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I n tr oduc ti on [l ] 

l T his pap er r ep or ts the r es u l ts of an attemp t to determi n e  the 

di r ec ti on of c aus al i ty b etween c hang es in v ar i ou s  ec on omic indic es in 

the Un i ted King dom r el ative to ov er s eas . T her e hav e be en s ev er al 

s tu di es of the di r ec ti on of c au s al i ty b etween m on ey an d dom es tic 

pr ic es ;  [2 ] thi s s tu dy ex ten ds the appr oac h b y  inc l u di ng al s o  the 

exc hang e  r ate, impor t pr ic es ,  an d exp or t  pr ic es .  

2 Two 'tr i angu l ar '  s ets of v ar i ab l es wer e tes ted i n  pai r s  for 

c au s al i ty. T he fi r s t  tes t ex ami n ed c au s al i ty b etween r etai l pr i c es 

in the Un i ted King dom r el ativ e  to ov er s eas an d the effec tive exc hang e 

r ate for the poun d s inc e s ter l i ng fl oated i n  19 7 2 .  B ec aus e of arg umen ts 

that both pr ic es an d the exc hang e r ate ar e i n  fac t determin ed by r el ativ e  

r ates of m on ey g r owth, c au s al i ty tes ts wer e al s o  made b etween m on ey an d 

r etai l pr ic es ,  an d be tween m on ey an d the exc hang e  r ate. T he sec on d  

tes t focused m or e  di r ec tl y  on the exc hang e  r ate/i n fl ati on tr ansm i ss i on 

m ec han ism : thus i t  ex am i n ed the di r ec ti on of caus al i ty b etween the 

exc hang e  r ate, r el ativ e  impor t pr ic es an d r el ativ e  r etai l pr ic es .  In 

addi ti on , l ar g el y  b ec au s e  of m i s tr us t  of the m ethod of weig hti ng of 

other c ou n tr i es ( esp ec i al l y  for the m on ey v ar i abl es ) , s im i l ar tes ts wer e 

p er for m ed for the fi r s t  'tr i ang l e' on a b i l ater al b as i s  - i . e. mov emen t 

in the v ar i ab l es in the Un i ted King dom r el ativ e  to the Un i ted S tates . 

Fi n al l y, al ter n ative theor i es sugg es t  the us e of exp or t  r ather than 

imp or t  pr ic es as the m eans of tr ansm i s s i on of c hang es b etween the 

exc hang e  r ate an d dom es tic pr ic es .  [3 ] T hey wer e, ther efor e, inc lu ded 

as an al ter n ativ e in the s ec on d 'tr i ang l e'. 

3 In the s tu dy, b id i r ec ti on al c au s al i ty was foun d b etween mos t of the 

p ai r s  of v ar i ab l es under exami n ati on .  Howev er , s inc e the r es u l ts of 

man y  of the tes ts wer e uns ati s fac tor y, thes e fin di ngs mu s t  b e  

c on s i der ed ten tative. T he s tu dy sugg es ts that, in m os t  c as es ,  

[l ] I am gr atefu l to W. A. Al l en ,  R . N . Br own , L. A. Dick s-M i r eaux,  
B . C . Hi l l i ar d, Ms . M . V. Lowther , M. P an i c, I . D. S av i l l e  an d 
J. C . T own en d for adv ic e  and c ommen ts on an ear l i er dr aft. T he 
r esp on s i bi l i ty for al l r em ain i ng er r or s  is , of c our s e, m y  own . 

[2 ] For ins tanc e, S ims ( 197 2 )  an d Wi l l i ams , Goodhar t an d Gowl an d ( 1 9 7 6 ) . 

[3 ] S ee par agr ap h  12 for a di scuss i on of the S c an di n av i an theor y of 
i n fl ati on , whic h embodi es thi s appr oac h. 
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tes ting on ly two v ar i abl es c an g i v e  li ttl e in dic ati on of the ac tu al 

r el ati ons hip b etween them.  Only in a v er y  l imi ted numb er of 

ins tanc es ,  wher e a par ticul ar theory sp ec i fic al ly exclu des 

b i di r ec ti on al c aus al i ty, may thi s appr oac h add to the un der s tan ding 

of the r el ati on s hips inv olv ed. In thi s c on tex t, the r esu l ts 

pr es en ted her e appear to c on tr adic t the pr edi c ti ons of the 

Sc an di n av i an theory of in fl ati on . [l ]  

4 S ec ti on 2 expl ai ns the pu r pos e of the s tu dy .  S ec ti on 3 

descr i b es the m ethodol ogy of the s tu dy an d S ec ti on 4 the data. 

T he two fol l owing s ec ti ons r ep or t  the r esul ts .  

a br i ef summar y of the r es u l ts .  

S ec ti on 7 g iv es 

[l ] T hi s  theor y of the c aus es of i n fl ati on was fi r s t  pu t for war d 
by Auk r us t  ( 1 970)  an d E dg r en ,  Faxen an d O dhn er ( 1 9 6 9 ) . 
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Impl icat i on s  of the study 

Pr ices , m oney and the e xchange r ate 

5 Le t us c ons id e r  the thr ee va r i ab le s: 'pr ice s', 'm oney ' a nd 'the 

e xch ange r a te '. These var i ab le s ar e tested in pa i r s  f or ca u sal i ty 

be t we en them .[l ]  F or each pa ir the re a r e  f ou r  possi ble outc ome s :  

ne ithe r  var iable cau se s the other ; A c auses B ,  B c au se s A, and 

b i di rect i onal ca u sal i ty ( i .e .  A c auses B and B c ause s  A) . Si nce 

ther e are th ree set s  of pa i r s  t o  be t e st ed, the re a r e  si xty- f ou r  

( i .e .  4
3

) possible outc ome s i n  t otal . If we e xc l ude th e poss ib il i ty 

that a test may r eveal n o  ev i dence of c au sa l i ty in e i the r d i r ect i on ,  
3 

ther e are st il l t we nty- seven ( 3  ) p ossib le out c ome s. Four teen of 

th ese ou tc ome s  ar e n ot i nter na l ly c onsi stent ; (2 ]  of th e rema i n i ng 

th ir teen , some outcome s ar e f r om th e v i e wpoi nt of econ om i c  the ory m ore 

plausib le than othe rs . Tabl e A ( over leaf)  sh ows the econ om i c  

impl ic at i ons of the th ir teen i n te rn al ly-c on si st en t  out c ome s. 

6 Alte rnat ive theor i e s  can be f ound t o  suppor t causal i ty bet ween 

pr ice s or m oney and the e xc hange r a te runni n g  in e i ther dir ec t i on .  

A c r ude purch a sing powe r par ity theor y  a sser t s  that pr ice s are determi ned 

dome st ic al ly in eac h  c oun try , and the e xch ange r at e  the n se rve s  t o  

e qu i l ibrate the pr ice level s, e xpr e ssed in a c omm on cu r rency , of each 

c oun try . Crud e  m onet ar i sm as se r t s  tha t  the m on ey s upply me as ur e d  i n  

dome st ic cur renc y  i s  determ i ne d  e xoge n ou sly i n  each c ount ry by the 

au t hor it ie s  and tha t the e xc hange r a te t hen se rve s  t o  cha ng e  th e 

pr ice l evel so a s  t o  ma ke the n om i nal m oney su ppl y  ju st sat i sfy the 

deman d f or real m on ey bal ance s. Th us,  f or in st ance , ec on om i c  jou r n al i st s  

and st oc kb r oker s' ana ly st s  somet ime s pub l i sh char t s  wh ich sh ow the 

pr ic e lev e l  or g r owth of the m on ey supply i n  t he Un i t ed K i ng d om re la t ive 

t o  ove r se a s  ove r  a per i od of t ime , a n d  u se th i s  ch a r t  t o  det ermi n e  

whe the r the e xchange r a te i s  't oo h igh ' or 't oo l ow' and , b y  impl ic a t i on ,  

t o  f or eca st i t s fut ur e  pa th. On th e other han d, it  i s  some t ime s argued 

that i n  the sh or t r u n  the e xchange r a te i s  det erm i ned by sh or t- r un 

c a pi tal  fl ows wh ich ar e independe nt of un der ly i ng econ om i c  fact or s[3 ] 

a n d  that pr ices and the m on ey supply a dju st so a s  t o  val i da te any chang e  

i n  the e xc hang e  r a te .  

[1 ] See ne xt se ct i on f or de ta il s of the met h od u sed. 

[2 ] F or i n st ance , i f  a ch ange in A c au se s  a ch ange in B a nd a ch ange i n  
B causes a ch ange i n  C ,  then a change i n  A mu st c a u se a ch ange in C .  

[3 ] See , f or in st ance , Al len and En och ( 1 9 7 8 ) . 
7 
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Table A 

Ec on om ic impl icat i on s  of a l t e r nat ive ou tc ome s 

' E xce ssive ' mean s 'g r eater th an over se a s'· 
+ mean s th at causal ity r u n s  f r om the f i r st to  th e sec ond var i able.  

�- mean s th at causal ity r u n s  f r om the sec ond t o  the f i r st var i ab le .  

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

P r ice s Money 
and the and the P r ices 
e xch ange e xch ange and 
r ate 

+ 
� 

+ 
� 

+ 
� 

r ate 

+ 
� 

+ 
� 

+ 
� 

m oney 

+ 
� 

+ 
� 

E xchange rate counte r s  e xce ssive 
inf lat i on in the Un i t ed K i ngd om ;  m oney 
supply val idates e xce ssive pr ice incr ea se s. 

E xce ssive m oney supply cau se s  pr ice 
inc r e a se s  and ca u se s  e xch ange rate 
depr ec i a t i on .  

E xce ssive pr ices and money t oge ther 
cau se exch ange r ate deprec i a t i on .  

E xce ssi ve pr ices feed th r ough t o  the 
exchange r at e ,  l ater  t o  money .  

E xch ange rate and money supply b oth 
re act t o  e xce ssive inf l at i on .  

Money af fec t s  the e xch ange r a te f i r st ,  
then the pr ice leve l ;  n o  independent 
r ole f or the e xch ange r ate.  

E xch ange rate fall  lead s to pr ice 
inc rease validated by m oney inc r e a se .  

E xchange rate f a l l  lead s t o  m oney 
inc r e a se in ant ic ipat i on of pr ice 
inc r e a se .  

E xch ange rate fall  lead s t o  pr ice and 
m oney inc r e a se s. 

Money chang e s  th e e xch ange r ate f i r st 
th en the pr ice leve l :  and /or th e 
exch ange r ate chang e s  m oney then the 
pr ice leve l .  

E xce ssive m oney lead s  both t o  pr ice 
inc r e a se s  and to e xchange r a te 
depr ec i a t i on .  

Money i s  inf luenced by pr ices and the 
e xch ange rate but has no influence 
on anyth i ng .  

Eve r yth ing cau se s  eve r yth i ng el se .  



7 I t  is cl ear l y  impor tan t f or po l i c y  pu rp os es to be ab l e  to 

di s ting u i s h be tween the alter n ativ e theor i es .  I f  c au s al i ty wer e 

f ou n d  to r un un i dir ec ti on al l y  fr om pr ic es to the exc hang e  r ate an d 

f r om p r i c es to m on ey, on e coul d r eg ar d  the exc hang e  r ate as a 

m ec han ism f or c or r ec ting the ten dency f or exc ess in f l ati on in the 

Un i ted King dom to l ead to lower UK c omp eti tiv en es s .  In  the abs enc e 

of an y c on f i denc e that the f as ter r ate of infl ati on c oul d be 

c or r ec ted b y  s om e  other p ol ic y  i n s tr um en t  ( f i sc al or mon etar y pol ic y, 

or an inc om es po l i c y) or that the f as ter inf l ati on was i ts el f  c au s ed 

b y  c hang es in the exc hang e r ate, i t  wou l d  app ear dang er ous f or the 

au thor i ti es to c on s i der m ak ing the exc hang e  r ate c ons tan t in the 

l ong term. If c au s al i ty wer e f ou n d  to r un un i di r ec ti on al l y  f r om 

m on ey to pr ic es an d f r om m on ey to the exc hang e  r ate, thi s wou l d  be 

c on s i s ten t wi th cr u de m on etar i sm an d the exc hang e  r ate wou l d  be 

r edun dan t  as an ins tr umen t  of pol i c y. On the other han d, i f  

c aus al i ty wer e f ou n d  to r u n  uni di r ec ti on al l y  f r om the exc hang e r ate 

to pr ic es an d to m on ey, this wou l d  i mpl y  that pr i v ate sp ec u l ator s 

( or the au thor i ti es )  ar e abl e  to determi n e  the domes tic 

( s ter l i ng ) pr i c e  l ev el thr oug h  oper ati ons in the f or eign exc hang e 

mar k et. I f  pr i v ate s pec u l ator s determi n e  the r ate, an d if they 

b ehav e in a des tab i l i s ing mann er ,  thi s wou l d  pr es en t  a c as e  f or 

the au thor i ti es pr even ting a fr ee f l oat of the exc hang e  r ate, s o  as 

to av oi d the c os ts inv ol v ed i n  exc es s i v e  exc hang e  r ate v ol ati l i ty. 

I n  addi ti on , i t  wou l d  impl y that the exc hang e  r ate c ou l d  b e  a us ef u l  

p ol i c y  ins tr um en t  s ince i t  wou l d  i n dic ate that of f ic i al i n ter ven ti on in 

the exc hang e  m ar k et c ou l d  c hang e  the r ate. [1 ] 

8 T he argumen ts f or eac h di r ec ti on of c aus al i ty ar e n ot nec es s ar i l y  

mu tu al l y  exc lusiv e, an d on e m ay wel l exp ec t  to di sc ov er b id i r ec ti on al 

c aus al i ty f or s om e  or al l of the tes ts . S uc h  a f in ding bet ween the 

exc hang e  r ate an d pr i c es an d/or m on ey wou l d ten d to c on tr adic t the cr u de 

v er s i on of pu rc has ing p ower p ar i ty whic h as s er ts that the exc hang e r ate 

p ath c an be pr edic ted s ol el y  fr om kn owl edg e of pr ic es or of m on ey in the 

Un i ted King dom an d ov er s eas ; i t  wou l d  als o  c on tr adi c t  thos e who ar g u e  

that m ov em en ts i n  the exc hang e r ate ar e wi thou t  an y ec on omic f oun dati on . 

[1 ] I f  the ' l aw of on e p r i c e' hol ds , an y attemp t to m anipul ate the 
exc hang e r ate wil l  l ead to of f s etting dom es tic p r i c e  mov em en ts ,  
bu t the exc hang e r ate m an ipul ati on wi l l  s ti l l  hav e been u s ef u l  i f  
r el ativ e  pr i c es ar e not the c or r ec t  m eas u r e of c omp eti tiv en ess 
an d if the wag e/pr i c e  l i nk is n ot s tr ong . 

9 



9 I t  i s  imp or t an t  t o  d i st ing u i sh b et ween bid i r ec t i onal causal ity, a s  

d ef i n ed ab ov e, and th e c onv ent i onal ' feedbac k m echan i sm '  of exch ang e 

r at e  chang es and inf l at i on .  F or ex ampl e, i f  th e Un i t ed K i ngdom 

su ff er s  f r om exc ess in fl at i on ,  th e p ound may d epr ec i at e; th e 

d ep r ec i a t i on wi ll th en ,  v i a  h igh er impor t pr ic es, r a w  mat er ia l s  c ost s  

and wag e d emand s, f eed thr ough t o  h ig h er con sum er pr ic es. I t  wou ld, 

h owev er , be wr ong t o  at tr ibut e bid i r ect i onal causal ity to th i s  pr oc ess. 

I f  th e in flat i on /d epr ec i at i on /inf lat i on sp i r al pr oc eed s in a 

wel l - d et er m i n ed and c on stant mann er ,  i t  sh ou ld be possib l e  t o  pr ed ict th e 

la t er r ounds of in fl at i on fr om th e ear l i er r ound s; th e exchang e r a t e  

on ly ' c au ses' i n flat i on i f  part  of th e Un i t ed K ingd om 's in fl at i on i s  

l eft un expl a i n ed wh en past inflat i on ha s b een t a ken i n t o  acc ount .  

10 I n  th e t est s wh ich fol l ow, st at i st ical man ipu l at i on s  ar e per f or m ed 

on each ser i es so th at each ob ser vat i on i s  pu rg ed of in format i on 

pr ov id ed by pa st ob servat i on s  of th at ser i es. Th e ob jec t iv e  i s  that 

wh en t wo ser i es ar e r un t og eth er th e r esi dual m ov em ent s of each ser i es 

c an be exp l a i n ed sol ely in t erms of th e oth er ser i es' r esidual m ov em ent s. 

I f , f or i n st anc e, chang es in th e exch ang e r at e  ' c au se' pr ic e ch ang es, 

th i s  i s  r egard ed a s  imply ing that th e pr ic e ch ang es r esu l t  fr om ex og en ou s 

m ov ement s in th e exch ang e r at e. One impor tant, and g en er ally r ec ogn i sed ,  

d ef ect of th i s  appr oach i s  that m ov ement s i n  both var i ab l es i n  a 

t est might b e  caused by som e th i rd var i abl e. Th i s  study aims t o  t a ke 

exp l ic i t  acc ount of th i s  possi b i l i ty by st udy i ng a tr i angu l ar set of 

r eg r essi on t est s in pa i r s, so that m on ey i s  an add i t i onal expl anat or y  

var iabl e for chang es in pr ic es and th e exch ang e r at e. [l ] 

R et a i l  pr ic es, th e exchang e r at e  and impor t or expor t pr ic es 

ll A f u r th er c omb inat i on of var i abl es wa s al so t est ed f or 't r i angu l ar 

cau sa l i t y ' : r eta i l  pr ic es, th e exc hang e rat e, and exp or t  and imp or t  

p r i c es. Th e set of possibl e outc omes of th ese t est s  can b e  pr esen t ed 

i n  th e sam e way a s  in T abl e A wi th m on ey r eplac ed by expor t or imp or t  

pr i c es. Th e pr obl em s  of id en t i f y i ng an ex og en ou s sh if t in on e of 

th e v a r i ab l es, esp ec i al l y  wh er e evid enc e of b id i r ect i onal causa l i t y  i s  

f ound , ar e i d en t ical t o  th ose di scu ssed i n  th e pr ev i ou s  par agr aph . 

12 Th i s  set of va r i ab l es may b e  u sed t o  sh ed light on th e S c and i n av i an 

th eor y of imp or t ed inflat i on ,  acc or d ing t o  wh ich th e cr uc i a l  d iv i si on 

in an ec on omy i s  b et ween it s t r a d eabl e and it s n on- t r ad eabl e sect or .  

[l ] Of c ou r se, th i s  a ssum es that m on ey i s  th e th i r d  var i ab l e. Th er e  
st i l l  r ema in s th e possi b i l i ty of an omi t t ed c omm on d et er m inant in 
th e tr iang l e  - see par ag r aph 16 . 

10 



T r adeable pr ice s  ad ju st t o  wor l d  pr ices, i .e .  the law of one pr ice 

h old s. Wage s  r i se in the t r adeable sect or ,  becau se of tr adeable f i rm s' 

h igher pr of i tab i l ity ,  but wage s ar e e qua l i sed d ome st ical ly ac r oss 

sect or s. Thu s  pr ice s in the n on- t r ade ab le sect or f ol l ow pr ices in the 

t r adeable sect or .  The assumpt i on s  th at the la w of one pr ice h olds, and 

that pr ice s in the n on -t r adeable sect or f ol l ow pr ices in the t r adeable 

sect or ,  unde r l ie much r ecent arg umen t  on the inef fect ivene ss of cu r re ncy 

depr ec i at i on ,  and sim i l ar ly under l ie many of the argument s of pr oponen t s  

of a Eu r opean Monet a r y  S ystem. [1 ] I f ,  h oweve r ,  c a u sa l i ty r un s  

( add i t i onally)  f r om reta i l  pr ice s t o  e xpo r t /imp or t  pr ice s  ( i .e .  f r om the 

n on- tr adeable sect or to the tr adeable sect or ) , th i s  sugg e st s  th at pr ice 

change s can be gene r ated inte r n ally and th at the e xch ange r at e  then 

ser ve s  t o  e qu i l i br ate each c ount r y 's pr i ce leve l (Purchasi ng P owe r 

Par ity) . I f  th i s  i s  so ,  i t  wou ld seem dange r ou s  f or the au thor i t i e s  t o  

t r y  t o  keep the e xchange rate c on stant in the l ong r u n .  I f  e xp or t /imp or t 

pr ices are u sed a s  pr oxi e s  f or pr ice s in the t r adeable sect or and re t a i l 

pr ice s pr oxy pr ices in the n on -t r adeable sect or ,  cau sal i ty in th i s  

't r i ang le ' c an be see n  a s  a te st of the Scand inav i an the or y .  

[1 ] See , f or i n stance , Thy ssen ( 1 9 7 8 ) . 

l l 
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Techn i que of e s t im at ion 

1 3  In this s t udy , c aus al i ty wi l l  be def ined as i n  Gr anger and seve r al 

mo r e  recent stud i es . [1 ) A v ar i able X is said to c ause a v ar i able 

Y if , af ter al l the inform at ion incorpor ated in past v alues of Y h as 

been al lo wed fo r ,  the v alue of r emaining informat ion in Y c an be e xpl ai ned 

be tter  when the inform at ion con t ained in past and pr esent X is inc l uded 

than when it is e xc l uded . A mor e fo r m al de f i n i t ion de r ives from P ierce 

and Haugh : [2 ) 

whe r e :  

2 -
a ( Y/A) , 

A 

A-X 

2 -
a ( Y/A-X ) 

al l 

al l 

all 

the 

X c auses Y if 

2 - 2 -
a ( Y/A) < a ( Y/A-X )  

informat ion av ai l able in t ime t ,  

informat ion excluding X av ai l ab le 

v al ues fo r pe r iod s  pr ior to per iod 

in t ime 

t ,  

me an s qu ar e  er r o r s  o f  P
t

( Y/A ) , P
t

( Y/A-X ) ,  

P
t

( Y/A) , P
t

( Y/A-X ) = the m i n imum mean s qu are e r r o r s  one step ahe ad 

pred icto r s  of Y
t 

g iven A, or g iven A-X . [3 )  

t ,  

1 4  The r e  ar e t wo appro aches to test ing for c aus al i ty i n  th is  respect . 

The 'r eg r e s s ion tes t '  i nvo lves regr ess i ng var i able Y ag ai ns t le ads 

of v ar i able X,  ag ainst l ags of v ar i able X ,  and ag ai nst le ads and l ags 

of X .  I f  X c auses Y u n id i r ec t ion ally,  then the l ags of X shou ld help 

e xpl ai n  Y; i f  Y c auses X unid i r ect ion al l y ,  then the le ads of X 

should e xp l ai n  Y. I f  c au s al i ty i s  b id i r ect ion al ,  both le ads and 

l ag s  should help e xpl ai n  Y. The process is repe at ed ,  r eg r ess ing X 

ag ai nst Y. I t  is gene r al ly r eg ar ded to be impo r t ant f i r st to 

t r ansform the se r i es so th at it become s cov ar i ance -s t at ion ar y ,  i . e .  

e ach ser i es should h ave ze ro mean and cons t an t  v ar i ance . The 

regress ion prog r amme must also t ake account of any autoco r r el at ion in 

the r e s idu al s  of the e qu at ions . 

[1 ) Gr ang e r  ( 19 6 9 ) . Al so , for ins t ance , Hi l l i ar d  ( 1 9 7 9 ) . 

[2 ] P ie rce and Haugh ( 1 9 7 7 ) . 

[3 ] Th i s  de f i n i t ion of c aus al i ty h as recen t l y  been c r i t icised in 
Ze l lner  ( 1 9 7 9 ) and S ch we r t  ( 1 9 79 ) . Sch we r t  i ndeed suggests ( p age 82 ) 
th at the term 'c au s al i ty ' should in th i s  conte xt be repl aced by 
'i ncr ement al p r ed i c t ab i l i ty '. Many of the i r  cr i t i c i sms ar e al so 
recogn i s ed in th is  pape r .  S ims ( 19 7 9 )  st rong ly d i spu tes th at they 
ar e su f f ic i ent to inval i d ate the met h odolog y ;  however ,  they 
do s e r ve to make some of the conc lus ions r ather tent at iv e .  



15 The Bo x-Jenk ins app ro ach involves 'f i l te ri ng ' e ach se ri es separate l y, 

by se lecting an app ropri ate orde r of au toco rrel ation (p arame te r  P ) , 

d i f fe renc ing (p arame te r  D) and mov i ng ave rage ( p arame te r Q) for each 

se ri es ,  in o rde r to reduce it to a se ri es of random re s idu als ( wh i te 

no ise) . The me thod of selec ting the app rop ri ate mode l is e xp l ai ned 

f u l l y  in Bo x and Jenk i ns ( 1 970) • P ars imon ious parame te ri s ation is 

ob tained by stud ying the au tocorre l ation func tion and p arti al 

au toco rre l ation func tion of the se ri es , es timati ng the re sul ti ng 

mode l ,  and pe rforming ce rtai n d i agnos tic chec k s .  I t  is  also poss ible 

to take accou n t  of se ason al inf luences on e ach se ries ( se lec t p arame te rs 

BP , BD, BQ) . F i n al l y, an app rop ri ate numbe r of l ags of e ach se ri es 

of random res id u als are c re ated ,  and the c ross-co rre l ation coe f f ic i en ts 

be tween the v arious l ag s  of the two 'wh i tened ' s e ries are calcu l ated . 

I f  an y of the lags of the 'wh i tened ' e xc h ange rate se ries are 

s ign i f ic an tl y  co rre l ated wi th the cu rre n t  v alue of ' wh i tened ' re l ative 

p rices , fo r ins tance , the n  moveme n ts in the e xch ange rate m ay be 

reg arded as c aus ing movemen ts in rel ative p rices ; i f ,  on the oth e r  

h and , an y of the le ads are s ign i f ic an t, then movemen ts in rel ative 

prices may be reg arded as c au s i ng movements in the e xch ange rate . 

The B o x-Jenk ins app ro ach appe ars mo re gene ral th an the reg ress ion 

app ro ach . Ho weve r, the ARI MA  ( au to- reg ress ive i n teg rated mov ing ave rage )  

mode ls se lec ted b y  the B o x-Jenk ins app roach are usu al l y  no t the onl y  

mode ls th at would s atisf y the cho ice c ri te ri a, so the re s u l ts of the 

s tu d y  m ay be dependen t  on the mode l  selec ted . Mo reove r, as me n tioned 

be lo w, f ar fe we r  obs e rv ations are av ai l able th an are cons ide red by Bo x 

and Jenk ins to be the ' s af e '  m i n imum numbe r. Hence both se ts of re su l ts 

are repo rted be lo w. 

16 At le as t  fou r l im i tations to these app ro aches shou ld be men tioned . 

F i rs t, these app ro aches re l y  on heu ri s tic jus ti f ic ation , i . e . 'pos t hoc 

e rgo p rop te r  hoc '. Thus ,  the y  g ive the wrong res u l t  if an even t  occu rs 

be fore the even t wh ich c auses i t: for ins tance , if  i t  is  announced th at 

wage inc re ases ove r  the ne xt p ay round wi l l  be ve ry high so that the 

m ark e t  e xpec ts l arge fu tu re p rice inc re ases ,  the e xch ange rate m ay 

dep reci ate immedi ate l y. These te s ts would sugges t th at the 

e xch ange rate ch ange c aused the subs e quen t p rices ch ange s .  (l ] 

[l ] Th is  is  e qu i v alent to the ' Ch ri s tm as c ard ' and ' trave l age n t' 
e xamples - see Goodh art and C rocke tt ( 1970) , p age 177 . People 
go to travel age n ts and book the i r  hol id ays ; s ubse quentl y  the y  
take the i r  ho l id ays . Th i s  does no t me an th at the ac t of b ook i ng 
ac tu al l y  c auses the hol i d ay. 

13 



S econd l y, i nstan taneo us c ausal i ty ( i . e . where on e v ari able has an 

e f f ec t  on the othe r  v ari abl e wi thin the sam e p eri od) may no t be 

d i scove red by the tests. Mo reov er, when these tests are ex tended to 

form 'tri ang ul ar' c ausal i ty, they m ay g i v e  m i sl eadi ng resul ts. I f  A 

c auses B and B c auses C wi thin the sam e p erio d, i t  is possi bl e that 

the ef f ec t  of A on C m ay app ear wi thin the n ex t  pe riod . T hus i t  

wi l l  appe ar that the on l y  c ausal i ty between the v ari ables i s  f rom A 

to C .  T hi rd l y, the tests c anno t  d i sting ui sh the ac tions of the 

autho ri ties f rom those of o the r  m arke t partic i p an ts: fo r instance , 

if  i t  is found that exc hange rate mov emen ts, un expl ai ned by past 

re l ative p rice movemen ts, l ead to re l ativ e  pric e mov emen ts, the 

imp l i c ations fo r pol ic y wi l l  be d i f f ere n t, depend ing on whe the r the 

autonomo us exc hange rate movemen ts are c aused by the autho ri ties or 

by p ri v ate spec ul ato rs. F in al l y, as d i sc ussed in the prev ious 

sec tion , 'c ausal i ty' may be a m i sle ading te rm i n  these te sts since 

both v ari ables m ay in f ac t  respond to another v ari abl e .  



4 

Da ta 

17 All da ta wer e tak en f rom I n ter na tional F in anc ial S ta tis tic s .  Th e 

analys is cov er s  th e p er io d f r om July 1972  to Dec ember 19 7 7 . Th e 

s tar t of th e p er iod was cho s en to co inc ide with th e floa ting of ster l ing . 

Mon th ly da ta wer e used to inc r eas e th e number of obs erva tions in th e 

sampl e per iod and to r educ e  th e probl em of ins tan tan eous causal ity 

discus s ed a bov e. Th e consum er pr ic e  in dex (CP I , l in e  6 4 ) , expor t pr ic e  

in dex ( XP I ,  l in e  7 4 ) , impor t  pr ic e  in dex ( MP I ,  l in e  7 5 )  , (1 ]  an d mon ey 

in dex (MO ,  l in e  3 2 )  wer e chos en lar g ely becaus e of th e ava il a bil ity of 

in ter n a tionally-compar a bl e  da ta . [2 ] Al l th es e in dic es wer e ca lc ul a ted 

for th e Un ited King dom r el a tiv e  to n in e  o th er coun tr ies , with th e cho ic e  

o f  oth er coun tr ies being r es tr ic ted by th e ava ila bil ity of da ta fo r al l 

in dic es . [3 ]  Av er ag e  mar k et r a tes for th e var ious cu r r enc ies ag a ins t th e 

do l l ar wer e us ed as th e exchang e r a te var iabl e. 

18 O th er countr ies wer e weigh ted with weigh ts der iv ed f r om th e 

IMF 's Mul tilater a l  Exch ang e Rate Mo del . [4 ] I t  is qu es tiona bl e  wh eth er 

th es e ar e th e cor r ec t  weigh ts to be used h er e, par ticular ly for th e 

mon ey in dex ; th e Mon etary Approach to th e Balanc e of P aymen ts m igh t 

sugg es t  as an a l ter na tiv e the to tal mon ey s toc k in each coun tr y  a t  some 

par ticular da te, bu t th is in dex too wou l d  be op en to qu es tion an d it 

wou l d  be incon s is ten t to u s e  dif f er en t  th eor etical jus tif ica tions for 

th e weigh ting of dif f er en t  in dic es in th e s tu dy .  Some of th e anal ys is 

was r ep eated on a bil a ter al bas is ,  compar ing th e Un ited King dom on ly 

with th e Un ited S ta tes . 

[l ] I t  shou l d  be no ted tha t  th e r ela tiv e  impor t pr ic e  s er ies h er e  
r epr es en ts impor t  pr ic es in th e Un ited King dom r el a tiv e to impor t  
pr ic es els ewh er e. This dif f er s  f r om oth er wor k  wh er e r el a tiv e 
impor t pr ic e  s er ies r epr es en t  impor t pr ic es in th e Un ited King dom 
r ela tiv e to som e domes tic pr ic e  in dex in th e Un ited King dom . 

(2 ] A ttemp ts wer e made also to con s tr u c t  a r el a tiv e dom es tic cr edit 
in dex bu t no mon thly s er ies is ava il a bl e for th e Un ited King dom 
(or B elg ium) . For s im ilar  r easons it was impos s ibl e to ex ten d 
th e analy s is to cov er cos t in dic es . 

(3 ] O th er cou n tr ies in th is s tu dy wer e: th e Un ited S ta tes ,  Cana da ,  
Fr anc e, W es ter n Ger many , I taly , Japan , th e N eth er l an ds ,  B el g ium 
an d S weden . 

[4 ] S ee Rhomberg ( 19 76 ) . 

15 



5 

R eg r es s ion tes t r esul ts 

19 Al l f iv e  s er ies involv ed in th e mul til a ter a l  an alys is (EX, RPI , 

XP I ,  MP ! ,  MO ) an d all  th r ee s er ies invo lved in th e bila ter a l  analy s is 

( BE X, BRP I , BMO) wer e tr ansform ed in to log ar ithms and es tima ted 

as f ir s t  dif f er en c es .  [1 ) A ma jor pro bl em with th e r egr es s ion 

approach is tha t  cr ea ting l ea ds and lag s  of a s er ies s er v es to r educ e  

th e deg r ees o f  f r eedom wh en es timating th e equa tions , thus l imiting 

th e num ber of l ea ds an d lags tha t  can be cr ea ted. E ach var ia bl e  was 

r egr es s ed ag a ins t eigh teen lags and s ix l ea ds of th e oth er var ia bl e  

in each combina tion of pa ir s  an d th en aga in s t  th e s ix l ea ds alon e of 

th e o th er va r ia bl e  in or der to f in d  th e incr em en tal explan a tory po wer 

of th e lags . Th e f ir s t  var ia bl e  was th en r egr ess ed ag a ins t eigh teen 

l ea ds an d s ix l ags of th e oth er var ia bl e an d th en ag a ins t th e s ix 

l ag s  alon e so as to f in d  th e inc r em en tal exp l an a tory po wer of th e 

l ea ds .  Th e proc edu r e was th en r ev er s ed, r unn ing th e l ea ds an d lags of 

th e f ir s t  var ia bl e  aga ins t th e s econ d var iabl e. To mak e th e 

es tima tion p er iod cons is ten t, all  equ a tions wer e r un ov er th e p er io d  

f r om March 1 9 7 4  to Dec ember 1977 . 

20 Th e equa tions wer e all  tes ted for up to fou r th or der 

au tocor r el a tion ( th e  max imum or der tha t  can be dea l t  with on th e B ank 's 

compu ter ) an d th e max imum or der tha t  was fou n d  s ign if ic an t  was chos en 

for both s er ies in each compar ison of two s er ies . [2 )  For evalua ting 

th e s ign if ic anc e of ex tr a explan a to r y  var ia bl es ,  in th e pr es enc e of 

au tocor r el a tion , th e r esul t tha t  

N log 
RSS

1 
RSS

2 
2 

is asymp to tically dis tr ibu ted as X with r degr ees of f r eedom, was 

u s ed wh er e Rss
1 

is th e r es idual sum of s quar es f r om th e equa tion 

withou t  th e a ddition al explan a tory var ia bl es ,  RSS
2 

is th e r es idual 

sum of s quar es f r om th e equa tion with th e a dditional expl an a tory 

var ia bl es ,  N is th e number of  o bs erva tions an d r is th e number of 

[1 ) Al l s er ies wer e v er y  h ighly tr en ded. Also wh en an AR ( l )  mo del 
was f itted to each s er ies , th e coef f ic ien ts on th e r es u l tan t lag 
op er a tions wer e ins ign if ic an tly dif f er en t  f r om u n ity . 

[2 ) Th e f ac t  th a t  on ly fou r th or der autocor r el a tion was tes ted in th es e 
r uns may be thoug h t  to r educ e th e acc ep ta bil ity of th es e r es u l ts 
s inc e a f il ter incor por a ting s ix th an d twel f th or der 
au tocor r el a tion wer e s el ec ted for some of th e s er ies in th e 
Box-Jenk ins approach descr ibed in th e n ex t  s ec tion .  
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a dditional explan a tory var ia bl es . [l ] 

in T a bl e  B belo w. 

Th e r es u l ts ar e summar is ed 

2 1  Th er e  is ev idenc e ( a t th e 9 9 %  proba bil ity l ev el )  of causal ity 

r unn ing f r om r el a tiv e pr ic es to th e exchang e r a te both f rom th e 

equa tion r egr es s ing the exchang e r a te aga ins t lags of r ela tiv e  pr ic es an d 

f r om th e equa tion r eg r ess ing r el a tiv e pr ic es ag a ins t l ea ds of th e 

exch ang e r a te. Th er e  is also ev iden c e  ( a t  th e 99% pro ba bil ity 

l ev el )  f rom th e equa tion r eg r ess ing r el a tiv e pr ic es ag a ins t lags of 

th e exch ang e r a te tha t  causal ity r uns in th e r ev ers e dir ec tion , 

i. e. f r om th e exchang e r a te on to pr ic es .  I n  th e l igh t of th is 

s econ d  r esu l t, it is perh aps surpr is ing th a t  l ea ds of r ela tiv e 

pr ic es a dded no th ing to th e exp l an a tory power of th e equa tion 

explain ing cu r r en t  val u es of th e exchang e r a te; it is no t 

imm edia tely o bv iou s how to explain th is asymmetr y.  N ev er th el ess , 

th e r esu l ts h er e  do prov ide evidenc e for th e exis tenc e of 

bidir ec tional causal ity .  In th e bila ter al r egr es s ions th er e is 

ev iden c e  ( a t  th e 9 9 %  l ev el )  f r om both th e l ea ds an d lags tes ts tha t  

causal ity between EX an d RP! is bidir ec tiona l .  

2 2  Bo th th e mu l tila ter al an d bil a ter al r eg r es s ions sho w b idir ec tional 

causal ity a t  th e 95% l ev el between th e exchang e r a te an d mon ey ;  al l 

th e r egr es s ions exc ep t th e mul tila ter al on es sho wing th e ef f ec t  

of mon ey chang es on exchang e r a te chang es ar e s ign if ican t a t  th e 

9 9 %  l ev el .  

2 3  Th e mu l til a ter al tes ts on mon ey an d r el a tiv e pr ic es in dic a te ( a t 

th e 9 9 %  l ev el )  th e exis tenc e of bidir ec tional causal ity . The 

bila ter a l  lag tes ts in dic a te ( a t  th e 95% l ev el )  bidir ec tiona l  

causal ity, wh il s t  th e l ea ds tes ts in dic a te only tha t  pr ic e  chang es 

cau s e  mon ey chang es .  Th is las t r es u l t  aga in is surpr is ing , bu t 

ov er al l  th e tes ts sugg es t  bid ir ec tiona l  causal ity. 

24 Th e r ema in ing tes ts all sho w s trong ev idenc e of bidir ec tion al 

cau s al ity . Th e f in ding of bidir ec tional causal ity b etween expor t  

pr ic es an d th e exchang e r a te an d between expo r t  pr ic es an d r etail 

pr ic es s er v e  to conf irm th e f in ding of b idir ec tional causal ity 

between th e exch ang e r a te an d r eta il pr ic es ;  mor eov er ,  th e f in ding s 

th a t  causal ity r uns from th e exch ang e r a te both to expo r t pr ic es an d 

to impor t  pr ic es imply a r ef u ta tion of th e cr u de ass er tion of 

(l ] S ee Hen dr y ( 1 9 7 4 ) , pag e 56 3 .  
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1 8  

P ur ch as ing Po wer P ar i ty tha t  exchang e  r a tes al ways a dj us t to equa l i s e  

each cou n tr y 's expor t  pr ic es .  Th e ex i s tenc e o f  a causal r el a tionsh ip 

f rom r eta i l  pr ic es to impo r t pr i c es is i nter es ting : o ne expl a na tion 

i s  th a t  r eta i l  pr ic es ( as a prox y for dom es tic pr i c es )  r ef l ec t  oth er 

co un tr i es '  expor t  pr ic es ,  so tha t  an inc r eas e i n  A 's r el a tive r eta i l  

pr ic e i n dex wi l l  be r ef l ec ted in B 's r el a ti v e  impor t pr ic e in dex . 

An a l ter n a ti v e  explan a tion is tha t  impor t pr ic es r ef l ec t  i n tern a tional 

tr ans f er p r ic es ;  f i rms s et th e pr i c e  of impor ted g oods acco r ding to 

som e oligopol i s tic r ul e  wh er eby th ei r pr ic es bear some f i x ed 

r el a tionsh ip to th e pr ic es of th e dom es tic goo ds ag a i ns t wh ich th ey 

ar e comp eti ng . 



Table B 

Resul ts of r egress ion test 

x
2 

( 1 8 )  = 28 . 8 7 at  9 5 %  l eve l ;  34 . 8 1  at 9 9 % l ev e l . 

1 Exchang e r ate and r e t a i l  pr ices 

Mul t i lateral  an alysis  

Dep .  Inde p .  No . of 

var . var . leads 

( l )  EX RP I 18 
RP I EX 18 

( 2) EX RP I 
RP I EX 

( 3 )  EX RP I 6 
RP I EX 6 

( 4 )  EX RP I 6 
RP I EX 6 

Bi lateral  analys i s  

( 1 )  BEX BRP 1 8  
BRP BEX 1 8  

( 2 )  BEX B RP 
BRP BEX 

( 3 ) BEX BRP 6 
BRP BEX 6 

( 4 )  BEX B RP 6 
BRP BEX 6 

S ign i f icance of leads and la gs 

[Di st r i bu ted a s  � ( 1 8 ) ] 

Mul t i later al  

De pe ndent v a r i able EX 

( 2 )  - ( l )  

( 4 )  - ( 3 )  

6 4 . 5 3  

54 . 1 1 

Depe ndent var iable RP I 

( 2 ) - ( 1 )  

( 4 ) - ( 3 ) 

Conc l u s ions 

Mul t i l a teral  

6 3 . 4 8 

21 . 3 4 

No . o f 
lags 

6 
6 

6 
6 

18 
1 8  

6 
6 

6 
6 

1 8  
1 8  

Le ads te st : b id i rect ional causal i ty 

Lag s  test : from p r ices to t he 
e xchange r a te 

Orde r of 
autocor r el a t ion RSS 

4 . 0 008 3 5 
4 . 0 003 75 

4 . 004 77 7 
4 . 001619  

4 . 0009 34 
1 . 0 009 78 

4 . 005 1 9 4  
l . 00 1 7 4 1  

4 . 0 008 6 5  
4 . 0002 24  

4 . 006 64 3 
4 . 0 002 24 

4 . 001 7 8 4  
4 . 000102 

4 . 007 850 
4 .001 8 9 3  

B i l ater al 

De pe ndent var i able BEX 

( 2)  - ( l )  3 6 . 6 9  

( 4 )  - ( 3 )  44 . 2 2 

De pend ent v a r iable B RP 

( 2 )  - ( l )  5 4 . 8 2  

( 4 ) - ( 3 )  108 . 07 

B i late r a l  

Bid i r ect ional ca us al i ty 
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20 

Table B (con t i n ued) 

Resul t s  of r eg r e s s ion tes t 

2 Exc h ang e r ate and money 

Mu l t i l ater al an al y s i s  

Dep . Indep .  No . of 
v ar .  v ar .  l e ad s  

( l )  EX MO 1 8  
MO EX 18 

( 2 )  EX MO 
MO EX 

( 3 )  EX MO 6 
MO EX 6 

( 4) EX MO 6 
MO EX 6 

B i l ater al an alys i s  

( l )  BEX BMO 18 
B MO  BEX 18 

( 2 )  BEX BMO 
BMO BEX 

(3 ) BEX BMO 6 
BMO BEX 6 

( 4) BEX BMO 6 
B MO  BEX 6 

S ign i f ic ance o f  l e ad s  and l ag s  

(Di s t r i bu ted as X2
(1 8 )] 

Mul t i l a  ter al 

De pend ent v ar i able EX 

( 2 )  - ( l )  

(4) - (3 )  

29 . 3 8 

3 9 . 38 

Depend en t  v ar i able MO 

( 2 )  - ( l )  

(4) - (3 )  

Conc l u s ions 

Mu l t i l ater al 

3 7 . 9 7  

31 . 9 6  

B id i rect io nal c au s al i ty 

No . o f  Or de r o f  
l ag s  autocor r e l at ion RSS 

6 4 . 0008 60 
6 4 . 001 6 1 1  

6 4 . 00 43 9 9  
6 4 . 01 436 3 

18 4 . 000608 
1 8  4 . 001 9 9 9  

4 . 00 501 2 
4 . 01 1 7 9 8  

6 2 . 00 4107 
6 4 . 00101 4 

6 2 . 007 69 4 
6 4 . 02 7 67 3 

1 8  2 . 001661 
18  3 . 002 9 9 5 

2 . 00708 2 
3 . 0210 00 

Bil ater al 

De pend ent v ar i able BEX 

(2 )  - ( 1 )  6 9 . 3 2  

(4) - ( 3 )  1 2 2 . 3 4  

De pend ent v ar i able B MO  

(2 ) - ( 1 )  53 . 6 6 

( 4) - ( 3 )  7 2 . 06 

B i l ater al 

Bid i r ect ion al c aus al i ty 



T able B (conti nued ) 

Resul ts of r eg r e s s ion test 

3 Ret ai l  pr ices and money 

Mul t i l ater al an al ys i s  

Dep .  Indep. No .of 
v ar .  v ar .  l e ad s  

(1) RP ! MO 18 
MO RP ! 18 

( 2 )  RP ! MO 
MO RP ! 

( 3 )  RP ! MO 6 
MO RP ! 6 

( 4) RP ! MO 6 
MO RP ! 6 

B i l ater al an al y s i s  

(1) BRP BMO 18 
BMO BRP 18 

( 2 )  BRP BMO 
BMO BRP 

( 3 )  BRP BMO 6 
BMO BRP 6 

( 4) BRP BMO 6 
BMO BRP 6 

S ig n i f ic ance of l e ad s  and l ag s  

2 
[Di s t r i bu ted as X (18 ) ] 

Mul t i l ater al 

De pend ent v ar i able RP ! 

( 2 )  - (1) 

(4) - ( 3 )  

59 . 03 

60. 9 8  

Depe nd ent v ar i able MO 

(2)  - (1) 

( 4) - ( 3 )  

Conc lus ion s 

Mul t i l ater al 

3 5. 51 

9 1. 02 

B i d i r ec t ion al c au s al i ty 

No . o f  
l ag s .  

6 
6 

6 
6 

18 
18 

6 
6 

6 
6 

18 
18 

Or de r of 
autocor r e l at ion RSS 

4 . 0002 16 
3 . 00 443 3  

4 . 00 109 5 
3 . 0 1157 5 

4 . 0002 29 
3 . 00 143 8 

4 .00119 0  
3 .0 16 8 3 3  

4 . 00028 5 
3 . 006 597 

4 . 00 18 12 
3 . 0 1518 9 

1 .0008 10 
4 . 002 427 

1 . 00 1517 
4 . 02 29 9 5 

B i l ate r al 

De pend ent v ar i ab le BRP 

(2 ) - ( 1) 6 8 . 43 

( 4) - ( 3 )  23 . 17 

Depend ent v ar i ab le B MO  

(2)  - ( 1) 30 . 8 5  

(4) - ( 3 )  8 3 . 20 

B i l ater al 

Le ad s test : pr i ce ch ange s  
c ause money ch ange s 

Lag s test : b id i r ect ion al 
c aus al i ty 
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Tab l e B (cont in ued) 

R es ul t s  o f  r eg r es s ion t est 

E xpor t pr ic es and t h e  exchang e r a t e  

Dep . Ind ep .  No . o f No . o f  Or d er o f  
var . v ar . l eads l ags a utocorr el a t ion RSS 

( 1 )  EX XPI 18 6 4 . 000231 
XPI EX 18 6 3 . 0008 3 3  

( 2 )  EX XP I 6 4 .004 8 1 4  
XPI EX 6 3 . 004 3 9 3  

( 3 )  EX XP I 6 18 4 . 00201 5 
XP I EX 6 18  . 001 54 7  

( 4 )  EX XP I 6 4 .004 808 

XPI EX 6 . 0 042 8 4  

Impor t pr ic es and th e exchang e r a t e  

( 1 )  EX MP ! 1 8  6 4 . 001002 

MP !  EX 18 6 . 001 8 7 4  

( 2 )  EX MP !  6 4 . 003 8 29 

MP !  EX 6 . 004 555 

( 3 )  EX MP ! 6 1 8  3 . 0009 1 1  
MP !  EX 6 1 8  4 . 000 57 7  

(4 )  EX MP ! 6 3 . 003 9 1 3  
MP !  EX 6 4 . 003 7 55 

S ign ificanc e o f  l eads and l ags 

[Dist r ib ut ed 
2 

as  X (1 8) ] 

E xpor t pr ic es Impor t pr ic es 

Depend ent v a r iabl e EX Depend ent va r iabl e EX 

(2 )  - ( 1 )  112 . 3 6 ( 2 )  - ( 1 )  4 9 . 60 

( 4) - ( 3 )  3 2 . 1 8  ( 4 )  - ( 3 )  53 . 9 3  

Depend ent va r ia bl e XPI Depend ent va r iabl e MP ! 

( 2 )  - (1 )  6 1 . 52 ( 2 )  - ( 1 )  3 2 . 8 7 

(4 )  - (3 ) 3 7 . 6 9  (4 )  - ( 3 )  69 . 30 

Concl us ions 

B id ir ec t ion al ca usal ity 



Tabl e B ( concl ud ed) 

R es ul t s  o f  r eg r es s ion t es t  

Reta il pr ic es and expor t  pr ic es 

Dep . Ind ep. No .o f  No .o f  Or d er o f  
var . var . l ead s l ag s  a utocor r elat ion RSS 

( 1 )  RP I XP I 18 6 4 . 00008 9 
XP I RP I 18 6 3 . 0006 51 

( 2 )  RP I XP I 6 4 . 001 1 1 6  
XP I RP I 6 3 . 00 4  3 38 

( 3 )  RPI XPI 6 18 3 . 000 46 9  
XP I RP I 6 1 8  . 0008 9 8  

( 4) RP I XPI 6 3 . 001 430 
XP I RP I 6 . 003 1 6 2  

Ret a il pr ic es and impor t  pr ic es 

( 1 )  RP I MP I 18 6 3 . 0002 39 
MP I RP I 18 6 4 . 000 51 8  

( 2 )  RP I MP I 6 3 . 001606 
MP I RP I 6 4 . 00 53 41 

( 3 )  RP I MP I 6 1 8  4 .0002 9 9  
MP I RP I 6 18 . 0008 6 5 

( 4) RP I MP I 6 4 . 001 6 2 2  
MP I  RP ! 6 . 00 51 1 7  

S ign ificanc e o f  l eads and l ag s  

[Dist r ib ut ed as x
2 

( 18 l 1 

E xpor t pr ic es Impo r t  pr ic es 

Depend ent v a r iabl e RP I Depend ent var iabl e RP I 

( 2 )  - ( 1 ) 9 3 . 57 ( 2 )  - ( 1 )  9 3 . 57 

( 4) - ( 3 )  41 . 2 4  ( 4) - ( 3 )  41 . 2 4  

Depend ent var iabl e XPI Depend ent va r iabl e MPI 

( 2 )  - ( 1 )  70. 1 7  ( 2 )  - ( 1 ) 70 . 1 7 

( 4) - ( 3 )  46 . 58 ( 4) - ( 3 )  46 . 58 

Conc l us ions 

B id ir ect ional ca us al ity 
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6 

ARI MA mo del r es ul ts 

2 5  As exp l a in ed abov e, th e ARI MA  approach prov ides gr ea t er f l exib il ity 

in deal ing with th e in div idual s er ies . N ev er th el ess , th e r es ul t s  

obt a in ed wer e disappo int ing . Th is may hav e  b een due, as ment ion ed 

abov e, to th e sma l l  n umb er of obs ervat ions ava il ab l e  ( s ixty- s ix) 

compar ed with th e min im um n umb er ( abo ut lOO ) s ugg es t ed by Bo x an d 

Jenk ins as sat is f ac to r y ;  a l t er n at iv ely , th e t es t s  may have be en 

inf l uenc ed by o uts ide var iab l es . [l )[2 ) 

26 Th e eight s er ies wer e a l l  tr ans for med into logar ithms , and th e 

par am et er s P ,  D, Q, BP , BQ, as def in ed in par agr aph 15 , s el ect ed for 

each s er ies . With in- s amp l e  es t imat es of th e r es ul t ant mo dels wer e 

fo un d  in or der to obta in th e r equir ed s er ies of r es idua l s .  Th e 

us ual diagnost ic ch ec k s  of ov er f it t ing an d 'Q' t es t s  wer e ma de to 

conf irm that th e r es iduals wer e random . Th e models chos en ar e sho wn 

in Tabl e  C oppos it e. A c ross-cor r elogr am was th en est imat ed by obt a in ing 

t wenty- four l ea ds an d l ags of th e r es idua l s  f rom th e ARI MA  mo del s an d 

r unn ing th em in div idual ly ag a ins t th e r es iduals of th e ARI MA mo del of 

oth er va r iabl es ,  to t est th e sam e  pa ir s  as in th e r egr es s ion t es t s .  

Th e r es ul t s  ar e sho wn in Tabl e  D. 

27 Th e cho ic e  of th e n umb er of l ea ds an d lags is rath er arbit r a r y :  

if too f ew ar e chos en ,  th e f ul l  ef f ect o f  on e var iabl e  o n  anot h er may 

not be cap t ur ed, wh ils t  if too many ar e chos en , sp ur io us r es ul t s  may 

be obt a in ed in th e in depen denc e t est ( s ee n ext par agr aph)  an d it is 

mor e  l ik ely that th e inf l uenc e of th ir d  var iabl es on th e t wo c ur r ently 

b eing t es t ed wil l b e  capt ur ed. I t  is h igh ly probab l e  that dif f er ent 

lag l engths sho ul d b e  appl ied to each t es t ;  ho wev er , to ch oos e  th e 

maximum l ag l ength ex post by examinat ion of th e data may l ea d  to a 

spur io us r eject ion of th e in dep en denc e t es t .  

24 

[l ) I t  is , of co ur s e, poss ib l e  that b et t er r es ul t s  wo ul d hav e  be en 
obt a in ed if th er e  h a d  b een exper iment a t ion with alt ernat iv e  
sat is f ac to r y  ARI MA  mo del s .  This m ig h t  hav e b een f eas ib l e  wh en 
t es t ing th e r el a t ionsh ip b et ween only t wo var iabl es b ut wo ul d 

hav e invo lv ed v ery cons ider abl e ef fo r t  in t h is cas e ( in a ddit ion 
to b eing econom et r ic a l ly h ighly ques t ionab l e) , g iv en th e larg e 
n umb er of  mo dels that h a d  to be f it t ed. 

[2 ] R es ul t s  may h av e  b een poor beca us e  of def ect s  in th e m ethodology 
as il l us t r a t ed by Sch wer t (1979 ). 



Table C 

T he pr e fer r e d  ARIMA mode l s  

EX : ( l  - L) 

BEX : ( l  - L) 

RP!: ( l  - L) 

BRP I :  ( l  - L) 

MO: ( l  - L) 

BMO: ( l  - L) 

XP I :  ( l  - L) 

MP I : ( l  - L) 

X 
2 

( 2 5) 3 4 . 3 8  

x
2

<2 6 )  3 S. S6 

X 
2 

( 2 7 )  3 6 . 7 4 

( l  -

Q(  2 7 )  

( l  -

Q ( 2 7) 

( l  -

Q( 2 7 )  

z = 
t 

Q( 2 7 )  

z = 
t 

Q( 2 7 )  

( l  -

Q( 2 S) 

( l  -

Q ( 2 6 )  

( l  + 

Q ( 2 S) 

a t  90% 

a t  90% 

a t  90% 

. l l L) z
t 

= ( l  + 41 L) u
t 

= 2 8 . S2 

. SSL + • 3 1 L 
2

) z
t 

= u
t 

= 2 2 . 9 9 

. l6 L
6

) z
t 

= ( l  - . 4 2 L) 

= 3 2 . 03  

( l  + • 3 4 L) ( l  + . 3 7 L
6 

+ 

= 3 2 . 9 8 

( l  - . 8 7 L) ( l  -
6 

. 7 SL -

= 3 4 . 4 S 

• 7 7 L) ( l  - . 6 1 L
1 2

) z
t 

= 

= 3 4 . 1 8 

.8 5L + • 29 L 
2

) z
t 

( l  -

= 3 1 . 2 7 

u
t 

. 3 4 L
1 2

) 

• SO L 
1 2

) 

u
t 

u
t 

( l  - . 8 1 L  + 

• 7 SL) u
t 

• 3 6 L 
2

) 

. SO L  + . 8 1 L
2

) z
t 

( l  + . l 9 L  + • 9 1 L  
2

) u
t 

= 30 . 6 1 

l eve l ,  3 7 . 6 5  a t  9 5% l eve l 

l eve l ,  3 8 . 8 9 a t  9 S% l ev e l  

l eve l ,  40 . 1 1 a t  9 5% l eve l 

u
t 

2 8  T he fi rs t te s t  i s  fo r in de pen dence be twe en eac h pai r  o f  ser ie s .  

T his  i s  ma de by ca lcul a ti ng the te s t  s ta tis ti c  S
m

*' whe r e :  

s * 
m 

where : 

m 
L -1 2 

k=-m 
(N - I Kl) r

1 2  
( K) 

m =  ma ximum l ea d  an d l ag , 

N s ampl e s i ze ,  

2 
X 2m +l 

r
1 2

( K) =  c ro s s -cor r e la tion coe ffi c i en t  betwe en se r i es l lag ge d 
K per io ds and ser ies 2 .  
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T he resu l ts a r e  s ho wn in Table D. T he hypo the s i s  that the two 

s e r ies are i n de pe n dent o f  eac h o ther can be r e je c te d  a t  the 9 9 %  l e ve l  

for al l pa i r s  exce pt for the m ul ti l a te r a l  se r ies r e l a ti ng money to 

the exc hange r a te an d to r e l a tive pr ices , whe r e  in de pen dence canno t 

be r e je c te d  e ven a t  the 9 5 %  l e ve l .  Ho we ve r , i n  the bi la te r a l  ser ies 

both these te s ts of i n de pe n dence co ul d  be re jec te d� thi s  s ugges ts 

tha t the me tho d o f  we ig hting o f  com pe ti tor co un tr ies for tes ting the 

money va r i able may be wr ong .  [1 ] 

Table D 

Tes ts o f  i n de pe n dence be tween pa i r s  o f  r e s i dua l s  

E X/RP I  

BE X/RP I  

E X/MO 

BE X/BMO 

RP I /MO 

B RP I /BMO 

EX/XP 

E X/MP 

RP I /XP 

RPI /XP 

RP I /MP 

2 
X4 9  

= 70 . 2 1  a t  9 5 %  l e ve l  

7 4 . 90 a t  9 9 %  l e ve l  

s * 
m 

90. 25 

84 . 17 

66 . 7 5 *  

80. 45  

55 . 54 * 

108 . 39 

77 . 9 4 

7 9 . 49 

10 1 . 46  

80. 7 9  

83 . 34 

* I n de pe n dence o f  two ser ies canno t be re je c te d  a t  9 5 %  l e ve l .  

2 9  T he r e su l ts s ho wn i n  T able E ( pages 2 9- 3 3 ), ho we ve r , a r e  no t ve r y  

s a ti s fac to r y .  T he s ig n i ficant coe ffi c i e n ts appear to occ u r  a t  fa i r ly 

r an dom i n te r va l s  i n  mos t o f  the tes ts ,  so i t  i s  gene r a l l y  no t poss i b le 

[1 ] Ze l ln e r  ( 1 97 9 ) has s ho wn tha t this tes t  may be b i as e d  i n  the 
di r e c tion o f  fi n di ng s pur ious in de pe n dence . 



to place a time dimens ion on the causal i ty be tween two se r i es ; even 

wor s e ,  mos t of the cross-cor r e log r ams di s pl ay s ign i fic an t  wrong- s igne d 

coe ffic i en ts .  I t  is not al ways easy to i n te r pr e t  these : they may 

ar ise by c hance ( s i nce one in twen ty o f  a l l  r a n dom coe ffi c i en ts woul d  

a ppear to be s ign i ficant a t  the 9 5 %  leve l ). Al ternati ve l y ,  they may 

ar ise throug h the i n fluence o f  omi tte d var i ab le s :  for ins tanc e ,  i f  a 

fal l  in the exc hange r a te causes the au thor i ties to con tr ac t  the money 

su pply , then this may lea d to a fal l  i n  the r a te of in fl a tion . S �e 

ev i dence for thi s secon d poss i b i l i ty ar ises from the fac t  tha t mos t  o f  

the wrong- s igne d  coe ffic i en ts re pr esen t long lags be tween the two 

var i ab les be ing s tu di e d, pe r ha ps longer lags than mi g ht be expec te d  from 

the i r  di rect i n te r ac tion . 

30 Table E ( l )  i n dicates b i di r ec tional causal i ty be tweeen r e tai l pr i ces 

an d the exc hange r a te.  T here ar e sign i fican t nega tive coe ffic ients 

when the exc hange r a te is r un aga i ns t  pr ices lagg e d  by s i x teen and 

seven teen mon ths , also when the exc hange r a te is lagg e d  twe n ty mon ths 

be hi n d  pr ices ( an d  a t  the 90% level when i t  is lagg e d  four an d seven 

mon ths ); the r e  ar e ,  ho wever , thr ee wrong- s igne d  coe ffic i en ts ( two o f  

whic h ar ise wi th lag s  o f  over twe n ty months ). T he b i l a te r a l  tes t  also 

sugges ts b i di rec tional causal i ty .  T here a r e  s ign i fican t neg a tive 

coe ffi c i en ts when the exc hange r a te i s  run aga i ns t  pr ices lagge d by two 

an d seventeen mon ths an d when the exc hange r a te is lagg e d  s ix teen an d 

e ig hteen mon ths be hi n d  pr i ces . 

coe fficien ts .  

Ag a i n ,  the r e  are seve r a l  wrong-s igne d 

3 1  Table E ( 2 )  s ho ws the cross-co r r e log r am o f  the res i du a l s  of E X  

an d MO ; the r e  are s ig n i fican t cor r ec t- s igne d coe ffic i e n ts i n  both 

di r e c tions , bu t, as expl a i n e d  above , the hypo thes is tha t the ser ies 

are i n de pe n de n t  canno t be r e jecte d  ( a t  the 95% l eve l ). [1 ] T he 

b i l a te r a l  tes t  prov i des ev i dence o f  bi di rec tional causal i ty .  When the 

exc hange r a te i s  r un aga i ns t money lagge d by seve n ,  fi fteen ,  seven teen 

an d twen ty- thr ee mon ths an d when the exc hange r a te le a ds money by 

e ig hteen mon ths ,  the r e  are s ign i ficant nega ti ve coe ffic i en ts .  T he r e  

a r e  two s ign i fican t wrong-s igne d coe ffic ien ts when the exc hange ra te 

is lagge d. 

[1 ] T his does no t a ppear to be solely a func tion o f  the leng th o f  
lag c hosen for the tes t. Mor e  s ign i fic an t resu l ts mig ht be 
expec te d, from ins pec ting Table E ( 2 ) , from tak ing only one or 
three lags of the ser ies . I n  ne i the r  case , ho weve r , c an the 
hy pothes i s  o f  i n de pen dence be re jec te d  a t  the 9 5 %  l eve l .  
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3 2  T he i n depe n dence of reta i l  pr i ces an d money [Table E ( 3 )] in t he 

m ult i l a t e r a l  te st cannot be rej ected ( at t he 9 5 %  l e ve l ). T he 

b i l a t e r a l  tes t  aga i n  i n di cates bi di r ect ional ca usal ity ;  t he r e  

ar e ,  ho we ve r , mor e wr ong- s igne d t han cor r ect-s igne d coef f ic i ents on 

t he r uns whe r e  reta i l  pr ices l ag be hin d  money.  T hi s  mig ht be 

exp l a i ne d  in terms of t he a ut hor i t ies ' r eac t i on f unct ion , espec i a l ly 

s ince al l t hese coef f ic i ents have rat he r  long lag s .  An alte rnat i ve 

exp l an at ion may l ie wi t h  de f ects in t he c hoice of money var i able in 

t hi s  stu dy .  

3 3  B i di rect ional c a us al i ty was foun d  be t ween t he exc hange rate an d bot h 

expor t  an d impor t  pr ices [ T able E ( 4 )] .  T he r e  ar e s ign i f icant nega t i ve 

coe f f ic i en t s  when export pr ices lag t he exc hange rate by t wenty-one 

and s ix mont hs ,  an d when t hey le a d  by fo ur ,  seve nteen an d t wenty-one 

mont hs .  Eac h se r i es has one s ign i f icant wr ong- s igne d coef f ic i ent . 

W hen impor t  pr ices lag t he exc hang e  rate four an d t wenty- t hr ee 

mont hs ,  t he r e  are s ign i f icant neg at i ve-coe f f ici ents . T he r e  are also 

s ig n i f icant nega t i ve coef f ic i ent s when t he exc hange r ate is lagge d  

fo ur mont hs ( an d  at 90% l e ve l  one mon t h). I t  seems hig hly l i kely 

for t hi s  ser ies t hat t he max imum lag lengt h s ho ul d, ho we ver ,  be 

r e s t r icte d to zero or poss ibly four mont hs .  As we mig ht expect , 

t he r e  is  ve r y  hig h  ze ro- l ag c a us a l i ty be t ween t he t wo se r i es , whic h 

i s  t he r e fore of unce r t a i n  di r ect i on . Almost a l l  t he coef f i c i ents 

wi t h  less t han se ven mont hs l ag s  i n  eac h di r ect ion ar e co r r ect- s igne d 

an d many ar e s i gn i f icant at t he 90% le ve l .  

3 4  F in a l l y ,  t he test bet ween r e t a i l  pr ices an d ex por t  pr ices i n dicates 

b i di r ect ion a l  ca us al ity [Tabl e  E ( S)] . Ex por t  pr ices are s ign i f icant ly 

pos i t i ve wi t h  lags of t hr ee an d s e ven mont hs ,  an d wi t h  l e a ds of nine 

an d f i f teen mont hs ;  t he r e  are also t hr e e  s i gn i f icantly wrong- s igne d  

coef f ic i ents ( wi t h  r e l a t i ve ly long lags ). Mos t  impor t antly,  t he r e  

i s  a ver y  st rong zero- l ag r e lat ions hip be t ween t hem. T he tests 

be t ween reta i l  pr ices an d impor t  pr ices , wer e ,  ho we ve r ,  unsat i s f actor y 

bec a use no s ig n i f icant cor r ect-s igne d  coe f f ic ients on lo w l ags wer e  

fo un d. S ign i f icant cor r ec t- s igne d coef f ic i ents wer e  f o un d  i n  bot h 

di r ec t ions ( when impor t pr ices wer e  l agge d t wenty-one mont hs , an d le d 

f if teen , se ve nteen an d e ig hteen mont hs )  a n d  t he r e  was only one 

( b a r e l y )  s ig n i f icant wrong -s igne d coef f ic ient , b ut t hese lags seem 

imp l a us ibly long . 



Tab le E ( 1 )  

Numbe r o f  mont hs l ea d  an d l ag on t he e xc hange r at e  rel at ive t o  con sume r 
pr i ce s  ( +  = l ea d, - = l ag) . St an da r d  e r ro r s  i n  b r ac k et s .  

Cross-co r r elog r am o f  EX and RP !  

RPI-+EX 
+ 24  

2 3  
2 2  
2 1  
20 
1 9  
18 
17 
16 
1 5  
14  
1 3  
1 2  
1 1  
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

EX-+RP I 

.0290 ( . 09 8 ) 

. 006 8  ( . lOO) 

. 2 26 9 ( . 101) * 

.06 3 2  ( . 102 ) 

. 1 6 4 2  ( . 103 ) 

. 1 4 3 2 ( . 105 ) 
- . 12 3 8 ( • 1 06 ) 
- . 4 1 2 1  ( . 107 ) *  
- . 249 4 ( . 108 ) * 
- . 09 2 1  ( . 109 ) 
- . 06 87  ( . 1 1 1 )  
- . 1 9 1 2  ( . 1 1 2 )  
- . 0 3 5 3  ( . 1 1 3 )  
- . 1 8 2 5  ( . 1 1 4 )  
- . 0 3 2 1  ( . 1 15)  

. 107 8 ( . 1 16)  
- .0900 ( . 1 18)  

. 1 4 1 3  ( . 1 19)  
- . 1 6 3 2 ( . 1 20) 
- . 09 23 ( . 1 21 )  
- . 004 5 ( . 1 2 2) 
- . 07 37 ( . 1 2 3 )  
- . 109 2 ( . 1 2 4 )  
- . 04 66 ( . 1 2 6 )  
- . 02 6 4  ( . 1 2 7 )  

1 - . 0 1 8 3  ( . 1 2 6 )  
2 - . 0 1 8 8  ( . 1 2 4 )  
3 . 06 7 6 ( . 1 2  3 )  
4 - .  2 3 4 8  ( . 1 2 2) 
5 . 1 4 2 2 ( . 1 2 1 )  
6 - . 1007 ( . 1 20)  
7 - . 2 3 3 7  ( . 1 19)  
8 . 107 9 ( . 1 1 8 )  
9 - . 05 55 ( . 1 1 6 )  

10 . 01 4 2  ( . 1 1 5 )  
1 1  . 2 85 2 ( . 1 14 ) * 
1 2  . 1 5 21 ( . 1 1 3 )  
1 3  . 1 8 20 ( . 1 1 2 )  
14  . 1 9 36 ( . 1 1 1 )  
1 5  . 0 7 5 6  ( . 109 ) 
16 - . 06 58 ( . 108 ) 

17  - . 02 6 7  ( . 107 ) 
18 - . 0 3 7 8  ( . 106 ) 
1 9  . 0 6 1 5  ( . 105 ) 

20 - . 2 64 3 ( . 103 ) *  
2 1  .0702 ( . 102 ) 

2 2  - . 1 8 3 5  ( . 101) 
23 - . 0 2 4 4  ( . lOO) 
24 • 3 1 18 ( . 0 9 8 )  * 

Cross cor r e log r am o f  BEX and BRPI 

BRPI-+ BEX 
+ 24  .05 7 4  ( . 09 7 )  

2 3  . 01 4 6  ( . 09 8 ) 
22 . 1 1 4 2  ( . l OO) 
21 .04 7 2  ( . 107 ) 
20 . 108 8 ( . 102 ) 
19 .0596  ( . 103 ) 
1 8  - . 02 3 7 ( . 104 ) 
1 7  - . 4 508 ( . 105 ) * 
1 6  - . 1 3 80 ( . 106 ) 
1 5  - . 1 5 8 6  ( . 107 ) 
14  - . 04 50 ( . 109 ) 
1 3  - . 06 4 7  ( . 1 10) 
1 2  - . 05 36 ( . 1 1 1 )  
1 1  - . 1 12 7  ( . 1 1 2 )  
10 . 0 1 20 ( . 1 1 3 )  

9 .02 3 2  ( . 1 1 4 )  
8 - . 02 31 ( . 1 1 5) 
7 - . 03 6 9  ( . 1 1 6 )  
6 - . 1 7 6 8  ( . 1 1 7 )  
5 . 0 8 1 1  ( . 1 1 8 )  
4 - . 1018 ( . 1 19)  
3 . 01 7 1  ( . 1 20 )  
2 - . 2 6 7 7  ( . 1 2 1 ) * 
1 . 08 10 ( . 1 2 2) 
0 - . 04 42  ( . 1 2 3) 

BEX-+BRPI 
1 - . 0 3 3 4  ( . 1 2 2 )  
2 . 1 3 28 ( . 1 2 1 )  
3 - . 09 55 ( . 1 20 )  
4 . 02 2 5 ( . 1 1 9 )  
5 - . 07 57 ( . 1 18 )  
6 - . 1 4 3 7 ( . 1 1 7 )  
7 - . 09 1 3  ( . 1 16 )  
8 .07 1 1  ( . 1 15 )  
9 - . 06 4 4  ( . 1 1 4 )  

1 0  . 06 9 5  ( . 1 1 3 )  
1 1  . 2 8 5 8  ( . 1 1 2 ) * 
1 2  - . 03 6 7  ( . 1 1 1 )  
1 3  . 1013 ( . 1 10) 
14 . 1  7 4 4 ( • 109 ) 
15 .01 8 6  ( . 107 ) 
16 - . 2 280 ( . 1 06 ) * 

17  - . 1 7 59 ( . 105 ) 
18 - . 2 1 6 7  ( . 104 ) * 
19 . 21 8 4  ( . 103 ) *  
20 . 006 7 ( . 102 ) 
21 - . 07 7 9  ( . 101) 

2 2  . 1 6 7 4  ( . lOO) 
2 3  . 2 56 5 ( . 09 8 ) * 
2 4  . 2 4 5 9  ( . 09 7 ) * 

* Coe ffi c i en t  s ig n i fic ant at  9 5% l eve l .  

v a r
1 2

( k ) = ( 1 - I K/N I ) /N .  
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Tab le E ( 2 )  

N umber o f  mon ths lea d and l ag on the e xc hange r ate rel a tive to money 
( + = l ea d, - = l ag )  • S tan da r d  e r r or s  i n  bracke ts .  

Cross-cor r e log r am o f  EX an d MO Cross-cor r e log r am of BEX an d BMO 

MO-+EX BMO-+BEX 
+ 24 . 1 1 9 4  ( . 0 9 8 )  + 2 4  .01 6 7  ( . lOO) 

23 . 0 2 20 ( . lOO) 2 3  - . 21 8 3  ( . 101) * 
2 2  . 1 9 7 2  ( . 101) 22 . 1 6 9 2  ( . 102 ) 
2 1  - . 0 1 9 6  ( . 102 ) 21 . 1 2 7 6  ( . 104 ) 
20 . 09 5 9 ( . 103 ) 20 - . 105 3 ( . 106 ) 
1 9  . 0 2 2 7  ( . 105 ) 19 - . 03 7 6  ( . 107 ) 
1 8  . 0 5 9 6  ( . 106 ) 18 - . 0 1 15 ( . 109 ) 
17 - . 3 1 2 9  ( . 107 ) * 17 - . 3 8 6 3  ( . 1 10) * 
1 6  - . 05 3 8  ( . 108) 16 . 1 6 49 ( . 1 1 2 )  
1 5  - . 0 8 7 5  ( . 109 ) 15 - . 2 3 5 2  ( . 1 1 3 ) * 
14 . 07 4 3  ( . 1 1 1 )  14  - . 14 2 2 ( . 1 1 5 )  
1 3  - . 1 509 ( . 1 1 2 )  1 3  - . 08 3 8  ( . 1 1 6 )  
1 2  - . 1 2 8 7  ( . 1 1 3 )  1 2  - . 1 5 4 4  ( . 1 17 )  
1 1  .02 8 8  ( . 1 1 4 )  1 1  - . 04 8 3  ( . 1 19 )  
1 0  - . 2 4 2 6  ( . 1 1 5 ) * 10 - . 1 3 9 7  ( . 1 20) 

9 . 109 7 ( . 1 16 )  9 - . 04 58 ( . 1 2 2 )  
8 - . 08 1 8  ( . 1 1 8 )  8 - . 05 47 ( . 1 2 3 )  
7 - . 2 5 9 8  ( . 1 1 9 )  * 7 - . 2 6 3 2  ( . 1 2 4 ) * 
6 - . 1 9 2 2  ( . 1 20) 6 - . 1 2 1 5  ( . 1 2 5) 
5 . 1 2 34 ( . 1 2 1 )  5 . 08 3 7  ( . 1 2 7 )  
4 .01 5 9  ( . 1 2 2 )  4 . 02 29 ( . 1 2 8 )  
3 . 003 4 ( . 1 2 3) 3 . 2109 ( . 1 30) 
2 - . 106 7 ( . 1 2 4 )  2 - . 1 15 9  ( . 13 1) 
1 - . 30 7 9  ( . 1 2 5) * 1 - . 02 3 1  ( . 1 3 2 )  
0 .02 6 8  ( . 1 2 6 )  0 . 02 9 2  ( . 13 3) 

EX-+ MO BEX-+BMO 
1 . 1019 ( . 1 2 5 ) 1 - . 0 7 6 2  ( . 1 3  2 )  
2 - . 01 4 6  ( . 1 2 4 )  2 . 08 3 2  ( . 1 3 1 )  
3 . 2 49 7  ( . 1 2 3 ) * 3 . 2 4 3 9  ( . 1 30)  
4 - . 07 48  ( . 1 2 2) 4 . 106 2 ( . 1 2 8 )  
5 - . 01 4 5  ( . 1 2 1 )  5 . 03 20 ( . 1 2 7 )  
6 - . 0000 ( . 1 20) 6 . 2 56 3 ( . 1 2 5 ) * 
7 . 1 909 ( . 1 19 ) 7 . 1 206 ( . 1 2 4 )  
8 - . 01 6 7  ( . 1 1 8 )  8 . 07 8 7  ( . 1 2 3 )  
9 . 2019 ( . 1 1 6 )  9 - . 1 4 4 2  ( . 1 2 2) 

10 . 2 3 2 7  ( . 1 15 )  * 10 • 2 56 2 ( . 1 20 )  * 
1 1  . 0 5 8 3  ( . 1 1 4 )  1 1  . 1 6 14 ( . 1 19 ) 
1 2  - . 04 6 3  ( . 1 1 3 )  1 2  - . 06 7 9  ( . 1 17 )  
13  - . 1 3 8 3  ( . 1 1 2 )  1 3  - .  2 27 3 ( . 1 1 6 )  
1 4  . 0 9 2 4  ( . 1 1 1 )  14  .01 5 5  ( . 1 15 )  
1 5  - . 0300 ( . 109 )  1 5  . 206 1 ( . 1 1 3 )  
1 6  . 0 4 5 8  ( . 108 ) 1 6  - . 0 1 2 8  ( . 1 1 2 )  
1 7  . 0 2 6 7  ( . 107)  17  .0819  ( . 1 10)  
1 8  - . 1 7 2 3  ( . 106 ) 1 8  - . 2 1 90 ( . 109 ) * 

1 9  - . 06 20 ( . 105 ) 19 - . 1 1 2 1  ( . 107 ) 
20 - . 102 3 ( . 103 ) 20 - . 204 3 ( . 106 ) 

21 . 1 608 ( . 102 ) 2 1  - . 0 7 9 8  ( . 104 ) 
2 2  - .  2 28 8  ( . 101)  * 2 2  - . 1 7 3 2 ( . 102 ) 

2 3  . 0 8 7 7  ( . lOO) 2 3  . 0 1 10 ( . 101) 
24 - . 1 5 8 7  ( . 0 9 8 )  24 . 1 1 4 9  ( . lOO) 

* Coef f i c i en t  s ign i f ic an t  a t  9 5% l eve l . 

va r
1 2  

( k ) = ( 1  - I K /N I  )/N . 

30 



Tab le E ( 3 ) 

Number of mon th s l ead and lag on r eta il pr i ce s  rel a t ive to money 
( +  = l ead , - = l ag ) . St anda rd e r rors in br acket s .  

Cross-cor relog r am of RPI and MO Cros s-cor r e log r am of BRP I  and BMO 

MO-+RP I BMO + RPI 
+ 24  - . 005 2 ( .09 8 )  + 24  . 2 67 1 ( . lOO) * 

2 3  . 108 1 ( . lOO) 2 3  . 3 84 6 ( . 101) * 
2 2  . 1 161  ( . 101) 22 - . 004 6 ( . 1 02 ) 
2 l  - . 0447  ( . 102 ) 21 . 1 19 3  ( . 1 04 ) 
20 . 02 9 3  ( . 103 ) 20 . 09 4 7  ( . 105 ) 
19 - . 1916  ( . 105 ) 19 - . 1 4 7 5  ( . 107 ) 
18 . 109 5 ( . 106 ) 18 .01 10 ( . 109 ) 
1 7  - . 1658  ( . 107) 17 - . 1509 ( . 1 10) * 
16 .04 75 ( . 108 ) 1 6  . 1 2 1 3  ( . 1 12 )  
1 5  - . 06 2 1  ( . 109) 15 - . 01 6 9  ( . 1 1 3 )  
1 4  - . 1 7 2 2  ( . 1 11)  14  .0317  ( . 1 1 5 )  
1 3  - . 1 3 10 ( . 1 1 2 )  1 3  - . 1009 ( . 1 16)  
1 2  - . 208 3 ( . 1 1 3 )  1 2  - . 1 5 7 6  ( . 1 1 7 )  
11 - . 0170 ( . 1 1 2 )  1 1  - . 0 3 50 ( . 1 19)  
10 - . 1 2 50 ( . 1 1 5 )  10 - . 2 7 3 7  ( . 1 20) * 

9 .04 30 ( . 1 16 )  9 . 05 49  ( . 1 2  2 )  
8 .004 9 ( . 1 18)  8 . 1 900 ( . 1 2 3 )  
7 . 07 9 1  ( . 1 1 9 )  7 . 1 8 49 ( . 12 4) 
6 - . 0531  ( . 1 20) 6 - . 109 2 ( . 1 2 5) 
5 . 1 1 3 6  ( . 1 2 1 )  5 . 1 8 6 1  ( . 1 2 7 )  
4 . 1 9 3 8  ( . 1 2 2) 4 .06 9 9  ( . 1 2 8) 
3 . 004 1 ( . 1 2 3) 3 . 0407 ( . 1 30 )  
2 . 209 3 ( . 1 2 4 )  2 . 1 2 57 ( . 1 3 1 )  
l .006 2 ( . 1 2 5 )  l - . 0764  ( . 1 3 2 )  
0 . 1 5 59 ( . 1 2 6 )  0 . 1 7 4 4  ( . 1 3 3) 

RP I+MO BRPI+BMO 
l . 06 80 ( . 1 2 5 )  l . 01 7 3  ( . 1 3 2 )  
2 .04 4 3  ( . 1 2 4 )  2 . 02 1 4  ( . 1 3 1) 
3 . 001 4 ( . 1 2 3 )  3 - .03 28 ( . 1 30 )  
4 . 2003 ( . 1 2 2) 4 . 1 866 ( . 1 2 8 )  
5 - . 005 8 ( . 1 21 )  5 - . 0542  ( . 1 2 7 )  
6 - . 009 7 ( . 1 20) 6 .06 7 8  ( . 1 2 5 )  
7 . 04 04 ( . 1 1 9 )  7 - . 1 1 3 9  ( . 1 2 4 )  
8 - . 07 1 3  ( . 1 18 )  8 - . 2 1 5 2  ( . 1 2 3 )  
9 . 1 1 9 1  ( . 1 1 6 )  9 . 1 878  ( . 1 2 2)  

10 .0707 ( . 1 15)  10 - . 06 9 5  ( . 1 20 ) 
l l  . 11 1 2  ( . 1 1 4 )  1 1  .08 46  ( . 1 1 9 )  
1 2  - . 0 7 8 5  ( . 1 1 3 )  1 2  - . 1 6 4 5  ( . 1 1 7 )  
1 3  .0777 ( . 1 1 2 )  1 3  .0207 ( . 1 16 )  
14  - . 14 1 5  ( . 1 11)  14 - .  3 28 4 ( . 1 15 )  * 
15 . 07 4 2  ( . 109 ) 1 5  • 2 3 8 7  ( . 1 1 3 ) * 
1 6  . 1 1 3 1  ( . 108) 16 . 0 8 8 9  ( . 1 1 2 )  
1 7  - . 1 2 28 ( . 107 ) 1 7  - . 244 4 ( . 1 10) * 
18 - . 1 1 4 6  ( . 106 ) 18 - . 1 3 1 6  ( . 109 ) 
19 - . 1 7 7 5  ( . 105 ) 1 9  - . 2 3 5 8  ( . 107 ) * 
20 - . 0 3 6 5  ( . 103 ) 20 - . 109 7 ( . 106 ) 
21 - . 3 5 1 6  ( . 102 ) * 21 - . 3 6 6 9  ( . 104 ) * 
22 . 102 2 ( . 101) 2 2  . 1 9 5 5  ( . 102 ) 
2 3  . 0 2 6 3  ( . lOO) 2 3  - . 2 3 5 6  ( . 101) * 
24  - . 1 5 60 ( .09 8 )  2 4  . 1 4 1 7  ( . lOO) 

* Coe f f i c i en t  s ign if ic ant at  9 5% l eve l .  
v a r

1 2
( k ) = ( l  - I K/N I )  /N . 
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T able E ( 4 )  

N umbe r of months le ad and lag on the exchange rate relat i ve to export/ 
impo r t  pr ices ( + = l e ad , - =  l ag ) . S tandard e r rors in br ac ke ts . 

Cross-co r r e log r am of EX and XPI Cr oss-cor r e logr am of EX and MP I 

XP I-� EX MPI-+EX 
+ 2 4  . 09 7 7  ( . 09 7 )  + 2 4  . 26 6 1  ( . 09 7 )  * 

2 3  - . 0302 ( . 09 8 )  2 3  - . 206 6 ( . 09 8 )  * 
22 . 2 9 9 6  ( . 09 9 )  * 22 . 302 4 ( . 09 9 )  * 
2 1  - . 2 66 8  ( . lOO) * 21 . 0 107 ( . lOO) 
20 - . 07 20 ( . 10 1 )  20 . 2 18 3  ( . 10 1 )  * 
19 . 102 1 ( .  102 ) 19 . 18 50 ( . 102 ) 
18 . 105 6 ( .  104 ) 18 . 29 9 6  ( . 104 ) * 
17 - . 1767  ( . 105 ) l7 . 03 8 9  ( . 105 )  
16 . 05 13 ( . 106 ) 16 . 1 8 3 6  ( . 106 )  
15 - . 17 9 8  ( .  107 ) 15 - . 1303 ( • 107 ) 
14 - . 09 3 2  ( . 108 ) 14 . 06 18 ( . 108 ) 
13 . 02 9 2  ( . 109 ) 13 . 09 4 3  ( . 109 ) 
12 - . 09 6 5  ( . l lO )  12 - . 06 9 1  ( . l lO )  
ll . 03 1 3 ( . l l l )  ll  . 07 4 3  ( . l l l )  
10 . 02 3 5  ( . 1 12 )  10 . 17 1 4  ( .  1 1 2 )  

9 - . 002 7 ( . l l 3 )  9 . 14 1 2 ( . 1 1 3 )  
8 - . 05 8 6  ( . l l4 )  8 . 1 199 ( . 1 14 ) 
7 - . 0 6 5 2  ( . l l5 )  7 - . 04 4 6  ( . 1 15 )  
6 - . 2 805 ( . l l 6 ) * 6 - . lO l l  ( . 1 1 6 )  
5 . 06 47 ( . l l7 )  5 - . 02 8 8  ( . l l 7 )  
4 - . 08 9 9  ( . l l8 )  4 - . 2 590 ( . 1 18 ) * 
3 - . 06 8 8  ( . l l9 )  3 . 0603 ( . 1 1 9 )  
2 . 05 5 7  ( . 1 20 )  2 - . 03 3 8  ( . 120)  
l - . 0077 ( • 1 2 1 )  1 - . 18 35 ( . 12 1 )  
0 - . 05 39 ( .  1 2 2 )  0 - . 3 9 9 7  ( . 1 2 2 ) * 

EX-+XPI EX-+MP I 
l - . 14 9 6  ( . 12 1 )  1 - . 2 2 5 9  ( . 1 2 1 )  
2 - . 1 4 1 9  ( . 120) 2 - . 13 16 ( .  1 20 )  
3 . l l 3 5  ( . l l9 )  3 . 14 9 1  ( . 1 19 )  
4 - . 2 5 17 ( . 1 1 8 )  * 4 - . 2 18 6  ( . l l8 )  * 
5 . 168 7 ( . 1 17 )  5 - . 10 5 3  ( . 1 1 7 )  
6 - . 0157  ( .  1 1 6 )  6 - . 08 15 ( . 1 1 6 )  
7 - . 03 4 9  ( . l l5 )  7 - . 206 2 ( . 1 1 5 )  
8 . 05 4 1  ( . 1 14 ) 8 . 09 8 9  ( . 1 1 4 )  
9 - . 02 3 1  ( . 1 13 )  9 - . 1567  ( . l l3 )  

10 - . 0012  ( • 1 12 )  10 - . 1947 ( . l l2 )  
ll . 1 7 3 5  ( . 1 1 1 )  ll . 09 12 ( . 1 1 1 )  
12 . 03 3 6  ( . 1 10 )  12 - . 04 9 8  ( . l lO ) 
13 - . 06 4 4  ( . 109 ) l3 . 15 8 1  ( . 109 ) 
14 . 20 3 6  ( . 108 ) 14 . 1 3 2 8  ( . 108 )  
15 . 102 1 ( . 107 ) 15 . 06 3 3  ( . 107 ) 
16 - . 16 9 4  ( . 106 ) 16 . 06 7 6  ( . 106 ) 
17 . 2 56 8  ( . 105 ) *  17 . 1004 ( . 105 ) 
18 - . 2 3 8 7  ( . 104 ) * 18 - . 070 1 ( . 104 ) 
19 . 0 3 2 6  ( . 102 ) 19 . 103 1 ( . 102 ) 
20 . 17 20 ( . 10 1)  20 . 1409 ( .  10 1 )  
2 1  - . 209 6 ( . lOO) * 2 1  . 208 6  ( . lOO ) * 
2 2  - . l l9l ( . 09 9 )  22 . 1 5 4 5  ( . 09 9 )  
2 3  - . 1 6 4 6  ( . 09 8 )  2 3  . 102 3 ( .  09 8 )  
24 . 06 6 4  ( .  09 7 )  24 . l2 l l  ( . 09 7 )  

* Coe f f i c i ent s ig n i f icant at 9 5 %  leve l .  

v a r  
1 2  (}� )  

= ( 1  - I K/N I ) /N . 



Table E ( 5 ) 

Number of month s lead and l ag on r e t ai l  pr ices r e l a t ive to expo r t/ 

impo r t  pr ices ( + = l ead , - = l ag ) . St anda rd er rors in bracke ts .  

Cross-co r r e log r am of RPI and XPI 

XP I-+RPI 
+ 2 4  .06 3 9  ( .098 )  

23  .0313  ( . lOO) 
22 .003 2 ( . 101) 
21  - . 0 3 9 9  ( . 102 ) 
20 - . 18 2 3  ( . 103 ) 
19 . 102 7 ( . 105 ) 
18  - . 16 2 2 ( . 106 ) 
17  - . 3 5 5 4  ( . 107 ) * 
16 - . 0 5 28 ( . 108)  
15 - . 0 2 2 3  ( . 109 ) 
14  - .03 29 ( . 1 1 1 )  
1 3  . 1 1 2 5  ( . 1 1 2 )  
1 2  - . 06 6 4  ( . 1 1 3 )  
11 - . 0799  ( . 1 14 ) 
10 - . 02 2 2  ( . 1 1 5 )  

9 - . 2 2 2 6  ( . 116 )  
8 - . 1 1 3 1  ( . 11 8 )  
7 . 2 6 6 2  ( . 1 19)  * 
6 - . 0 3 1 3  ( . 1 20)  
5 - . 03 3 9  ( . 12 1 )  
4 . 1990 ( . 1 2 2) 
3 . 2 3 7 6  ( . 12 3 ) * 
2 . 02 8 5  ( . 1 2 4 )  
1 . 0608 ( . 1 2 5) 
0 . 3 6 4 6  ( . 1 2 6 ) * 

RPI-+XP I  
- 1 - . 0124  ( . 12 5) 

2 . 1 2 9 4  ( . 1 2 4 )  
3 . 1 4 52 ( . 1 2 3) 
4 . 0180 ( . 1 2 2) 
5 . 1 305 ( . 1 2 1 )  
6 - . 0019 ( . 1 20)  
7 - . 006 2 ( . 11 9 )  
8 - . 2 502 ( . 1 18 ) * 
9 . 26 6 8  ( . 1 1 6 ) * 

10 - . 2904 ( . 1 15 ) * 
11 - . 1 150 ( . 114 ) 
12  .14  54 ( . 1 1 3 )  
1 3  - . 1 5 1 1  ( . 1 12 )  
14  - . 0457  ( . 1 1 1 )  
15  . 2 2 3 9  ( . 109 ) * 
16 . 05 39 ( . 108 ) 
17 .0796 ( . 107 ) 
18  . 0 7 9 3  ( . 106 ) 
19  - . 107 7 ( . 105 ) 
20 - . 1 1 2 6  ( . 103 ) 
21  - . 021 2 ( . 102 ) 
2 2  - . 1 6 6 3  ( . 101) 
2 3  - . 1 2 1 8  ( . lOO) 

2 4  . 1 1 9 9  ( .09 8 )  

Cross-cor r elog r am o f  RPI and MPI 

MPI-+RPI 
+ 2 4  - . 06 6 3  ( . 098 )  

23  . 04 21  ( . lOO) 
2 2  . 1 9 79 ( . 101) 
21 . 3 27 1  ( . 102 ) * 
20 . 1 3 39 ( . 103 ) 
19  .0015 ( . 105 ) 
18 - . 0 3 9 1  ( . 106 ) 
17  - . 1 7 21 ( . 107 ) 
16 - . 1 4 46 ( . 108 ) 
15  - . 09 7 2  ( . 109 ) 
14 - . 2 2 4 9  ( . 1 1 1 ) * 
1 3  - .004 6 ( . 1 1 2 )  
1 2  - . 1 8 70 ( . 1 1 3 )  
1 1  - . 103 2 ( . 1 14 )  
10 - . 0 5 4 9  ( . 1 1 5 )  

9 - . 1 1 2 4  ( . 1 1 6 )  
8 - . 03 40 ( . 1 1 8 )  
7 - . 07 5 4  ( . 1 19 ) * 
6 - . 0276  ( . 1 20) 
5 - . 21 7 8  ( . 1 21 )  
4 - . 1 3 89 ( . 1 2 2) 
3 .05 40 ( . 1 2 3 )  
2 • 04 50 ( • 1 2  4 )  
1 - . 0 3 5 2  ( . 1 2 5 )  
0 . 1 508 ( . 1 2 6 )  

RPI-+MPI 

1 . 05 1 8  ( . 1 2 5) 
2 . 12 39 ( . 1 2 4 )  
3 . 20 1 3  ( . 1 2 3) 
4 • 06 9 6 ( . 1 2  2 )  
5 . 07 7 3  ( . 1 21 )  
6 . 1 14 3  ( . 1 20 )  
7 .02 3 2  ( . 1 19)  
8 - . 1 9 60 ( . 1 18 )  
9 . 21 12 ( . 1 16 )  

10 . 01 19 ( . 1 15 )  
1 1  . 0806 ( . 1 1 4 )  
1 2  . 108 7 ( . 1 1 3 )  
1 3  . 21 6 4  ( . 1 1 2 )  
14 - . 0180 ( . 1 11 )  

15  . 2 530 ( . 109 ) * 
16 . 1 3 6 5  ( . 108 ) 
17  . 4 46 5 ( . 107 ) * 
18 . 21 2 2  ( . 106 ) * 
19 - . 14 1 1  ( . 105 ) 
20 - . 007 5 ( . 103 ) 
21 - . 06 76 ( . 102 ) 
2 2  - . 003 1 ( . 101) 
2 3  - . 0 4 6 4  ( . lOO) 
24 - . 09 5 3  ( . 09 8 )  

* Coe ff ic ient s ig n i f ic an t  a t  9 5% l eve l .  

v a r
1 2

( k) = ( 1 - I K/N I ) /N .  
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Conc l us ions 

35 The poor qual ity of the ARIMA results and th e cr i t ic i sms of the 

approach that were ment ioned ear l i e r  mean that the conc lus ions 

pr esented here must be regarded as me r e ly sugge s t ive . Never theles s ,  

i t  i s  i nte rest ing to cons ider the impl icat ions of the results both 

f r om the regress ion approach and f rom t he ARIMA approach that 

cau s a l i ty be tween each of the pai rs tested r uns in both d i rect ions . 

Th i s  r e s u l t  may seem unsurpr i s i n g ,  but it does serve to cont r ad ict 

some of the cr ude theor ies descr ibed in S ect ion 2 .  Table A showed 

wh at e ach set of poss ible outcomes would imply about how the 

wor ld wor k s :  the gene r a l  bidi rect ion a l  f ind i ng te l l s  us less than 

cou ld most of the other poss ible ou tcomes .  For inst ance , an exchange 

r a te ch ange causes a ch ange in re lat ive ret a i l  pr ices ; however , we 

c annot t e l l  whether th is i n i t i a l  exchange r ate change was tr uly 

exogenous ( i . e . out s i de our thr ee-var i able model)  or whether it is 

respond i ng to money supply changes which will themse lves cause the 

r e l a t ive pr ice ch anges .  

3 6  The S cand inav i an theory,  as desc r i bed in S ect ion 2 ,  r uled 

out b i d i r ect iona l caus al i ty between domes t ic and expor t/ i mpor t  pr ices . 

The res u l t s  f r om the exch ange rate/r e t a i l  pr ice/expor t  and impor t  

pr ice ' t r i ang le s ' con t r ad ic t  th i s  theory and therefor e an impo r t ant 

a rg ument for the inef fect iveness of exchange rate changes . As stated 

above , in the absence of any conf idence in the ( super ior ) abi l i ty 

of mone tary and f i scal pol i cy to cor r ect the effects of excess 

inf lat ion in the U n i ted K ingdom , use of the exch ange rate as a 

po l i cy i n s t r ument may not be ruled out . 

37 OVe r a l l ,  t h i s  s t udy suggests that use of bivar i ate causal i ty 

tests concea l s ,  r ather than ove r come s ,  the prob lem of omi t ted var i ables . 

I n  mos t  case s ,  test ing on ly two var i ables can g i ve l i t t le ind icat ion 

of the act u a l  r e l a t ionsh ip between them : only in a ve ry l im i ted 

number of cases , such as , for ins tance , the S c and i nav i an mode l 

wh ich was exami ned in th i s  paper , cou ld omi t ted var i ables be i r re levant 

and b i d i rect ional causal i ty be incons i stent w i th the theory be ing 

s t ud i ed .  
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