
CHAPTM. I I I

WORLD BUSINESS CYCLES AND INCOMPLETE INTMNATIONAL ASSET MARKETS

1. Int roduct ion

Standard neoclassical  models of  in ternat ional  economic f luctuat ions predict

that  pr ivate consupt ion is  s t rongly corre lated across countr ies (scheinknan

(1934 ) ,  Backus ,  Kehoe  &  Kyd land  (1989 ) ,  C ruc in i  ( 1939 ) '  Bax te r  &  Cruc in i

(1989 )  ) .  Th i s  p red i c t i on  i s  i ncompa t i b l e  w i t h  t he  l ow  c ross

country-corre lat ions of  consumpt ion which are observed enpir ica l ly '  Whi le

exis t ing in ternat ionaL theor ies assume complete in ternat lonal  asset

markets,  th is  paper develops a model  wi th incomplete in ternat ional  asset

markets and i t  shows that  in  such a model  the cross-country corre lat ion of

consumpt ion can be markedly smal ler  than ln models wi th cornplete asset

na rke ts .

The main reason why previous in ternat ional  models have assumed complete

asset  markets is  presumably t ractabi l i ty :  wi th complete asset  markets '

cornpet i t ive equi l ibr ia  are Pareto opt imal  and hence they can be determined

by solv ing a socia l  p lanning problem. Simple numer ical  nethods for  so lv ing

such  a  p rob lem a re  ava i l ab le  ( c . f .  Rebe lo  (1989  a ,b ) ;  K ing ,  P losse r  &

R e b e l o ( 1 9 8 8 ) ; B a c k u s , K e h o e & K y d l a n d ( 1 9 8 9 ) ) . } I i t h l n c o n p l e t e a s s e t

markets,  the equivalence between compet i t ive equi l ibra and Pareto opt ina

breaks down.  I  present  a method for  so lv ing a stochast ic  dynamic general

equi l ibr ium model  wi th incomplete asset  markets which is  (a lmost)  as s imple



as  l he  me thods  used  by  p rev ious  resea rche rs  t o  so l ve  mode ls  w i t h  comp le te

a s s e t  m a r k e t s .

The paper a lso argues that  a model  wi th addi t ive technology shocks which do

no t  a f f ec t  marg ina l  f ac to r  p roduc t i v i t i es  i s  be t te r  ab le  t o  exp la in  t he

observed posi t ive corre lat ions of  investnent  and output  across countr ies

than  s tanda rd  mode ls  i n  wh i ch  ru l t i p l i ca t i ve  shocks  to  t o ta l  ( and  marg ina l )

1

fac to r  p roduc t iv i t ies  a re  the  source  o f  fLuc tua t ions .  
-

The equal izat ion

of the expected marginal products of capital  in di f ferent countr ies which

takes place in an integrated world capital  market impl ies that when labor

supply elast ic i t ies are low, then in the absence of shocks to the marginal

p roduc t  o f  cap i ta l  schedu le ,  cap i ta l  and ou tpu t  a re  pos i t i ve ly  cor re la ted

across countr ies. A posit ive addit ive shock to the technology of one of the

countr ies induces increases in the capital  stocks of aI I  countr ies in the

wor ld  (p rov ided the  shock  leads  to  a  fa l l  in  the  wor ld  in te res t  ra te ) .  In

cont ras t ,  a  pers is ten t  pos i t i ve  nu l t ip l i ca t i ve  shock  to  the  techno logy  o f

one of the countr ies increases the marginal product of capital  in that

country; hence it induces an increase in investment and output in that

country and - unless there are strong technological  'spiJ. I-overs'  between

the two countr ies -  i t  leads to a faI I  in the other country 's investment

and output;  unless mult ipl lcat ive technology shocks are strongly correlated

across countr ies, investment tends to be negat ively correlated across

count r ies .

In comparison, even addit lve tecbnology shocks which are not correlated

lspecif ical ly,  I  consider product ion funct ions of the type y=9*f(K)-g,

where O and g are random variables represent lng mr- l t ipt icat ive and addit ive

technology shocks respect ively,  whi le K denotes physical  capital .
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across  count r ies  lead to  pos i t i ve  c ross-coun l ry  cor re la t ions  o f  inves tment

(and ou tpu t ) ,  p rov ided tha t  labor  supp ly  e tas t ic i t ies  a re  low '

One poss ib le  in te rPre ta t ion  o f  the  add i t i ve  techno logy  shocks  is  as

government consumption which is f inanced through lunp-sum taxes My

so lu t ion  ne thod fo r  the  node l  w i th  incomple te  asset  rnarke ts  cons is ts  in

approx i rna t ing  the  agents '  op t ima l  dec is ion  ru les  by  I inear  func t ions '  Us ing

these l inear  dec is ion  ru les  and inpos ing  narke t  c lear ing  a l lows one to

so lve  fo r  an  'approx ina te '  equ i l ib r iun '

Section 2 presents the two country nodel with lnconplete asset markets and

d iscusses  the  ne thod used to  nuner ica l l y  soLve th is  mode l '  Sec t ion  3

conpares the behavior of the nodel to the behavior which would obtain in

the  presence o f  conp le te  asset  narke ts '  S ty l i zed  fac ts  about  in te rna t iona l

bus iness  cyc les  a re  descr ibed in  sec t ion  4 '  I  use  s inu la t ions  to  exp lo re

the  proper t ies  o f  the  mode l ;  s inu la t ion  resu l ts  a re  p resented  in  sec t ion  5 '

Section 6 summarizes the findings obtained in this chapter'

2. The Model

2.1 Preferences ard Technologies

1  cons ider  a  r {o r Id  cons is t lng  o f  two count r ies  ( I= I 'Z ) ;  each count ry

is inhabited by one consuner (the nodel can easily be extended to allow for

different population sizes in the two cor'rntries) ' There exists a unique

good in this r|orl 'd, whlch is produced and consuned by both countries' This

good can also be used as an investnent good'

Country i 's intertenporal preferences are represented by

vi="l r. i,r-i,. i  t.et"i, r-i, ' i l 'Er{vl+1 } ; ( 1 )
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t r e r e  v i  i s  i . ' s  e x p e c t e d  l L f e t i n e  u t i l l t y  i n  p e r i o d  t ;  c l  i s  i ' s  c o n s u m p t i o n

at  da te  t ,  L r  denoces  Lne nunber  o f  hours  worked by  count ry  i  and  z i  i s  a

randon var iab le  wh ich  represents  an  exogenous tas te  shock '  E t  denoLes

expecta t ions  cond i t lona l  on  a l l  in fo rmat ions  ava i lab le  in  per iod  t ;

i  i  i  i  i  i  ' ,  i  
f - i . . l l  i s  t h e  a g e n l ' s

o < e t c i , t - i , t i t = t z ( 1 + b ( c i ' L i , r i ) ) < 1 ,  w h e r e  b ( c r ' ' t ' ' L '

sub jec t ive  ra te  o f  t ine  pre ference be tveen per iods  t  and t+L ;

I assume tbat the subiective rate of t itne preference betHeen perlods t and

t+1 is  a  func t ion  . r  . i ,  r - i  " "a  t i  
2  

Th is  assrmpt ion  a l lows to  guarantee

the  ex is tence o f  a  s teady  s ta te  wh j ' ch  i s  un ique (a t  leas t  loca l l y )  as  we l l

a S t h e e x i s t e n c e o f a n e q u l l i b r i u m w h l c h l n v o l v e s s t a t i ' o n a r y f l u c t u a t l o n s

around that steady state' This nakes it PossibLe to apply standard

techn iques  used in  bus iness  cyc le  ana lys is  to  so lve  fo r  th is  equ i l ib r ium

and to  expLore  i t s  p roper t ies  us ing  s inu la t ions '

Note  tha t  in  the  sPec ia l  case

econony nacro-economi cs ) where

(vh ich  is  usua l ly  cons idered 1n  c losed

F is  cons tan t ,  (1 )  g ives  the  ' s tandard '

intertenporal .  ut i l i ty funct ion vr=ea{lFr*ur*t

2Th. idu. that the rate of ti 'ne preference depends on consunpt-1on ̂has
a long h ls tory ( for  an . " . rv  J i " t " t= ion,  s-ee.Flshei  ( rgco) ;  obst fe ld (1989)

g ives a recent  d lscussloni  '  Exarnples of  l ts ,use in  the ln ternat ional

econonics l l terature . . " -  i " f t ' "  & F lndlay (1978) '  obst fe ld (1981-  a 'b) '

Mendoza (1989 a,b) '  o tnei  . * . tpr t "  can be iound ln  Beals  & Kooprnans (1969) '

Lucas & Stokev (1984) ,  Epste in (1987)  '



The per iod  u t i l i Ly  func t j .on  u  i s  inc reas ing  in  consumpt ion  and decreas ing

in  labor  and i t  i s  s t r i c t ty  concave in  bo th  a rguments ;  the  func t ion  B is

assuned to  have properL ies  wh ich  guaran lee  thaL Vt  i s  inc reas ing  and

concave in  cur ren t  and fu tu re  consumpf ion '

Country i. has a technology lrhich is described by:

"i='iri rci,rir-"i '

t io  is  a funct ion wi th the usual  neoclass lca l  proper t ies '  r l  is  country

i 's  capi ta l  s tock in  per iod t ,  whi le  e i  " t ta  e i  ar t  s tochast ic  shocks which

are assuned to be stat ionary ( the nodel  abstracts  f rom growth) '  In  s tandard

business cyc le theor les ,  n :n ' l t ip l icat ive technology snocts (e i )  are the only

source of  econonic f luctuat ions.  Note that  vh i fe  €]  a f fects  the narg inal

i '
p r o d u c t  o f  c a p i t a l  ( s r ' l  L ' ( K i ) ) ,  t h e  a d d j t i v e  s h o c k  , i  o t t =  n o t '  T h I s  i s  w h y

- as simulations of the nodel show - the nultiplicative shock has a nuch

stronger inpact on investnent than the additive snoct' ei can either be

interpreted as a technoLogy shock or as Sovernment consumption which is

f inanced by a lunp-sum tax.  In  that  case,  the output  of  country  ' i '  is

given by

ci=' lri trl, r-ir
( 3 )

".ra Vl tas deflned in (2)) is the output of country i which is avail'abl'e to

the pr ivate sector .  Note thaL the L]  var iab le Yhich aPPears in  the

product i .on funct ion and ln  the ut i l i ty  funct ion (1)  is  the same: a l l  labor

suppl.ied by country t has to be used for production in that sane country

I i .e .  labor  canno t  nove ln ternat ional ly) .

( 2 )
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The law o f  no t ion  o f  the  cap i ta l  s tock  in  count ry  ' i '  i s :

i i iKi* r=(  r -a ) ' r i * t i  ;  (4 )

here  d  i s  a  f i xed  ra te  o f  deprec ia t ion ,  wh i fe  I l  i s  g ross  inves tment  nade
t -

in  per iod  t .  Hence count ry  i '  s  cap i ta l  s tock  in  per i .od  t+1  is

'p redetern i .ned '  in  t :  count ry  i  dec ides  in  t  what  i t s  cap i ta l  s tock  in  lhe

f o  I  l o w i n g  p e r i o d  w i I I  b e .

2.2 Unconditj.onal Borrosing and Lending

In  per j .od  t ,  count ry  i  can  nake (o r  rece ive)  one per iod  loans  a t  the  rea l

ra te  r t :  i f  i '  makes  a  loan o f  A i  un i ts  o f  the  good in  per iod  t ,  l t  ge ts

i
back (1+r- )*Al  gni ts  in  per iod t+1 ( the nodel  can be extended to a l low for

loans of Orrr"...ta naturities). Al>O ne".ts that the co\'ntry is a lender and
L

l i<O means that  i t  is  a  borrower in  per lod t .

Country  i 's  per iod t  budget  constra lnt  is :

"i.ri.r*ei=eiri rri, ril -sit t r-d)'Kl+ ( r+rr-, )'Ai-, ( J  a i

lnposeq:In  order  to  ru le out  Ponzi  schemes,  the fo l lowing constra int  is

- t  -  ^ i  f a r  a t l  t

Z is  a large posi . t ive number.

( s  b )

The real rate rt 1s

avai lab le ln  per iod

set  ln perlod t and hence it can depend on lnfornations

not on lnfornatlons which become avail 'able in

JSee Sargent  (19S?),  p .364,  for  an exanple of  the use of  th is  constra int '



The dec is ion  probLem o f  a  res ident  o f  count ry  i  i s  to  max imize  the

L i fe t ime u t i l i t y  de f ined in  (1 )  sub jec t  to  the  cons t ra in ts  tha t  (5  a )  and

( 5  b )  h o l d  i n  a [ I  p e r i o d s .

t + 1 .  H e n c e  t h e r e

"i ,  . 'Bi,

i
u and

are no insurance narkets in t h e  p r e s e n t  m o d e L . 4

The equ i l ib r ia  on  Hh ich  I  focus  invo lve  smal l  f luc tua t lons  o f

o f  the  node l  a round a  s teady  s ta te .  In  these equ i l ib r ia ,  the

b)  never  b inds  and there fore  the  so lu t ion  to  the  dec is ion

res ident  o f  count ry  i  sa t i s f ies  the  fo l tow ing  fan i l ia r  Eu le r

a L l  v a r i a b l e s

cons t ra i .n t  (5

prob len  o f  a

equat : .ons ,5

" i , . rp i ,  r*E.v i*r=(1+r.)*BI*EL{ul ,  t+1*Fl ,  t * r*Et*rv l*z}  ror  1=1,  2 .  ( 6 )

( 7 )

f o r  i = 1  , 2 .t*tEt*rvl.*zl).E.vi.r=oie.{rrl*rt l,,*,r ( 1 - d ) l - t u l , t * r * F i ,

f i , ,  deno te  the  de r i va t i ves  o f  u i ( c l , L l , r l )
_  _ i . - - i  .  i .

anc l  t  tK .  .  L ,  J  wr f ,n
a I

hi.k-",r"a"" agents whose incornes fluctuate in an unpredictable way

due to exogenous factors, have an incentive to issue or purchase assets
which provide then with insurance against these fluctuations. The absence

of such lnsurance can be justified by assuming that the incone of a given

country (or the exogenous factors vhich Lead to fluctuations in that

incone) cannot be observed by agents in the other country (or only at a

prohib i t ive cost  )  .

rTo not ivate (6) ,  note that  cor .nt ry  i  behaves opt imal ly ,  i ts  expected

Li fet ine ut i l i ty  does not  change i f  i t  reduces i ts  consunpt ion in  per iod t

by an infini.tesinaL anount e in order to buy a bond which has a return rt

in period t+l and lf it uses the proceeds from this investrnent to increase

his  consumpt ion at  date t+ l  by ( l+r t ) t€ .  A s imi lar  reasoning shows that

when the agent  behaves opt inat ty ,  h is  expected l . l fe t lme ut i l i ty  does not

change if he reduces his consunption in period t by an infinitesinal anount

e in order to lncrease his capltal stock ln t+1 by € and if he consr'mes the

proceeds from this additional investnent (so that the capital stock in t+2

and in subsequent periods is unchanged). This explains (7).
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resDect  to  the  s tn  a rgument  o f  lhese func t ions .

In  add i t ion  we have tha t  in  every  per iod  (and fo r  a l l -  rea l i za t ions  o f  lhe

exogenous shocks)  count ry  i  equates  i t s  narg ina l  ra te  o f  subs t i tu t ion

belween labor and consunption to the marginal' product of labor and

lhere fore :

r,,1, .*el, ,*ervi*, l* t ei'rl, .I * iu]. , .*Fl , t*Etvl*1)=o '

1  )  1  2  1  2 .  6
c iven exogenous processes  {o ; ,  o ;  '  e ; ,  c ;  '  r ; ,  r ;  }  ,

inconplete asset  narkets is  a set  of  s tochast ic  processes for  the

1 ) 1 2 1 ' ' 1 2 1 7

endosenous  va r iab les  o f  t he  mode l  t c i ' c i ' t - i ' t - ! ' v i ' { ,K ; ,K ; 'A ; ,A i , r r }  wh ich

s a t i s f y  ( 1 ) ,  ( 5  a ) ,  ( 6 ) ,  ( 7 )  a n d  ( 8 )  a s  w e l l  a s  t h e  c o n d l t i o n  t h a t  t h e

7
loan narket  c lears:

r1*n?=o
t t

f o r  a l l  t

A s teady state v i th  inconplete asset  narkets is  an egui l ib t iun wi th

inconplete asset markets ln which aII exogenous and endogenous varlables

1 ) 1 ) 1 )

are constanl .  Given constant  va lues (e"e ' ,g-  ,g '  , t  "  2- )  for  the exogenous

s t r o c k s ,  a  s t e a d y  s t a t e  i s  t h u s  a  s o l u t j . o n  o f  ( 1 ) ,  ( 5  a ) ,  ( 6 ) '  ( 7 ) ,  ( 8 )  a n d

(9) in which the endogenous varlables of the nodel are constant'

oAnd assunlng that (5 b) never binds.

7By W"1.."' Iaw, market cl'earing in the loan narket inplies that the

goods narket  c lears as wel l .

( 8 )

an  equ i l ib r ium wi th

( 9 )
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c i v e n  c o n s t a n t  v a r u e s  l e 7  , e z , g !  , g 2 , ' 1  , ' 2 )  f o '

s teady state wi th incomplete asset  narkets can

v e c t o r  ( " 1 , . 2 , L 1  , t 2  , y r  , v z  , r r  , * 2  , 1 7  ,  e ?  ' t )  w h i c h

equat ions:

v i =  r r i z ( l - B i )  f o r  i = 1  , 2 ;

. i - r i . 1 i - 6 * 6 i - g i * r ' A i  f o r  i = 1  ,  2 ;

(  ! + a  )  * B i = 1  f o r  i . = 1 , 2 ;

the  exogenous shocks ,  a

thus  be  descr ibed bY a

sat is f ies  the  fo  l  low ing

t,,l*Bl*vi ;* 1si*ril * t"l*Bi*vi l=o
i i

r+d=e-* f i  fo r  j '= ! ,2 ;

A1*A2=o

Hence a  s teady  s ta te  i s  the  so lu t ion  to  a  sys ten  o f  11  equat ions

unknowns. Note that lf F ls constant there does not exist a unique

s ta te  because then the  two equat ions  in  (10  c )  reduce to  (1+r ) *F=1

( 1 0  a )

( 1 0  b )

( 1 0  c )

( 1 0  d )

( 1 0  e )

( 1 0  f  )

1n -L I

steady

while working on this paper, I learned about recent work by Conze &

Scheinknan (1990)  and Stocknan & Tesar  (1990)  which gets resul ts  which

(wi th respect  to  expla in ing low cross-country  corre lat ions of  consumpt ion)

are s in i lar  to  those which I  present '  conze & Scheinknan (1990)  too

consider  a nodel  wi th  incomPlete in ternat ional  asset  markets '  In  the i r

p"ou. ,8 the only  way ln  which agents can protect  themselves against

f luctual ions in  the i r  labor  product iv i ty  is  by hold ing a durable asset

( 'money ' ) .  Agents nust  hold a posl t ive amount  of  th ls  asset '  i 'e '  there is

no borrowing at all in Conze & Scheinknan (1990) '

An irnportant difference between thelr work and my paper is that ny

solution nethod makes it possible to conslder a nodel whj'ch is less

sty l ized than thei r 's ;  for  exanple,  ny nodel  a l lows for  physica l  capi ta l '

8A= 
i.n S.h.i.,knan & lleiss (1986)'



severa l  t ypes  o f  exogenous shocks  e tc .

s tocknan & Tesar  (1990)  p resent  a  mode l  w j . th  comple te  in le rna t ionaL asset

narkets in which non-traded consunptj"on goods and country-spec if i  c^ taste

shocks  break  the  c lose  c ross-count ry  cor re la t ion  o f  consumpLion '>

As a  f i rs t  pass ,  and in  o rder  to  focus  on  the  e f fec ts  o f  I ' i n i ta t ions  on

asset  marke ts ,  the  present  paper  s inp ly  abs t rac ts  f ron  non- t raded

consurnption goods.

2 .3 .  The So lu t ion  l te thod

An approxinate solution to the nodel can be obtained by deriving a I ' inear

approx ina t ion  to  the  equat ions  l i s ted  in  the  de f in l t ion  o f  the  equ i l lb r iun

and by solving the resulting systen of expectational difference equations'

For the case where the exogenous shocks have sma1l variances' and where

t h e r e w o u l d e x i s t a l o c a l l y r , n i q u e s t e a d y S t a t e f o r c o n s t a n t v a l u e s o f t h e

exogenous variables equaL to the unconditional means of the randon shocks

1  2  1  )  1  2  l n

al, ei,  si ,  ci ,  zi  ana z! woodford (1986) ^" provides a r isorous

j us t i f i ca t ion  fo r  conduct ing  the  I inear  approx imat lon  around th is  s teady

Hence I assurne that uhen the exogenous shocks are equal to their

unconditional neans, a (Iocally) r:nique steady state exists ; I expand the

equat ions  l i s ted  in  the  above de f in i t ion  o f  an  equ i l ib r iun  in  Tay lo r

series around this steady state and I keep the Iinear terns of these

expansions.

9Their  empir lca l  analys ls  shows that  a l lowing for  non- t raded goods.  in

a model with conplete asset narkets is not sufficient to reduce the

cross-country  corre lat lon of  consunPt lon to the corre lat ions which are

observed empirlcally; this j 's l.hy Stocknan & Tesar resort to country

speci f ic  taste shocks.

10S."  u l .o  the d iscussion 1n Rotenberg & Hoodford (1989) '
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In  vhat  fo l lous  Ax t  denotes  the  percentage dev i .a t ion  o f  a  var iab le  x ,  f ron

i t s  s t e a d y  s t " t . .  
1 1

c iven exosenous rorc ins processes ror  fae l ,ae l 'as l ,a i l ' ^ i i ' ^ i f l '  an

approx imate  equ i l ib r iun  e t i th  inconp le te  asset  marke ts  l s  a  se t  o f

^ 1  ^ 2  ^ 1  ^ 2

s tochas t ic  p rocesses  fo r  the  endogenous var iab les  {Ac ;  '  Ac ;  '  AL I  '  AL t  '

av l ,av i ,  a r i , a r f , ae i , l e f , a r r )  wh ich  sa t i s f v  t he  l i nea r i zed  ve rs ions  o f  Lhe

equat ions  l i s ted  in  the  de f in i t ion  o f  an  equ i l ib r iun '

In  what  fo l lows,  I  focus  on  'approx ina te  equ i l ib r la "

Keeping the ]inear terns of the Taylor expansion of the equations listed ln

the def in i t ion of  an equi l ibr iurn,  we obta in (af ter  a fe ! .  subst i tu t ions)  a

system of equati.ons which can be written as:

( 1 1 )

and

while G, and G2 are

order to allow for cases where

vhere gl=s, ae| ana aei ...
L

ei ana si and their resPective

)U

Etht  *1=Go*ht*G,  
*za+G2*E121+ 

1 ,

where h.= (Air-1, AKl, aK?, AAl, avl' ail ' a;l ' avl, ai!, 43. I'

' t=tael ,ae?,ael ,a l l , r i l 'a i l l ' .  Go i 's  a 1ox1o natr ix '

10x6 matr ices.

The first four el"ements

(i. e. theY are knosn

' non-predetennined' . As

"w i th  
the  fo l low ing  except ion(s ) :  in

s teady  s ta te  asset  ho ld ings  are  zero  and

defined by dividing the differences between
i

steady states by Y- .

of  the vector  ht  are 'predetermined'  a t  date t

a t  t -1  ) .  whi le  the rernain ing e lenents are

shown by Btanchard & Kahn (1980), a necessary and



suf f i c ien t  cond i t ion  fo r  a  node l  l i ke  (11)  to  have a  un ique s ta t ionary

so lu t ion  is  tha t  the  nunber  o f  e iSenva lues  o f  the  na t r i x  GO outs ide  the

un i t  c i . rc le  equa ls  the  nunber  o f  non-predetern ined var iab les .

For  a  s i .mp le  vers i .on  o f  the  node l  where  labor  supp l i 'es  a re  f i xed ,  AB/A:<O

can be shown to be a necessary condition for guaranteeing the existence of

a  un ique s ta t ionary  soru t ion .  
12

T h e a p p r o x i ' n a t i o n m e t h o d , u s e d h e r e i . S e q u i v a l e n t t o a m e t h o d w h i c h c o n s i s t s

ln  subs t i tu t ing  agent  i ' s  budget  cons t ra in t  (5a)  in to  h is  t i ' fe t ine  u t i l i t y

function (1) and expanding the resul't ing function in a second order Taylor

expansion in al1 its arg\.ments (for all '  dates and states) around their

respec t ive  s teady  s ta te  va lues ;  max in iz ing  the  quadra t ic  func t ion  wh ich

th is  expans ion  y ie lds ,  g ives  a  se t  o f  f i r s t -o rder  cond i t ions  wh ich  is

e q u i v a l e n t  t o  ( 5 ) - ( 8 ) .

Chr is t iano (1990)  shows that  for  a

this l inear-quadrat i. c aPproxi'mation

Linear iz ing (5)  and (7) ,  we get  that

one sec tor  neoc lass ica l  g rowth  node l

ne thod per fo rns  s t r i k ing ly , r .1 I .  
13

(12)

expected narginal Product

rate. When labor SUPPI ies

n  t  ip l i ca t i ve  s tochas t ic

or.=r] *E.ael.r+er*ri, r*arl*rtei'rl, z*EtALi+1
This equation says that each country equates the

of  i ts  capi ta l  s tock to the r isk- f ree in terest

are variabLe or when the nodel is subjected to

7?1n the sinulatlons described below, I assune that

B(c,L,z)=p(u(c,L,z)  )  '  Numer ica l  'exper lnents '  wi th  nany d i f ferent  paraneter

val.ues suSSest that unless AF/ lrt<Q holds, the Blanchard & Kabn condition

for  the ex ls tence of  a unlque stat lonary so lut lon ls  not  l lke ly  to  be

sat  is f  ied.

13s"" Taylor & Uhllg (1990) for an overvie!' over different methods for

solv ing the neoclass lca l  gronth nodel .
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techno logy  shocks ,  the  marg ina l  p roduc t  o f  cap j ' ta l  j ' s  randon;  hence (12)

shows tha t  the  r i sk  p ren ium assoc ia ted  w l th  th is  randornness  is  neg lec ted

when the  l inear iza t ion  method is  used.  Note  however  tha t  by  nak ing  the

var iance o f  the  exogenous shocks  su f f i c ien t ly  snat l ' ,  the  r i sk  p ren iun  can

b e  n a d e  a r b i t r a r i  l Y  s n " l I . 1 4

The so lu t ion  o f  (11)  can eas i l y  be  de tern ined us ing  B lanchard  & Kahn

(1980) .  I t  has  the  proper ty  tha t  -  as  AA; -1  i s  a  p redetermined var iab le  a l

date t - the decisions which the two countries nake in equil ibrium depend

on AAf - , |  ( i .e .  on  the  d is t r ibu t ion  o f  f lnanc ia l  asse ts  be t ! 'een  the  two

count r ies ) .  That  count ry  i ' s  da te  t  consumpt ion  and labor  supp ly  cho ices

depend on  A l ] - . ,  i s  no t  surpr is ing ,  as  these cho ices  c lear ly  depend on  i ' s

wealth. e. t in" t"rgi.tal product of capltal depends on the labor input'

this irnplies that pttysical investnent decisions in the two countries are

a lso  a f fec ted  by  the  d is t r ibu t ion  o f  f inanc ia l  wea l th  be tween the  two

count r ies .

An important special case in which (in the approxinate equil ibrlum) the

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

aggregates of consumption, labor supplies and the world capj'tal stock

14To "uu th is  ,  le t  t t . t * l  d" tot "  the narg inal  ra te of  subst i tu t ion

between consumption at dates t and t+1 ; from (6) and (7) we get that
i t r i t . _ i

E . o i + 1 * f '  ( K ; + 1 ) = ( r t + d ) - c o v ( o i + 1 ' f '  ( K i * r ) ' t i , t * r ) / E t t i ,  r * r '

Using the Cauchy-Schwantz inequality, we get
i  i  i  i  i  n q  i

i E r o i + 1 * f ' ( K t + 1 ) - ( r r + d ) i = ( v a r ( e ; + 1 r f ' ( K ; + 1 ) ) * v a r ( n i , t r 1  )  ) ' ' - z E , m 1 ,  . * t  '

By naking the variances of the exogenous shocks sufficiently snaLl' we can

make the-variances on the right-hand slde of this lnequallty arbltrari ly

s n a l l .
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occurs  ln  the  symnet r ic  case when the  two count r ies  have ident ica l

p re fe rences  and lechno log i . t  
15 ,  

when th is  cond i t ion  i ' s  sa t is f ied '  the

c o e f f i c i e n t s o f t h e ] ' i n e a r i z e d v e r s i o n s o f t h e e q u l ' I i b r i u j n c o n d i t i o n s ( 1 ) '

(5a) ,  (6 ) ,  (? )  and (8 )  a re  the  Sane fo f  j .= | ,2 .  Sunrn ing  each o f  these

I inear j .zed  equat i .ons  over  i=1 ,2  g ives  a  sys tem o f  equat ions  in  the  wor ld

cap i ta l  s tock ,  wor ld  consumpt ion  and wor ld  labor  supp ly  ( the  ne t  asse t

pos i t ions  o f  the  two count r ies  cance l  ou t  when the  sun over  1=1 '2  l s

taken). This systen unlquely deternines the world-wide agregates of these

var iab les .

3. Comparison of International Business Cycles lf ith Complete

and gith Incomplete Internatlonal Asset Markets

In the presence of complete asset narkets, agents can at each date t trade

in  c la ins  to  un i ts  o f  consumpt ion  a t  da te  t+s ,  cond i t iona l  on  each Poss ib le

'hi.story' of the realizations of the exogenous shocks between dates t and

1 ) 1 2 1 2 t
t + s .  L e L  * t = f  e l , e ? , e l , e i , r i , ' i ,  a n d  I e t  x " = {  " , * r - z '  * t - 1 '  x t }  d e n o t e  t h e

history of the shocks which have affected ttre two countries up until date

t .  In  what  foJ. lows,  qt (Xs)  wi th s>t  denotes the pr ice at  date t  ( in  terns

of output at t) of a cla1n to one r'rni t of output to be delivered at date s

if the history Xs occurs ".ra "ritXt) is the nunber of such clains which

country i holds at the end of i..ioa t' Given Xt' tht dale t budget of

country  ' i '  is  thus:

15wb"t i= needed is identlcal u, F and

countries and ldentical steady state values

affecting the two countries (and hence identical

decis ion var iab les of  the two countr ies) '

f fr:nctions for the two

of the exogenous shocks
steady state vatues of the
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r e r  I  o ^  = u t r  L n L  r l

f

r-ei." i_, rxt

, .Jc. tx-1"1- ' '
' ' f t . ' * ' ) +

t x " )dx- t 1 3 J

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

u t i l i t y  s u b j e c t  t o  t h e . e s t r i c t i o n  t h a t

d a t e s  a n d  f o r  a l l  p o s s i b l e  h i s l o r i e s '

l o  m a x l m i z e  i t s  e x p e c t e d  I i f e _ t r m e

t h i s  b u d g e t  c o n s t r a j n t  h o l d s  i n  a l  l

In the presence of complete date and stale coot inSen! assel ma'kets ve can

character ize equi l ibr la bv using the equivalence betveen competi t ive

equl l lbr ia and Pareto opt ima Pareto opl ima can be found by maxlnizlng a

w e i s h t e d  s u m  o f  t h e  e x p e c t e d  l i f e t i m e  u t i l L l v  l e v e l s  o f  t h e  r e s i d e n t s  o f

countr ies I  and 2; therefore ve c3n character ize equi l ibr ia by imagining

t h a t  i n  s o m e  ' i n i t i a l '  t i n e  p e r l o d  t = 0 ,  t h e  f o l l o H i n a  p r o b l e m  1 s  s o l v e d :

ro=r'vl* t r -r I 'vfi ( 1 4 )

subject to the constraint thai  the ror ld resource consiraint holds in

a L l  p e r i o d s  t > 0 :

. l - . i - r l , . x i . = e i r r x i . r l - e ; i r r f , L f r - g i  s i * t t - a t ' r i * t t - a l ' x ;  r r s
L  L  ( + r  t + r

Di f ferent ia t ing the object ive funct ion of  the socia l  p lanner |J1th

respect  to  the consunp' rons of  the tHo countr ies g ives the

fo l  lov i lnS condl t lon:

Bi-1'r .  {u1 ,  t+F],  t 'e,v|r  r= r  r-r  l ' t " l ,  , .e1, . . .u!-r  I  , t  1 5 l

1 6 r  a n a  ( t - r )  a r e ' v e l f a r e ' w e i a h t  a t t a c h e d  t o  t h e  r e s l d e n t s  o f  t h e  t l l o

countr ies. These veights ref lect the lJealth of the lvo countr ies (  see

B a c k u s .  K e h o e  &  K v d l a n d  ( 1 9 8 9 )  a n d  R e b e l o  ( 1 9 8 8  a ' b j )



wnere  B . - r=Br - r rB1  i . l - , ,  r l - , ,  ' 1 , , I  zsz  r " l - r . t l - r ' - , 1 - r t ( r 7 )

H e n c e  ! e  s e e  t h a t  H i t h  c o n p l e t e  a s s e t  m a r k e t s ,  w e i g h t e d  m a r a i n a l  ' t i l i t i e s

of consunpt ion of the t l lo count. ies are equated in period t ,  where tne

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

(1,  1-^) in the above social  planning Problem' as HelI  as the consumptlons

of the countr ies before date t .

Note that in the standard case vhere F is consiant (  16 )  becorLes I

u.ul  .  =u; .  .  Hhere p is a coostant.  I f  the ut i l i tv funct lon u is
1 2

sepa.able j .n consunpt ion and i ts other arsunents then l ' l 'u; , t=ul , t  impl ies

t h a t  ( l o c a I I y )  c o n s u n p t i o n  1 s  p e r f e c t l y  c o r r e l a t e d  a c r o s s  c o u n r r l e s '

( 1 6 )  a n d  ( 1 7 )  i m p l y  t h a t  v i t h  c o m p l e t e  m a r k e t s ,  t h e  m a r a i n a l  r a t e s  o f

subst i tut ion of the tHo countr ies betHeen consunpt lon at dates t  aJld t+1

are equated, and that for al I  posslble real lzat lons of the exogendus shocks

in the t to perlods ln contrast to this,  wLth incomplele markels '  marglnal

rates of subst i tut ion betHeen t  and t+1 are In Seneral  not equated across

the two countr les, aLthough they are i r  expected value: (6) lmplres

I 1
r h a r  I  ( 1 * r L r - B i ' t e , t u l , , * 1 - 8 i . , . r ' E t . 1 v ; - 2 ) l / t u i . t * F ; . t ' E L v ; * r l =

) 1 2 2 2v _  ! 1 / l , r _  - 4 -  ' F  V -  |p r  , . t . " t , t * 1  " t , t . 1  - L + l . r + 2 , , ,  . - I , t  - 1 . !  - t  L + 1 .

Equatron (?) and (81 are clear lv val id f i rst-order condlt ton fdr the

Pareto problern.

civen a verfare weiaht ̂  and exosenous shock processes rcl '"1, " 'r '  " l ' ' l ' ' i t

an equ. i l ibr iun vi th con ete asset narkets ls a set of  stochast ic processes

f o r  t h e  e n d o s e n o u s  v a r i a b r e s  t c ; ' c ;  L i  L ; . v ; ' v ;  x i ' x i )  v r i c n  s a t L s f v  ( 1 J '
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( 7 ) ,  ( 8 ) ,  ( L s ) ,  ( 1 5 )  a n d  ( 1 7 )

One can easi ly  shov lhat  lhe model  Hi th complete asset  markets has the same

steady state consumpt ions,  labo.  s l rppl ies and capi tat  s tocks (and hence the

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

m a r k e t s .  L i n e a . i z i n a  l h e  e q u a t i o n s  l i s t e d  i n  t h e  d e f i n i t i o n  o t  a n

equi l ibr iun v j . th  complete asset  markets around a steady state Sives (af ter

several  subst i tu t ions)  a system of  equat ions of  the form:

E t e  t +  l = H o ' e t + [ 1 ' z t + H r : E , 2 1 + 1  
,  { 1 8 )

wirere e,= oi,-, ,  ai i ,  axi,  ^vi,  ai i '  a. i '  rvl ' t l  a. l  r ' ' ""

' ,=ra" l ,a" l ,ag l ,os l ' r i l , r i f r "  Ho is  a  exe nat r lx '  Hhi re  G1 and G2 are ex6

L i n e a r i z i n g  ( 7 ) ,  ( 1 6 )  a n d  { 1 7 )  s h o w s  t h a t  i n  a n  a p P r o x i m a t e  e q u i t i b r i u n

vi . th complete asset markets '  the expected maraj 'nal  products of capital  are

equaled across countr ies (as 1s the case vi th inconpLete markets see

112) )  |

r] ' r .ael*r*e1'r lr .* l ,r*t t"1r ' t ,ot l . ,  =

rl' x,.rc1 * r, "2' tl r' txl *, * e2' rl r' x ltl * t

As the structure of asset narkets affects the behavior of consulnpt lon

labor,  the (rn)-compreteness of asset narkets affects (1n general)

behavior of capital  in the lHo countr ies (because the marginal product

capi tal  depends on laborl
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I i r  can hovever be sholn that  wi th ident ica l  preferences and technologies

t h e  ( i n ) c o m p l e t e n e s s  o t  a s s e l  m a . k e t s  d o e s  n o t  a f f e c t  t h e  b e h a v i o r  o f

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

a p p r o x l n a t e  e q u i l i b r i u n .  l ' l i t h  f i x e d  l a b o r  s u P p l l e s  t h e  c o n d i t i o n  t h a t

e x p e c l e d  m a r A l n a l  p r o d u c t s  o f  c a p i t a l  a . e  e q u a t e d  a c r o s s  c o u n t ' i e s  i n p l i e s

that  lhe capi ta l  s tock in  a g iven country can be expressed as a funct ion of

the HorLd capi ta l  s tock (and of  expected future mul t ip l icat ive technologv

shocks) .  Hence !e 8et  the resul t  that  wi th ident ica l  preferences and

technoloaies and Hi th f ixed ]abor  suppl ies,  the approxinate equi l ibr im has

the property  that  the behavlor  of  capl ta l  (and hence of  output l  rn each of

the two countr ies is  the sane v l th  complete and v i th  incomplete asset

4. SIYI ized Facts

I evaluate the nodel v i th incomplete asset narkets by comparing i ts

predict ions to the key stvl ized facts Hhich characrer ize business cvcles In

i n d u s t . i a l . l z e d  c o u n t r l e s  ( t h e  f o l l o ! . l n e  ' s t v l i z e d  f a c t s '  d e s c r l b e
1 ?

p r o p e r t i e s  o f  d e t r e n d e d  d a t a )  - -

As docunenied in tables 15-17 for quarterLy data, output '  pr ivate

consuript ion and investment are posit lvely correlated across countr les

consurnpt ion seens to be less correlated across counlr ies than oulput The

averaaes of the cross-countrv correl  at lons of quarter lv Srovth 'ates of

total  pr ivate consurnpt ion, GNP and f ixed lnvestnent in a sample countr ies

consist ina of the US, Japan, France, Brl tain.  I talv and Canada durina the

period 1971:2-84: I  are o.22, 0 26 and 0 24 respect ivelv '  when los

17s". ". g- s."x.,.
Stockrnan & Tesar (1990)

lnternat ional buslness

&  K e h o e  ( 1 9 8 9  a , b ) ;  B a c k u s ,  K e h o e  &  K v d l a n d  ( 1 9 8 9 ) ;

f o r  s t a t l s t l c a l  d e s c r i p t i o n s  o f  s a l i e n t  f e a t u r e s  o f
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c o n s L r n p t i o n s ,  l o g  G N P  a n d  i o a  i n v e s t m e n t  a r e  d e l t e n d e d  u s j n a  a  l i n e a '  i i n e

t r e n d ,  t h e  c o r r e s p o n o l n a  a v e r a a e  c r o s s - c o u n t r y  c o r r e l a t i o n s  a ' e  0  2 9  0  4 0

a n d  O  4 2 . e s p e c t i v e I Y

! l i t h i n  a  g i v e n  c o L m t r y  t h e  c o r r e l a t i o n  o f

1 o w .  T a b l e  1 8  . e p o r t s  c o r r e l a t i o n s  b e t w e e n

f o r  t h e  U S ,  J a p a n ,  F r a n c e  B . i t a i n ,  I t a l v

wi  th in-country corre lat ions of  consunpt ion

consunpt ion and hours eo.ked is

det .ended consuinpt  ion and hours

and Canada- The average of  the

a n d  h o u r s  i s  0 . 2 1

Addit ional styl ized facts Hhlch are of lnterest in evaluat ing the model

developed in this Paper are:

vi thin a 81ven country,  investment and consunpt ion are p'ocycl ical ;  net

exports are countercycl lcat i  consurpt ion tends to be less volat l le than

output,  ,hi le investnent is more volat l le than output For the US economv

Backus, Kehoe & Kydland (1989) report  that the percentage standard

devi,at ions of Hodrick-Prescott  (1980) det 'ended quarlerIy ourpur '

consunpt ion (non-durabtes and services) and f ixed jnvestment are 7 74

0 . 8 6  a n d  5 . 5 1  r e s p e c t i v e l y  { i n  z l

The discussion in lhe nexl sect ion centers nost lv on the behavior of

consunpt ion, as the effect of  the tncompleteness of asset narkets is

stronaest for tha! var iable, and on the correlat lons of investrnent of

output across oecause the lnternat ional correlat ion of

lnvestment and outp'r t  dl f fers siSnlf icant lv accordlng to whether

nult ip l icat ive or addlt ive shocks are the source of f luctuat ions-
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5 Simulat ions of  the xodet

5.L The Paraneters of  the l ' lode I

I  ,1se s imulat ions in  order  to invest iSate the propert ies of  the model

These s imulat lons focus on the svnmetr ic  case where the two co\rnt ' ies have

the sane u l i l i ty  and product ions funct ions,  t rhere the s leadv sta!e values

of  the shocks which af fect  these countr ies are the satne and where the

steady state values of  the net  asset  posi t lons of  the t lJo countr ies are

5.  1.  1.  P.efe.ence and Technoloaies

The product ion funct ion f (K,L)  is  assuhed to be Cobb-Douglas:

f ' K ' , 1 ' ) = r K ' 1 " ' ( L ' r " '  q i L h  0 < 4 s l ( 2 0 )

Business CycIeConcerning the

s p e c  i f  i c a t  i o n  i s

u ( c , L ) = ( 1 / ( 1 - o ' )  ) ' ( " ' . - { ( L ) , 1 - o , where o.>0, o'* 1 r . 21  )

and (,  is an increaslng funct ion One easitv Yeri f ies that the concavitv of

u  i n  c  a n d  L  r e q u l r e s  t h a t  , 2 + ( 6 - 1 ) r u 1 > O  a n d  o r v 2 + ( o - 1 ) r ' 1 > 0  v h e r e

'1=V'(L) 'L ar 'd v2=V" rL/V'  Note that the steadv state condit lon (10 d)

impl ies ( for the product lon funct ion specif led ln (21) l  lhat

v i l -  / G / y J i  v h e r e  c . / y  = | -  G / v )  - d ' K / v = 1 - 7  -  d ' @ / r +

18s..  r ; .ng, Plosser & Rebelo (1990);  Rotenberg & goodford (1989)

u t i l i t y  f u n c t i o n standard Real
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v 2  c a n  b e  i n t e r p r e t e d  a s  a  l a b o r  s u p p l v  p a r a m e t e r ' 1 9  n o l a i n g  c o n s t a n t

c o u n t r y  i ' s  n a r g i n a l  i n s t a n t a n e o u s  u t i l i t y  o f  c o n s m p t i o n  i n  p e ' r o d  r :

( u c ( c I L t , a t ) )  a n d  h o L d i n s  f i x e d  E r v t + 1  t h e  e l a s t i c i t v  o f  c o u n t r v  i  s

L a b o r  s u p p l y  w i t h  r e s p e c t  t o  i t s  r e a l  t t a g e  r a t e  ( l t s  m a r g i n a l  p ' o d u c t  o l

Labor )  is els-=a/ G'v 2+ G-r) 'v I

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

c o L r n t r y  i n  p e r i o d s  t  a n d  t + 1 '  ( 1 / a )  1 s  1 t s  i n t e r t e m p o r a l  e l a s l i c i t v  o f

subst i tut ion betHeen consuitrpt ion Ln I  and t+1 4 also affects the Hay in

Hhich consurnpt ion and hours vorked interact ln the instantaneous ut i l i tv

f L n c t i o n  u :  t h e  e L a s t l c i t y  o f  u 1  l { i t h  r e s p e c t  t o  h o u r s  v o r k e d  i s  - ( 1 - a J ' v 1 -

By assuipt ion ,1 is posi t ive Hence consunPtion and hours are subst i tutes

in the instantaneous ut j . l i ty funct ion u(c,L'T) i f  o<1 and thev are

compLements Hhen o>1 In the simutat ions'  I  focus on

consuinpt ion and hours are complements

The funct ion 8{c,L,t)  is assurned to be of the forn

.  2 ^
F { c . L ,  r l = 8 ( u ( c , L . r i  )  w i t h  a - F l d u  = u .

The el .ements of the matr ices GO, Gt '  GZ and H0' H1 and H2 Hhich deternine

t h e  e q u i L l b r i u n  b e h a v l o r  o f  t h e  e n d o g e n o u s  v a r i a b l e s  ( s e e  ( 1 1 ) '  ( 1 8 ) l  c a n

be expressed as funct lons of:  r  ( the steadv state lnterest rate) '  d ( the

d e p r e c i a t i o n  r a t e  o f  p h v s i c a l  c a p l t a l ) ,  ' l  ( t h e  e l a s t j c i t v  o f  o u t p u t  w i t h

respect to capital) ,  the raLio T=a/y ( this share too ls assuned to be the

1 9 s " .  t t t "  d i s c u s s i o n  i n  R o t e n b e r S  &  H o o d f o r d  (  1 9 8 9  |
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T o  s i m u l a t e  t h e  n o d e l ,  o o e  t h u s  h a s  t o  c h o o s e  v a t u e s  f o .  r .  d .  , ,  o ,  € F , u

and ,2 i  in  addi t ion a stochast ic  process of  the exogenous shocks has tc  be

r  ( t h e  e l a s t i c i t y  o f  o u t p u t  v i t h  r e s p e c t  t o  c a p i t a t )  i s  s e t  e q u a l  t o  0  3 5 -

l n  a t l  s i m u l a t i o n s ,  \ A F / A [ ) ' ( u / B ) = - o . 1 0  i s  a s s u n e d  T h e  b a s e l i n e  c h o i c e

f o r  6  i s :  o = 2  ( B a c k u s  e t  a r '  ( 1 9 8 9 1  u s e  d = l  3 5  a s  t h e i r  b a s e l i n e  v a l u e )

The remaining preference and technoloSy parameters are chosen !{ i th the aim

of comparing the predlct ions of the nodel to quarter ly datai  this hot ivates

the fol lowing basel ine choices for the steadv state interesr rate and the

d e p r e c i a t i o n  r a t e  o f  c a p i t a l :  r = 0 . 0 1  a n d  d = 0  0 2 5

5.1.2. The Stochast ic Processes Fol lo! .ed bv thc Exoaenous Shocks

In the sinutat ions, I  abstract f rom tasle shocks and I  s ludy the effects

o f  o n e  t w e  o f  s h o c k  a t  a  t i m e ,  l . e  t h e  m o d e l  i s  e l t h e r  s u b J e c l e d  t o

nult ip l icat ive o. to addlt ive shocks. These shocks are assuned io fot lol7

b i v a r i a t e  A R ( 1 J  p r o c e s s e s :

s a n e  f o r  b o f h  c o u n t r i e s ) ,  a ,  c B , u = ( a B l a u ) ' t t / B )  a ^ < t  v 2 = V " ' L . / \ r '

z;=RHo€'zi_t+ci, and

zf=ruo"'zf-r*'!
"r,... ,!=ra"l, a"fr' ""a ,f=tagl, aglr vhire

natrices, "nrt. r!  "na .f are vectors of ehlte

marrices vAR"=Eelc! '  ""a vrnr=r' f  "f  '  respectivelv.

t 2 3  )

RHOo and RHO8 are 2xz

noises Hi. th covarlance

5 1



T h e  e f f e c t  o f  t h e  i n c o m p l e t e n e s s  o f  a s s e t  m a r k e t s  o n  t h e  c r o s s _ c o u L r y

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

shocks are corre lated between count ' ies:  in  the extreme case where the

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

scope for  r isk-shar ing betveen these countr ies and hence i l  does not  mat te '

vhether  asset  rLarkets are complete or  incomptete '

Hence i t  is  important  to  est imate empir ica l lv  hoP sr 'ong the corre laLion

o f  t h e ' s h o c k s '  a f f e c t i n g  d i f f e r e n t  c o u n t r i e s  i s

B a c k u s  e t  a 1 .  ( 1 9 a 9 )  p r e s e n t  a  m o d e l  w i t h  h u l i i p l i c a t i v e  p r o d u c t i v i t v

shocks.  They assune that  the shocks af fect ina the tvo countr les in  thei r

m o d e l  f o I l o H  a n  . A , t t ( 1 J  p r o c e s s  B a c k u s  e t  a 1 '  f i t  a n  A R ( 1 )  p r o c e s s  t o

dei rended quarter lv  lo8 SoIov res iduals for  the US and an agareaate of

three la .ae European coun!r r 'es (Gernanv'  France and Br i ta in)  Their

e s t i m a t e s  o f  R H o o  a n d  v 0  ( s e e  ( 2 3 ) )  a r e :

f . a l  . 0 4  l  . . ,  _ [ . 0 0 6 8 - . 0 0 0 0 1  , ln ' "u=[ .og  . . ,  I  
" " "  'e -L  o000 l  0078"1

T h e c o r r e l a t i o n b e t v e e n t h e t e c h n o l o s y s h o c k s a f f e c t I n g t h e t w o c o u t r j ' e s

rhich is inpl ied by these RHOo and Ve matr ices ls O 85 A correlat lon of

0.85 is much . larger lnan lhe cross-country co'relat ions whlch are

docuneoted below

Unfortunately,  Backus et aI .  do not say 'hat data they used for the

est inat ion of the Solol  reslduals;  their  paper also fai ls to provide

standard errors for the est lmates of RHO0 and Vo l t  ' ,JouId be usef\r l  to

knos these standarcl  errors, oecause the cross-country correlat lons impl ied

by the est lhates of RHOg and Y6 provided bv Backus et al  are extrenelv

senslt tve to the values of the elenents of the RIIO9 natr ix l t  appears for

exanple that when the off-dlagonal elements of the RHog mat ' lx reported by

Backus et al  are set equaL to zero, the cross-counlry co'relat lon of the

tectnology shocks drops fron O'85 to 0 18'  Hhich is nuch nore consistent

vi th the cross-couDtry correlat ions reported ln the appendix

6 2



C o s t e l l o  ( 1 9 8 9 )  p r e s e n t s  e s t i m a t e s  o f  c r o s s - c o l r n t r v  c o r r e l a t i o n s  o f  S o l o H

residuals vrhich di f fer stronaly from those impl ied by the Backus ei  ar '

e s t i m a t e s  o f  R H O 9  a n d  V e .  S h e  s t u d l e s  p r o d u c t i v i t v  g r o H t h  i n  f i v e  t v o  d i s i t

SIC industr ies in six of the G7 coultr ies Her Paper susgests that the

cross-country correlat ions of detrended SoloH residuals in these indust ' ies

a r e  c l o s e  t o  z e r o .

TabIe 19 presents est inates of the correlat ion of det 'endect aggregate

quarter ly Solol l  residuals j .n the the US' Japan, France, I talv and canada

T h e s e  r e s i d u a t s  a r e  c a l c u l a t e d  u s i n a  t h e  f o r n u i a  r n ( s )  =  r n ( v )  -  n ' l n ( K )  -

( l - r ) ' r n ( L ) ,  a s s u r n i n a  t h a t  r l = 0 . 3 5  ( v ,  K  a n d  L  a r e  G N P ,  t h e  s t o c k  o f

physical  capital  and hours lorked respectrvelv).

The GNP data are taken from the OECD Quarter lv Nat ional Accounts

Tvo measures of labo. inputs are used: { I)  for the Us'  Japan and France

data on total  hours vorked in the non-aSricul tural  sector are used For the

US, data on total  employee hours are taken from Clt tbase (ser ies LPMHU )

For Japan and France, an lndex of hours ! .o.ked was constructed by

mult iply ing the ser ies 'emplovment In non-aaricul tural  establ ishDents'  and

'Heekly hours of vork in the non-agrlcul tural  sector '  f rom the Bul let in of

Labour Stat ist ics publ ished by the Internat ional Labour Off ice ( ILO)

t j . i )  The second Iabor measure is the employnent data provided by the

lnternat ional Financlal  Stat lst ics ( IFS). Ihis measure ls used for the US'

Japan, France, l ta ly and Canada The IFS employnent ser ies neasure total

nunbers of ehployees and rorkers (and not total  hour 'sJ

Capital  stocks were est inated using data on Sross capjtal  formation fron

the Internat lonal Financlat Stat ist lcs,  assunLna a depreciat lon rate of 102
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2 A

T a b I e  1 9  P r e s e n t s  c r o s s - c o u n l r Y

S o l o H  r e s i d u a l s  a n d  f o r  l i n e a r l Y

c o r r e l a t i o n s  l o r  f i r s t  d i f l e r e n c e s  o f  i o s

d e t r e n d e d  l o a  S o l o w  r e s i d u a l s

A  t r o - s i d e d  t e s t  o f  t h e  n u l l - h y ? o t h e s i s  t h a l  c r o s s - c o u n t ' v  c o r r e l a t i o n s  o f

S o I o {  r e s i d u a l s  a r e  z e r o  r e J e c l s  t h a t  h w o t h e s i s  a t  t h e  1 O z  l e v e l  f o r  h a l f

o f  t h e  e s t i n a t e d  c o r r e l a t i o n  c o e f f i c i e n t s  r e p o r t e d  i n  t a b l e  1 9 '

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

d i f f e r e n c e d  S o I o w  r e s l d u a l s  i s  O  1 9 i  f o r  f i r s t  d i f f e r e n c e s  S o l o v  r e s i d u a l s

t h e  a v e r a a e  c r o s s - c o u n l r v  c o r r e l a t i o n  i s  0  2 1 -

Changing the technologv parameter rr  do€s not have a strong effect on the

est imated cross-countrv correlat ions: for l=O 25'  the average c'oss-countrv

correlat ions of f i rst  di f ferences and of l inearly detrended iog Solo{

r e s i d u a l s  f o r  L h e  c o u n t r i e s  l n  t h e  s a n p l e  a r e  0 1 7  a n d  0 1 3  r e s p e c t i v e l y

For l=o-45, the corresponornS average cross-country correlat ions are 0 21

a n d  0 . 2 9  r e s p e c t i v e I Y .

2 0 F r o t  t h .  i d e n t i t y  K t + 1 = ( 1 - d ) r K t + l r ,  l i h e r e  ' d '  1 s  t h e  d e p r e c i a t i o n

rate, I  is Sross investment capital '  capital  stocks can be constructed for

p . . r . a "  t = i , . . .  , T  i f  o n e  h a s  a n  e s t i m a t e  o f  t h e  c a p l t a l  s t o c k  i n  t h e
i  tni t la l '  per lod t=O. In a steady state where GNP groHs at a-.constant rate
'r ;  . "a " i . . .  the capltal  to GNP and the investnent lo GNP rat ios a'e

. :" . t""a, " .  have that k=i /(g+d),  vhere k and l  are the steadv state

capital  to GNP and the steady state investment io GNP rat ios

. e s p e c t l v e l y .  I  e s t l m a t e  t h e  ' i n i t i a l '  c a p i t a l  s t o c k  b v  K o = ( i ' l ( g + d ) l ' Y o '

,r ]"r .  g i .  the average GNP groHth rate durlng the sample nerioa ano Vo is

the averaae GNP during the f i rst  four quarters of the sample'  Hhi l  e

i=(1,2T) ' l l t /Yt Is the sanple averase of the lnvestment to CNP rat io '



T a b l e  2 0  e s t i m a t e s  t r i v a r i a t e  A R ( 1 )  p r o c e s s e s  u s i n a  d e t . e n d e d  l o s  S o l o w

residuats for  the us,  Japan and France ( the solov i  res iduals ate const .uctec l

us ins  r t=o .35 )

T h e  a u l o c o r r e l a t i o n  ( R H O )  n a ! r i c e s  H h l c b  a r e  e s t i m a t e d  f o r  f i r s t

d i f f e r e n c e s  o f  l o g  S o L o w  r e s i d u a l s ,  s i g n i f i c a n t L v  d i f f e r e n t  f r o m

A l i n o s t  a l l  o f f - d i a g o n a l  e l e m e n t s  o f  t h e  e s t i n a t e d  a u t o c o . r e L a t i o n  m a t r i c e s

whlch are est inated us ing l inear ly  detrended 1o8 Solow res iduals fa i l  to  be

s l g n i f i c a n t l y  d i f f e . e n t  f r o m  z e r o  a t  c o n v e n t i o n a l  s i g n i f i c a n c e  l e v e 1 s '

In the s inulat lons Presented below, t  therefore assune thal  the

of f -d la8oral  e lements of  lhe 'RHO' matr ix  are zero

5 . 2 .  S i n n ) l a t i o n  R e s u l t s i  f j x e d  L a b a r  S u p p t i e s

In the f i rst  Eet of s lnulat lons, reported In tables 22-27 I  assune that

labor suppl les are f ixed. I  start  the slmulat lons of the model s l th this

case because of the strong empir ical  evidence according to Hhi ch labor

2 1
s u p p l y  e l a s t i c i t l e s  a r e  s n a l l  ( p a r t i c u l a r l y  f o r  m a l e s ) . - -

Intul t ively ! .e expect that the effects of l in i tat lons on inrernat lonal

asset markets are stronger,  the smal ler the cross-country correlat ions of

the exogenous shocks. The slmulat ion In tables 22-2'7 sha\t  that lhen labor

suppl ies are f lxed and vhen shocks are not correlated across countr les, the

lnconpleteness of asset narkets has a strona effect on the correlattons of

consunpt ion and of l l fe-t ime ut1l l t les across countr ies: in al l  the cases

shown in tables 22'27, l t rc cross-country correlat lon of consunpt ion in the

21see pencavel (  t98G )



p r e s e n c e  o f  i n c o m p L e t e  a s s e t  m a r k e t s  i s  s m a l l e r  t h a n  0  2 5  F u r t h e ' n o r e  L h e

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

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

c o n s u n L p t i o n  a n d  e x p e c t e d  l i f e t i m e  u t i l i t v  l e v e l s  w o u l d  b e  p e r f e c L L v

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

in the tvo count. ies and f ixed labor suppl iesl

As Doted above, when both coutr ies have idenl ical  p 'eferences and

technologies and vhen labor suppl ies are f ixed, the app'oximate equi i ibr iun

has the property that the behavior of phvsical  capital  1s the sane with

complete and vi th inconplete capital  narkets. The fol lowinA discusslon of

the di f fe.ences between the effects of mult ip l icat ive and addit ive shocks

on investnent and output appl ies thus to both asset market structures The

simulat lons reveal st . ik ing di f ferences betveen the effects of

mrl t ip l icat lve and addit ive sbocks. Hhen the model is subjected to

mulr ipl lcat ive technotoAy shocks ( tables 22-24) '  investment In a Siven

country tends to be very votat i le and tn addlt ion investment tends to be

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

the technology shocks is lov; this caD be explained by the fact that Hhen a

p e r s i s t e n t  ( p o s i t i v e l y  s e r l a l l y  c o r r e l a t e d )  c o u n t r y - s p e c i f l c  n u l t l p l i c a t l v e

tecbnoloSy shock occurs ln one of the countr les'  the lncrease ln the

rnarglnal product of capital  which results from the shock lnduces a strong

j.nc.ease ln that country 's investnent vhi le the other country 's investment

fal Is.  This increase ln physical  investment ln the count 'y affected by a

s e r l a l l y  c o r . e l a t e d  p o s i t i v e  m u l t i p l i c a t i v e  s h o c k  l n c r e a s e s  t h e  c o u n t r v ' s

demand for imports and thus lnpl ies that the trade balance is

c o L r n t e r c y c l i c a l .
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l l h e n  t h e  m o d e l  i s  s u b i e c t e d  t o  m u l l i p l i c a t i . v e  s h o c k s ,  o u t p u t  i s  n e S a t i v e l v

c o r . e l . a t e d  a c r o s s  c o u n l . i e s ,  u . r l e s s  t h e  s e r i a l  c o r . e L a t i o n  o f  t h e

t e c h n o l o g y  s h o c k s  i s  1 o w .  S l m u l a t i o n s  ( n o t  r e p o r i e d  i n  t h e  a p p e n d i x l  o f  t h e

f ixed Iabor  supply nodel  shov that  in  order  lo  get  posi t ive cross-cormt 'v

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

technology shocks,  one has to assune that  the mul t ip l icat ive tec inoloSv

shocks are st rongly corre la. ted across countr ies.  The same th ing is  t rue fo '

o u t p u t  b u t  t h e  c r o s s - c o u n t r y  c o r r e l a t i o n s  o f  t h e  n u t t i p l l c a t i v e  s h o c k s

required to nake outpui  posi t ive lv  corre lated ac.oss countr les

lower than those needed to get  posl t lve cross-coLrntry  cor 'e lat ions of

Hhen the f ixed labor  supply model  ls  subjected to addi t ive shocks ( tables

2 5 - 2 7 ) ,  t h e n  l n v e s t m e o t  ( a n d  h e n c e  c a p i t a l )  i s  p e r f e c t l v  c o r r e l a t e d  a c ' o s s

countr ies:  as the narainal  product  of  capi ta l  in  the tHo countr ies is

u. raf fected by addi t ive tec l t r lo l  ogy shocks,  the equat izat ion of  the marainal

p r o d u c t s  o f  c a p i t a l  a c r o s s  t h e  t v o  c o u n t r i e s  ( s e e  ( 1 9 ) )  l n p l i e s  t h a t  -  w i t h

f ixed Iabor  suppl ies -  the capi  ta l  s tocks of  the t ! 'o  cour l t r ies are

perfect ly  corre lated-  An addt t lve shock af fect inA one of  the cou' . l t r ies

induces changes in the capi ta l  s tocks of  a l l  countr ies ln  the lJo ' ld  Hhich

have the sane s lgn (prov lded the shock af fects the Hor ld ln terest  'a te l

Even wi th addi t ive shocks whlch are not  corre lated across corDtr ies,  the

cross-co ,$ t ry  cor re la t lon  o f  ou tpu t  tv i=e l ' r rx i  r l l -e i )  rs  pos i t i ve

( a l t h o u g h  i t  i s  r e l a t i v e l y  s m a l l ) .  N o t e  h o t { e v e r  t h a t  i f  o n e  i n t e r p r e t s  t h e

1 ?
addi t ive shocks e i  " "a s i  as government  consunPt lon f inanced bv lunp-sun

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

'  i '  i s  g i v e n  b y  q ; = e ; ' f ^  ( K ;  I  .
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This impl ies that i f  governnent consuinpt ion ( f inanced bv lump sum taxesl is

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

i n v e s t m e o t  a n d  o u t p u t  a r e  p e r f e c t l y  c o ' r e l a t e d  a c ' o s s  c o u n t r i e s  A  d r a H b a c k

of a model based on addit ive shocks is that these shocks induce procvcl ical

behavior of the trade balance

5 . 3 .  s i n u l a t i o n  R e s u l t s :  V a r i a b ) e  L a b o r  S u p p t t e s

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

m u l t i p l i c a t i v e  s h o c k s  a r e  p r e s e n t e d  i n  t a b l e  2 8 '

The table presents simulat ion resutts for a ar id of values of the

interteBporal  elast ic i ty of subsi i tut lon parameter o and the Iabor supplv

22
e l a s t i c i L Y  e 1 s .

As ]abor is imnobi le internat ionat ly,  non-sepatabi l i t ies bet lreen

consunpt ion and rork effort  reduce the internat ional covariat ion of

coosurnpt ion. 
zJ t ' Ihen the labor supply elast ic i ty is suff ic ient ly 1ov andlor

6  i s  s u f f i c i e n t l y . I o . .  t o  u . , , t v ' 2 4  t h e  s l m u l a t i o n  r e s u l t s  a r e  s i m i l a r  L o

those vhich obtain with f ixed labo'  supPl ies; in part icutar '  cross-countrv

correlat ions ot consunpt ion are r ' ruch lower with incomplete asset marKers

than with comPlete markets

An increase in o strenSthens the non-separabi l i ty between consunpt ion and

5 ,  ' l
22Ttr.  tot lo" lng values of these paratneters are considered: a=7 1'  2 '  3 '

23s." o. ' . . . , .r*, cregorv & S r l t h  ( 1 9 9 1 )  f o r  d e t a l l e d  d l s c u s s i o n s  o f  t b l s

t h e  p e r i o d  u t i l l t v  f u n c t i o n  s p e c i f i e d  i n  ( 2 1 1  b e c o m e s

. i t  becones separable in consumptlon and hours to 'ked't o r  o = r .
u = r n ( c ) - V . , ( L ) ,  i  e
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h o u r s  ( p r o v i d e d  t h a l  d - > 1 )  a n d  h o l d i n g  c o n s t a n t  t h e  l a b o r  s u p p l v  e L a s t i c i l v

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

L i k e w i s e ,  i n c r e a s e s  i n  t h e  l a b o r - s u p p l y  e l a s t i c t v  r e d u c e  t h e  c r o s s - c o m t ' v

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

B y  s e l e c t i n g  v a l u e s  o f  o  a n d  e l s  v h i c h  a r e  s u f f l c i e n t l v  l a r g e '  t h e

cross country correlat ion of consmptlon can be made rather sBalI '  and that

even when asset narkets are conplete; l t  appears hoHever that this cao onlv

be achieved by let t ing consuipt ioo and hours be stronsly correlated within

the same country,  vhj .ch is inconsistent wlth the data'

W e  s e e  t h a t  f o r  a = 1 .  I  a n d  e l s = 0 .  1 ,  t h e  c r o s s - c o u n t r y  c o ' r e l a t i o n s  o f

consumption with complete and vl i th incomplete asset markets a'e o-99 and

0.30 respect ively,  and thal the correlat lon of consunpt ion and hours within

the sarne coirntry is 0 18 vi th complete and 0 11 with inconplete asset

narkets. Increasing o and els to o=2 and els=z reduces the cross-countrv

c o r r e l a t i o n  o f  c o n s u n p t i o n  t o  o . 0 7  w i t h  c o m p l e t e  a n d  t o  o  0 2  w i i h

incomplete asset narkets Ve see hovever that the within-countrv

correlat ion ol  consrr ipt lon ano hours nov becomes 0 77 vLth conplete and

0.67 Hith incomplete asset markets '  vhich is too large compared to the

ave.age ! l i th in-coLrntry correlat ion observed in the data'

The simulat ions results therefore conf irn the f lndina of Gregorv et al

(1991) that non-separabi l l t les betveen consurnpt lon and ]abor al lov to

strongly reduce the cross-country cortelat ion of consutpt ion but thev

suggest that non-separabit l t ies do not al lov to reduce the cross-counlrv

correlat j .on of consunpt ion to the tevel seen ln the data'  vhl le ensurlng
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ihat  Hi lh in country corre lat ions of  consLrnpt ion and hours a 'e smal  I  A

m o d e l  H i t h  i n c o m p l e t e  a s s e t  m a r k e l s  h o ( e v e r  i s  a b l e  t o  m a t c h  b o t h  t h e  l o '

c r o s s - c o u n t r y  c o r r e l a l i o n s  o f  c o n s u p t i o n  a n d  t h e  l o v  w i t h i n - c o u n L r v

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

c r o s s - c o u n t r y  c o r r e l a t i o n s  o f  t e c h n o l o g y  s h o c k s '

6 Su@ary

This chapte.  extends the ReaI  Business Cvcle (RBC) theorv of  in ternat ional

economic f luctuat ions bv present jng an RBC model  Hi th inconplete

internat ional .  asset  harkets.  In  th is  nodel  only  debt  contracts can be used

for  in ternal  ional .  caPi ta l  f lo l {s .

The paper shoHs that  wi th incomplete asset  markets,  the cross-count 'v

co.re lat ion of  consr .mpt ion can be markedlv snal ler  than in the p 'esence of

complete asset  narkets The s lmulat ions suAaest  rhat  a l IoHins for

non sepa.abi l i t ies between consunpt ion and labor  in  a one aood

internat ional  Real  Business CycIe model  Hi th conplete assei  narkets does

not  a l lov to reduce the c.oss-counlry  corre lat ion of  consumpt ion to the

levels seen in the data Hhi Ie at  the sane t ine ensur inA that  the

wi th in-country corre lat ions of  consuipt lon and hours are smal l  A model

wi th inconplete asset  malkets ho{ever  is  abte to natch both the loH

cross-country corre lat lons of  consunpt ion and the lo1{  ! ' I th ln-coontrv

corre lat ions of  consunpt ion and hours which are observed in the data '  and

that  for  
' real ls t ic '  cross-country corre lat ions of  technology shocks '

The essay shoss a lso

shocks (which can be

that a model rhich alLovs tor addit ive tecirnolosv

interpreted as shocks to goverrunent consurnpt ionJ is
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b e t L e r  a b l e  t o  e x P l a i n  t h e  o b s e r v e d  p o s i t i v e  c o r r e l a t i o n s  o f  i n v e s t m e n l  a n ' l

ou lpLr l  across count . ies than s landard business cyc le theor ies in  which

n u t t i p l . i . c a t i v e  s h o c k s  t o  t o t a l  ( a n d  m a r g i n a l )  f a c l o r  p r o d u c t i v i t i e s  a r e  t h e

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