! t i th nean ze'o'

T a k i n g  p a r t l a l  s u m s  o f  ( 7  5 ' )  f o r  p e r i o d s  t = 1 ' 2 "  ' T '  w e  g e t

, o i , 1 1 . r , , r . i r = o * u i  
j . 1 * r o l - r r . r " t " { t * r 1  ,  

( 7  s "  J

H h e r e  u r = f i = 1 r L  a n d  o = ( o i - 1 r ' t n r ' i r - t ' j - t t ' L " r - j t  l n  e " n e r a t  ' r '  i s

non-zero when asset  nar1<els are incompLete because noth ing guarantees thal

in  ihe absence of  complete asset  markets '  unexpected consunpt ion aroHth

( 2 . 5  )  y l e l d s :

why this is so, note

t '1 - r  t .arn t . l )  =r r . (F1zFJ
that  tak ing f j  rs l  d i f ferences of

) + ( o J - 1 ) ' ^ l n ( c i ) .
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r a t e s  a r e  p e r f e c t  I y  c o r r e l a t e d

f o l t o ' r s  a . a n d o n  P a l k  a n d  h e n c e

f a i  I  t o  b e  c o i n t e g r a t e d .

a c r o s s  r o u n t r  i e s  
" "  q h ;  h  r r p l i - s  ' L "  H . t

thal  1oA consunpt ions in  counl . ies i  and j

7.1-2. a gorld Yith one Cotmtrv-SPecif ic Good

I next consider a model in which (as in sect ion 2-2) each coutrv consmes

one country specif ic consunpt ion good which is dist incl  f rom the

consuinpt ion Soods consuned by other countr ies Assune that the residents of

di f ferent countr ies can tnvest in r lsk-free bonds which are denominated in

the count.y-speclf j .c goods of the dl f ferent cormtr ies in the l jor ld As in

s e c t l o n  2 ,  t e t  n 1 ' J  d e n o t e  t h e  p r l c e  o f  c o \ r n t . v  1 ' s  g o o d  i n  t e r n s  o f

c o u n t r y  j ' s  g o o d .  O p t i m a l  b e h a v i o r  o f  c o u n t r i e s  t  a n d  j  n o w  i m p l i e s  t h a L

the fol loving EuIer condit ions are sat isf led:

e . B k ' r L * r f  , ' t u k r . k * r ' r u k ' " f r l = t  r o r  k = i ,  j  a n d

r,eh. r r..! r't tnl' hzrl;f r'"lr "l-, I u"it.lr r=r i', r.,

where ' l  i "  tn" reat one period interest rate in terns

g o o d .  I t  f o l l o H s  f r o m  ( 7  6 )  t h a t  f o r  c o u n t r j e s  i  a n d  i :

EtBi.{u: ( cl*1)/ui (. lr r=e,er' i  rni '  i ,* i ;Nr'" i  r. l-,  rz"i t  " ir I

Assuning lso-eIastIc preferences, thts condit ion impl les that

r,ei ' r  r . |rz"l t ' l - t  r=e.eJ'r t" l ' i , 'nl ; j l  ' t  " l -rr. i r"r-t  I

( 7 . 6 )

j . ,  j  i  h+k,

o f  c o u n t r y  k ' s

3sHote trorever t t rat
circunstances vhere even
coDsunpt ion SroHth can be
for example the case i f

there extst  special  (and rather unl lkelv)
l r i th incompl.ete asset narkets '  unexpecteo

perfect ly correlated betveen countr les. This is
t h e  o u t p u c s  o f  a t l  c o u n ! r i e s  . r e  p e r f ' c i l y
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t ' i - r  I ' r . r r , ' tc i* ,  I=; i '  i . r .a l " rn i ; j  I - ( ' r -1 ) 'Etaln( . i *1 )

Assuhing thal  rates of chanAe of consunpt i  on and

L o s  n o r E a l l y  d i s t r i b u t e d  a n d  c o n d i t i o n a t l v

e x p r e s s i o n  o f  t h e  f o l l o  i n g  f o r m :

3uour t tu ta  (1989)  de r t ves  (7 .? )  f o r
assets denominated ln dlfferent national
residents of these countrres.

o f . e a l  e x c h a n g e  r a t e s  a r e

homoskedasl  ic  y ie lds an

l 7 . 7 )

The modet  e i th  one country speci f ic  consunpt ion good therefore

l i n e a r  r e s l r i c t i o n  i n v o l v i n g  t h e  c o n d i t i o n a l  e x p e c t a t i o n s  o f  t h e

change of  the consunpt ions of  countr ies i  and j  and of  thei r  rea!

36

The restr ict ions on the rates of change of consunpt ions and real excnange

r a t e s  s t a t e d  i n  ( 7 . 5 )  a n d  ( 7 . 7 )  c a n  c o m p a c t l v  b e  e x p r e s s e d  a s :

r ' ' X , * , = ' } g . 1 ;  E  g r ? 1 *  1 = o
{ 7 .  8 1

Hhere a is an nx1 vector of coeff ic ients,  whi le X1*1 is an nx1 vector

coniaining the log Srovth rates of the consunpt ions and real exchange rates

of countr ies i  and j ;  for the nodel v i lh a single consunpt ion good' ve have

i  -  1  . '  l  r = ( ( o ' i - t ) ,  - ( ' i - r ) l ' ;  f o r  t h e  m o d e l  H i t hX r ,  r = t a l n r c i . l  
) .  A . L n r c ; , 1 )  i

o n e  c o u n t r y - s p e c l f l c  c o n s u r n p t l o n  a o o d ,  w e  h a v e  X t + 1 = t A r n ( c ; + 1 J ,  A l n ( c i + 1 ) '

i i
^ I n { R i : i ) )  a n d  ? = ( r o ' - 1  i .  - ( d J - 1 ) .  - 1 ) '  ) '

a vor ld i r  rh ich noninal  . isk- f .ee

currencles are t taded betHeen the
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I n  w h a t  f o l l o w s ,  Z t  d e n o r e s  a  k x l  ( w i t h  k > n )  v e c t o r

are conta ined in the per i .od t  in format ion set  and

orthogonal  to  the .andon v: . r iab le t r t+L:

E t l t + 1 ' z t = E t 7 ' ' x t + l ' z t = o

T h i s  o r t h o e o n a l i t y  c o n d i t i o n  i m p l i e s  a  r e s t r i c t i o n  o n

l inear regressions of the elements of the vector Xt+1

.eg.ession equat ion

w h e r e  u = 1 v 1 ,  . . , v n ; '

matr ix of dlmenslon

o f  i n s t  r u m e n t s  w h i c h

w h i c h  t h e r e f o r e  a r e

{ . r= ' ^ ' ' l ' ' '  
' 2 , ' " i . ,  ro r  n=1"  'n  (7  e )

wnere f  is t le mth element of the vector x ana 'y 'h is a kxl  vector of

c o e f f i c i e n t s ,  t h l l e  v m  i s  a n  i n t e r c e p t

T h e  n  e q u a t i o n s  s t a t e d  i n  ( 7 . 9 )  c a n  b e  \ r r i t t e n  c o m p a c t l v  a s :

xt+1=v+*'  'zt+(, t*1 ' ( 7 . 1 0 1

A najor di f f icul tY ln test inS

f ind aood lnstrur ients for

i 7 . 8  1

the coef f  i  c ients in

on Zt :  consider  the

the nodel with inconplete asset narkets is to

future consunptton Srowth. Our abi l i tv to

The orthogonal i tY

m a t r i x  V ;

. l
'  " 1 * 1 = ( " g . 1 ' ' " t -r) ' e h i i e  , t = t , y ' I , . . , { , n )

c o n d i t i o n  ( 7 . s ' )  i m p l i e s  t h e  f o l l o w i n A  r e s t r l c t i o n  o n  t h e

rank tv )<n . t ' 7  . 12 )

v rz=o  (7  11 )

Hence the nodel of lncomplete asset markets lmplles that the rnait ix V is

not of ful l  ranl:
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a c c u r a t e L y  f o r e c a s t  f u t u r e  r e a l i z a t i o n s  o f  a  v a t i a b t e  d e p e n d s  o n  h o t  s t t o n a

i h e  s e r l a l  c o . r e l a t i o n  o f  t h a t  v a r i a b l e  i s  { a l  L e a s t  l h e n  p a s t  r e a l  i 2 a i i ' n s

a r e  u s e d  t o  m a k e  t h e  f o r e c a s t s )  T a b l e  4  r e p o r t s  t h e  f i r s t  1 0

a u t o c o r r e l a t i o n s  f o r  n o n - d u r a b l e s  a n d  s e . v i c e s  c o n s u p t i o n  g r o P t h  i n  t h e

countr ies of  the sanple Whi le lhe ser ia l  corre lat ion of  cons\rnpt ion Srowth

r a t e s  i s  r e l a t i v e l y  s t r o n g  i n  J a p a n ,  i t  i s  q u i t e  w e a k  f o r  t h e  o t h e r

counlr ies,  which suggests that  f ind ing aood lnst ruents for  consumpt ion

gror th in  these other  countr ies miSht  be d j f f icu l t

7,2 Test Results

The fol loving tests of the model !?i th incomplete asset  narkef ,s  ar-e

future consmpr ron

set of lnslrunen!s

( 1 . 1  T h e  s i n g l e  s o o d  n o d e l  i m p l i e s  t h a t  e x p e c t a t i o n s  o f

arouth in two countr ies i  and i  condit ional on a given

are perfeci ly correlated

37Se. cntby & Hulztnga (1991) for dlscusslons of tests of condit ion
( 7 . 1 1 )  f o r  t h e  s p e c i a l  c a s e  v h e r e  n = 2  ( i  e  s h e r e  t h e  v e c t o r  X  c o n s i s t s  o f

tvo el .ements).  Al ternat lves to the tests consldered in this paper can be

found in recent Hork bv obstfeld (1989) and Barr ionuevo (1991)- obstfeld

j o l n t l y  e s t i n a t e s  t h e  f o l l o w i n 8  c o n d l t i o n  ( v h i c h  f o l l o v s  f r o m  ( 7 ' 7 1 )  f o r  a

sanpfe of countr les ! .hlch comprises the US' Japan and Gernany'  using three

stage least squares:
- t  I  " i ,  i

^ . r n r R r l : i i = - ; r ' J + r d ' - t l ' a t n t c i . r r - t c ' - t , ' 6 1 n t c i . t ) - n i * i '  l h e r e  4 r + i  1 s  d

f inear comtlnat ion of the forecast e.rors nade ln forecast ing the f i 'st

di f ference of loa consuirpt i .ons and bi  late'al  rea t  exchanse 'ates for

countr les i  and J. obstfelct  argues that quarter lv data for the period

7 9 7 3 .  \ - a S : 2  s u p p o r t  ( 7 . 7 ) .

Barr ionuevo (1991) uses a General lzed Method of Moments f tanevork to test

the Euler condit ions (7.6),  using consunplton and lnteresl  rate data for a

sample of industr ial  ized coultrres-
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F o r  e a c h  c o u n t . y  p a i r  i , j ,  t a b l e  1 t  r e p o r t s  s a m p l e  c o r r e l a t i o n  c o e f f i c e n t s

o f  t i t t e d  v d l u e s  o f  a l o ( . ; '  a n d  a l n l I  q h i c h  a r e  o b t a i n o d  b v  r a a r a s s , n a

these variabl .es on a constanl and on lagaed consunpt ion groPth rates in

countr ies i  and j .  The table atso reports c.oss-count.v co.rela! lons oi

actual consunpt ion arosth rates. For 11 of the 15 coutrv pairs,  the

cross-country correlat ions of f i t ted consunpt lon arowth rates are Iarser

than those of actual consunpt lon groHth rates- l t  appears hovever that the

standa.d deviat lons of the cross-country correlat ions of f i  t ted consunpt ion

grovth rates are la.ae: for 13 countrv pairs one fai ls to rejec t  Lhe

hypothesis that the cross-country correlat ion of condit ional exPectat ions

of future consunpt ion SroHth 1s zero. This most l ikely ref lects the lol .

predict ive poHer of the lnstrunents used to predict  future consunpt ion

a r o v r t h  l n  t a b l e  1 1 .  
- -

(2.) When t l : \e set of instrurnents used to test the orthoaonaljty 'ondit ion

cons i s t s  o f  l a88ed  va lues  o f  X t+1  ( i  e  , hen  z r= (x i 'X i -1 " . 'X i -h )  )  a

method due to velu, Reinsel & vtche.n (1986) 39 can be used to test the

null_h)?othesls that ranlt l ! l=n-l agalnst the alte.natlve that rant({)=n'40

38Fo. . ."h of the tvo regresslons iJhich are cgAsldered in table 11 for

a alven country palr ,  the tabte shoHs adjusted R"s The adjusted R-s are
qulte 1o!t  for many of the reported .egresslons.
The standard devlat ions for cross-countrv correlat ions of f i t ted

consunpt lon groyth rates are calculated usina the nethod presented in Cunby

& Huizlnga ( 1991 J .

39S..  H", .sr. .  (  1991) for i n t e r e s L i n a  a p p L i c a t i o n  o f  t h i s  L e s t

40(7.2) . .q, j : . . . "  that rank(v)<n, not necessarl ly that rank(*)=n-1 Velu

e t  a 1 .  a c t u a l l y  p r e s e n t  n  t e s t  s t a t ! s t i c s ,  v h l c h  I  v i l l  d e n o t e  b v
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T a b l e  1 3  p r e s e n t s  p  v a l . u e s  f o r  t e s t s  o f  t h e  h w o t h e s i s  t h a t  ' a n k ( * l = n - l  f o r

lhe the s inale aood model  and for  lhe model  wi th one count 'v-speci f lc

c o n s u n p t i o n  8 o o d .  T h e s e  t e s t s  a . e  c o n d u c t e d  f o r  h = 0 ' 1 , 2 , 3 , 4  '  w h e r e  h  i s

the maximal  lag of  Xt  used in the set  of  inst rurnents '

F o r  e a c h  m o d e l ,  t a b l e  1 3  t h e r e f o r e  r e p o r t s  p - v a l u e s  f o r  7 5  V e l u  e t  a l '

t e s L  s t a t i s t i c s . + r  T h e  r e s u l t s  c a s t  d o u b t  o n  t h e  s j n g l e  e o o d  n o d e l :  a t  t h e

10% leve],  the h}?othesls .ank( ' l )=n-1 is reJected bv 39 of the 7s vetu et

a ] .  t e s t  s t a t i s t i c s ;  a t  t h e  2 0 2  l e v e l  t h e r e  a r e  5 4  r e i e c t i o n s '

N o t e  t h a t  i f  r a n k ( V ) = n - 1 ,  t h e n - - i n  t h e  s i n S I e  S o o d  m o d e l - - i h e r e  e x l s t s  a

u n i q u e  v a l u e  ( t t - 1 ) / ( " J - 1 )  w h i c h  s a t i s f l e s  t h e  c o n d i t l o n  t h a t  { ' 7 = 0 '  v h e r e

r = ( o i - 1 , 6 j - 1 ) .  V e l u  e t  a I .  d e s c r i b e  a  n e t h o d  f o r  o b t a i n i n g  a  r e g r e s s i o n

e s t i n a t e  i  o f  {  H h i c h  s a t i s f j ' e s  L h e  r e s t r l c t i o n  t h a t  r a n - k { ; r = n - l  U s i n S

i . r = o  t h e n  a l l o w s  t o  o b t a i n  a n  e s t i m a t e  o f  ( o ' - 1 ) / ( a J - 1 ) T a b l e  1 2

r e p o r t s  e s t i n a t e s  o f  ( o ' - 1 1 l ( o J - 1 )  w h i c h  v e r e  o b t a i n e d  i n  t h i s  w a v  F o r  t h e

dj. f ferent values of the Iag parameter 'h '  consj 'dered in the table'  the

c o n d i t i o n  ( c t - t ) z ( o J - t ) > o  i s  t v p i c a l l y  r e J e c t e d  f o r  m o r e  t h a o  t w o - t h i r d s  o f

the country pairs.  I t  should hoeever be noted thal  in most cases lne

q u a n t i i y  { o r - 1 ) / ( t l - t  )  i .  n o t  e s t i m a t e d  P r e c i s e l y ;  t h l s  m o s t  l i k e l v

v o , . . , v n - 1 ,  { h e r e  v l  t e s t s  t h e  h w o t h e s l s  t h a t  r a n k ( v ) = i  a a a i n s t  t h e

al. ternat lve that rank(V)=n. For each courtrv palr  and value of h '  I

calculated these n test stat lst lcs.  I t  aPpears that Hhenever v for ' i<n-1

reJects the h)?othesls (at the 1Oz ar the zaz leveL) that rank(E)=j '  then

the stat ist lc vn 1 rejects the hypothesls rank(V)=n-l '

41Five ,ral . . r .s of 'h '  are conside.ed for 15 country pairs.
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ref lects the poor predict ive power of  lagAed consunpt ion grcwth for  fu t . r re

consLrnpt ion growth.  In  most  of  the cases lhere the est ima.e of

( o r - 1 ) / ( a J - 1 )  i s  n e g a t i v e ,  v e  f a i l  t o  r e j e c i  { a t  c o n v e n t i o n a l  s i s n r t r c a n c e

l e v e l s )  t h e  h y p o t h e s i s  t h a t  t h i s  q u a n t i t y  l s  p o s i t i v e .

T a b l e  l f  r e p o r L s  V e I u  e t  a l .  t e s t s  f o r  t h e  m o d e l  y l t h  o n e  c o u r t r y - s p e c i f i c

good. The test results favorable for the model than the tesl

r e s u l t s  o b t a i n e d  f o r  t h e  s i n a l e  a o o d  m o d e l :  a t  t h e  1 0 %  I e v e 1 ,  t h e

h w o t h e s i s  r a n k ( V ) = n - 1  1 s  . e J e c t e d  b y  2 8  o f  t h e  7 5  V e l u  e t  a 1 .  t e s t

s t a t i s t i c s ;  a t  t h e  2 O z  l e v e l  t h e r e  a r e  3 4  r e j e c t i o n s .  I t  s e e h s  n o t e w o r t h y ,

r- t  the 102 l€veI )  of  the model v i th one

country-specif tc consumption good are accounted for by 5 count.y pairs:

Us-France, US-Ita1y, Japan-I ta]y,  France-I taly and France-Canada. For the

rernaininA country pairs there are only very fel{  reject ions of the

r e s t r i c t i o n  r a n k ( V ) = n - 1 .  I t  s e e m s  l n t e r e s t t n a  t h a t  f o r  t h e  c o u n f r y  p a i r

US-Japan (the country pair  which experienced the laraest change in

bi lateral  real  exchange rates during the sarnple period),  the condit ion

rank(V)=n-1 is rejected for the single good model,  but not for the model

with one country-specif ic consunpt lon Aood.

Using an est imate i I /  of  the natr ix V vhich sat isf ies the restr ict ion that

rank(*)=n-1 aI lovs to obtatn est lmates of the prefereence parameters o1 ana

oJ ror a given country pair .  Fo. al l  country pairs ln the sample, table 13

reports est imates of preference pararneters whj.ch obtain for h=4- Most of

the esttmated preference paraDeters conslstent v i th

u t i l i t y  f u n c t i o n s .
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( 3 .  )  T e s t s  o f  t h e  s i n g L e  g o o d  h o d e L  v e . e  a L s o  c o n d l r c t e d  u s i n g  t h e

G e n e r a l i z e d  M e t h o d  o f  M o m e n t s , = '  e x p l o l t j . n g  t h e  o . l h o g o n a l i t v  ' o n d i t i o n

E r  . X .  . . 2  = O  ( s e e  ( 7 . 8  1 1 .  T a b l e  l 4  p r e s e n r s  . e s u l l s  o l  t h e s e  f c s t s

F o r  a  a i v e n  c o u n t r y  p a i r  i , j ,  t h e  s e i  o f  i n s t ' u n e n t s  u s e d  f o r  t h e  t e s t

consists  of  laAged growth rates of  non durables and serv ices consuptron

a n d  o f  l a S g e d  r e a t  i n t e r e s t  r a t e s  i n  c o u n t . i e s  i  a n d  j  ( a 1 l  i n s t ' u n e n t s

are lagged t ! .o  and three per iodsl -

H a n s e n ' s  { 1 9 8 2 )  J - s t a t j s t i c  s h o H s  t h a t  t h e r e

o r t h o g o n a . I i i y  c o n d i t i o n  7  a  l  ! s  r e j e c ' e d  a t

i .s no country pair  where the

t h e  1 o z  s i S n i f i c a n " "  t " u u t  
4 3

' l .3 SunnarY

T h i s  s e c t i o n  h a s  c o n s i d e r e d  a  m o d e l  w i t h  i n c o m p l e t e  a s s e t  m a r k e t s  i n  P h l c h

only r isk-t .ee real debt contracts can be used for internat ional borrowrng

and leoding. In a sett ing vi th a sinale consunpt ion good' this structure of

asset rnarkets lnpLies (with iso-etast ic preferences and 1og-no'nal lv

distr ibuted consuitpt ion Arowth .ates) that condit ional expecrat ions of

tuture growth rates of consumption are pertect ly correlated across

A sett j .ng is also considered in ' , {hich each country

country-specif  ic consunpt ion good. For this seet ing, the structure of

42s..  Htr ' " .n (1982) and cunbv, Hulzlnga & obsrfeld (1983)

""1 experrmenteo with other sets of Instruments ( includtng lagged rates

of chanSe of cNP ana of real  exchanSe rates).  GMM fai led to reJect lhe

single good model for these al ternat ive sets of instrunents'
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i n c o n p  I e t e  a s s e t

expec tat  j .ons ot

m a r k e t s  i m p l i e s  a  L i n e a r  r e s t r i c t i o n  o n  c o n d i l l o n a l

futu.e rates of  change of  consunpt ion and real  exchanse

CMM based tests of the single Sood nodel r i th incohplete asset markets fai l

to reject that rnodel Tests based on the Veiu et a (1986) nethod ho*eve'

suagest that the sin8le Sood model is rejected

V e t u  e t  a l .  l e s t s  o f  t h e  m o d e l  v i t h  o n e  c o u n t r v - s p e c i f i c  g o o d  s h o w  t h a t  l t

is strongly rejected fo. f ive of the 15 countrv pairs in the sanple The'e

is hardly any evtdence against the nodel fo '  the remalning countrv palrs '
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