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l 

I n t r oduct ion [ l ) 

l The pe r i od s ince 1972 has seen the abandonment of th e sys tem of 

f i xed par i t ies that had, with occ as iona l  real ignments, obt a ined s ince 

the end of the Second Wor ld War . I t  was repl aced by a r eg i me in 

wh ich ther e have been pe r iod s  of relat ive ly f r ee f loat i ng, and ep isodes 

d u r ing wh ich the au thor i t ie s  have unde r t aken he avy in tervent ion in 

attempts to l im i t  move ments wh ich they thought undes ir ab le .  

2 Th is pape r exami nes the de t e r minants of the s ter l ing/dol l a r  

e xchange r ate in recent yea r s ,  concen t r at ing par t ic u l a r ly on the 

roles of inte r ve n t ion and of the money supply. The choice of the 

ster l i ng /dol l a r  r a t e, r ather th an the ef fect ive r ate for ster l ing , 

r e f lects the fact that un t i l  compa r at ive ly r ecen t ly the author i t ies 

tended to use the ste r l ing/dol l a r  rate in cons ide r ing int e r vent ion 

pol icy . Fu r the r more, the mode l l ing of an ef fect ive r ate poses 

d if f icu l t ie s  wi th r eg ard to the cons t r uct ion of appropr iate summary 

meas u r es of pr ices, money, income and inte rest rates in a l l  the other 

cou n t r ies invo lved ; pe r h aps for that reason, l it t l e  wo r k  has been 

done on it . 

3 Sect ion 2 o f  the paper g ives a br ie f account of how the ste r l ing/ 

dol l a r  rate has moved s ince float ing, and is fo llowed in S ect ion 3 

by a s u r vey of the ma in techn iques ava i l able for mode l l ing exchange 

r ates. Sect ion 4 d i scusses how r e l at ive pr ices and the re lat ive 

s ize of money suppl ies may both be impor t ant in e xch ange rate 

dete r mi nat ion, and proposes a techn ique for tak ing accoun t  of 

the e f fect s of off ic ial intervent ion . Sect ion 5 tests v a r iou s 

spec i f icat ions aga inst the data f rom 197 3  to 1978 , and some tentat ive 

conc l u s ion s  abou t th e det e r m inant s of the exch ange r a te and th e 

e f f icacy of int e r vent ion are dr awn in Sect ion 6 .  

[ l) The au thor ack nowledg e s  adv ice and as s i s t ance f r om many co l le ag ues, 
in part icu l a r  G r aham H acche, K . D . P atter son and J . C . Townend. 

5 



2 

The ste r l ing/dol l ar r ate s ince 1 9 7 2  

4 St e r l i ng was forced t o  leave the EEC ' snak e ' i n  J une 19 7 2  by 

p r e s s u r e  a r is ing f rom conc e r n  about the UK r at e  of in f l at ion and 

ba l ance of payment s, thus putt ing an end to the st ab i l ity wh ich 

had f o l l owed the S m i thson ian do l la r  deval uat ion . After inte r vent ion 

ce ased ( and it h ad amounted to ove r  £1 bi l l ion in a week ) ,  ster l ing 

f e l l  qu ite r apidly to abou t $ 2 . 35 at the end of the year,  d espite 

some f u r t he r  of f ic i al inte rvent ion . Ea r ly in 19 7 3 ,  specu lat ive 

p r e s s u r e  sh i f ted to the do l l ar,  wh ich was devalued by 10% in Febr u a ry . 

S te r l ing gene r a lly t r aded at about $ 2 . 50 ,  with some of th e upward 

p r e s s u r e  be ing absorbed in inc r e ased rese rves, in the e a r ly summe r . 

The au t u mn saw some dec l ine in ster l ing, ag a in a t t r ibuted to conc e r n  

a bo u t  in f lat ion and the ba lance of pay ments,  and th is decl ine was 

h as tened by the st reng t h  of the dol l a r  in the f ace of the o i l  pr ice 

r is e . Un sett led po l i t ica l cond i t ion s in ear ly 1 9 7 4  produced yet 

fu r th e r  f a l l s, but ster l i ng recovered t h r ough the spr i ng, he lped by 

i n f lows f r om the mone t a r y  au thor i t ies of the newly-enr iched o i l  

cou n t r ies, t o  t r ad e  at about $ 2 . 40 du r ing t h e  su mme r . 

5 The autumn of 19 7 4  saw the rate s l ide g r ad u a l ly to about $ 2 . 3 3 ,  

and in Nove mbe r s te r l i ng came und e r  heavy pr e s s u r e  fol low ing the 

dec is ion to end g u a r an te es on ste r l ing bal a nces, and the S aud i 

A r a b i a n  reque s t  that payment for oil in ste r l ing shou ld ce as e :  the 

pres s u r e  was, howeve r ,  l ar g e ly absor bed by he avy int ervent ion . 

A f t e r  some recove ry in the ea r ly months of 1 9 7 5 , ste r l ing came 

und e r  pr es s u r e  once more, and, des p i t e  br i e f  r a l l ies, it fe l l  r ap idly 

w ith the st rengthen ing of the do l l a r  to end the year at j u st ove r  

$ 2 . 00 .  The r at e  r e ma ined st eady as con f idence i mproved in t h e  ea r ly 

mon t h s  o f  1 9 7 6 , on ly to come und e r  int ense pr e s s u r e  fo l low ing of f ic i a l  

s al e s  in M a r ch t o  s t e m  what th e autho r i t ie s  deemed a n  inapprop r iate 

r is e  in te r ms of it s e f fect on compe t i t ivenes s .  Despite subs tant i a l  

int e r ve n t ion, the r a te f e l l  b y  about ll cents, a n d  weakened f u r t he r  

i n  Apr i l  fo l l ow i ng d i scou r ag i ng pay news : by the star t of May it 

stood at abou t $ 1 . 83 ,  and fe l l  f u r t h e r  dur ing the month, although 

th e r e  was of f ic i al s u ppor t .  The pr es s u r e  s t a r ted ag a in in September 

a f t e r  a pe r iod of qu ie t t r ad ing, and, with int e r vent ion w i thd r awn to 
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prot ect the rese rves , the rate fell to $1 . 5 5 by th e end of Octobe r .  

The prospect s of an ag reement w ith the I nte r n at ional Monetary Fund on 

a st and - by f ac i l i ty , as well as the proh ib it ion of ster l i ng f inance 

for th i r d -cou n t r y  t r ade and t ighten ing of mone t a r y  pol icy , we re 

followed by a recove r y  in December and Janu ar y , and , in sp ite of 

substant ial of f i c i al sales of ste rl ing , the pound moved up to t r ade 

a t  about $1 . 7 2 for the f i r st hal f of 1 97 7 , st ab il ised by of f ic i al 

int e r ve n t ion . Upward pr essu r e  cont inued d u r ing th at summe r ,  par tly 

encou r aged by wor r ies abou t th e e f fect of expans ion in the Un ited 

S tates on inflat ion and the bal ance of payments,  and fears developed 

t h a t  con t inued inflows would , i f  the r ate we r e  held , j eopa r d i se the 

ach ievement of the author it ies '  monetary t a rget s .  Accord ingly , 

ste r l ing was allowed to r i se th r ough th e rest of 197 7 ag a inst a 

gene r ally we ak doll ar , and had reached $2 .09 by end -Octobe r 197 8 , 

w i th only a shor t-l ived r eve r sal in the spr ing . The measu res of 1st 

Novembe r 197 8 to suppor t  the doll a r , w ith subst ant i al aux il iary 

inte r vent ion by othe r cent r al banks, wer e followed by a sha r p  fall in 

the rate , l a t e r  reve r sed a f t e r  a r ise in the m in imum lend ing r ate , 

good t r ade f ig u r e s  and encou r ag ing indust r ial news. At the end of 

197 8 , the rate stood at rather ove r  $2 as the dollar came unde r f r esh 

pressu r e . 

6 It is poss ible , per haps , to d isent ang le fou r d i st inct ph ases 

f r om t h is bald r e c i t al of facts and f ig u r e s .  The f ir st cons isted of 

f a i r l y  f r ee floa t ing f r om June 197 2 unt il the spr i ng of 197 3 . At 

that t ime , howeve r ,  t h e r e  deve loped some fea r  that the mar k et , l e f t  

t o  itsel f ,  would lead t o  excess ive and damag ing moveme nts i n  r a te s ,  

and th is f e a r  w a s  bolste r ed b y  the oil pr ice r i se i n  t h e  au tumn . I n  

the second ph ase , pol icy ch anged to one o f  bor r ow i ng abroad [ notably , 

und e r  th e exch ange cove r scheme ( ECS ) a r r ang ement s] to smooth 

ad j ustment , and of al low i ng the r at e  to adj u st smoothly to ma r k et 

pressu r e s .  B y  March 197 6 , ste r l ing h ad reached a level that 

seemed somewh at too h igh to the author i t ies in terms of 

compe t i t ive ness: of f i c i al sales to ma i n t a i n  th at level provoked a 

r apid and la rge f all in the r a t e  that could not be stemmed even by 

heavy inte r ve n t ion and large bor row ing s .  When t h e  recove r y  c ame , in 

e a r ly 1 97 7 ,  the au thor it ies once mor e  sou g h t  to ' peg ' the r ate at 

a des i r able level th rough the f i r st hal f  of th e year . These 

' pegg ing ' a t t empts m ig h t  be descr ibed as th e th i r d  ph ase . 

8 



7 Fol low ing the ve r y  l a rge accumu lat ion of rese rves in the au tumn of 

197 7  and the abandonment in J uly of a st e r l ing/do l l a r  rate ce i l i ng 

at $1 . 7 2 in f avou r  of an ef fect ive r ate ce i l ing - a recogn it ion that 

the weaken ing do l l a r  had become an inappropr i ate target - it was 

f ina lly dec ided to al low the rate to f loat comparat ive ly fr ee ly fr om 

October . L im i ted in tervent ion was c a r r ied ou t to smooth movements 

that the au thor it ies perce ived as e r r a t ic , but the a im was that 

such in tervent ion should ave r age to zero ove r a pe r i od of months. 

Th is ch ange of pol icy r ecog n i sed that it was d if f icult for th e 

au thor it ies to pu r sue simu l t aneously a mone tary po l i cy ,  with targets 

for ste r l ing M 3 , and a f i xed exchange r ate po l i cy .  Accor d ingly , 

it became mor e  than eve r  impo r t ant to invest ig ate the l i kely 

dete rmi n ants of a f reely-float ing exch ange ra te . 

9 



3 

Exchange rate mode l l ing: the theoret ical back ground 

Macro-econom ic mode l s  

8 A n umber of approaches to mode l l ing the exchange ra te have been 

sugg e sted. The f i rst cons i de re d  here re qu ires a fu l ly spec if ied 

mode l of a l l  f l ows in the ba l a nce of payments accounts. Many of 

thes f lows re dependent on the act ual value of the exch ange ra te, 

and ot hers ,  part icul arly short- t e rm cap i t a l  f lows ,  a l so depend on the 

e xpecte d  f u t u re v a l u e  of th e e xchange rate. G iven a forecast for 

t h i s  e xpect e d  f u ture v a l ue , and a target for th e ba l ance for 

o f f i c i a l  f i nanc ing , it is poss ible to f i nd the forecast of the 

e xch ange ra te wh ich w i l l  produce j ust the target ne t ba lance of 

payments f low: and th is procedure ( l ] has bee n used unt i l  rece nt ly 

w ith in the Bank for short-t erm forecast ing. 

9 Howeve r ,  th is techn i que pose s a number of prob lems . The ma in 

short - run impact of exchange rate ch anges in such a mode l is on 

short - t erm cap i t a l  f l ows: trade flows and most cap i t a l  account 

it ems are l i tt le af fected in the f irst quarter. Thus, i f  the 

c u rrent account worsens for some reason , compe nsa t i ng short-t erm 

c ap i t a l  f l ows are thoug ht to resu l t  from the e xch ange ra te fa l l ing 

w i th respect to its expect ed f u t ure va l ue . Th e sensit i v i ty to 

shocks of the e xch ange ra te forecast is, then , h ig h ly depende nt on 

the coe f f ic ients appe ar ing in the short-term cap i t a l  f l ow e qua t ion s;  

these have proved d i f f icu l t  to est imate econome t r ica l ly. Furthermore , 

the e xch ange ra te path th at emerg es from a forecast depe nds cruc i a l ly 

on the forecast of th e e xpected f ut ure spot ra te . 

10 A furt h e r  prob lem a r i ses in that the path resu l t ing from a free

f loat forecast can become incre as ing l y  unst able , at le ast in early 

quarters ,  a s  the forecast evo l ves . Th i s  is because a deprec iat i on 

in one quarter ( to produce cap i t a l  f lows to offset a shoc k  to th e 

c u rrent account in that quarter,  say ) worsens the current account in 

the fo l low ing quarter,  so that a fu rther depec i at ion in that 

( 1 ]  For a desc r i pt ion of a soph i st icated vers ion of th is approach , 
see S pencer et a l  ( 1 97 8 ) . 

10 



qu arter is l i ke ly to be n eded. To th xt nt th at th is b h viour 

re flects th r al w rld (as some m ight rgu ) , i should als be 

property of any ther m chan ism for fore st ing the exch ng r t 

Bu t m s w uld t k a mor pt im i st ic vi w of th ff ic cy o h 

price mech an ism, ven in the comparat iv ly short run, and t tribut 

the inst ab il i ty to de f ic i enc ies in th e spec if ic at ion of part icu lar 

macro-econom i c  mode l s. 

Purchasing power parity 

l l  An alternat ive ,  well- t r i ed approach re lates the exch ang rate 

to the leve l  of prices at home and abroad . Th is theory, th 

purchasing power parity ( PPP) theory, has a long and d i st ing u ished 

h istory, and a substantia l theoret ical and emp ir ical l i teratur : 

pe rh aps its best-known e xponent was C asse l ( 1 918 ) , although som have 

traced its or ig ins back as far as the Span i sh wr iters of th sixteen th 

and seve nteenth ce nturi s. Yet C asse l was the f i rst to xpress th 

theory in terms that cou ld be tested , and to test it emp ir ica lly. 

The not ion is that the value of a currency depend s basica lly on 

the amount of goods and se rvices that it can pu rchase in i ts country 

of issue. Thus, the exchang e  rate bet ween any two currenc ies 

depends on the ra t io of the pr ice leve ls of th e two countries in 

question and the ch a i n of causation is seen as ru nn ing ma inly from 

prices to th e exch ang e rate. An a l t e rnat ive ve rsion of the theory 

re lates ch ange s in the exch ange rate over some pe riod to changes in 

re lat ive pr ices over the same per iod : th is is known as re l a t i ve, 

rath er than abso l u te ,  PPP . Both vers ions are cons idered in th is 

paper. 

Cho ice of pr ice 

12 Several prob lems arise in the appl icat ion of th is theory . 

One is the cho i ce of a pr ice measure . Al l of the fo l low ing have 

been proposed: 

e xport price ind e x  ( XPI ) ; 

who lesale pr ice index ( WPI ) ; 

un it factor cost (UFC ) ; 

un i t  labour cost (ULC )  ; 

de f l ator for gross dome st i c  product ( PGDP) ; 

cost of l i v i ng i nd e x  ( CPI ) ; 

and a l l  ra ise theoret ical problems. As K eyne s ( 1930 ) pointed out , a 

11  



PPP calcul ated f r om the pr ices of good s [ l ]  in inte r n at ional t r ade is 

probably close to a t r u i sm .  Expo r t  pr ices in domest ic cu r r ency a r e  

l ik ely t o  ad j ust fully to ch anges in exch ange rates ( i n pe r f ectly 

compe t it ive ma r kets at least ) , but the squeeze on prof it s that resul t s  

i n  the app r ec iat i ng coun t r y  may lead t o  a moveme nt of product ion out of 

the expo r t ing and impor t-compet i ng sector s ,  and v i ce ve r sa in the 

deprec iat ing coun t r y . Th u s ,  although PPP may be obse rved , it does 

not always co r r espond to a st able equ il ibr ium r elat ionsh i p .  

F u r the rmor e ,  a small ch ange i n  t h e  exch ange r ate is l i kely t o  w iden or 

r e st r ict the g r oup of goods in inte rnat ional t r ade , thus mak ing the 

conve n t ion ally calcul ated XPI a less relevant measu r e . WP I is r ather 

heavily we igh t ed w i th inte r n at ion al l y  t r aded good s ,  and ther efor e 

su f f e r s  f rom the same prob lems as XPI , bu t to a le sser extent . 

1 3  In cont r a st , costs a r e  le ss subj ect to ad j u stme nt to exch ange 

r a te changes ,  and exclude the vol at ile element of prof it s :  to 

that ext en t , they m ay capt u r e  the und e r ly ing t r end of th e pr ice 

level be t t e r  than XPI and WP I .  The UFC measu r e  includes inte rest 

and rent , as well as wag e s  cor r ected for changes in produc t iv i ty :  

since th e f i r st two elements ar e small and hard to measu r e , some 

[ e . g .  Houth a k k e r  ( 1 96 2 ) ] h ave pre fe r r ed to use ULC . 

14 It is poss ible to demonst r ate [ O f f ice r ( l 97 6 a ) ] that , on ce r t a i n  

a ssumpt ions ,  absolu te UFC pa r i t y  is equ al t o  a n  absolute pr ice par i ty ,  

wher e  the pr ice levels a r e  product ion-we igh ted ave r ages of commod ity 

pr ices: that is,  g ross domest ic product pr ice levels.  An 

alt e r nat ive is to use cost of l iv ing ind ices, wh ich are consumpt ion-

we igh ted ave r ages of pr ices. Both are l i n k ed to t r aded goods pr ices 

d i r ectly , but also take some accoun t  of th e income ad j ustments wh ich 

f ollow t r ade d i se qu il ib r i um .  

1 5  The cho ice[2 ] o f  pr ice index is the r e fo r e  l a rgely an emp ir ical 

quest ion , g iven that th e r e  a r e  d i f fe re n t  th eo r e t ical reason s fo r 

p r e f e r r i ng d i f f e r en t  measu r e s .  Howeve r ,  the pr esumpt ion may b e  made 

[l ] Neg l ec t i ng co st s of t r anspo r t  and d ist r ibution . 

[2 ) See E noch ( 1 97 8 )  f o r  a d i scu ssion of these quest ions in the 
cont ext of measu r es of compet it iveness in modell ing t r ad e  flows.  
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that mo re broad ly-b ased ind ices a r e  l i kely to h ave g r eater pr ed ict ive 

powe r in exch ange rate mode l s . 

Pr ac t ical probl ems w i th PPP 

1 6  A f ur the r  set of problems ar i ses f r om  the st at i s t ical d i f fi c u l t ies 

o f  measur i ng t he se conceptual pr ice s .  Fi r s t ,  al l ind ices ar e 

c alcul ated f r om s amples of ind ividual pr ic es , and ar e thus impe r fec t 

r e pr e se ntat ions . Second , d e f in i t ions and pr act ice s d i f fe r  among 

coun tr ies - for exampl e ,  some do not include wag e - r e l a ted costs [ !) 

i n  t he ir me as ur ement o f  ULC . Th i r d , t he we igh t s  u sed i n  more 

g e ne r al pr ice ind ices d i ff e r  between count r ie s: many autho r s  have 

po inted out tha t ,  s i nce expend i tur e in e ac h  coun try wi l l  be 

conc entr ated on those good s w i t h  r e l at ively l owe r pr ices , a d ivergent 

b i as in t he computed par i t y  wi l l  r es ul t  [ e . g . Ye ag e r  ( 1 9 6 8 ) ) . The 

ac adem ic sol u t ion is to use a F i she r ideal index - the geome t r ic me an 

of the pa r it ies calcul a ted u s i ng f i r st one coun try ' s , and then the 

other ' s , we igh t  in both pr ice s ind ic e s: but th is wo u l d  pr ove somewhat 

cumbe r some for fo r ec a st ing p u r po se s .  

1 7  Ye t anot her pr obl em ar i ses i n  r e l a t ive PPP wi th r eg a rd to the 

c ho ice of a base pe r iod . Chang es in an exchan g e  rate w i th r e s pec t 

to some base date can be accu r ately d ed uc ed f r om  chang e s  in r el at iv e  

pr ice s s i nc e  th at d a t e  on ly i f  e i t he r  the ba se date wa s a pe r iod of 

PPP equi l ib r i um , or any d i sequ i l ib r i um a t  th e ba se date pe r si sted 

u n i fo rm l y  t h r ough the pe r iod cons ide r ed . 

1 8  The f in al d i f fi cu l t y , a nd one wh ich most PPP pr opo nen t s  have 

r ecog n i sed , is the need to t ake accou n t  of other f ac tor s wh ich 

mod i f y  the basic PPP r e l a t ionsh ip . Al l of th e fol low i ng have 

been ment ioned [ fo r  exampl e ,  O f f i cer ( l 9 76a ) ] :  

- r e s t r ict ions on t r ade and capital movements ; 

- t r an s fe r  pr i c ing by mul t i na t ional cor po r a t ions ; 

- a utonomo u s  cap i ta l  f lows ; 

- s pe c u l a t ion i n  the exchange ma r ke t s ; 

- an expect a t ion of d i f fe r e n t  in f l a t ion r at e s  at home and ab r oad ; 

[ 1 ) Such a s  pe n s ion con tr ibut ions . The r e  ar e al so d i f fe r ences 
i n  what f irms are includ e d , a nd i n  the lev el of output at wh ich 
cos t s  are me a s ur ed . 
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- int e r vent ion ; 

cyc l ic a l  d ive rgence s  in real income s ;  and 

- produc t iv ity b ias . 

The f i r s t  and second factor s w i l l  tend to d i s to r t  the re lat ion sh ip 

be tween dome st ic and wor ld pr ice s ,  and the th i r d  may con t r ibute 

to sy stema t ic d ivergence of a c u r r ency f r om PPP . It wou ld be hard 

to a r g ue t h at ther e h ave been very ma j o r  ch anges in any of these 

facto r s  for the U n ited K ing dom s ince 19 7 0 ,  the EEC notw iths tand ing , 

and even h a rd e r  to take account of them i n  an economet r ic mode l .  

Specu lat ion and i n f l at iona r y  expect a t ions should , o f  cou r s e ,  be 

mode l led: and th is po int is r e t u r ned to in the next se ct ion . Mos t  

e conom i s t s  wou l d  argue that inte r ve n t ion h a s  been a s ig n if ican t  

inf luence on t h e  leve l of the exchange r ate , a t  least i n  t h e  shor t 

r un: th i s  also is cons ider ed later . Pa r t  of the ch ange in real 

income ove r the cyc le w i l l  be r e f lected in br oad-based pr ice ind i ce s ,  

but , g e ne r a l ly , r e la t ive PPP w i l l  requ i r e  the base and f inal pe r iod 

to be a t  the same po in t  in the cycle . Howeve r ,  s ince the o i l  

pr ice r i se of 19 7 3- 7 4 , t h e  cyc le has been r a ther hard t o  iden t i fy .  

The f ina l f actor , produc t iv i ty b ias , is  though t to ar ise f r om  

sys t ema t ic d ive rgence s between coun t r ies in the inte rnal pr ice r a t i o ,  

o r  the r at io o f  t h e  pr ice o f  non-t r aded good s t o  that o f  t r aded 

goods . P igou ( 1 9 2 2 )  f ir st iden t if ied th i s  ph enomenon , and B a l a s s a  

( 1 9 6 4 )  a t t r ibu ted i t  t o  r e l a t ive l y  fas t e r  g r owth of produc t iv i ty in 

t r aded output than in non- t r aded outpu t in f as t-grow i ng econ om ies . 

Howeve r ,  i t  is poss ib le to a rgue th a t  the qua l i ty of non- t raded 

output ( pr incipally s e r v i ce s )  is higher in f as t-g r ow i ng coun t r ies 

[ O f f icer ( 1 9 7 4 ) ] :  and some ca r e f u l  emp i r ical wor k  has f a iled to f ind 

any convinc i ng ev idence for the existence of the bi as [ O f f ice r 

( 19 7 6 b ) ] .  I n  any case , the impact on r e l at ive PPP is l i ke ly to be 

sma l l  ove r  a smal l  number of year s .  

19 B atche lor ( 19 7 7 )  p resented a mod e l  wh ich sought to expl a in 

dev iat ions of v a r iou s  ster l i ng exchange r a t e s  f r om r e l a t ive PPP in 

t e rms of th e factor s d i sc u s sed above . Consume r pr ices gene r a l l y  

per formed r ather be tter than expor t  pr ices i n  thos e equa t ion s , b u t  

the pe r formance o f  v a r i ab le s  repres ent ing the mod i fy ing f actor s was 

o f t e n  somewhat unsat i s f ac to r y . Howeve r ,  t h e  t r ade ba lanc e , w i th 

some a l lowance fo r a J-c u r ve , and int e r e s t- r at e  d i f f e r en t i a l s ,  

gene r a l ly proved s ign i f icant i n  es t imat ion . 
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Exchange r ate mode l l ing: the monetary approach 

20 Most proponents of the mone t a r y  approach v i ew the exch ange 

r ate ' as the re lat ive pr ice of two mon ie s '  , [ 1 ]  and see it as be ing 

dete rmined by the cond i t ions for equ i l ibr ium in the ma r k e t s  for 

stocks of as se t s , r ather th an those fo r f lows of good s .  Devaluat ion 

is rega rded as ope r a t ing by induc ing pr ice ch anges wh ich al ter the 

demand for money: if the supply of dome st ic c r ed it is unch anged , 

domest ic r e s ident s f ind the ext r a  nom i nal balances they r equ i r e  by 

s e l l ing goods or assets to ove r s ea s ,  and the balance of payments must 

improve . I n  the t r ad i t ion a l  theo r y ,  o f  cou r se , d evaluat ion is seen 

as a l te r i ng the r e l at ive pr ices of cur r e n t ly produced goods and 

serv ices , and thus induc ing sh i f ts of product ion and cons umpt ion: 

and it may f a i l  to improve the bal ance of payment s if the re levant 

e l as t i c i t i es are of the w rong s iz e .  B y  cont rast , d evaluat ion must 

wor k [ 2 ]  i n  the s imple monet a r y  model , i f  dome s t ic c r ed i t  is  

r e st r a ined . 

2 1  Other examples of d i f fe r ing p r ed ict ion s  f r om  the mone t a r i s t  

a n d  t r ad it ional mode l s  come f r om cons ide r ing exog enou s r i ses in 

r e a l  income , or in nominal interest r ate s .  The d i ffer ences a r i se 

f r om  the fact that ne ithe r of the mode l s  is a f u l ly spec if ied gene r a l  

equ i l ibr ium mode l  o f  an open economy: but monet ar is ts would cl a im 

that a rest r i ct ed mode l  wh ich concentr ates on money m a r kets is l i k e l y  

t o  g ive mor e  ne ar ly t r ue answe r s  about wh at they cons ide r  a mone t a r y  

phenomenon than t h e  t r ad it ional approach , wh ich concent r ates o n  goods 

and f actor mar k et s . 

2 2  Moneta r i s t s ,  in v i ew i ng the exch ange rate as the r e l a t ive pr ice 

of two mon ie s ,  sh a r e  common g round w ith the PPP app roach in that they 

emphas i se the impor t ance of r e l a t ive moveme nt s in aggr egate pr ices: 

b u t  the pr ice leve l they use is the impl ic it de f l ator for real 

balances rather than any of those d i sc u s sed e a r l ie r .  The pr ob lem o f  

choos ing a n  appropr i ate de f l ator is s ide stepped b y  subs t i tu t ing f o r  

i t  i t s  prox imate de terminants: t he money supp ly ,  r e a l  income and 

[ 1 ]  Muss a ( 19 7 6 ) . 

[ 2 ] Howeve r ,  Kyle ( 19 7 6 )  has shown that dev a l u at ion may f a i l  in 
ce r t a in hypothet ical c i rcums t ances in a mone t a ry model wh ich 
includes a bond mar ke t . 
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( somet imes )  the cons t e l l at ion of inte r e s t  r a te s . . In the long r u n ,  

s uch a theo r y  w i l l  reduce t o  the same resu l t  as any we l l-spe c i f i ed 

PPP mod e l . B u t  in the shor t e r  r un , wher e  ad j u stments to shoc k s  a r e  

med i at ed b y  d ive rgence s  f r om the usu a l  s t a b l e  re lat ionsh ips between 

the d i f f e r ent pr ice leve ls both with in and ou ts ide an economy , it is 

pos s ib le that th is appr oach may o f f e r  a bet te r  deg r ee of exp l anat or y 

powe r than t r ad i t iona l PPP mode ls , in the same way that PPP based on 

consume r pr ice ind ice s  is often found to have mor e  expl an at or y powe r 

than PPP based on the pr ices of goods in inte r na t ion a l  t r ad e . 
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4 

A proposed mode l  

2 3  The prev ious sect ion suggests that i n  a s i ng le-equat ion model the 

exch ange r ate w i l l  be determ i ned ma inly by the re lat ion sh ip between 

pr ices , somehow def ined , of someth ing at home and abroad , be it the 

pr ice of cons umpt ion or of tr aded good s , as in PPP , or the ' pr ice ' of 

money , as in the monet a r y  approach . S ince the pr oces s of adj ustme nt 

to shoc k s  is l i kely to be at least par t ly med iated by ad j u stments in 

r e l at ive pr ices w ith in an economy , it is at le as t poss ible that in 

the shor t r u n  these appar e n t ly compet ing theo r i es may be compleme nt a r y ; 

that d i f f e r en t  measu re s  of re lat ive pr ice leve ls may a l l  have some t h ing 

to add to the explanat ion of exchange r a te s .  I n  the longer ru n ,  

howeve r ,  once relat ive pr ices have retu r ned to some equ i l ibr ium 

r e l at ions h i p ,  there may be expected to be no advant age in us ing one 

r e l a t ive pr ice r a t h e r  than anot he r . 

2 4  Anothe r way of look ing at th i s  is to reca ll that c l as s ical PPP 

s aw the r e l a t ion sh ip between re l a t ive pr ice leve ls and the exchange 

r ate as be ing a r ed uced for m of a l l  the re lat ionsh ips dete rmin ing the 

f lows wh ich make up the cur rent and st r uc t u r al cap i t a l  accounts . 

Such a t reatment was adequate when th e r e  was essent ially no 

inte r n at iona l ma r k et in f in anc i a l  assets , [ l )  b u t  needs to be mod i f ied 

in c ur r en t  c i r c ums tance s . S ince f inanc i a l  as se ts a r e  u l t ima t e ly 

he ld so as to enjoy fu t u r e  cons umpt ion , the ir hold e r s ' expectat ions 

of futu r e  pr ices may be of impo r ta nce in provok ing the stock 

ad j u stment s wh ich man i fest thems e lves as non- s t r uc t u r a l  cap ital 

f lows .  The mon e t a ry var i ables u sed in a mone t a r y  appr oach equat ion 

may be cons ide r ed inf luent ial - part icu l a r ly in c u r r en t  c i rcums t ance s 

- i n  det ermin i ng such expec t at ions . On t h i s  v iew , then , an exch ange 

r ate equat i on shoul d  conta i n  terms of a PPP type to represent the 

past and present r e l at ive pr ices that h ave mot ivated the cur r ent 

account and s t r uc t u r a l  cap i t a l  f lows occu r r ing now , and mone ta r y  

va r i ab le s  a s  prox ies f o r  t h e  f u t u r e  r e l a t ive pr ice expect at ions of 

t ra ns ac t o r s  in f inanc i al cap i t a l  mar k et s .  

[ 1 ]  Cor r espond ing to the rema in ing cap i t a l  f lows in the ba lance of 
payment s .  
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25 Ac co rd i ng ly ,  t he mode l to be te sted al lows sho r t- r un dev elopme nts 

i n  the exc h ange market to be de term i n ed  by : 

( i ) ch ange s in con sume r pr ices in th e Un i ted St ate s r e l a t ive to those 

in the Un i t ed K i ngdom ;  and 

( i i) chang e s  in monetary cond i t ions in th e Un i ted St ate s r e l a t ive to 

those in the Un i t ed  K i ngdom . 

Consume r pr ices are cho sen as r epr esentat ive of the PPP school of 

t houg h t  bec ause o f  th e i r  ge ner al ly supe r ior pe r fo rma nce compa red w i t h  

t r ad ed-goods pr ices in other empir ical wo r k .  The defl a tor for money 

ba l an ce s  in e ach coun t r y  may be found by inv e r t i ng a Cag an- s tyl e 

d em a nd - f o r -money f unct ion . 

whe re : 

M 
PD 

M some measur e of mon ey , 

PD d e f l ator for r e a l  bal ance s ,  

Y r e a l  ac t iv i t y ,  

n = i ncome e l a s t ic i ty ,  

( l ) 

r = some nom i nal int e r e s t  r at e ,  o r  i nt e r es t- r at e  d i f fe ren t ial , 

r epr esent ing the oppor tun i t y  cost of hol d i ng money , 

u = e r r or term . 

Ta k i ng log a r it hms and r e a r r ang ing , 

l nPD = l n ( M/Y ) - d r - l nK+u (2) 

wi t h  the a ss umpt ion tha t  th e income e l a st ic i t y  [ l )  i s  un i ty .  

Sett ing t he ex change r ate S equal to the re l a t ive pr ice of mon i es and 

t a k ing l og a r it hms g ive s :  

us u k  us u k  u s  u k  u s  u k  
l nS = l n ( M/Y ) - l n ( M/Y ) -d ( r  - r  ) - ln ( K  /K ) + ( u - u  ) ( 3 )  

on set t i ng t he i n t e r e s t  r a te sem i - e l as t ic i t ie s  equal i n  the t wo 

count r ie s .  

2 6  Th is s impl e monet ar i s t  form ul a  can be u sed to e st imate an equation 

fo r t he ex ch ange r a te , i f  it is assumed that r e al incomes and i ntere st 

r at es a r e  exog enous to t he ex chang e  r at e .  The f i r st ass umpt i on 

de n i es t ha t  dev a l uat ion can h ave the so r t s  o f  ef fec t s  on ac t iv i ty 

t h a t  a Keyn es i an wou l d  expect , a nd the secon d  i s  pe r haps r at he r  

[ 1) Th i s  a s s umpt ion i s  par tl y r elaxed in some o f  the emp i r ical wo r k  
r e po r ted l a ter . 
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a r t i f ic i al in a wor ld where the factor s dete rming inte rest- r at e  

pol icy in t h e  U n it ed K ingdom h ave included th e leve l o f  wor ld int e r e s t  

r a t e s  and the st rength o f  ste r l ing . Fur thermo r e , such an equat ion 

assumes that the exchange r ate is al lowed to float fr ee ly ,  so that 

inte rvent ion does not affec t  the money supply . Al l three as sumpt ions 

a r e  r ather maj o r  ones ,  but the i r  re laxat ion would pos e equa l ly ma jor 

prob lems , as exp l a ined be low . 

2 7  The depend ence of act iv i t y  on exch ange rate deve lopments is a 

subj ect we l l  beyond the scope of th is pape r ,  and one not no r ma l ly 

t ack led a t  a l l  by mone t ar ist s . He r e ,  it is s imply assumed for the 

purpose of th is exe r c ise th at th e b i as th is neg lec t  int r oduces is 

compar at ively m i nor , and can ther efor e be ignored . 

2 8  The f act that UK inte r e s t  rates have on occas ion been set to 

y ield a mar g in ove r  US rates at t ime s of downward pres sure on ste r l ing 

is potent i a l ly a much mor e  ser ious prob lem , and on e that should be 

d e a l t  w i th by mode l l ing the systemat ic in f luence of the exch ange 

ma r k e t s  on UK int e r est rates , and tak ing th is into account ( by two 

s t age le as t squa re s , for ex ampl e )  in f itt ing an equa t ion l i k e  3 .  

Th is does not seem a prom i s ing cour se of act ion , because it is clear 

that the sett ing of int e r e s t  rates has of ten been mo re closely 

d e t e rm i ned by domest ic moneta r y  cond it ions , or by the need to s t imulate 

inves tment , than by ext e r na l  obj ect ives . I n  such c i rcums t ance s ,  

when the author it ies use the same inst r ument for seve r a l ,  poss ibly 

con f l ict ing , obj ect ives , i t  w i l l  be d i f f icul t to pr ov ide an adquate 

explanat ion of U K  inte r e s t  r a te s : and th is ob j ect ion is also l i kely 

to apply to any othe r s ing le var i ab le that might be sugges ted as an 

inst r ument ( in the economet r ic sens e)  for U K  int er e s t  r a te s . 

Howeve r ,  t h i s  is an area whe r e  fur ther ef fo r t  seems des i r able . 

29 The mode l so f a r  h as assumed th at the r e  is no inte rven t ion : 

thus money ,  on the r igh t-hand s ide of equa t ion 3 ,  is as sumed to be 

independ ent of the exchange rate . Howeve r ,  the re has been a 

substant i a l  amount of inte r ve n t ion s ince 19 7 3 ,  and much of t h i s  has 

h ad ,  as its counte r pa r t ,  f inanc i a l  f low s wh ich a f fect the U K  money 

s toc k .  To the extent th at money is not indepe ndent of exch ange 

ma r k et cond it ions , i t  cannot va l id ly be t r ea ted as exogenous in 

es t imat ion . 
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30 Some woul d  a r g ue that th i s  pr obl em can be ove r come by the 

ex c l u s ion fr om the monet ary v a r i ab l e  of the in fl uence of endog enou s 

ex t e r na l  f lows , i . e .  by the us e of dome s t ic cr ed i t  expans ion ( DCE ) 

as the appr opr i ate monetary v a r i ab le in suc h equat ion s .  In f ac t ,  

however , not a l l  intervent ion h as a one-for -one coun t e r pa r t  i n  the 

money stock ( howeve r de f ined ) ; a nd w i th in DCE i tse l f  bo th sal e s  of 

g i l t-edg ed s tocks and bank l en d i ng ar e fa r f r om  be ing i ndependent of 

ext e r na l  i n f l ue nce s [ Goodh a r t  ( 1 9 7 8 ) ] .  [ H i l l i a rd ( 1 9 7 9 )  h as found 

weak evidence of bid i r ec t ion al cau sal i ty betwe e n  r es e rve f l ows and 

s a l es of g i l t- edg ed s tock s . ]  Dome st ic c r e d i t  may ther efore 

pose no less o f  a s imul t aneo u s  b i as pr oblem t h an money . 

3 1  Qu i te apa r t  f r om s uc h  neg at ive obj ect ion s ,  i t  may be a rg ued th at 

DCE i s  pr obably bel i eved to g ive rather l i t t l e  i n format ion about the 

f ut ur e cour se of pr ice s :  a measur e of agg r eg at e  mo ney is more l i kely 

to ent e r  expectat ions fo rmed accor d i ng to the s impl e ,  quant ity 

t heory mone ta r i sm that has been popul a r  in f in anc i al ma r ke t s  in 

r ecent yea r s . And some [ e . g . Mel t ze r  ( 1 9 78 ) ] h ave cla imed that 

of f ic i al i n t e rvent ion is br oad ly equ i v a l en t  to a n  open-ma r ke t  ope r a t ion 

in i ts e f f ec t s  on money : t hus it is the of f ic ial target for money 

that is impo r tant , a nd not whe t he r  it is ach ieved by c h ang i ng o f f ic ial 

hold i ng s  of s te r l i ng or of for ei g n  cur r ency a ss e t s . 

3 2  W i th a l l  these cav e a t s , t he f ir st thr ee terms on the r igh t-h and 

s id e  of equat ion 3 wi l l  be assumed to enc apsu l ate mone ta r y  cond i t ion s 

in the Un i t ed K i ngdom and the Un i ted St ate s .  Equat ion 3 conta in s  a 

com po s i te e r r or , a r i s i ng f r om the impl i c it agg r eg at ion of ind iv idual 

( o r  hou seho ld ) d ema nd - f o r-money f unct ion s .  I t  wi l l  be conven ient , 

a s  wi l l  eme rge l a t e r  i n  thi s sec t ion , to cons ide r a f i r st -d i f fer ence 

f o rm of equat ion 3 ,  wh ile l e av ing t he que s ti on of the er ror pr oce ss 

i n  abeyance fo r t he moment . Th e re sul t i ng equat ion i s : 

n 
u s  uk us u k  u s  u k  ill ns = L:a.Mn ( p / p  ) .+blll n ( M/Y ) -blll n ( M/Y ) -d ll ( r  - r  ) • ( 4 ) 

t . 1 t- 1  t t 
1=0 

[ Note that l ag s  o f  r e l a t ive i n f l at ion r at e s  hav e be en ent e red , fo r the 

r e asons s ug g e sted in par ag r aph 2 4 . ] 

3 3  Howeve r ,  a spec i f ic at ion al l in f i r s t  d i ff e r ence s l i ke equat ion 4 

does not g u a r antee ac ceptab l e  long - r un equ i l i b r i um p r ope r t ies . The 
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r e ason fo r th i s  may be seen i f  we cons ide r a pa r t i c u l a r l y  s impl e case 

of equat ion 4 .  

1 
us uk 

LHnS
t

= L a .6 ln ( p /p ) 
t 

. • 
1 -1 

i=o 
( 4 a )  

The m a i n  d i ff icul ty i s  th at thi s spec i f icat ion ass ume s that i f  U S  

i nf l a t io n  i s  1 %  f a s t e r  than U K  i n fl a t ion i n  a g iv e n  pe r iod , t he 

exchang e  r at e  wi l l  always st r e ng t hen by a % i n  the same pe r iod and 
0 

a
1

% i n  the fol low ing per iod , qu i t e  independently o f  any pas t shoc k s  

t o  th e exchang e  r at e .  I t  i s  much mor e l i kely t h a t  the pat tern o f  

r e sponse to a shock wi l l  depend on how fa r fr om equ i l ibr ium the 

system i s  at the t ime of the shock . One so l u t i on [ l ]  to th i s  

p r obl em i s  t o  i ns e r t  a term i n  equat i on 4 a  wh ich guar ant ees PPP i n  

t he long r un - t h us : 

I n  the s te ady st at e ,  where a l l  r el a t ive pr ices ar e cons t an t ,  th i s  

r educes to : 

( 4b)  

b u t , in the sho r t  r un , the amount of d i sequ i l i b r ium in the sys tem 

i n f l uences the r esponse of the exchange r a te to a s h i f t  in re l at ive 

i nf l at io n  r a te s .  

3 4  Th e que s t ion o f  the er ror proce ss i n  equat ion 4 r ema ins t o  be 

con s ider ed .  Dav idson et al ( 1 9 7 8 , pag e 6 80)  a rgue that a ge ner al 

spec i f ic ation of type 4b is l i ke ly to h ave a wh ite noi se er ror , 

because i t  con t a in s  seve r a l  lag s of dependen t and explanatory 

v a r i ab l es . 

3 5  Re tur ni ng to the mixed model of equat ion 4 ,  the r e  is a cho ice 

of long - r un theo r ie s  of the exch a nge r a te . The d i sequ il ibr i um t e rm 

may r ef l ec t  e i ther a PPP v i ew of th e wor ld ( a s above ) , o r  a monet a r y  

v i ew ,  i n  wh ich c a s e  the term to b e  added t o  equat io n 4 become s: 

( 1 ]  Such a solu t i on h as r ec e nt ly become popula r fo l low i ng wor k  by 
Dav idson et al ( 1 9 7 8 ) ; i t  wa s a l so used in equ a ti ons dev i sed 

( 4c )  

by K . D . P a t te r son fo r med i um-t e rm model l ing i n  the Bank of Eng land 
as ear l y  as 1 9 7 6 . 
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Th is term neg l ec t s  the e ffects of inter est r ates in equ i l ibr ium ,  a 

not uncommon s impl i fi c at ion in the mone ta r i s t  c anon . The emp i r ical 

wo r k  in t he next sec t ion wi l l  cons ide r wh ich of terms 4b and 4c is 

t he mo r e  appr opr i ate: a l t hough they yield the same r e s ul t s  in the 

l ong r un i f  the r es pe c t ive impl icit long - r un dema nd - for -money funct ion s  

ho l d , a nd i f  r e l at ive pr ices wi th in e ac h  economy bea r a s tab le 

long - r un r e l a t ionsh ip to each other , one may be s upe r ior to the other 

in i ts d e sc r i pt ion of the dyn am i c s  of ad j u stment . 

3 6  The f in a l  po in t  to be cons id e r ed in s pe c i f ying a model is th e 

t r e atme nt of in t e rve nt ion . As fa r as the UK author i t ie s  ar e conce rn ed ,  

ex ante upwa r d  pr e ss ur e in the ex change ma r ke t s  may be me t e i the r 

by al low i ng th e r a te to floa t up , o r  by inte rven ing to sel l ster l i ng 

for do l la r s  at the o r ig i n al r a te , o r  ( mo r e  commonl y )  by some 

comb i nat ion of the two . The au t hor it ies expe r i ence pr e s sur e ,  a nd 

choose some mixt ur e of int erve nt ion and floa t i ng th at abso rbs the 

pr e s s ur e .  Th is s t r ong ly sugge s ts tha t the depende nt v a r i ab l e  in a 

s ing le-equat ion model of the exchang e  ma r ke t  shoul d  be an ex post 

me asur e of pr e s s ur e ,  wh ich adds tog ethe r the pe r ce nt ag e  chang e  i n  the 

excha ng e  r at e  and some su i tab ly sc aled me asu r e of inte rve ntion . 

37 Th e concept of me a sur ab l e ' pr es su r e ' i n  the exchange market 

was o r ig i na ted by G i r ton and Rope r (1977) i n  a mone ta r y  mod el of 

t he Ca nad i an/US d o l l ar exc h ange r a te . I n  thi s ma r ke t ,  a s  i n  the 

s te r l i ng/dol l a r  ma r ke t , t he Un i t ed  St ates acted as centr e coun t r y , 

for c i ng the ot her coun t r y  to adj u st :  the Un i ted St ate s i t s e l f  d id 

not al low i t s  monet ar y po l ic y  to be a ffec t ed by Canad ian re se rve 

f lows . Ac co rd i ng ly ,  t he appr opr i ate depe nd ent v a r i ab l e  bec ame th e 

pe r ce nt ag e  chang e  i n  the exchan g e  r a te pl u s  the chang e  in Canad i an 

for eign cur r ency r es e rve s de fla ted by a mea s u r e  of Cana d i a n  money . 

Th is p r e s s u r e  va r i ab le wa s found to be ra ther we l l  expl a ined by r at es 

o f  ch ang e of r e al income a t  home and ab r oad , o f  US money and of 

Canad i a n  dome s t ic sour ce base money . 

38 Un fo r tun at el y i t  is , a s  not ed above , d i f f icul t to decompose UK 

money i n to a n  exog enous dome s t ic c r e d i t  componen t ,  and a component wh ich 

bear s a s y s tem a t i c  r e l a t ionsh ip to re se rve fl ows . And th e compl e t e  

mod el t o  be tes ted h e r e  does not fol l ow the monet a r y  t r ad it io n ,  a l t houg h 
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i t  r ec og n i se s  monetar y f ac tor s as of potent i al impo r ta nce i n  determ i n ing 

t he exchange rate . The G i r ton and Rape r approach is , howev e r , val uable 

in tha t  it suggests tha t  the money su pply i s  the r e l evant de fl a tor 

fo r inte rvent ion . The spec i f ic at ion that f i na l ly eme rge s[l ] i s: 

n 
us u k  

m 
us 

m 
k 

PR= L a .6l n{p /p ) . + L b.6l n ( M/Y )
t 

. - L c. 6ln ( M/Y )
u

t 
. 

t . 1 t- 1  . 1 -1 
1
.--0 

1 - 1  
1=0 1=0 

whe r e: 

( sp
uk

/p
us

)
t I 

u k  
I 

us 
EQ

t 
= or S

t
(M Y )

t 
( Y  M)

t 
, 

l evel of re se rve s ,  v al ued in dol la r s . 

(5) 

( Sa )  

* The cumul at ive sum s t a r t s  in Aug u s t  1 9 7 2 .  Any d at e  be fo r e  the 
st ar t  of the pe r iod ove r  wh ich es t ima t ion t akes pl ac e coul d have 
been chose n ,  s i nce a con s t an t  K appe a r s  in equat ion 5. 

3 9  In con s t r u c t ing the depe nd ent v a r i ab l e ,  PR
t

' inter vent ion , 

measu r ed a s  6 R
t

' i s  defl ated by the US money suppl y , and th en 

mul t ipl i ed  by some con s t ant g be fo r e  it i s  added to the r ate of 

ch ange of the exchange r at e .  S i nc e  no t al l intervent ion by the 

UK aut hor i t ie s takes pl ac e ag a inst the dol lar , s in ce base money wi l l  

no t be used for e it he r  coun t r y  as i t  is a concept wh ich has not so 

f a r  be en used i n  t he Un i t ed  K i ngdom , a nd s i nce int e rvent ion i s  both 

concept ual ly and stat i st ic a l ly hard to me asur e ,  g w i l l  not be 

cons t r a ined to un i ty as it is in Gi r ton and Raper ' s  mone t a r y  app r oach 

wo r k . 

40 The te rm in square brackets d e sc r i bes the long - r un equ i l ibr ium 

of th e sys tem , whe n  al l shoc k s  h ave bee n wo r ked out . 

c a se , t h i s  equ i l i b r ium i s: 

S 
_ ( u s

/ 
u k

) ( 
-K -h t -qCUMi

t- l ]  
t- 1

- p p 
t- l 

e . e  . e  • 

In the PPP 

( 6 )  

( l ]  Lag s o f  money- r el a t ive-to- i ncome var iables may enter bec ause of 
l ag s  in adj u s tme n t . 
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I f  the pa r ame ter h is s ta t i s t ically s ign i f ic ant , t he impl icat ion 

is that the r e a l  ex cha ng e  r at e  ha s an expo nent ial t ime tr end , because 

o f , for exampl e ,  pr od uc t iv i ty b i as , o r  i nd ex number b i a s .  I f  

q i s  s ign i f ic ant i n  e st ima t ion , t h i s  impl i e s  that a un it i nc reme nt 

in ' r e al ' intervent ion w i l l  cause the real exchange r a t e  to appr ec i at e  

in t he long run b y  l OOq% , r at he r  than the lOOg% sho r t- r un change i n  

t h e  nom i n al ex change r ate impl i ed  b y  the co ns t r uc t ion o f  th e dependent 

v a r iab l e . On e m ig h t  expect the e f fec ts of in tervent ion to be l es s  

in t he long r un , a ft e r  po r t fo l ios have ad j u st ed fu l ly to of f i c ia l  

o f fe r ing s of one cur r ency o r  ano ther ,  t ha n  i n  the sho r t  r un .  

4 1  An al t er nat ive ve r s i on of th i s  term ma k e s  the long - r un equil ibr i um 

excha ng e  r at e  a pur e l y  monetary phe nomenon: 

s 
t- 1 

u s  u k  -K -h t -qCUMI 
( M/Y ) 

1
/ ( M/Y ) 

1
[ e  . e  .e t- 1 ] . 

t- t-
(7) 

I t  h a s  been a r g ued above th at i n  the long r un bot h PPP and mone t a r y  

cons id e r a t ion s ar e l i ke l y  t o  pr ov id e  es sen t i al ly the expl anat ion of 

t he exchange r ate . But s ince the ma in f unct ion of the d i sequ i l ib r i um 

t e rm i s  to mod e l  the e f fec t s  of pa s t  d i sequi l ib r ia in levels on the 

s ho r t- r un respon se of th e exchang e  r at e  to a g iv e n  shock , i t  is 

r e asona b l e  to tes t wheth e r  a PPP , o r  monet ary , spec i f icat ion pr ov i d e s  a 

be tter expl ana t ion of the dyn am i c s  of the sys tem . 

4 2  The spec i f ic a t ion i n  equat i on 5 i s  un convent ional in tha t  th e 

d epe ndent v a r i ab l e ,  the me asu r e  of ex post pr essur e ,  con t a in s  an unknown 

pa r ame ter . Th i s  par ame ter , g ,  me asu r es the e f f ic acy of in te rvent ion :  

t h e  l a r g e r i t s  mag n it ude , the les s in tervent ion the a ut hor i t ies ne ed 

und er take to abso rb a g iv e n  amount of under l ying , ex an t e ,  pr e ss ur e .  

Suppose that the set o f  expl anatory var i ab l es on the r ig h t-h and side of 

equation 5 i s  r e pr e se nted by z
t 

and that ex ante pr essur e PR '
t 

i s  

d e t e r m i ned by: 

PR ' 
t 

( 8 )  

P R ' i s  it se l f  unobs e rvable d i r ect ly: b u t  the author i t ie s  re ac t  to 
t 

ex ante pr es s ur e  by d ec id i ng to l e t  some f r act ion h
t 

be abso rbed by a 
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change in the excha ng e  r at e :  

6ln S = h PR ' + e  • 
t t t l t  

( 9 )  

The rema i n i ng pr e ss ur e ,  ( 1-h
t

) PR '
t

' i s  abso rbed by intervent ion. 

Suppose t ha t  intervent ion has con s t ant [ l ]  e f f i c acy , in the sense that 

a un i t  o f  ' r e al ' intervent ion w i l l  always abso rb the same amoun t of 

ex ante pr e ss ur e .  Then : 

4 3  The coe f f ic i en t h
t 

is a l so unobs e rvable , [ 2) and i s  i t se l f  

l i ke l y  to b e  a beh av iour a l  funct ion o f  econom ic var i ab l es. The leve l  

o f  the r es e rves and of the re al exchang e  r at e  ar e l i ke l y  to b e  among 

t h e  facto r s  infl uenc i ng th e author it ies' d ec i s ion as to how muc h 

i n te rv e nt ion they shoul d  pe r form . Pr e l im i na r y  wo r k  in the Bank 

i nd icates th at it is a matter of some emp i r i c al d i ff icul ty to mod e l  

of f ic i al r eact ion s suc ce s s ful l y .  An alt e r n a t ive cour se of ac t ion 

i s  to use the assumpt ion o f  co ns t an t  e f f icacy to e l im i nate h
t

: 

( 1 1 )  

( 1 2 )  

The pr obl em o f  ob t a i n i ng simu l t a neou s est ima tes o f  g and B r ema ins , 

however . One sol u t ion wou l d  be to us e ca non ical co r r el at i on s , [ 3 ) 

b ut thi s wo u l d  ignor e [ 4 ] the dependenc e  of ex post-me as u r ed 

[ 1 ]  Th i s  assumpt ion i s  c l e a r l y  unl i ke ly to be sat i s f i ed at eac h  
observat ion in t he est ima t ion pe r iod : g is pr obabl y  stochas t ic .  
Howeve r ,  i t  may no t be too un r easo n ab le on ave r ag e  ove r t he pe r iod 
cons id e red . 

[ 2 ]  Pr ofe ssor D . Hend r y  has s ug g e s ted that an e s t im a te h
t 

may be 

d e r ived as ( 6l n S
t

/ Z
t

B) , a nd t h i s  us ed to f i t  a mod e l  for 

of f ic i al r eact ion s .  The f i t ted value h
t 

de r ived f r om t hi s  

mod el mig h t  then be u sed in equat ion 9 o r  10 to obt a in a f r e s h  
e s t im a t e  o f  B ,  a nd s o  o n  unt i l  conv e rg ence wa s obt a ined . 

[ 3 ] See ,  for ex ampl e ,  John s ton ( 1 9 7 2 ) . 

[ 4 ] Cons ide r the s impl e spec i f ic a t i on y = x n+ e . The or d in ar y l ea s t  
A - 1  

squa r e  ( OLS)  e st im a te o f  n i s  n = ( x ' x ) x ' y ,  whe reas c anon ical 
• AC - 1  - 1  

cor r e l a t io n s  g1v e  n = ( y ' y) ( y ' x) ( x ' x) ( x ' y) . 
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pr e ss u r e  on the set of expl anatory v a r i ab l es z , wh ich is made 
t 

expl ic i t  by the inclu sion of th e compos i te e r r or e
t 

= e
1 t

+ge
2t 

and the as sumpt ion that E ( Z '
t

e
t

) = 0. 

4 4  An al ter nat ive appr oach wo u l d  be to move 

r ig h t- h and s id e , a nd take accoun t of it s simul taneou s det e rminat ion 

by in s t r umental va r i ab les . Howeve r ,  t h i s  pr e se nts pr oblems both in 

the cho ice of a s u i tab l e  se t of ins t r ument s ,  and in tha t  it would be 

j u s t  as r ea sonab l e  to take 6 lnS
t 

to th e r ig h t- h an d  s id e ,  d iv ide by g ,  

a nd t r eat 6ln S
t 

as s imul t aneou s .  The two se t s  of est imates would be 

equa l ly v a l id if an adequate set of in s t r ume nts we r e  found , b u t  it is 

ex t r eme ly un l i kely that they wo u l d  be con s i stent with e ach other : the r e  

wou l d  seem t o  be no r ea son fo r pr e fe r r i ng ei ther . 

45 The me thod adopted in th i s  stud y  pr e se rve s the v i ta l  causa l ity 

impl i ed in equat ion 1 2  by es t im a t ing B by OLS for each of a set of 

val ues o f  the pa r ame ter g .  The value of g ( and e s t imate of th e se t B)  

i s  then chose n to max im i se R2
• Of cour se , a l l  stand ard e r r or s for 

the set B a re cond i t ional on t he cho ice of g ,  a nd the r e  is no e st imate 

o f  the s t a nd a rd e r r or o f  g .  Howev e r , t he r e s ul t s  fo r g seem fa i r l y  

r ob u st t o  d i f fe r en t c ho ice s  of th e se t o f  expl anato ry v a r i ables Z
t 

and 

of the est ima t ion pe r iod . 

the re sul t s  wh ich fo llow . 
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5 

Test ing the model ag a i nst the data 

4 6  Mon t hl y  d ata from Febr ua r y  1 9 7 3  to Oc tober 1 9 7 7  we r e  used to 

e s t imate the mode l ,  l eav i ng s uf fi c ient post- s ampl e obser vat ions for 

fo r ec ast ing tests up to December 19 7 8 ;  q ua r te r ly d ata of fer 

i ns u ff ic ien t  deg r ees o f  fr eedom fo r s tab i l i t y  te st ing . The use of 

monthly r athe r  than qua r te r l y  d ata nec e ss i t ates the u se of some 

proxy fo r r e al income in each count r y ,  and ind u s t r i al pr od uc t ion wa s 

cho s en . De t a i l s  of the data u sed are g iven in Appendix l ,  but two 

que st io ns of pr i nc ipl e  ar e be s t  dealt wi th he r e .  

4 7  Two measu r e s  o f  mon ey we r e  used for each co un t r y ; n ar row money 

( Ml fo r eac h )  a nd broad money ( s te r l i ng M3 for the Un i ted K i ngdom 

a nd Ml pl u s  t ime depos its at comme rc ial ba nks fo r the Un i ted St ate s ) . 

P r oponent s of the monet ary approach ar e often r at he r  vag ue about what 

mea s u r e  of money is appr opr i ate , a nd t h i s  was one r eason for tes t ing 

bo th . The choice of in t e r e st r at e  fo r equat ion 5 sho ul d ,  o f  cour se , 

depend on the cho ice of monet a r y  ag g r eg ate . Wh en Ml is chos en , i t  

i s  r ea sonab l e  enough to use some r epr esent at ive shor t- ter m  i nt e re st 

r at e  to measur e the cos t of ho ld i ng money : even i f  t h i s  does not 

me a s u r e  the t r ue oppo r t un i ty cost , i t  is l i kely to move in step with 

i t . Th e cho ice of a br oader monetary ag g r eg ate sug ge s ts tha t  an own 

r ate - the r et ur n on int e re st-bea r i ng depos its - shou l d  be i nc luded , 

as we l l  as a compet ing r ate . I t  wa s nev e r the l e ss d ec ided not to 

i nc lud e an own r a te ,  par t l y  to s impl i fy the analys i s ,  b u t  a l so bec ause 

own and compet ing r ates tend to move in s te p  to a f a i r deg ree , and 

bec ause of the d i f f i c u l t y  o f  f ind ing any one choice of an own r a te 

( e . g . t he r at e  on cer t i f i cat es of depos i t )  wh ich is r epr esent ative of 

the r a te on oth e r  cat eg or i es of in t e r e st-bea r i ng money . 

4 8  The me as ur ement of in t e rvent ion i s  a d i f f icul t ta s k , bot h 

s ta t i s t ic al l y  and concept u a l l y . Fo r monet a r y  theor i s ts , t he 

co r r ec t  me a s u r e  i s  pr obably the chang e  i n  h igh-powe red money c a u sed 

by ex ter na l  facto r s ,  but thi s is inappr opr i ate fo r the Un i ted K i ng d om . 

Fur the rmo r e , ove r the pe r iod s i nc e  19 7 3 , the level o f  UK r e se rve s wa s 

a ff ec ted by pub l ic sec to r bor r owi ng f r om ab road ( much of it und e r  

27 



t he ECS) . To the ext ent that th e bo r r owing wa s fo r comme rc i a l  

pur po se s ,  it i s  arg uabl e th at i t  repr esented a n  inwa rd cap i ta l  flow 

t h at wo u l d  have occ u r r ed[l) i n  any c as e : and pub l ic sec tor bor r owing 

for comme r c i al pur po s e s  wa s a major component of o f fic ial bor row i ng .  

To t h a t  ex tent , i t  wo u l d  not b e  appr opr i ate t o  cor rect any ch ang e  i n  

the re se rv e s  t o  a r r ive at a me as ur e of ne t o f f ic i al suppl y o f  s te r l i ng ;  

accord i ng ly ,  a nd fo r the sake of simpl ic ity , t he measur e of 

i n te rv e nt ion used[2) h a s  be en the chang e  in the reserve s .  

4 9  The bas ic spec i f ic at ion est ima t ed wa s as fol lows : 

5 
E 6 u s  u k  u s  

= a. ln ( p  /p )
t 

.+b6l n ( M/Y )
t 

i=l 
1 - 1  

uk us uk 
+c 6ln ( M/Y )

t 
+d6 ( r  -r )

t
+ f[l n ( EQ )

t - l
+K+qCUMi

t- l
+h t) 

+n6CDIF
t

+E
t 

whe re EQ
t 

is the r ea l  exchang e  r at e  accor d i ng ei ther to PPP or 

the monet ar y app r oach , a s  spec i f ied in equa t i on 5 .  Five l ag s  of 

r e l at iv e  in f l a t ion r a te s  we r e  a l lowed to ent e r , and the i r  cor r e spond i ng 

pa r ame ter e st ima tes we r e  for ced to l i e on a po l ynom i a l  o f  f i r st 

deg r e e  by the Almon techn ique . Both money r e l at ive to income 

v a r iables , a nd the v a l ue of th e uncov e r ed d i f fe r en t i al we r e  en tered 

w i th no l ag . Al l these j udgme nts were made on the ba s i s  of 

pr e l im i na ry emp i r ical wo r k  in wh ich v a r iou s  lag l engt h s  and Almon 

po lynom i al s  we r e  tr ied . In add i t ion , one mor e  sho r t- r un determi nant 

of pr ess ur e appea r s : the cove r ed d i f fe ren t i al , CD IF
t

. Al though 

many ma r ke t  econom i sts wo u l d  a r g ue that r is kl es s ,  cov e r ed i n t e r e s t  

a r b i t r a g e  wou l d  immed i ate l y  and con t i n uo u s l y  en sur e the absenc e  of a 

cove red d i f fe r en t i al , s uc h  a d i f fe r en t i al i n  fact ex i s t s  at v i r t ual ly 

a l l t ime s ,  some t im e s  r e ac h ing q u i te h igh l ev e l s  aga inst s te r l i ng at 

[l) It may b e  a r g ued that if the pub l ic sec tor had no t bo r r owed abr oad 
i t s  add i t ional dema nd for dome s t ic f unds wou l d  hav e encour ag ed 
other UK bor r owe r s  to bor r ow ab r oad. 

[2 ) Ear l i e r  wo r k  used a Bank e s t imate of in te rvention , con s i st ing of 
t r ansac t ion s mad e  wi th the pr ima r y  a im of in f l uenc i ng th e exchang e  
r a te . S i nce th i s  meas u r e  pe r formed r at he r  s im i l a r ly to t h a t  used 
he r e ,  a nd s ince i t  cannot be made ava i l ab l e  to th e pub l i c ,  t he 
r es u l t s  re po r ted ar e ba sed on pub l i shed d a t a .  
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t imes of pr e ss ur e .  Th is i s  l i kely to have r efl ec ted th e powe r of UK 

exchange con t r o l s  in i nh ib i t ing banks in the Un i ted K i ng dom fr om 

r espond i ng to any s ig n i f i can t deg ree to the s t im u l u s  of outwa rd 

a r b i t r ag e .  Ther e may , then,  b e  some element o f  s im u l t aneou s b i as in 

i n cl ud ing CD IF
t

' as in i nc lud i ng th e uncov e r ed d i f fe r en t ial ; but 

th is pr oblem ca nnot be tac k l ed wi thout a compl etely spec i f ie d  model 

e ncompa ss ing the excha ng e  ma r ke t ,  UK s ho r t-ter m  r ate s ,  the forwa r d  

pr em i um a nd of f i c ia l  in t e rv ent ion . 

50 Wi t h i n  th is str uc t u r e ,  a nd supposi ng a l l  these s impl i f yi ng 

a ss umpt ions to be val id , i t  i s  poss ib l e  to exam i ne the e f f icacy o f  

i n t e rvent ion i n  the sho r t  and long run , t he rel ative impo r ta nce of 

money and of pr ice s :  t he r e l ative pe r fo rmance of br oad or nar row 

money , a nd t he s tabi l it y  of the r e s ul t i ng model s ove r  the pe r iod 

con s id er ed .  

5 1  The follow i ng nome ncl a t ur e wi l l  be adopted : a s pe c i f icat ion 

w i l l  be desc r ibed as pr ice-based i f  its long - r un pr ope r t i e s  are 

de termined by PPP , a nd money-based i f  they are monetary in natur e .  

Whe r e  a spec i fi c at ion cont a i ns broad money as a sho r t- r un 

determinant of pr e ss ur e ,  b road money wi l l  a l so be used to de flate 

inte rven t ion ( and to de ter m i n e  th e equ il ibr i um exchang e  r at e ,  if  the 

s pe c i f ic at ion i s  money-based ) ,  a nd s im i la r ly fo r nar row money . 

The r e  ar e ,  then , fo ur c l a s se s  of spec i f i c a t i on : broad money- based , 

b r oad pr i ce-based , n ar row mone y-based and n a r row pr ice-based . 

5 2  
- 2  

The opt imal values o f  g - chose n to max im i se R - a r e  g iven for 

each of the four case s and fo r two est ima t ion pe r iods in the followi ng 

t a b le . The g r id se arch fo r g pr oce ed ed [ ! ]  i n  s teps o f  about 0 . 004 i n  

t he r a ng e  0 . 04 to ze ro i n  the broad case , and ha l f  th ese va lues i n  the 

na r row c ase . 

( 1 ] P r e l im i na r y  wor k  us ing a v a r iety o f  s pe c i f ications ind ic ate d  that 
- 2  - 2  

ye t h ighe r values o f  g pr od uc ed even l a r g e r  fa l l s in R ; a nd R 
appe a r ed to be u n imod a l  i n  g for po s i t ive g at l e as t . 
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Table A 

The compos i t ion of pr e s s u r e  

Spec i f icat ion Per iod 
- 2  - 2  

g R R a t  g = 0 

N a r r ow pr ice-b as ed Feb. 7 3-0c t. 7 7  0. 010 0. 4 79 0. 3 59 
Feb. 7 5 -0ct. 7 7  0. 003 o. 4 7 3  0. 4 5 2  

Na r r ow money- b a sed Feb. 7 3-0c t. 7 7  0. 010 0. 4 7 8  o .  400 
Feb. 7 5-0ct. 7 7 0. 008 0. 459 o. 3 38 

B r oad pr i c e-based Feb. 7 3-0c t. 7 7  0. 0 20 0. 4 6 9  0. 3 70 
Feb. 7 5-0c t. 7 7  0. 006 o .  468 0. 4 46 

Br oad money- b a sed Feb. 7 3-0ct. 7 7 0. 020 0. 4 81 0. 3 8 4  
Feb. 7 5-0c t. 7 7  0. 020 0. 4 2 4 o. 2 7 8  

These value s  seem s uf f i c ie n t l y  c losely c lu s t e r ed t o  j u st i f y  choo s i ng 

g = 0. 020 fo r br oad , a nd g = 0. 008 for n ar row spec if ic ation s : and 

d i f fe r en t  cho ic e s  of expl ana to ry v a r i ab l es a l so pr oduc e r e s ul t s 

br oad ly cons i st en t  with the se v a l ue s .  Th e  par ameter g me asur es the 

sho r t- r un e f f ic acy of intervent ion. Suppo se that th e r e  is ze r o  ex 

a n t e  pr e ss ur e ar i s i ng f r om  the se t of reg re sso r s  appe ar ing on the 

r ig h t-h and s i d e  of equat ion 13. Th en t he equa t ion may be r ewr itten as : 

o r : 

( 1 4 )  

The equa t ion g iv e s  the t r ade-o f f be twe en i n t e rv e n t ion and al low i ng the 

excha ng e  r at e  to ch ange i n  th e cur rent pe r iod : an e st ima t e  of how muc h  

i nt ervent ion i s  r eq u i r ed t o  s t ave o f f  a 1 %  ch ange in the exchange r ate 

may b e  d e r ived by sub s t i t ut ing data fo r US money [ l ) supply , a nd sett ing 

6l n S
t 

= 0. 01. The re sul t s  are d i spl ayed in Tab le B oppos i te ,  a nd ar e 

r ather s im i l ar wh ichev e r  cho ic e of measu r e of mon ey su pply i s  m ade. 

5 3  The g a in in f i t , a s  meas ur ed by the incr e a se i n  R2 
wh en g is g iven 

i ts opt ima l  va l u e  as compa r ed w i t h  the model in wh ich the pr opo r t ion al 

change i n  the exc h ange r a t e  a lone is the d epend ent v a r i ab l e , i s  qui te 

con sider ab l e  i n  mos t  cases. 

[l ] Br oad , or nar r ow ,  d e pe nd i ng on t he spec if ica t ion u sed. 



Tab l e  B 

Intervent ion r equ i r ed to avo id a 1 %  change in the exchange r a te [ a ) 

$ m i l l ions 

Ave rages : 

Na r r ow spec i f icat ion 

B r oad spec i f ica t ion 

Feb . 7 3-Dec . 7 8 

380 

360 

1 9 7 8  

4 40 

470 

[ a ]  G i rton and Raper ' s  ma i n t a i ned hypothes i s  i s  th at g = l whe n 6R i s  
defl a ted by the US mone t a r y  base : th e i r  co r r es pond ing result for 
Canada would be that $ 1 , 3 70 mi l l i on of intervent ion wou l d  have 
staved off a l %  decl i ne i n  the exchange r at e .  

5 4  The long - r un eq u i l i b r ium t e rm i n  the money- based spec i f icat ion 

a s sume s ( a s  do th e short- r un money te rms in a l l  s pe c i f ica t ions)  

that the act iv i ty elast ic i t y  o f  the dem a nd for money is un ity in 

both coun tr ies . Th is con s t r a i n t  may be r el axed by includ i ng a 

spec i f ic term i n  the log a r i thm of th e lag ged l eve l of ac t iv i ty for 

each count r y , and then tes t ing t he r es t r i ct ion imposed in the bas ic 

s pe c i f ic at i on .  The r e s ul t s  are a s  shown i n  Table C .  

Table C 

Spec i f icat ion Pe r iod Test s t at i s t ic 5 %  value 

N a r r ow money- based Fe b .  7 3-0c t .  7 7  F ( 2 , 4 5 )  = 0 . 4 5  3 . 20 
Feb . 7 5-0c t . 7 7  F ( 2 , 21 )  2 . 8  3 . 47 

B r oad money-based Feb .  7 3-0ct . 7 7 F ( 2 , 4 5 )  = o .  9 7  3 . 20 
Feb . 7 5-0c t . 7 7 F ( 2 , 2l )  4 . 6 7  3 . 4 7 

Th e hypot hes i s  tha t the r e s t r ict i on i s  a val id one a t  th e 5 %  l ev e l  i n  

e it he r  br oad or nar r ow  spec if ic a t i on can not be r e j e cted ove r  the 

long e r  pe r iod , nor i n  the nar row spe c i f ic a t i on ove r the sho r te r  

pe r iod . De spite th e cont r ar y  r es ul t  in the r ema i n i ng ca se , the 

r es t r ict i on was impos ed in a l l  f ur the r  wor k  r epo r ted . [ l ] 

55 The next s t ag e  was to test whe the r  r ates of change of r e lat ive 

pr i ce leve ls and of r e l a t ive mone t a r y  cond i t ions cont r ibu te 

s ig n i f i c an t l y  - tog e ther or sep a r at e ly - to the expl ana to ry powe r of 

t he bas ic s pe c i f ica t ion . ( An ext r a  l ag o f  each money- r e la t ive-to-

act iv i ty v a r iable wa s i nc luded , a s  ear l i e r  wor k had s ug g e s ted long e r  

[ 1 ]  Nor d id th e d a t a  r e j ect i t  ove r the ful l pe r iod Feb r u a r y  1 9 7 3-
December 1 9 7 8  i n  e i the r model . 
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l ag s  m ig h t  pr ove impo r ta nt . )  The uncove red sho r t  d i f fer ent i al wa s 

a lways h ig h l y  s ig n i f i c an t  but , a s  i t  is l i kely to owe some of it s 

ex pl ana to ry powe r to unmodel led s imul t ane i t ie s ,  i t  wa s not con sider ed 

to be a member of the g r oup of sho r t- r un monet ary v a r i abl es . Fo r 

e ach of the four bas ic spec i f ic at ion s ,  and fo r a number of es t im a t i on 

pe r iods , a n umbe r of tes ts of j o int s ig n i f ic anc e  of the thr ee fol lowing 

g roups of v a r i ab l es , se par ately and in pa i r s ,  we r e  ca r r ied out : 

( a )  l ag s  of the r a te of change of r e l a t ive pr ices ; 

( b )  r at es of change of cur rent money d iv i d ed  by ac t iv i ty ;  

( c )  Ra tes o f  ch ange o f  l ag ged money d iv ided by ac t iv i ty .  

When g r oups o f  v a r iables a r e  tes ted separ ately and tog ether , t he 

pos s ib i l i ty o f  i n cons i s tent set s of re sul t s  ar i se s :  for exampl e ,  t he 

f i r st two g r oups m ig h t  have proved j o i ntly s ig n i f i c an t whe r e  nei ther 

i nd iv id u a l l y  add ed to th e expl anatory powe r of the model . 

For t un a te ly ,  no suc h cases we re encoun tered . 

5 6  The r es ul t s  of tes t ing ar e summa r i sed i n  the fo l lowi ng table 

fo r var iou s  est ima t ion pe r iods . [ l ] The 5 %  s ig n i f i c ance l ev e l  is 

chose n ,  with no a l lowance fo r accumul a t ing er ror . 

Table D 

Na r r ow pr ice-based 

Nar r ow mon ey- based 

Br oad pr i ce-based 

B r oad money-b a sed 

P r e fer r ed mod e l s  

Feb . 7 3-Dec . 7 8  

( a )  

( a )  and ( b )  

Feb . 7 3-0ct . 7 7 

( a ) a nd ( b )  

( a )  and ( b ) 

These r e sul t s  s ug g e s t  tha t  in pr ice-based model s pr e ssur e i s  

d e te rm i ned by the d i sc r epancy between the ac t ua l  exc h ange r a te 

i n  t he pr ev io u s  pe r iod and i t s  equ i l i b r ium val ue , t he cove red 

d i f fe r en t i al , t he uncove red d i f fe r en t i al and a r andom e r r or . I n  

mon ey-based model s ,  however ,  t he r e  i s  some j u st i f ica t ion for also 

i n c l ud ing lag s of the r at e  of chang e  of r e l a t ive pr ices , a nd the 

[ 1 ]  The se r e s ul t s  seem fa i r ly r ob u st to a d i f fer ent cho ic e fo r g .  

3 2  

Fo r ex ampl e ,  ident ical re s u l t s  eme r ge i f  g is set t o  0 . 01 6  
r at he r  th an 0. 02 i n  the ' broad ' mod el s .  



r ate s of change of th e cur r en t  values of money d iv ided by 

ac t iv i ty .  

5 7  The pr efe r r ed model for each o f  the four spec i f icat ions i s  set 

out i n  Tab le F (ove r le a f )  fo r the pe r iod Feb r ua r y  1 9 7 3 -0c tober 1 9 7 7 .  

The t wo  pr ice-based model s only d i ff e r  i n  the con s t r uc t ion o f  the 

pr es sur e and the cumul a t ive i nt ervent ion var i abl es : t he es t imated 

c oe f f ic ien ts in the two model s are very s im i la r ,  al lowing for the 

d i f fe r en t scale var i ab l e  u sed for i nt e rvent ion . The fol low i ng table 

s e t s  out wh at ave r ag e  value of intervent ion wa s needed to br i ng about 

a l% impr ovement in the r ea l  exchang e  r a te in each of the four mod e l s  

in the long r un .  

Tab l e  E 

Long - r un intervent ion r equ i r ed to avo id a l %  change in the exchange 

r ate 

$ m i l l ions 

Ave r ag es : Feb . 7 3-Dec . 7 8 1 9 7 8  

Nar r ow pr ice-based 5 1 0  600 

N a r row money-based 300 3 50 

B r oad pr ice-based 5 1 0  6 7 0  

Br oad money-based 3 40 4 50 

These es t ima te s  ar e gener al ly not fa r fr om those i n  Table B ( wh i ch 

i nd ica t e s  th e sho r t- r un ,  s i ng l e pe r iod e f f ic acy of intervent ion) . 

Wh at i s  s t r i k i ng is tha t  in t e rvent ion is shown as qui te a lot l es s  

e f fec t ive i n  pr ice-based mod e l s  th an i n  mone y- b ased model s ;  by 

cont r as t ,  the cho ice be tween na r r ow and br oad money to d e fl a te 

i n te rvent ion make s l i tt l e  d i f fer ence . Par t  of th e re ason fo r th i s  

m a y  be that , t o  the extent tha t  money it se l f  depends on int e rvent ion , 

mon ey-b ased model s alr e ady c apt ur e par t of th e ef fec t of in t e rv e n t ion 

in t he i r spec if icat ion o f  th e re al excha ng e  r at e .  But i t  shou l d  be 

not ed that the long - r un e s t imate s in money-b ased model s are not 

s ig n i f i c an tl y  d i f f e r ent f r om  ze r o .  

5 8  I n  t h r ee o f  th e four mod e l s , the coe f f ic ien t o f  th e tr end te rm i s  

neg a t ive but i n  none o f  them i s  i t  s ig n i f ica nt . No s ig n i f ica nt t r e nd 

i n  t he r ea l  exchang e  r at e  can th e r efore be i n f e r r ed .  

3 3  
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5 The Cox p r oc ed u r e [ l ]  o f fe r s  a wa y o f  compa r i ng no n- t e s t ed 

h y po t h e s e s , suc h as t ho s e  co n t a i ned in Tabl e F .  Th e pr i ce - b as ed and 

money- b a sed mod e l s  c on t a i n d i f fe r en t  th eo r i e s of t h e  lo ng - r un e x c h a ng e  

r a t e , a nd i t  wo u l d b e  t i r e som e , a nd no t ne c e s sa r i l y  c onc l u s iv e , t o  

c on s t r uc t  a mode l t h a t  con t a i n ed t h em bot h a s  s pe c i a l  c a s e s . 

p r oced u r e i s  d es c r i b ed i n  Append i x  2 .  

The Cox 

6 0  Th e r e s u l t s  f r om t e s t i ng p r i c e- b ased mod e l s ag a i ns t mon ey- b ased 

mod e l s  una n im o u s l y  fav ou r ed pr i ce - b as ed mod e l s  at t he 5 %  l ev e l . 

T h r ee d i f fe r e n t  es t im a t io n  pe r iods - Feb r u a r y  1 9 7 3 -0c tob e r  1 9 7 7 ,  

Febr u a r y  1 9 7 5 - 0c tober 1 9 7 7  a nd F e b r ua r y  1 9 7 3 -Decem b e r  1 9 7 8  - we r e  

t r i ed w i th bot h v e r s i on s o f  mon e y . ( Th i s r e s u l t  too wa s r ob u st to 

u s i ng 0 . 01 6  for g r at he r  0 . 0 2 in b r oad -money mode l s . ) 

6 1  On t he bas i s  o f  t h e  Cox t e s t , mo ne y  h a s  no un i q ue r o le to pl ay 

in ex pl a in ing t he e x c h an g e r a te .  [ 2 ] Th i s  con c l u s i on i s  robu s t  to 

t he cho ice b e t we e n br oad and na r r ow money , a nd to t h e  cho ice o f  

e s t im a t io n  pe r i od . Howev e r ,  i t  i s  o f  i n t e r e s t  to cons ide r t h e  fo u r  

mod e l s  i n  Tab l e F i n  t e r m s  o f  t h e i r  s t ab i l i t y p r ope r t i e s ove r t he 

�ho l e o f  t he pe r iod Fe b r ua r y  1 9 7 3 - Decembe r 1 9 7 8 , and in fo r ec a st i ng . 

6 2  A s t a t i s t i c a l  com p u t e r pa c k a g e  ava i l ab l e  wi th in t he B a n k  a l lows a 

n umbe r o f  t e s t s  fo r s ta b i l i t y  to be ca r r i ed o u t  a s  a ma t t e r  o f  r ou t i n e . 

The pr og r am co ns t r uc t s s e t s of ' r ec u r s i v e  r e s i d u a l s ' ,  wh ich , unl i ke 

OLS r e s id u a l s , a r e  i n d e pe nde n t  o f  each o t h e r : t h i s  a l l ows t he 

c o n s t r uc t i on o f  a n umbe r o f  s t a t i s t i c s , in c l ud i n g  t h e  c u su m - s qu a red , [ 3 ]  

a n  e x a c t  Va n Ne um a nn r a t io t e s t [ 4 ] fo r se r ia l  cor r el a t i on o f  th e e r r o r s , 

and a s e q ue n t i al Chow t es t .  [ 5 ]  I n  add i t i o n ,  t he pac k ag e  co ns t r uc t s  

c h i - s yu a r ed t e s t s  o f  s ta t ic fo r ec a s t i ng ( a nd ' b ac kc a st i ng ' )  s t ab i l i t y 

t h r oug ho u t  th e samp l e ,  a nci ca l c ul a te s  a Chow t e s t  [ 6 ]  a t  ev e r y  se n s i b l e 

b r e a k  po i n t . Pl o ts a r e  pr i n ted s howi ng t h e  e f fec t s  on a l l e s t im a t ed 

t l l S e e  Cox ( 1 9 6 2 )  a nd Pe s a r a n  ( 1 9 7 4 ) . 

[ 2 ]  E x c e p t  as a d e f l a t o r  f o r  i n t e r v e n t ion : and t h i s  a ss ump t i o n  h as 
n o t  be e n  t es ted . 

[ 3 ]  S e e  B r own e t  a l  ( 1 9 7 4 ) . 

[ 4 ]  Se e Ph i l l i ps a nd H a r v e y  ( 1 9 7 4 ) . 

( 5 ] Se e H a r v e y  ( 1 9 7 5 ) . 

[ 6 ) Se e Chow ( 1 9 60 ) . 
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p a r ame ter s of add i ng new obse rvat ions , and tak ing of f ear ly 

observat io ns , as a f ur the r  d i agnost ic a id .  

6 3  In all fou r  mod el s ,  the low-orde r seque nti al Chow test s ,  and the 

fou r - s tep ah ead fo r ec ast tes ts pick up a numbe r of ou tl ie r s :  of th e 

seven out l i e r s  typically d et ec t ed , four sa t is fy the convent ional 

c r iter ion of g e ne r at ing re s id u a l s  wh ich a r e  more than twice the 

st and a r d  e r r or of the ful l- sampl e r eg r es s ion . Al l th e outl i e r s  

cor r es po nd to the s te r l i ng cr i s i s i n  the spr i ng o f  1 9 7 6 , and the 

set- bac k in s te r l i ng ' s  steady r i se i n  the spr ing of 1 9 7 8 ;  they cou l d  

doub t l e s s  th us be asso c ia ted w i th ' s pec i al facto r s '  and a spur iou s  

improveme nt i n  t h e  f i t  of t h e  equat ion gener ated b y  the i nc l u s ion of 

( O , l )  d ummi es . 

6 4  Th e cu sum-s qu a red and Chow te sts pr ov id e  mor e  gener al evidence 

about str uc t ur a l  ch ange ove r  the pe r iod . N e i t he r  the br oad nor the 

n ar r ow pr ice-bas ed mode l  showed any ev id ence of st r uc t u r al change 

ac cor d i ng to the fo rme r cr i ter ion : and on ly at one of th e th i r ty-one 

b re a k  po in t s  t r i ed by the pac k ag e  d id the broad pr ice- based model 

y i eld a s ig n i f i can t F- s ta t i s t ic . Th i s  i s  c l e a r ly w i th in the 

expect a t i o n ,  whe n  te s t i ng at the 5 %  l eve l , i f  the r e  i s  in f ac t  no 

s t r uc t ur al chang e .  Both money- b as ed model s o f f e r ed  some ev idenc e o f  

s t r uc t u r al chang e ,  howeve r .  The na r r ow mod e l ' s  cu sum-squ a re pl ot 

c ros sed the re fe r en ce l ines twice in the fo rwa r d  seque nce , and four 

t ime s in the b ac k wa rd sequence : a nd th e r e  we r e  f ive br eak po i nt s ,  

c l u ste r ed ar ound Ma rch 19 7 7 ,  where the Chow test showed ev id ence of 

s tr uc t ur al chang e .  The ev i d ence i n  th e br oad money- based mod el was 

less subs tant i al , but aga in suggested that the r e  wa s some ev i d ence of 

ch anged be hav iour at a round that date . On g rounds of st ab i l i ty 

pr i ce-based model s  seem pr e fe r ab l e  to money- based mod e l s .  However , 

a l l  fou r  mod e l s  ar e pr esented fo r the f u l l est ima t ion pe r iod i n  

Tabl e  G on pag e 3 5 :  the re sul t s  a r e  not too d i f fe r en t fr om t hose i n  

Tabl es E a nd F .  

6 5  As one wou l d  expect i n  gener al ly r ather il l-det e rm i ned model s ,  

the fo r ec a s t i ng ab i l i ty o f  al l fou r models i s  r athe r  poor ove r the 

pe r iod December 1 9 7 7-December 19 7 8 .  A t r u l y  d yn am i c  fo r ec ast w i t h  

a n y  o f  the mode l s  would a l l ow pr ed i cted pr e s s ur e ,  cor r ected for 

act ual i n te rvent ion , to feed thr ough to the lev e l  of th e exchang e  
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r a te i n  the eq u i l ibr ium t e rm i n  the fo llow i ng pe r iod : however , such 

for ec as t s  a r e ted ious to pe r fo rm and hard to an alyse stat i s t ically . ( l ]  

On e-s te p  ah ead , s ta t ic fo r ec a st s  we r e  th e r efo r e  pe r fo rmed . The sums 

of the se pr essur e fo reca sts , and of ' actu a l s ' us ing the va l ue s  of g 

e st ima ted ear l i e r , a r e  g iven for all fou r mod e l s  in Tabl e H .  They 

r epr e se n t  the pe r centag e  cha ng e  in the exch ang e r a te tha t  would have 

oc cur r ed in the abse nc e  of i n tervent ion . 

Table H 

For ecast Act ual 

Na r r ow pr i ce-based +0 . 28 1  +0 . 008 
Na r r ow mon ey- based +0 . 29 5  +0 . 008 

B r oad pr i ce-based +0. 2 4 2  +0 . 01 7  
B r oad mo ney- based +0 . 1 9 4  +0 . 01 7  

Much o f  th e bad per formance i s  d ue to st er l i ng ' s  bout o f  weakn e s s  i n  

the spr i ng of 1 9 7 8 , wh i ch accoun ts for e r r or s  amoun t ing t o  0 . 16 i n  the 

b r oad pr i ce-based c a se . 

6 6  Howeve r ,  b ad though the se fo recasts a re , t he fo recasti ng 

pe r fo rma nce of th e models doe s no t al low one to r ej e ct the hypot hes i s  

that they ar e st ab l e  to the end of 1 9 7 8 : th i s  largely r e f l ec t s  the 

l ow d eg r ee of f i t  ove r  th e es t ima t ion pe r iod . S i nc e  the pur pose of 

t h i s  wo r k  is to inves t ig a t e  th e systema t i c  deter m i nants of the 

exch a ng e  r a t e  r a th e r  than to pr oduce a for ec ast ing equat ion ,  the 

que s t i on of fo reca s t ing pe r forma nce by no me an s inval ida tes the 

co nc l u s ions pr ese n ted be low :  i t  doe s ,  howev e r , i nd i ca te the 

d i f f ic u l t y  o f  pr oduc i ng cr ed ible ce nt r a l  fo reca sts of th e exchang e  

r a te bas ed o n  a few mac r o-econom i c  va r i a bles . 

( 1 ] Al t hough same wo r k  ha s be en done on der iv i ng the asymptot ic 
s t a nd a rd e r r or s  o f  dyn am i c  for ec ast s i n  s ing le equa t i on s  ( Sav i l le 
( 19 7 6 )  and Ba i l l ie ( 1 9 7 9 ) ] ,  t her e se ems to be none wh ich appl i e s  
the par ame ter con s t r a in t s  impl i c it i n  the k i nd o f  model tes ted he r e .  
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6 

Conc l u s ion s 

67 The ev i d e n c e  s ug ge s t s  tha t in t e r v en t i o n ,  d e f l a ted by t h e  U S  

mo ney s u ppl y , i s  e f fec t i v e  i n  moppi ng u p  exchange r a t e p r e s s u r e  bot h 

i n  t he sho r t  and i n  t he long r u n , t hough i t  may t a k e  s l igh t l y  mo r e  

i n t e rv e nt ion i n  t he l ong r u n  t ha n  i n  t he s ho r t  r un to avo id de pr e c i a t i on 

( c ompa r e  Tab le s E a nd G w i th T a b le B ) . I n  1 9 7 8  t e rms , i t  s eems to 

have r e q u i r ed about $ 600 m i l l ion of in t e rv e n t i on to c h ang e the r e a l  

e x c h a ng e  r at e  by 1 % .  

6 8  Th e t es t s  appl i ed i n  t h i s  wo r k  o f f e r  ev i d e nc e  th a t , whe r e  mo ne t a r y  

f a c to r s d e t e rm i ne t h e  e q u i l ib r i um exch ange r at e ,  bot h r e l a t ive 

i n f l a t ion r a t e s  and ch a ng e s  i n  r e l a t i v e  mo n e y  c o nd i t ions do ad d 

s ig n i f i can t l y  to t he exp l a n a t ion of pr e s s u r e .  Howeve r ,  s uc h  a mode l 

i s  s ig n i f i c a n t l y  out -pe r fo rmed by one in wh i c h  t he long - r un eq u i l i b r i um 

e x ch a ng e  r at e  is d e t e rm i n ed by P P P , a nd wh e r e  ne i t he r mon e t a r y  

c o nd i t i o n s  no r r e l a t ive i nf l a t io n  r a t e s  e n t e r  i n  t he sho r t r un .  

Th e s e  r e s u l t s  s e em r a t h e r  r ob u st to th e cho i c e  of mo net a r y  ag g r eg a t e , 

of t he e s t i ma t io n  pe r iod , a nd o f  t h e  e f fec t iv e n e s s of i n t e r v e n t i on . 

• Howev e r ,  t hey ar e no t i n c on s i s t e n t  w i t h  t h e  r e s u l t s  of s u c h  econom i s t s  

a s  those a t  t h e  London B u s i ne s s School , who f i nd t h a t  mon e t a r y  

f ac to r s  pr ov i d e  a s ta t i s t ic a l l y  s ig n i f i c ant expl a n a t ion o f  ex c h a ng e  

ma r ke t s .  I n s tead , t he y  i nd i ca t e  tha t P P P  c an impr ove th e f i t  of 

mon e t ar y  mod e l s  to some ex t e n t , and t h a t  a p r ope r l y  spec i f ie d  P P P  

mod e l  of f e r s a be t te r  a n d  s im p l er expl ana t ion t ha n  eve n s uc h  aug me n t ed 

mon e t a r y  mode l s . 
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Append ix I 

The d a t a  

Def in i t ion 

Dol l ar/ s te r l i ng exch a ng e  r at e  
( av e r ag e )  

Lev e l  o f  r e se rve s i n  dol l a r s  

Un i t ed  St at es con s um e r  pr ices 

Un i t ed  K i ng dom gener al i nd ex 
of r e t a i l  pr ice s  ( al l  items ) 

M
u s  

Un i ted St ate s na r row- demand 
depos i ts and cur r ency , n ot 
se a sonal ly ad j u st ed  

Un i ted St ate s br oad-demand 
depos its and cur r ency as 
t ime depo s i ts a t  comme r c i al 
ba nk s , n ot sea sonal ly ad j u st ed  

Un i t ed  K i ngdom na r r ow Ml ,  not 
sea son a l l y  ad j u st ed  

Un ited K i ng dom br oad s te r l i ng 
M3 , not sea so n al ly ad j u st ed 

Source 

Row ah on the UK pag e 
Internat ional F inanc i a l  
Stat i st ic s  

B a n k  o f  Eng l and Quar ter l y  
B u l l e t i n  

OECD Ma in Economic 
I nd icator s 

Mon thly D ig e st o f  
Stat i s t ic s  

B I  S t ape 

Bank o f  Eng l and 
Quar ter l y  Bu l l e t i n  

Un i ted St ate s indu s t r i a l  1 
pr oduc t io n ( exc lud i ng 
cons t r uc t ion ) , not seaso n al ly 
ad j u s ted OECD Ma in Economi c  

I nd icator s 

u s  
r 

u k  
r 

Fo r wa rd 
pr em i um  

4 0  

Un i ted K i ng dom t o t al 
ma nu factur ing produc t io n , 
not seasonal ly ad j u st ed  

Un i ted St ate s Tr easury 
b i l l  r ate 

Un i t ed  K i ngdom Treasury 
b i l l  r a te 

J 
1 Row 60c I nt e r nat ion a l  

F i na nc i a l  Stat i s t ic s  

J 
Ban k o f  Eng land 

Quar ter l y  B u l l e t i n  

• 



Append ix 2 

The Cox test 

69 Th e pr oced u r e [ l ] cons i st s  o f  a numbe r of st ag e s .  

6 9 . 1  Suppo se the r e  a r e  alt e rn a t ive hypo these s  t o  exp l a i n  y :  

H 
0 

y zB+E 
0 

69 . 2  
A A 2 

= xG to get a di r ec t  e s t imate t
1 

of the va r ia nce 

of the r a ndom er ror proce ss E
1 

under H
1

• 

6 9 . 3  F i t  9 = zB , obta in ing an e st imate t 2 
of the va r iance of 

0 0 
E , a nd then f i t  y to the set of expl anatory v a r i ab l es x :  cal l  

0 0 
t h e  es t ima te of th e st anda rd e r r or squ a r ed  in th i s  second s t ag e  

r eg re ss io n  t
0 1

2
• Ther e ar e now two es t im a t e s  of the var i ance of 

t he e r r or E
1

: that obt ained d i rectly (t
1

2
) when H

1 
is t r u e ,  

A 2 A 2 
and that obt ai ned when H

1 
is tested but H

0
i s  t r ue : t

0 
+ t

0 1  

6 9 . 4  Cons t r uc t  the r at io T
1 

A 2 
t

l 
= 

n 
l n  --::---7 

2 A 2 A 2 
t + t  

1 0 0 

Th is c an be shown to be as ympto t ically normal ly d i s tr ibuted about 

z e r o .  If  T
1 

is nega t ive , so that a smal l er est ima te of the va r iance of 

E
1 

i s  obt a i ned whe n H
1 

is t r ue than wh en H
0 

is t r ue ,  i t  is more 

l i kely tha t  H
1 

i s  t r ue th an H
0 • I f  T

1 
is pos i t ive , so th at the 

r ev e r se holds , i t  is l ikely that bot h H
0 

and H
1 

a r e  f al s e .  At any 

chosen lev e l  of sig n i fi c an ce , [ 2 ] t he r e  w i l l  be a r eg ion in wh ich th e two 

[ 1 ] For exampl e ,  se e Cox ( 1 9 6 2 )  and Pe s a r an ( 1 9 7 4 ) . 

[ 2 ] The v a r iance of t h i s  d i str ibu t ion , v
1

, i s :  

t 2 
0 

RS S ,  

whe r e  RSS i s  the r es id ua l  s um  o f  squa r es wh ich r e s ul t s  whe n  the 
r es id u a l s  in the r eg r e s s ion of y on x a r e  r eg r es sed on the 

0 
or ig i nal se t ,  z .  
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e st ima tes of var i a nc e  ar e no t sig n i f ican tly d i f fe r en t : on e can then 

r ej ect ne ither hypothes i s .  

7 0  The pr oce s s  i s  now r epea ted , con s id er ing the e r ror pr oce ss 

E , to pr oduce a s ta t i st ic T and its va r ianc e  V
0

• 
0 0 

7 1  At any pr ede termi ned s ig n i f ican ce leve l ,  the r e  a r e  thr ee 

pos s i b le outcome s fo r each ha l f  of th e pr oce s s .  B u t  some o f  the 

n i ne comb inat io n s  of ou ttur ns make no sense : for exampl e ,  both T 
0 

a nd T
1 

may tur n out to be s ig n i f ica nt and neg a t ive , so that one 

shou l d  s im u l t a neou s l y  ac cept H
0 

and rej ec t  H
1 

and v ice ver sa . 

Such con t r ad i ct ion s may pe r haps be r e so lved by a ch ange of 

s ig n i fi c ance l eve l . In the pr esent con text , the on ly c as e  wh ich 

pr e se n ted d i f f i c u l ty wa s broad money f r om  Feb r u a r y  1 9 7 3-Decembe r 

1 9 7 7 . The r e sul t s  are g iven as an exampl e .  

RSS 

RSS 

A 2 
t 

0 

A 2 
t

l 

A 2 
tol 

A 
t

lO 
2 

fo r T 
0 

for T
l 

T j/v 
0 0 

T
l

//V
l 

0 . 6 8 0  . lo- 3  

= 0 . 6 6 9 . lo-3 

0 . 7 6 4  . lo- 4  

0 . 1 3 1  . 10
- 3 

0 . 2 2 3  . lo- 2  

o . 2 2 8  . lo- 2 

-2 . 1 3 

- 3 . 01 

At th e 5 %  l ev e l , the c r i t ic a l  value for T//V i s  1 . 9 6 :  bo th 

s ta t i st ics are the r e fo r e  s ig n i f ica n t l y  neg a t ive . At the 1 %  l eve l ,  

howev e r , only T
1

;/v
1 

i s  ' s ig n i f ica ntly neg a t ive ' :  so wh ile one 

ha l f  of the pr oc e s s  - tha t lead i ng to T - is inconclu s ive , t h e  
0 

other s ug g e s ts the r e j e c t i on of H
0 

in f avour of H
1

• 
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