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ABSTRACT 

Thi s  paper attempts to provide s ome answers to a number of related que s t ions: 

Has the EMS reduce d  ( real or nominal , b i l ateral or e ffec t ive ) exchange rate 

volat i l i ty? If s o , has this  been at the expense o f  increased intere s t  rate 

volatil i ty? 

the EMS ? 

How important have cap i tal controls been for the operation of 

Has the exchange rate mechanism reduced the vol at i l i ty o f  

unanticipated exchange rate changes ?  Has the EMS been e ffect ive in making 

ERM currenc ies close sub s t i tute s ?  What have been the impl ications of the EMS 

for the longer - run stab i l isation of real exchange rate s ?  Because of the 

uncertainty surrounding the s tatis t ical distribut ions o f  changes in asset  

prices in general and exchange rates in particular , an innovat ive theme of the 

paper i s  the use of non-parame tric or semi-non-parametric e conome tric and 

s tatis tical procedures wherever pos s ible . An exception to this  i s  in our 

analys is  of shifts in the conditional variance o f  exchange rate changes , where 

we e s t imate autoregres s ive conditionally heteroscedas t ic (ARCH) 

parame terisations . Brie fly , we conclude that the EMS has reduce d  the 

vo lat i l i ty o f  both exchange rates and intere s t  rates ; that cap i tal c ontrols 

probably have been important in its  operation and that i t  has reduced the 

conditional volat i l i ty of exchange rates . We attribute many o f  the se 

f indings to the enhanced credibil ity of the exchange rate policies  of ERM 

member countries . Some of our findings , however , namely that ERM membe r 

currenc ies do no t appear to be perfect sub s t i tutes and that there is  evidence 

of long-run misalignment within the EMS , do indicate that the EMS may indeed 

s t i l l  be in i ts early days in terms of s ome of its  longe r - term goal s . 
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1 INTRODUCTION 

This paper attemp ts to provide s ome answers to a number of related que s tions: 

Has the Exchange Rate Mechanism ( ERM) of the European Monetary Sys tem ( EMS ) 

reduced ( real or nominal ,  bilateral or e ffective ) exchange rate volatility? 

I f  s o , has this been at the expense of increased intere s t  rate volatility? 

How important have capital controls been for the operation o f  the EMS ? Has 

the ERM reduced the volatility of unanticipated exchange rate changes ?  Has 

the EMS been e ffective in making member currencies close s ub s titutes?  What 

have been the implications of the EMS for the longer-run s tabilisation of real 

exchange rate s ?  

T o  attempt t o  answer these ques tions meaningful ly , however , requires 

c larification o f  the perceived aims and obj ective s of the EMS . It is common 

ground that the formal obj ective of the EMS ( or ,  more s tric tly o f  its exchange 

rate mechanism) is the s tabilisation , within generally narrow pre-agreed 

bounds , o f  member countries '  nominal exchange rates . The like lihood of th i s  

being achieved was initial ly greeted with s cepticism , especially o n  this s ide 

o f  the Channe l .  Ye t the sceptics have been confounded by an unfors een 

display of flexibility which has ensured the sys tem ' s survival .  

Since the EMS is an exchange rate mechanism o f  a cus toms union it mus t  be 

expected , if it is to survive in the long run , to ensure that member 

countrie s '  compe titivene ss is protected; otherwise , the prote c t i on-reduc ing 

achievements of the cus toms union mus t  be called into ques tion as countrie s 

s eek to  res tore their terms of trade . This is to sugge s t  that , at the s ame 

time as the immediate and formal obj ective of the sys tem is to s tabilise 

nominal rates o f  exchange , its inner long-run rationale involve s a requirement 

on real rates of exchange . This fundamental ambiguity accounts for the what 

Goodhart ( 19 8 6 )  has termed an ' unholy alliance ' of tho s e  advocating British 

participation in the ERM , between thos e  who s e ek to cons olidate the counte r

inflation gains o f  recent years (by targeting the DM/£ rate e s s entially )  and 

tho se who wish to protect the competitivenes s  o f  s t erling from what they 

regard as the exce s sive appreciation of the 1 9 8 0/19 8 1  period . The two 

obj e c tive s are c l e arly not compatible without a convergence o f  inflation , at 

equilibrium l eve l s  of ac tivity and external balance , b e tween the member 

countrie s .  In the period of the sys tem ' s func tioning s o  far , progre s s  

towards this obj ective has been provided in the his torical context o f  the 

second OPEC oil shock which induced among countrie s generally , and members o f  

the EMS in particul ar , a s trong desire to reduce inflation . Given Germany's 

l ow inflation rate and reputation in recent years for counter - inflationary 

policy , this implied to a degre� convergence on the German s t andard . 
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At the s ame time , s tarting from a position of high and divergent rates of 

inflation , the transition (not yet at all complete ) to a converged s tate of 

low inflation has required that ful l advantage should be made o f  the 

provisions for flexibility contained in the sys tem . 

account o f  what the se are . 

2 PROVIS IONS OF THE EMS 

We now turn to a brie f 

The provisions o f  the ERM o f  the European Monetary System provide for 

participating countries to maintain their exchange rates within bilateral 

limits of ±2 1/4% . Exceptionally , I taly negotiated a wider margin of ±6% at 

the outset of the sys tem . In addition to the provisions for a margin of 

fluc tuation , realignments are permitted and in all , e l even such realignments 

have been undertaken to date . Their timing and amounts are shown in Table 1 

( see page 2 6 ) . 

The sys tem is formal ly organised around a composite currency , the ECU , with 

c entral r ates for participating currencie s being expressed in terms o f  it . 

Whilst this is purely formal , the ECU gave the opportunity for the 

introduc tion of an interes ting technical innovation of the EMS , the divergence 

indicator and threshold positions . According to thes e  provisions , when a 

currency triggered its divergence indicator threshold ( calculated as the ECU 

value of a 7 5 %  departure of its bilateral rates agains t all the other 

countrie s ) , a presumption was created that the country concerned should take 

c orrective ac tion . This technical provision was de signed both to provide an 

early warning of bilateral limit infringements and , more important , to i s olate 

an e rrant currency - the one s tanding out agains t all the others .  There was 

little doub t that in the minds of those who cons tructed these provisions that 

the e rrant currency was going to be the s trong DM . l I t  is one o f  the 

curio sities o f  the his tory of the sys tem that in fac t the DM has not o ften 

been at the higher end as its permitted range and , more important , that the 

inflation po licy priority has been s o  s trong that it was not desired to single 

it out ( c f  Padoa-S chioppa , 1 983 ) . Some observers do be lieve , though , that 

the divergence indicator provisions have assisted convergence and 

s tabilis ation because a country does no t like to attract the presumption of 

action which fo l lows the public triggering o f  a threshold: it would pre fer to 

undertake ac tion on its own initiative and at its own discre tion ( c f  Me l i tz , 

1 985 ) . 

1 Ludlow ( 1 98 2 )  give s a detailed and informative account of the negotiations 
le ading to the ins titution of the EMS . 

3 



In addition to the formal provisions o f  the ERM it is important to  note that 

the introduction of the sys tem did not require the abolition of exchange 

contro l s  and significant controls over capital movements were retained , 

notably by France and I taly . These controls may have been helpful in 

fostering sys tem s tability , both by giving the authorities of the country 

concerned the whip-hand in negotiating realignments and by avoiding the 

immediate convergence o f  monetary policy which freedom from c ontrol , coupled 

with the obligation to defend central bilateral parities ,  would have impl ied . 2 

3 EXCHANGE RATE VOLATILITY AND THE EMS 

In this section , we present s ome new evidence on the e ffect o f  the ERM on 

exchange rate volatility by an examination of a number of nominal and real , 

bilateral and e ffective exchange rate changes .  

3 . 1  Previous Volatility S tudie s 

As already no ted , there have been e l even real ignments o f  the currencie s 
'
participating in the EMS ; this , together with the fac t that quite wide 

variations are allowed by the parity grid margins , leave s it an open que s t i on 

in pr inciple whe the r  the provis ions o f  the Sys tem actually do induce a greater 

degree of s tability in either the nominal or the real exchange rate . 

The di fference , s tressed by John Williamson ( 19 8 5 ) ,  between the concep ts o f  

exchange rate volatility and misalignment , is important here . Vol at i lity i s  

a ' high fre quency ' concept re ferring t o  movements i n  the exchange rate ove r  

comparat ive ly short periods of time . Mis alignment , o n  the o ther hand , r e fers 

to the capacity for an exchange rate to depart from its fundamental 

e quil ibr ium value over a pro tracted period of time . It is known , without 

re ference to s tatis tical de tail , that the two maj or currencie s which have 

exhibited mos t  marked misalignments in recent his to ry are the US do l lar and 

the pound sterling . No EMS currency has exhibited medium-term misalignment 

on a comparab l e  s cale . For the reasons given by Williamson i t  s e ems fair to 

argue that the gre ater wel fare significance attache s to the diminution o f  

mis alignment than to the reduction o f  volatility where there i s  (perhaps 

surprisingly) little evidence to support the view that volatility is we l fare

reducing . To be more precise , what has been t e s te d  is whe ther exchange rate 

volatility appe ars to be trade - re ducing . While a s tudy by Akhtar and Hil ton 

( 1 9 8 4 )  found that it was so for US-German trade , c omparab le s tudies by the 

2 See section 4 below and the symposium of papers forthcoming in The 
European Economy ( 1 9 8 7 ) . 
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Bank of England ( 19 8 4 )  and the International Mone tary Fund ( 19 8 3 )  failed to 

confirm this finding for alternative trade flows , time period and volatility 

measures .  Recent work by Cushman ( 19 8 6 )  has , however ,  discovered evidence of 

vo latility e ffects on trade when ' third country ' effects are controlled for 

( e g  dol lar-mark volatility may affect US-UK trade ) . 

Neverthel e s s , a number o f  s tudies have concentrated on the evidence that the 

EMS has reduced exchange rate volatility , mos t  notably those by Ungerer e t  al 

( 19 8 3 ) , the European Commission ( 19 82 ) , Padoa-Schioppa ( 19 8 3 ) , Rogoff ( 19 8 5 )  

and , mos t  recently , Ungerer e t  a l  ( 19 8 7 ) . There are a l arge number o f  

possible variations in the s tatis tical approach to this ques tion - the choice 

• of exchange rates (bilateral , e ffec tive , nominal , real ) ;  data frequency 

( daily , weekly , monthly , quarterly ) ;  the standard against which s tability is 

to be j udge d ( the leve l or change in exchange rates , conditional or 

unconditional ) ;  the precise s tatis tical measure chosen ( s tandard deviation, 

e tc ) . Then there is the que s tion of the counterfac tual - supplied in the se 

s tudies and others like them by the behaviour in the pre- and post-EMS period 

of a control group of non- EMS currencies .  Without exception , however , the 

EMS in the se s tudies has been j udged as having contributed to improving the 

s tability of intra- EMS bilateral exchange rates; the improvement is less 

marke d for e ffec tive rates , and it has been argued in qualification that , with 

the lengthie r  data period over which it is now pos sible to run the se te s t s , it 

is pos sible to show , in certain cases , that the earlier claims to s tability of 

the EMS have weakened with the pass age o f  time ( c f  House o f  Commons Select 

Committee 1985 , p xiii ) . 

3 . 2  S ome New Exchange Rate Volatility Tes t s  

A l l  of  the s tudie s cited above , which have tested for a downward shift in 

exchange rate vo latility for members o f  the EMS pos t-March 19 7 9 , have 

generally relied on pure ly descrip tive s tatistic s . As such , they can be at 

mos t  sugge s tive , and it is perhaps difficult to scientifically asse s s  the 

performance o f  the EMS in this respect in the light o f  this evidence . The 

mos t  s traightforward approach to the problem , namely e s timating a specific 

parame terisation of the volatility and testing for a s tructural shift after 

March 1 9 7 9 , is fraught with pitfall s . This is because economists are far 

from certain concerning the correct s tatistical distribution of exchange rate 

change s .  It is by now a s tylis ed fac t that percentage exchange rate change s 

tend to fo llow l eptokurtic ( fat tailed , highly peaked)  dis tributions . 

We s ter fie ld ( 1 9 7 7 ) , for example , finds that the s tabl e  pare tian dis tribution 

with characteristic exponent less  than two provides a superior fit to the 

change in the logarithm o f  spot exchange rates than the normal distribution . 
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In a s imilar vein , Rogalski and Vinso ( 1 9 7 7 )  sugge s t  S tudent ' s  t - di s tr ibut ion 

as a good approximat ion . It may we ll be that the distribut ion of exchange 

rate changes is normal , but that the variance shi fts through t ime - perhaps 

according to the amount o f  ' news ' ;  this  would give the appearance o f  a 

s table , leptokurtic dis tribut ion . Some evidence for such behaviour i s  

provided b y  Boothe and Glas sman ( 19 8 7 ) who f ind that mixtures o f  normal 

distributions provide some of the best fits to the ir data . The pos s ib i l i ty 

o f  a heteroscedastic c onditional variance i s  pursued in subsection 3 . 4 below . 

We wish to s tress the importance o f  attemp ting to cap ture the correct 

distributional properties o f  exchange rate change s in any vo l at i l i ty s tudy . 

By relying on s impl e  variance measures ,  the s tudies c i ted above are imp l i c i tly 

invoking a normal ity assumption , the legitimacy o f  which a growing number o f  

s tudies are , at the very leas t , br inging into que s t ion ( se e  Boothe and 

Glas sman , 1 9 8 7  for addit ional reference s ) . For example , i t  might c once ivably 

be the case that exchange rate change s at a certain frequency have a Cauchy 

distribution , for which no finite moments of any order exi s t . 

In order to try and circumvent s ome of these prob l ems , we dec ided to app ly 

non - parame tric te s ts for volat i l i ty shi fts which do not require ac tual 

e s t imation of the distribut ional parameters . Instead , exchange rate changes 

are ranked in orde r  of s ize and inferences are drawn with respect to the shape 

of the ranking . Intuitive ly , if a s ignificant number of lower - ranked 

percentage change s were recorded in the latter half o f  the s amp l e , a reduction 

in volat i l ity would be indicated .  The exact procedure is  as fo llows . 

Le t �e t be the change in the ( logarithm of the ) exchange rate at t ime t ,  then 

the maintained hypothe s is is : 

(1) 

where �. o and p are unknown , cons tant s calars , £t i s  independently and 

identically distributed with distr ibut ion func tion F and dens i ty func tion f ,  

and Zt i s  a b inary variable reflec ting the hypothes is e d  change in vol at i l i ty, 

ie: 

_ {1, t �March 1 979 
z

t 
0 ,  o therwise 

G iven ( 1 ) , the null hypothe s i s o f  no shift in volat i l i ty i s  then: 
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H0: {3 - 0 ( 2 )  

Hajek and Sidak (1967) (henceforth HS) develop a number of non-parametric rank 
tests for dealing with problems involving this kind of framework, which, under 
appropriate regularity conditions, are locally most powerful (HS pp 70-71). 
The test statistics take the form: 

T 
r - � ( z  - z) a (ut) 

t-1 t (3) 

where, z is the arithmetic mean of the Zt sequence of T observations ( z  - T-1 
�I-1 Zt), and Ut is defined as follows. Let r(�ei) be the rank of �ei - ie 
�ei is the r(�ei)-th smallest change in the total sequence considered; then 

Clearly, Ut must lie in the closed interval [1/(T+l), T/(T+l)] (for no ties in 
rank). The function a( . ) in ( 3 )  is a score function defined in HS (p 70), 
depending upon the assumed density of £t, ie f. HS define a class of functions 
which can be used in place of the score function in large samples, since a(.) 
may in practice be difficult to evaluate. 
function of £t: 

If F is the assumed distribution 

F ( x )  - Jx f(y)dy -CX> 

and F-l(u) is the inverse of F: 

p-l(u) - inf {x I F(x) � u) 

then the asymptotic score function, �( . ) , is defined (HS p 19): 

� : (O, 1) .... n 

F-l(u) [ f, fF�1(u) )] -1 
f(F 1(u)) 

� (u) � - (4) 

Under the maintained hypothesis (1), the statistic 
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T 
� - � ( z

t - z) �(u
t

) 
t-1 

( 5 )  

( ie as in ( 3 )  with a ( . )  replaced by �( . ) ) will  b e  asymp tot ically normal ly 

distr ibuted. Under the null hypothes is ( 2 ) , � w i l l  have mean z ero and 

vari ance p2 given by (HS pp 1 5 9 - 1 6 0 ) : 

} J� { � (u)  - � }2 

du 

where 

- Jl 
� -

0 
�(u) du 

( 6 )  

The test i s  now as follows . For a given cho ice o f f ,  � can be calculated as 

in ( 5 )  and r e ferred to the normal dis tribution , to cons truct a test of any 

•given nominal s ize , o f  the nul l hypothe s i s  ( 2 )  ( no change in vo lat i l i ty ) . 

S i gnificantly negative value s o f  � reflect a negative value for � in ( 1 )  - ie 

an increase in vo lat i l i ty post -March 19 7 9 , whilst  s ignificantly pos i tive 

values o f � imply a reduc tion in vo lat i l i ty p o s t - March 1 9 7 9 . The s tat i s t i c  ry 

in ( 5 )  provides the locally mos t  powerful te s t  among the class  o f  all po s s ible 

tests (HS p 249 ) . 

Note that al though the test procedure j us t  outlined i s  non - parame tric in the 

sense that no volat i l i ty measures are actually e s t imated ,  in imp l ement ing the 

procedure we cannot avo id choos ing an appropr iate distribution for change s in 

the exchange rate . In order to try and minimise the damage due to choo s ing 

an inappropriate distribution we selected four wel l - known one s - hope ful ly , 

the true d i s tr ibut ion o f  exchange rate change s i s  c l o s e  to  one o f  them . The 

dens i t i e s  us e d  correspond to the normal , logistic , doub l e  exponential and 

Cauchy distributions . The dens i ty and asymptotic s core funct i ons ( as define d 

in ( 4 ) ) for thes e  distribut ions are given in the appendix . All o f  the chosen 

distribut ions are symme tric and both the double exponential and Cauchy 

distributi ons have fat tails . 3 

3 Ano the r  relevant distribut ion would have been S tudent ' s  t .  However , the 
s core funct ion ( 4 )  for thi s  distr ibut ion would have been very di ff icult to 
compute . A pos s ib i l i ty not cons idered is that the re was a change in 
distribut ion of ERM exchange rate change s pos t - March 1 9 7 9  ( e g  shifted from 
normal to Cauchy ) . Tes ts for this  kind o f  behavi our could conc e ivab ly be 
based on l ike l ihood ratio tests , al though one might suspect that the 
discriminatory power of such procedures woul d be low . 

8 



3 . 3  Exchange Rate Volatility Te sts : Empirical Re sults 

Monthly ( end -month ) data on b ilateral US dol lar exchange rates were taken from 

the I FS data tape for the per iod J anuary 1 9 7 3  to December 1 9 8 6. B ilateral 

rates agains t the German mark and UK s terling were also cons tructed by 

assuming a triangular arb i trage condition . Real exchange rates were 

cons truc ted by deflat ing by the wholesale price index ( al s o  from the I FS 

tape ) . The currencies  used included s ix ERM members - German mark, Dani sh 

kroner, Belgian franc, French franc, I tal ian l ira and Dutch gui lder - and four 

non - ERM members - US dollar, UK s terl ing, Japanese yen and Canadian dol lar . 

All results reported are for shi fts in the volat i l i ty o f  monthly exchange rate 

changes .  In e ach case, the tes t  s tat is tics were converted to s tandard normal 

var iate s under the nul l hypothes i s  by dividing through by the s tandard 

deviat ion p ( s ee ( 6 ) ) .  

As would be expected , the results of applying these tests to nominal bilateral 

rates (not reported) indicated a s i gnificant reduction in volat i l i ty for ERM 

currenc ies agains t the mark, whi l s t  dol lar rates generally showed a 

s i gnificant r i s e  in vo latil ity post-19 7 9 . Perhaps a l ittle more interest ing 

is that these results are l argely echoed by those in Table 2a ( see page 2 7 ) , 

wh ich give s results o f  the te sts  appl ie d  to real mark b i lateral exchange 

rates . There i s  s trong evidence o f  a s i gnificant reduction in volat i l ity in 

the real mark exchange rate agains t mos t  o f  the ERM currenc ies, which is  in 

marke d contras t for all the real mark exchange rates agains t the non- ERM 

currenc i e s . With the exception o f  the dol lar - l ira real rate, there are no 

s i gnificant shi fts in volatil ity recorded for e i ther the dol lar or the 

s te r l ing real rates (no t  reported) . 

Tab l e  2b ( s ee page 2 8 )  reports results of the te s ts applied to nominal 

e ffec tive rates, us ing the s tandard IMF (mul tilateral exchange rate mode l or 

MERM) e ffec tive indice s . This  appears to weaken the vo lat i l ity reduction 

e ffect for the EMS currenc ies - only the I talian l ira and, to a l e s s e r  extent , 

the German mark, show a s ignificant post-March 1 9 7 9  volati l i ty reduction . 

For the non- ERM currenc ies, both the US dol l ar and UK sterling e ffective 

indic e s  show a s ignificant pos t - ERM r i s e  in vol at i l i ty, whi le the Canadian 

do l l ar shows a s ignificant reduction in volat i l i ty .  The results reported in 

Tab l e  2c ( s e e  page 2 9 ) for the real e ffec tive MERM rate s ( de flated by a baske t 

o f  whol e sale price indices, us ing the s tandardised MERM weights for the top 

ten currenc i e s ) are much more clear cut. Thes e  show a fairly marked 
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reduction in real exchange rate volatility for All the EMS countries , a 

s l i ghtly less marked increase in volat i l i ty of the real US dol lar rate , with 

no significant shift for the other currenc ies . 

Let us summar ise the results so far . There is strong evidence o f  reduced 

intra- ERM exchange rate volatil i ty post-March 19 7 9 , and signs of increased 

volatil i ty in dol lar and ( to a slightly lesser extent ) sterl ing rates . The se 

results ho ld , moreover , for both real and nominal exchange rates . 

3 . 4 Testing for a Shift in the Conditional Var iance 

In a large numbe r  of modern macroeconomic mode ls ,  unantic ipated disturbances 

have a far greater e ffec t than anti c ipated disturbances . Thus , i t  is of some 

interest to attemp t to test for a shift in the condi tional var i ance o f  

exchange rate changes post-March 1 9 7 9. That i s  to say , one should test for a 

shi ft in the var i ance o f  unanticipated movements in the exchange rate . 

Rogoff ( 1 9 8 5 )  has tested for a shift in condi t ional var iance by essent ially 

est imat ing the var iance of the forward rate prediction e rror . Although 

Rogo ff claims that his results are robust to the presence of small ,  t ime

vary ing r isk premia in the fore ign exchange marke t ,  this method really 

imp l ic i tly assumes uncovered interest rate par i ty and , more important, 

conditional homosce dasticity of exchange rate changes . Recent work by, in 

part i cular , Cumby and Obstfel d  ( 19 84 )  and Domowitz and Hakkio ( 19 8 5 )  has 

strongly suggested the presence of condi tional heterosce dastic i ty or , more 

particularly , autoregressive conditional he teroscedastic i ty (ARCH - see Engle 

1 9 8 2 )  e ffec ts in exchange rate innovations . At an intuitive l eve l , the 

exchange rate will  clearly be easier to forecast in some periods than in 

othe rs. 

I t  is , however , a ' styl ised fac t '  concerning the fore ign exchange marke t that 

the ( logari thm of the ) exchange rate appears to approximate very c lose ly to a 

random walk (see eg Mussa 1984 , Goodhart 1 9 8 7, Goodhart and Taylor 1 9 8 7 ) . 

Moreover , there is also some evidence that the current spot rate outperforms 

the current forward rate as a spot rate predictor (Goodhart 1 9 8 7 ) .  

Accordingly , a tractable way o f  est imat ing the conditional var i ance might be 
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to mode l the evolution of the exchange rate as a random walk with an ARCH 

disturbance . 4 

Using the Lagrange mul tiplier test procedure suggested by Engle ( 1982 ) ,  we 

de tected the presence of first- order ARCH e ffects in the random walk 

innovations for a maj ority o f  the nominal bilateral exchange rates 

investigate d .  Accordingly , we decided to estimate models of the form : 

where e t is the exchange rate and I t - 1 is the information set at time t - 1 .  

The system ( 7 )  was estimated by maximum likelihood me thods , using the scoring 

alogorithm described in Engle , 1982 . In e ach c ase nine scoring steps were 

carried out; this was in every case more than adequate to achieve convergence 

in te rms of the gradient around the inverse Hessian (Belsley , 1979 , Engle, 

1982 ) .  For each nominal bilateral exchange rate , the ARCH parameterisation 

was estimated for the pre - and post-EMS periods separately and a likelihood 

ratio statistic for a shift in the coefficients was construc ted . The results 

are reported in Table 3 (see page 3 0 ) . 

Conside r first the results for the German mark nominal bilateral rates 

(Table 3 a - see page 3 0 ) . With the single exception o f  the mark - Belgian 

franc rate, there is a significant shift in the ARCH coefficients for the EMS 

currencies post -March 1979 , and in each case the mean conditional standard 

deviation of exchange rate changes (ht
l/2 ) is lower for the second period 

( this effe c t  is particularly marked for the mark - lira and mark - Dutch guilder 

exchange rates ) . There is, however, no significant shift in the ARCH 

coefficients for the non-ERM mark exchange rates . 

4 As noted above , heteroscedastic normal exchange rate changes would account 
for the appearance o f  leptokurtosis and this is therefore an alternative 
interpretation to that offered above . A more general approach would be 
to estimate the conditional variance non -parame trically (see eg Pagan and 
Ullah 198 6 ) . This possibility is currently under investigation by the 
present authors . 
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The ARCH est imates for the US dollar nominal bilateral rates (Table 3b - see 

page 3 1 )  indicate , with the single exception of the US dol lar - Canadian do l l ar 

rate , a significant shi ft in the coe ffic ients and a� in the c ondi tional 

forecast var iance post -March 1 9 7 9 . 

The resul ts for sterl ing nominal rates ( not reported) showed no sign o f  a 

'shi ft in conditional volat i l i ty post -March 1 9 7 9 . 

Overal l ,  therefore , these results tend to confi rm our e arl ier findings for 

shifts in ( unconditional ) volat i l i ty - there is a s ignificant reduct ion in the 

conditional vari ance o f  exchange rate innovat ions for the ERM currenc ies 

against the mark , and signs of a significant rise in the conditional var iance 

of US dollar exchange rate innovat ions . 

4 INTEREST RATE VOLATILITY AND THE EMS 

4 . 1  Cap i tal Controls and the EMS 

I t  has been argued that exchange controls over c ap i tal flows have been a 

particularly important feature of the func tioning o f  the EMS . The two major 

member countr ies outside Germany - France and I taly - have deployed 

substantial measures of cap i tal control . Be lgium , w i th i ts two - t ier marke t 

arrangements , has discr iminated between commercial , or  current account , and 

cap i tal transac t ions .  

The signi ficance o f  these controls was first effectively h i gh l ighted by Rogoff 

( 1 9 8 5 ) ,  who noted the substant ial violations of ( covered) interest par i ty 

exhib i te d  by France and I taly . Subsequently , Giavaz z i  and G iovannini ( 1986 ) 

and G i avaz z i  and Pagano ( 19 8 5 )  have analysed and documented fur ther the impac t 

o f  these controls . Desp ite anecdotal suggestions that the measures have been 

ineffec t ive , a c ontrary impression of e ffec t iveness is indicated by the wedge 

between ' off-shore ' ( Euro ) interest rates and ' on-shore ' ( domesti c )  inte re s t  

rates for the countries concerne d .  Accordingly , w e  employed the non 

parame tric  tests outl ined i n  Section 3 ,  to test for a shi ft i n  the vo lat i l i ty 

o f  the o ffshore - onshore (short- term) interest d ifferent ial post -March 1 9 7 9 , 

for most o f  the countr i es considered above . The r esults are reported in 

Table 4 (see page 3 2 ) ;  they do indeed indicate a sharp r ise in the offshore

onshore interest different ial for the franc and l ira , wh i le there is some 

evidence of a reduct ion in vo lat i l i ty of the di fferent ial for the mark and 
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guilder . G iven that the relaxation o f  UK and J apanese exchange control was 

almost contemporaneous with the formation o f  the EMS , i t  is hardly surprising 

that Table 4 reveals strong evidence of a reduc t ion in the UK and Japanese 

offshore - onshore di fferentials . 

In the absence of an exchange rate agreement and cap i tal controls , e quil ibr ium 

for a system charac terised by inflation diffe rentials o f  the kind noted in the 

previous sec tion could be expecte d  to imply a steady deprec iation o f  the high 
' 

inflation countr ies ' nominal exchange rates v is - a -vis the l ow inflation 

' anchor ' c ountry (Germany) at a rate just e qual to the difference in interest 

and inflation rates . With an agreement to restrain the movement of the 

exchange rate and only to adjust by way o f  periodic real ignments , the inte rest 

di fferenti al has to oscil late in order to compensate for the swi tch from a 

s i tuation in which a realignment is expected to a s i tuation in whi ch i t  has 

j ust occurred , al though the degree o f  osc illation may be mit igated i f  central 

rates are real igned be fore par i ty l imits are reached .  Cap i tal controls 

attenuate this compensatory interest rate fluctuat ion and prevent the 

possib i l i ty o f  destab i l ising speculat ion . On the assumpt ion that they do not 

c ontain the needed adj ustment permanently , or for periods long enough to 

induce maj or distort ion in the real rate of exchange , a case in favour of 

the ir use would be that they reduce the perc e ived welfare losses o f  

fluc tuat ing interest rates and remove the prospect o f  the ' peso problem'  

phenomenon ( Krasker 1980 ) . In the context o f  the present func tioning of the 

EMS , i t  has been argued that i t  is the presence o f  c ap ital controls that has 

made i t  possible to indulge in the inflat ion- constraining , under indexed 

crawl ing peg real ignment pol icy that speculation might otherwise have made 

impossible . W i thout the contro ls , the market might have forced the 

authorit ies ' hand and l i quidated the overvaluat ion of weak currenc i es which 

the author i t ies have used as a weapon in the ir c ampaign against inflation . 

This would be the strong c ase for controls , i llustrat ing the welfar e - enhanc ing 

e ffects o f  the action o f  ' throwing sand in the whee ls ' o f  f inance , as 

advocated by Tob in ( 198 2 )  some years ago and by Dornbusch ( 1986 ) more 

recently . I f  there is anything in this argument ( and the present authors 

reserve j udgement ) ,  the prospect for the future functioning o f  the EMS gains 

adde d interest in the context o f  the l iberalisation o f  c ontrols in France and 

I taly and the possib le ful l  par t i c ipat ion by the UK, with i ts l iberal payments 

regime , in the system . 
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4 . 2  Volatility Transfer 

One anti - ERM argument which is some times advanced rests on the no tion that 

advanced macroeconomic systems naturally generate a ' lump of uncertainty ' 

which c an be pushed from one point in the economy but which wil l  inevitably 

reappear e lsewhere (see eg Batchelor 198 3 , 198 5 ) .  For example , it might be 

argued that removing or reducing exchange rate volatility wil l  inevitably 

induce a rise in interest rate volatility . Such a conc lusion might follow 

from inverting a standard exchange rate equation and no ting that the interest 

rate is the only o ther maj or ' jump variable ' in the system . Such a 

phenomenon might be termed ' volatility transfe r ' . Insofar as the burden of 

increased interest rate volatility falls more wide ly on the general public 

than that o f  exchange rate volatility (which presumably falls mainly on the 

company or more particularly the tradable goods sector ) , then the we l fare 

argument must hinge on which sector would find it easier to hedge the induced 

risk . Given that there already exist we l l - deve loped forward foreign exchange 

marke ts , it is probable that such an argument would c ome down against 

membe rship of the ERM . 

Howeve r ,  it is not at all clear that ERM membe rship is in fact e quivalent to 

' inverting the exchange rate equation ' . Ins ofar as membership enhanc e s  the 

credibility o f  policy , there may be a significant reduc tion in spe culative 

attacks on the exchange rate and hence a reduc tion in the volatility o f  short

term interest rates (if the authorities use interest rates as at l e ast a 

short- term measure for ' leaning into the wind ' ) .  Alternatively viewed, the re 

may be a shift in the e conomic structure according to the Luc as ( 19 7 6 ) 

critique . 

In an attempt to shed some light on these arguments we carried out the non

parame tric volatility shift tests for monthly changes in both onshore and 

offshore shor t - term interest rates; the results are reported in Tables Sa  

(page 3 3 )  and Sb (page 34)  respectively . 

The wel fare arguments al luded to above would seem to imply that the important 

question is whe ther or not the ERM has resulted in a transmission of 

volatility to onshore rather than o ffshore rates , since these are more like ly 

to impact on the general public . Given the use o f  c apital controls by some 

countries over much o f  the data period it is , howeve r , also of interest to 

examine whether the re has been a shift in offshore interest rate vo latility 

post 1979 . The resul ts using offshore rates, reported in Tab l e  Sb, are 
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qual itatively s imi lar to those using onshore rates . In part icular , there are 

no signs of increased interest rate volatility for any o f  the EMS currenc ies 

and significant indicat ions o f  reduc t ions in volatil ity for the l ira and the 

guilder . Again , the re is also evidence o f  increased interest rate volat ility 

pos t - March 1979 for the US and Canadian offshore rates . 

From our discussion in the previous sub -section , the e ffec t ive operation of 

French and I talian exchange controls for much o f  the post - ERM period would be 

expected to achieve a reduc t ion in onshore interest rate volati l i ty and this 

is borne out, at l e ast for the I talian case . The re is also , however , strong 

evidence o f  a reduc t ion in Dutch onshore interest rate volat i l i ty whi lst the 

converse is true for US and Canadian onshore rates . Interestingly , there is 

also evidence o f  a reduc tion in the vol at i l i ty in UK onshore interest rates . 

5 CURRENCY SUBSTITUTABILITY AND RISK PREMIA 

Fo llowing Canzoner i  ( 1982 ) ,  we can say that the creation of an exchange rate 

union converts external shocks affect ing member countries asymmetr ical ly into 

symme tric ones ; if the permanence of the union is credible , one member 

currency is as good as another ' s  and an external shock induc ing a fl ight of 

c ap i tal into, say , the mark, should affect the franc and l ira in the same way , 

relieving pressure on the cross rates . Indeed , a dimunition o f  the exposure 

of German comp e t i t iveness to sent iment against the dol lar was apparently a 

maj or mot ivation o f  German interest in the founding o f  the EMS (Ludlow , 1982 ) . 

I t  the re fore seemed o f  some interest to examine for the subst i tuab i l i ty of EMS 

currenc ies dur ing the per iod of operat ion o f  the EMS . 

5. 1 Test ing for r isk premia in the EMS 

A number o f  authors have examined the issue o f  fore ign exchange r isk premia -

see for example Domowi tz and Hakkio, 1985 , and Taylor, 198 8 . Test ing for 

non- zero r isk premia between currenc ies is an indire c t  and imperfect way of 

test ing for perfe c t  subst i tutab i l i ty .  The configuration o f  asset demand and 

supply may be such that the r isk premium may be c ont ingently zero between 

currenc ies whose assets are less than perfec t subst i tutes in agents ' 

portfo l i os . A non - zero r isk premium is nevertheless evidence o f  imperfect 

substitutab i l i ty .  Thus , a non-zero r isk premium is a necessary but no t a 

suffi c ient c ondi t i on for assets denominated in those currenc ies to be perfect 

subs t i tutes . 
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A non - zero r i sk premium should be detected as deviat ions from the non - r isk 

adj usted uncovered interes t  par i ty (UIP) condition . The UIP theorem states 

that the interes t  different ial between two financ ial assets , identical in 

every relevant respect except currency of denomination , should be exactly 

offset by the expected rate of change of the exchange rate between the 

relevant currenc ies over the period to maturi ty. Under the maintained 

hypothes i s  o f  rational expectations , the r i sk - adjus ted UIP condit ion may be 

wri tten : 

( 8 )  

where e t i s  the ( logar i thm o f  the ) domes t ic price o f  foreign currency , i t is 

the exchange rate on the dome s t i c  s e curi ty with n periods to matur i ty , an 

as terisk deno tes a fore ign var iable and Pt denotes the (poss ibly t ime -vary ing)  

r isk p remium . I f ,  for example , Pt i s  positive , agents require a premium for 

holding the dome s t ic securi ty over and above the expected deprec iation 

adj usted interes t  di fferential . 

Because o f  the difficulty in obtaining observed expectations o f  the future 

spot rate , emp ir i cal tests of UIP ( ie that ( 8 )  holds with Pt i denti cally ze ro ) 

have generally rel ied on indirect evidence by assuming covered interest par i ty 

( the forward exchange premium is  e qual to the intere s t  different i al - see  

Taylor 198 7 a )  which together with UIP and rational expectations then imp l i e s  

the opt imality o f  the forward rate as a s p o t  rate predic tor . In contrast to 

e arly work by Frenkel ( 1981 ) ,  a number of s tudies have rej ected the s impl e  UIP 

condit ion using this indirect me thod ( Hansen and Hodrick 198 0 , Hakkio 1981, 

Bai l l ie , Lippens and McMahon 198 3 , amongst o thers ) . We propos e , however, to 

test currency sub s t i tutab i l i ty directly by inferring the optimal condit ional 

forecast of the future spot rate from the t ime ser ies properties  of the data, 

us ing a method originally developed by S argent ( 1979) to t e s t  the rat ional 

expectations mode l of the term s tructure of interes t rate s . S ince this 

me thodology is by now well known , we shall give only a b r i e f  d iscussion . For 

further de tails see , eg  Taylor 1987b . 

S e t t ing the r i sk premium in ( 8 )  i dent ically e qual to  zero the UIP condi t ion 

become s : 

(9 ) 
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I f  the one -period rate o f  deprec iation , �e t , and the interest differential 

together form a l inearly inde terministic, jo intly covari ance stationary 

process , then the mul tivariate form o f  a statistical theorem , known as Wold's 

decompos i tion ( Hannan 197 0 )  implies that the process has a unique , infini te

order moving average representation . For a sui tably chosen value of n ,  this 

c an be approximated in finite samples by an n- th order b ivariate vector 

autoregression . This c an be wr ittenS ,6 : 

n 
� 
i-1 [::] �e 

i t -

n 
+ � 

i-1 [:: l + [::] 
* 

( i  - i \
- i  

where the innovat ions process Wt - (et �t ) ' is vector whi te noise: 

{a, 
o ,  

i 0 
i "' 0 

In companion form the model is : 

where 

I 
n- 1 

0 

a 
n 

0 

0 

0 

I 
n - 1  

s 
n- 1 

0 

s 
n 

0 

( 10 )  

( 11 )  

5 Note that the vec tor autoregressive representation ( 10 )  impl i c i tly assumes 
that the moving average representation has z ero deterministic par t . In 
a l l  the emp i r ical work , the data was transformed to mean deviation form , 
whi ch is e quivalent to including constants in the vector autoregressions . 

6 Note that this formulation does not directly c ontradic t  our e ar l ie r  
reasoning that the exchange rate approximates a r andom walk - the 
coe ffic ient matrix may be sparse . Also , al though we do not al low for 
heterosce dastic disturbances in this sec t i on , resul ts obtained using the 
heteroscedastic - robust vec tor autoregressive tests deve loped in Taylor 
198 7 c  yie lded qualitatively ident ical resul ts to those reported below . 
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Vt - (£t 0 . . .  0 �t 0 . . .  0 ) ' 

Using the first - order formulation , ( 1 1 ) , i t  is then e asily shown that: 

n 
- (h ' L �k+1 - g '  � ) Zt - 1 

k-1 
( 1 2 )  

where ht - 1  is an information set consisting o f  only lagged values o f  the rate 

of depreciat ion and the interest di ffe rential and h and g are 2n d imensional 

se lect ion vectors with unity in the f irst and (n+l ) th e l ement resp e c t ive ly, 

and zeros e lsewhere . However , taking expectations o f  the uncovered interest 

par i ty condition under perfect substitutab i l i ty , ( 8 ) , with r espect to  ht - 1  

impl ies that ( 1 2 )  should be identically e qual t o  zero . Henc e , the zero risk 

premium restr i c t ions are: 

n 

h '  L �k+l - g '  � - 0 

k-1 

( 1 3 ) 

One way o f  test ing these restrictions is to estimate the unrestricted system 

by ordinary least squares and construc t a Wald test statist i c . S ince this is 

an asymp totic test , however , we also computed l ikel ihood ratio and l agrange 

multiplier statistics for the restr ictions as a cross - check (see Taylor 1987b 

for details on the construc tion of these statistics ) . 

5 . 2  Emp i r ical Results 

Monthly ( end - month) data on six- month Eurodeposi t  interest rates were taken 

from the Financ ial Times . In order to ensure compatab i l i ty ,  the exchange 

rate data used in this section were also taken from this source . The ERM 

currenc ies considered were the German mark , French franc , I ta l i an l ira and 

Dutch gui lder; the non- ERM currenc ies were the US dol lar , UK s te r l ing and 

Japanese yen . 

18  



The order of the vector autoregressions were chosen using the me thod outlined 

in Taylor 1987b . Basical ly , this involv3s balanc ing criteria such as 

whiteness o f  residuals , l ike l ihood ratio tests on lag restrictions and 

minimisation o f  the Akaike Information Criterion (Akaike 197 3 ) . 

Table 6 (see page 3 5 )  gives the results of testing for zero r isk premia 

between the mark and the other currenc ies examined during the period of 

operation of the EMS . Whatever test statistic is used, the results are 

qual itatively i dentical . As one might have expecte d ,  the s impl e  UIP 

condi tion ( zero r isk premium ) cannot be rej ected for dollar-mark . On the 

o ther hand , the re are massive rej ections o f  s impl e  UIP between the mark and 

both the yen and sterl ing . Perhaps the most striking f inding , howeve r , is 

the strong evidence of non- zero r isk premia between the mark and the other ERM 

currenc ies . In particular , the s imple UIP condition is rej e cted for the 

Dutch guilder - mark exchange rate , which is perhaps slightly surpr ising since 

the do l lar -mark and the dol lar - gui lder exchange rates are o ften seen as moving 

in tandem . 

Given that the assumption o f  rational expectat ions formed part of the 

maintained hypothesis in the tests outlined and applied above , one possible 

interp re tation o f  these findings is that market partic ipants do not in fac t 

e fficiently process and act upon all available informat ion . However , since 

typical participants in foreign exchange and asset markets are highly 

motivated professionals with access to potent ially vast information sets 

literally at the touch o f  a button , this might appear a rather unattrac tive 

option . Indeed ,  many e conomists who would demur at the rational expectations 

hypothesis in gene ral would accept it as a useful working hypothesis when 

applied to foreign exchange or asset markets - such a view forms the basis, 

for example , o f  the ' partly rational ' mode ls o f ,  eg , Dornbusch ( 197 6 )  or 

Blanchard ( 198 1 ) . 

G iven that a non- zero r isk premium is a necessary but not a sufficient 

condition for the assets of two currenc ies to be perfect substitutes , our 

findings can at most be taken as c ircumstanti al evidence o f  perfect 

substitutab i l i ty between the mark and the US dol lar . By denying this 

necessary condit ion for all o ther currenc ies against the mark , our results do 

howeve r , imply that the EMS has not been successful in rendering all member 

currencies perfect substitutes . Thus , the results o f  this section suggest 

that the EMS has no t been successful in e l iminat ing the vulne rabil i ty o f  the 



' 
cross rates o f  i ts members vis - a -vis the mark to swings in sent iment aga inst 

the do llar . 7 

6 REAL EXCHANGE RATES AND THE EMS : RANDOM WALK OR DRAGGING ANCHOR? 

As we noted in the introductory sec tion , arguments for joining the ERM may 

h inge on the targeting o f  e ither the real or the nominal exchange rate. 

Although EMS real ignments have probably made l ess than full adj ustment for 

price l evel d ifferences , one would expect the longe r - run consequences of ERM 

membership to entai l  c onvergence on some form of purchasing power par i ty 

, ( PPP ) , at l e ast against o ther ERM currenc ies; indee d  this c an be viewed as a 

measure o f  pol icy c onvergence . Indeed , as we noted in our introductory 

sec t ion , the long - run survival of the system would seem to depend upon long

run preservation of compet i t iveness , so that member c ountries are not 

cont inually tempted to try and restore the ir terms o f  trade . 

In fac t , howeve r , there exists a whole l i terature wh ich suggests that 

deviations from PPP , as measured by the real exchange rate , c an gene rally be 

charac terised to mart ingale or , more particularly , random walk behavi our . 

Seminal papers in this context are those o f  Rol l  ( 1979) , who proposed a 

mart ingale PPP hypothesis based on e ffic ient international goods arb i trage , 

and Adl er and Lehmann ( 198 3 ) , who derive similar conc lus ions based on 

cons iderations of efficient cross - border bond arb i trage . Inde ed, i f  the 

expected exchange rate deprec iat ion over a given period is j ust e qual to the 

expected inflat ion differential , the real exchange rate must fo llow a random 

walk. 

7 Radae l l i  ( 1987 ) provides corroborating evidence o f  a non- zero r isk premium 
between the franc and the mark over this period by estimat ing a particular 
parameter isat ion of the r isk premium suggested by Frankel ( 198 2 ) . From 
an examinat ion of movements in the onshore - offshore d iffe rent ial , Radae l l i  
also suggests that market partic ipants may have been reasonably accurate 
in forecas t ing the t iming of real ignments . This is qui te important in 
the present context since o therwise our results may suffer from the ' pe s o  
prob lem ' ( Kraske r , 1980 ) . In order to  be abso lutely sure that our 
results are not dominated on the peso prob lem , we are currently engaged in 
research which seperates the data into ' turbulent ' and ' non - turbul ent' 
periods .  
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This re turns us to the distinction we made earl ier ( and which has been 

stressed by Will iamson ( 198 5 ) ) between volatility and misal ignment . We 

believe that the results reported above constitute quite unequivocal evidence 

that the ERM has reduced exchange rate volatility ,  both real and nominal . In 

this section we want to invest igate whether this volatil ity reduc tion has been 

c o inc ident with a reduct ion in longer- term misalignment. 

We propose to examine the long - run impl ications of the EMS by testing for unit 

roots in real exchange rates . S ince the real exchange rate can be viewed as 

the deviation from PPP , i f  some form of ( relative or absolute ) PPP is to hold 

in the long run , the real exchange rate must be characterised by a stat ionary 

process . I f  the real exchange rate is non- stationary , there is no tendency 

for it to settle down at any particular leve l , even in the long run . Thus , 

PPP deviations - the degree of misal ignment - will tend to ge t l arger and 

larger ove r t ime . 

6 . 1  Test ing for unit roots in real exchange rates 

The spe c i fic hypothesis under examination is that the real exchange rate is 

charac terised by a stochastic process with a unit root . Deno te the real 

exchange rate c, and suppose it is generated in discrete time according to: 

(14) 

whe re the e rror sequence ( ut} may be weakly dependent and heterogeneously 

distr ibuted but satisfies certain weak regular ity conditions (see Phi l l ips 

1987 or Taylor 1987 d ) . This assumption concerning the e rror process is qu ite 

important for two reasons . Much previous empiric al work on this top ic may be 

confounded because of implicit  assump tions made concerning the error process 

in the random walk spe c i fication - ie that i t  is independently and ident ically 

distr ibute d  ( i id) . As noted above , a number of authors , notably Cumby and 

Obstfeld ( 1984 ) , and Domowitz and Hakkio ( 198 5 ) , have noted the presence of 

conditional heterosc e dasticity (more particularly autoregressive conditional 

hete roscedastic ity) in exchange rate innovations . In addi tion , the ' peso 

problem'  ( Kraske r , 1980 ) , suggests that a perce ived smal l  probab i l i ty of a 

large , discrete change in the exchange rate (such as an expec ted devaluation ) ,  

wh ich does no t mate rial ise in- sample , will  induce serial dependence into the 

forecast errors . In the present paper we therefore apply unit root test 

which are non -parametric with respec t to nuisance parame ters and which 

therefore al low for weakly dependent and heterogeneously distributed fore cast 

errors . S econdly , it may well be that the real exchange rate fo llows some 

general ARMA process with a unit root , rather than a pure random walk: 
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( 1  - L) A ( L) C t - B ( L)vt 

(where A ( . )  and B ( . )  are scalar polynomials in the lag operator, L) wh ich can 

be written in the form ( 14 )  with 

Ut - A - 1  (L)  B ( L) Vt 

Thus , al though we apparently test for a pure random walk, the resul ts may in 

fac t detect non- stat ionar i ty in highe r - order processes . 

In order to test the uni t  root hyp o thesis with independent and identically 

distributed ( i id )  errors, Dickey and Fuller ( 198 1 )  and Fuller ( 19 7 6 ) propose 

tests based on the ordinary least squares (OLS ) regress ion : 

C t - � + � ( t  - T/2 ) + a C t - 1 + Ut ( 1 5 )  

Where T is the sample size and the nul l  hypothesis is 

Ho : (�. �. a ) - (0, 0, 1 )  ( 16 )  

Under the maintained hyp o thesis that the error sequence is i i d, Ful ler ( 1976) 

and D i ckey and Fuller ( 198 1 )  derive the l imiting distributions o f  the standard 

' t - statistics ' for the individual nul l  hypotheses a - 1 ,  �- 0, �- 0 ( the se 

s ta t i s t i c s  will not be distr ibuted as t under the nul l because of the presence 

of a uni t  root )  and use Monte Carlo me thods to construct est imates of their 

finite sampl e  empir ical distributions . We denote these Dickey - Ful ler 

statistics as ta , t
� 

and t� respective ly . Phi l l ips and Perron ( 198 6 )  propo se 

amending these stat istics to al low for weakly dependent and heterogenous ly 

distributed e rrors (see Phi l l ips and Perron 198 6 or  Taylor 198 7d for de tails ) . 

We deno te these amended statisti cs t�, t� and t� respective ly .  

I f  the e rror sequence is in fac t i i d, then the Dickey - Ful ler and Phi l l ips

Perron procedures will be asymp totically e quival ent . Ph i l l ips and Perron 

show that the tab les of cri t ical values tabul ated in Fuller 197 6 and D i ckey 

and Ful ler 1981 can be used for the Phi l l ips - Perron statistics . At a 

signi ficance l eve l of 5%, the approximate rej e c t ion regions for b o th the 

Dickey - Fuller and Ph i l lips - Perron stat i s t i cs are ( for a samp le size o f  around 

100 ) :  
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t* · a ·  < t i t  < - 3 . 45 ) 

t� , t� : < t l l t l < 3 . 42 )  

t� , tfi : < t l  l t l < 3 . 14 ) 

Although these statistics test the individual hypotheses a - 1 ,  � - 0 ,  � - 0 

respectively , since they are constructed under the j oint null hypothesis ( 1 6 ) , 

they should reflect � departure from the j oint null . 

6 . 2  Empirical Results 

Using the same exchange rate and price series data as in our volatility tests , 
we tested for unit roots in real exchange rates against the mark , pre- and 
post-EMs . B  The results are given in Table 7 (see page 3 6 ) . Interestingly , 
in no case , either pre- or post-EMS , can the null hypothesis of a pure random 
walk with zero drift be rejected at standard levels of significance. 

There are , however , a number of remarks which should be made concerning these 
results . Firstly , the results reported in Section 3 show a very definite 
reduction in intra-ERM exchange rate volatility post-March 1 9 7 9 . In terms of 
the present section , this can be interpreted as a reduction in the (average) 
variance of the disturbance term , Ut , in ( 14 ) . Thus , one interpretation of 
the present results i s  that although the ERM has not been able to put a halt 
to the tendency for exchange rates to become misaligned, it has been 
successful in reducing the rate at which the degree of misalignment grows . 
Put another way , the ERM appears to have increased exchange rate 
predictability , as also evidenced by our analysis in sub-section 3 . 4 .  

Secondly , it might be argued that the data period over which the ERM has been 
observed is too short to enable one to infer the very long- run properties of 
the system : in spectral analysis terms , it may be the case that the low-

8 In each case , the logarithm of the real rate was normalised to zero at the 
beginning of each test period . 
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frequency components are not particularly evident in the data collected to 

date . 9 

7 CONCLUSIONS 

The EMS has defied predictions o f  i ts imminent demise and thereby bui l t  up a 

stock o f  credib i l i ty w i th the market - as also w i th governments . Thus , we 

found unequivocal evidence that the ERM has brought about a reduct ion in both 

the conditional and uncondi tional variance o f  exchange rate changes and , far 

from having purchased this reduc tion at the cost of increased interest rate 

volat i l i ty ,  there is also some evidence of a reduct ion in the volat i l ity o f  

interest rates for ERM members . We attr ibute this to the enhanced 

credib i l i ty o f  the exchange rate policies o f  these countr ies . 

In detai l , however , the operation o f  the EMS has c learly owed some thing , at 

t imes , to the controls over cap i tal flows by France and I taly . The present 

phase of l iberal isation in these countr ies has highlighted the need for 

changes . Indeed , it is now recognised by ERM member countr ies that there is 

a need for constant monitor ing of the system and changes in i ts mode o f  

operation from t ime to t ime . In addi tion , i t  has also become more accepted 

that more exp l i c i t  c o - ordination of monetary , particularly interest rate , 

p o l i cy may be necessary . 

Two other findings are of interest . The ERM has not ,  apparently , been 

successful in rendering member countr ies ' currenc ies perfect subst i tutes or in 

establ ishing long - run convergence on some form o f  purchasing power par i ty . 

These findings are probab ly as much indicative of the system ' s  comparat ive 

infancy as o f  any intr insic weakness , but they do suggest that the longe r - term 

properti es o f  the system might reward further research . 

9 A c losely a l l ied po int re lates to the possibly poor power charac terist ics 
of the extent tests for random walk behaviour of exchange rates (see eg 
Hakkio , 198 6 ) .  Monte Carlo evidence presented in Taylor , 1986 does , 
howeve r , suggest that a certain class of tests c l ose ly related to those 
use d  here ( the augmented Dickey - Fuller test)  may have very high power to 
rej ect a false nul l  against a whole range of stationary local 
alternat ives . 
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Appendix : Dens ity and Asymptotic Score Funct ions for the Non- Parametric 

Te s t s  a 

Di stribut ion 

Normal 

Logis t ic 

Double Exponential 

Cauchy 

Dens ity Func tion. f(x) Asymptotic Score Func tion. W(u) 

1 2 
( 2� )

-
2 exp ( -1 x )  

2 

- x  - x  - 2  
e ( 1  + e ) 

1 exp ( - I x I )  
2 

( 2u - 1 )  ln ( u/ ( 1 -u) ) - 1  

- ln ( 1 - I 2u - 1  I )  - 1  

2 2 - 1  
2 tan ( � (u-1) l [ l+tan ( � (u-1) ) ]  - 1 

2 2 

a The Asympototic s core func tion i s  defined in relat ion ( 4 )  in the text . 

� ( . ) denotes the s tandard normal distribution funct ion , i e  

2 5  
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LE 1 :  CHANGES IN EMS CENTRAL RATES 

Dates o f  rea1ignments 

24/9 30/11 2 2/3 5/10 2 2/2 14/6 2 1/3 2 1/7 7/4 4/8 12/1 
1979 1979 198 1 198 1 1982 1982 198 3 1985 1986 1986 1 9 8 7  

0 . 0  0 . 0  0 . 0  0 . 0  - 8 . 5  0 . 0  +1 . 5  +2 . 0  +1 . 0  0 . 0  +2 . 0  

sh Kroner - 2 . 9  - 4 . 8  0 . 0  0 . 0  - 3 . 0  0 . 0  +2 . 5  +2 . 0  +1 . 0  0 . 0  0 . 0  

+2 . 0  0 . 0  0 . 0  +5 . 5  0 . 0  +4 . 25 +5 . 5  +2 . 0  +3 . 0  0 . 0  +3 . 0 

ench Franc 0 . 0  0 . 0  0 . 0  - 3 . 0  0 . 0  -5 . 75 - 2 . 5  +2 . 0  - 3 . 0  0 . 0  0 . 0  

rish Punt 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 5 +2 . 0  0 . 0  - 8 . 0  0 . 0  

ta1 ian Lira 0 . 0  0 . 0  - 6 . 0  - 3 . 0  0 . 0  - 2 . 75 - 2 . 5  - 6 . 0  0 . 0  0 . 0  0 . 0  

tch Guilder 0 . 0  0 . 0  0 . 0  +5 . 5  0 . 0  +4 . 25 +3 . 5  +2 . 0  +3 . 0  0 . 0  +3 . 0 
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TABLE 2 

TEST STATISTICS FOR A SHIFT IN EXCHANGE RATE VOLATILITY AFTER MARCH 1 9 7 9a 

TABLE 2a : GERMAN MARK REAL RATES 

Exchange Rate Normal 

DMK - DKR 

DMK - BFR 

DMK - FFR 

DMK - ITL 

DMK - NGL 

DMK - U S $  

DMK- CN$ 

DMK - JPY 

DMK - UK£ 

3 . 2 1 
( 0 . 6 5 E - 3 )  

1 .  3 9  
( 0 . 08 )  

4 . 53 
( 0 . 30 E - 5 )  

6 . 03 
( 0 . 80 E - 9 )  

3 . 45 
( 0 . 2 3 E - 3 )  

0 . 1 7 
( 0 . 43 )  

1 . 01 
( 0 . 15 )  

0 . 9 6 
( 0 . 1 7 )  

- 0 . 1 6 
( 0 . 43 )  

Logis t ic 

2 .  7 2  
( 0 . 3 2 E - 2 )  

1 . 14 
( 0 . 12 )  

3 . 7 5 
( 0 . 90 E - 4 )  

5 . 08 
( 0 . 18 E - 6 )  

2 . 8 6 
( 0 . 20 E - 2 )  

- 0 . 05 
( 0 . 48 )  

0 . 5 5 
( 0 . 2 9 )  

0 . 5 5 
( 0 . 2 9 )  

- 0 . 3 3 
( 0 . 37 )  

Double 
exponential 

2 .  7 1  
( 0 . 34 E - 2 )  

1 . 17 
( 0 . 1 2 )  

3 . 6 8 
( 0 . 12 E - 3 )  

5 . 04 
( 0 . 24 E - 6 )  

2 . 9 8 
( 0 . 14 E - 2 )  

- 0 . 10 
( 0 . 46 )  

0 . 5 8 
( 0 . 2 8 )  

0 . 47 
( 0 . 3 2 )  

- 0 . 2 5 
( 0 . 40 )  

Cauchy 

2 . 8 8 
( 0 . 20 E - 2 )  

1 . 0 8 
( 0 . 14 )  

3 . 6 7 
( 0 . 12 E - 3 )  

5 ,.  5 2  
( 0 . 17 E - 7 )  

3 . 2 8 
( 0 . 50 E - 3 )  

- 0 . 8 8 
( 0 . 1 9 )  

- 0 . 50 
( 0 . 3 1 )  

- 0 . 6 3 
( 0 . 2 6 )  

- 1 . 00 
( 0 . 1 6 )  

a Al l s tatistics  are s tandard normal var iates under the nul l  hypothe s i s  o f  
n o  shift in vo lat i l i ty .  Figure s in parenthes e s  are marginal ( two - s ided) 
s i gnificance l eve l s . S ignificantly p o s i t ive s tatistics  indicate a reduc tion 
in vo lat i l i ty p o s t - March 1 9 7 9 ; s ignificantly negat ive s tatistics  indicate an 
increase in vol at i l i ty .  
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TABLE 2b : NOMINAL EFFECTIVE RATES 

Currency Normal Logisitic Double Cauchy 
exponential 

Dani sh Kroner - 0 . 5 9 - 0 . 48 - 0 . 60 - 0 . 9 5 
( 0 . 2 8 )  ( 0 . 3 1 )  ( 0 . 2 7 )  ( 0 . 1 7 )  

Belgian Franc 1 .  5 9  1 . 2 8 1 .  2 6  1 . 01 
( 0 . 06 )  . ( 0 . 10 )  ( 0 . 1 0 )  ( 0 . 1 6 )  

French Franc 1 .  3 3  0 . 9 9 0 . 8 8 0 . 2 3 
( 0 . 0 9 ) ( 0 . 16 )  ( 0 . 19 )  ( 0 . 41 )  

I talian Lire 3 . 3 5 2 . 51 2 . 45 1 .  3 2  
( 0 . 4  E - 3 )  ( 0 . 60 E - 2 )  ( 0 . 7 1  E - 2 )  ( 0 . 09 )  

Dutch Gui lder 0 . 6 6 0 . 3 9 0 . 3 3 - 0 . 40 
( 0 . 2 5 )  ( 0 . 34)  ( 0 . 3 7 )  ( 0 . 34 )  

German Mark 2 . 09 1 .  5 5  1 . 46 0 . 5 7 
( 0 . 02 )  ( 0 . 06 )  ( 0 . 07 )  ( 0 . 2 8 )  

US Dol lar - 2 . 6 2 - 2 . 2 5 - 2 . 3 1 - 2 . 9 2 
( 0 . 4 3 E - 2 )  ( 0 . 01 )  ( 0 . 0 1 )  ( 0 . 1 7 E - 2 )  

Cana dian Dol l ar 2 . 0 3 1 .  74 1 .  76 2 . 0 5 
( 0 . 02 )  ( 0 . 04 )  ( 0 . 04 )  ( 0 . 0 2 )  

Japane s e  Yen - 0 . 94 - 0 . 6 2 - 0 . 6 6 - 0 . 1 2 
( 0 . 1 7 )  ( 0 . 2 7 )  ( 0 . 2 5 )  ( 0 . 49 )  

UK S terl ing - 1 . 84 - 1 . 6 2 - 1 . 6 6 - 2 . 06 
( 0 . 03 )  ( 0 . 05 )  ( 0 . 0 5 )  ( 0 . 02 )  

2 8  



TABLE 2c : REAL EFFECTIVE RATES 

Currency Normal Logis itic Double Cauchy 
exponent ial 

Danish Kroner 4 . 3 6 3 . 6 1 3 . 5 7 3 . 45 
( 0 . 6 5 E - 5 )  ( 0 . 15 E - 3 )  ( 0 . 1 8 E - 3 )  ( 0 . 2 7 E - 3 )  

Be l gian Franc 1 . 9 2 1 .  6 1  1 . 6 2 1 .  9 5  
( 0 . 03 )  ( 0 . 05 )  ( 0 . 05 )  ( 0 . 0 3 )  

French Franc 2 . 17 1 .  7 8  1 .  8 1  1 . 7 2 
( 0 . 01 )  ( 0 . 03 )  ( 0 . 03 )  ( 0 . 04 )  

I tal ian Lire 3 . 14 2 . 45  2 . 49 2 . 09 
( 0 . 8 5 E - 3 )  ( 0 . 7 1 E - 2 )  ( 0 . 6 3 E - 2 )  ( 0 . 02 )  

Dutch Gui l de r  1 .  7 8  1 . 45 1 . 41 1 .  8 1  
( 0 . 0 3 )  ( 0 . 07 )  ( 0 . 0 8 )  ( 0 . 12 )  

Ge rman Mark 3 . 3 5 2 . 54 2 . 49 1 .  32 
( 0 . 41 E - 3 )  ( 0 . 50 E - 2 )  ( 0 . 6 3 E - 2 )  ( 0 . 09 )  

U S  Do l l ar - 1 . 3 1 - 1 . 3 2 - 1 . 3 6 - 2 . 48 
( 0 . 09 )  ( 0 . 0 9 )  ( 0 . 08 )  ( 0 . 6 5 E - 2 )  

Canadian Dol lar 1 .  39 1 . 1 7 1 . 1 1 1 . 1 1 
( 0 . 08 )  ( 0 . 1 2 )  ( 0 . 1 3 )  ( 0  . 13 )  

Japane s e  Yen 0 . 10 0 . 11 0 . 1 1 0 . 2 2 
( 0 . 4 6 )  ( 0 . 4 5 )  ( 0 . 45 )  ( 0 . 41 )  

UK S terling - 1 . 44 - 1 . 1 2 - 1 . 10 - 0 . 9 1 
( 0 . 07 )  ( 0 . 1 3 )  ( 0 . 1 3 )  ( 0 . 1 8 )  
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TABLE 3 :  MAXIMUM LIKELIHOOD ARCH ESTIMATES& 

e t - e t - 1  + Ut 

ht - E (ut l t - 1 ) - 00 + 01 ut - 1  

TABLE 3a : GERMAN MARK NOMINAL RATES 

Exchange Like l ihood 
rate Pre - ERM fos t - ERM Ra t i o 

,.. ,.. 
mean h1/2 

,.. ,.. 
mean h1/2 ao Q1 ao Q1 

t t 

DMK- DKR 0 . 2 7 E - 8  0 . 3 3 1 . 07 0 . 3 2 E - 4  0 . 8 6 0 . 9 7 7 . 00 
( 4 . 1 8 )  ( 1 .  5 2 )  ( 4 . 1 1 )  ( 2 . 4 8 )  ( 0 . 0 3 )  

DMK - BFR 0 . 42 E - 4  0 . 3 8 0 . 8 S 0 . 24 E - 4  0 . 9 7 1 . 1 6 S . 3 3 
( 4 . S S )  ( 1 . 7 0 )  ( 4 . 2 3 )  ( 2 . S 6 )  ( 0 . 0 7 )  

DMK - FFR 0 . 3 6 E - 3  0 . 2 3 E - 1  1 .  92  0 . 7 6 E - 4  0 . 1 3 0 . 94 30 . 0 9 
( S . 0 1 )  ( 0 . 20 )  ( S . 84 )  ( 1 . 0 1 )  ( 0 . 00 )  

DMK - ITL 0 . 3 9 E - 3 O . S 6 2 . 9 3 0 . 9 1 E - 4  0 . 2 8 1 . 1 1 2 8 . 1 2 
( 4 . 1 3 ) ( 2 . 1 3 )  ( S . 1 S )  ( 1 .  S O )  ( 0 . 00 )  

DMK - NGL 0 . 3 8 E - 4  0 . 7 0 1 .  04 0 . 13 E - 4  0 . 2 1 0 . 41 1 8 . 7 1 
( 4 . 0 1 )  ( 2 . 47 )  ( S . 1 7 )  ( 1 .  S O )  ( 0 . 8 7 E - 4 )  

DMK - U S $  O . S 7 E - 3  0 . 2 6 2 . 8 0 0 . 10 E - 2  0 . 14 3 . 0 3 6 . 8 7 
( 4 . 44 )  ( 1 .  3 8 )  ( S . 64 )  ( 1 . 9 6 )  ( 0 . 0 3 )  

DMK - CN$ 0 . 7 6 E - 3  0 . 2 2 3 . 12 0 . 8 S E - 3 0 . 1 2 2 . 7 6 4 . 1 8 
( 4 . 3 8 )  ( 1 . 2 2 )  ( S . 64 )  ( 1 . 6 3 )  ( 0 . 1 2 )  

DMK - J PY 0 . 43 E - 3  0 . 34 2 . S 7 0 . 47 E - 3  0 . 3 3 2 . 6 3 0 . 09 
( 4 . 1 2 )  ( 1 .  6 2 )  ( 4 . 1 3 )  ( 1 . 6 9 )  ( 0 . 9 6 )  

DMK - UK£ 0 . 3 8 E - 3 0 . 49 2 . 70 0 . 49 E - 3  0 . 09 2 . 3 2 2 . 6 1 
( 4 . 2 6 )  ( 1 . 9 S )  ( 4 . 8 3 )  ( 0 . 6 3 )  ( 0 . 2 7 )  



TABLE 3b : US DOLLAR NOMINAL RATES 

Exchange Like lihood 
Rate Pre - ERM Pos t - ERM Ratio 

1\ 1\ 
mean hl/2 

1\ 1\ 
mean hl/2 ao Ql ao Ql 

t t 

US $ - DKR 0 . 3 7E - 3  0 . 34 2 . 3 9 0 . 10E - 2 0 . 15 2 . 9 9 1 3 . 5 3 
(4 . 1 5 )  ( 1 .  6 7 )  ( 5 . 7 7 )  ( 2 . 5 5 )  ( 0 . 11 E - 2 )  

US$ - BFR 0 . 42 E - 3 0 . 3 1 2 . 48 0 . 1 1E - 2 0 . 13 3 . 11 1 0 . 8 2 
(4 . 2 7 )  ( 1 . 6 3 )  ( 5 . 6 3 )  ( 1 . 74 )  ( 0 . 45 E - 2 )  

US $ - FFR 0 . 3 3 0 . 5 2 2 . 54 0 . 9 8E - 3  O . l lE - 1  3 . 1 1 8 . 42 
( 4 . 0 3 )  ( 2 . 1 3 )  ( 5 . 3 1 )  ( 0 . 1 7 )  ( 0 . 0 1 )  

US$ - ITL 0 . 19E - 3  0 . 7 3 2 . 40 0 . 8 8 E - 3  0 . 1 2 2 . 8 0 1 9 . 14 
( 4 . 1 0 )  ( 2 . 48 )  ( 5 . 5 8 ) ( 1 . 6 3 )  ( 0 . 7 0 E - 4 )  

US$ - NGL 0 . 41 0 . 3 6 2 . 5 5 O . lOE - 2  0 . 12 3 . 00 9 . 60 
(4 . 02 )  ( 1 . 7 3 )  ( 5 . 5 2 ) ( 1 . 48 )  ( 0 . 8 1 E - 2 )  

U S $ - CN$ 0 . 7 5 E - 4  0 . 3 5 1 . 05 0 . 8 9 E - 4  0 . 1 5 1 . 02 0 . 47 
( 4 . 1 7 )  ( 1 . 5 8 )  ( 4 . 8 4 )  ( 0 . 9 7 )  ( 0 . 7 9 )  

US $ - J PY 0 . 3 2E - 3  0 . 42 2 . 34 0 . 8 9E - 3  0 . 34E - 1  3 . 0 3 1 2 . 07 
(4 . 43 )  ( 1 . 9 5 )  ( 5 . 46 )  ( 0 . 3 1 )  ( 0 . 24 E - 2 )  

US$ - UK£ 0 . 2 8 E - 3  0 . 3 9 2 . 13 0 . 94E - 3  0 . 8 2E - l  2 . 9 5 1 3 . 54 
( 3 . 8 7 )  ( 1 . 8 1 )  ( 6 . 30 )  ( 5 . 7 8 )  ( 0 . 1 1 E - 2 )  

a Figures in parenthe ses below coeffic ient e s t imate s are t - ratios ; those 
below test s tatistics  are marginal s i gnificance leve l s . The l ikel ihood ratio 
s tati s t i c  tests for a shi ft in the coeffic ients post -March 1 9 7 9 . 
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TABLE 4 :  TEST STATISTICS FOR A SHIFT IN INTEREST RATE VOLATILITY AFTER MARCH 
1 9 7 9 : ONSHORE DIFFERENTIAL& 

Rate s Normal Logis t i c  Double Cauchy 
exponent ial 

French Franc - 2 . 70 - 2 . 71 - 1 . 9 8 - 2 . 01 
( 0 . 49 )  ( 0 . 47 )  ( 0 . 54 )  ( 0 . 3 6 )  

I talian Lire - 2 . 5 5 - 2 . 46 - 2 . 43 ;- 2 . 2 0 
( 0 . 12 )  ( 0 . 14 )  ( 0 . 14 )  ( 0 . 03 )  

Dutch Gui lder 2 . 7 3 2 . 2 6 2 . 1 5 1 .  8 6  
( 0 . 64 x 1o - 2 ) ( 0 . 02 )  ( 0 . 03 )  ( 0 . 06 )  

German Mark 2 . 41  1 .  8 9  1 .  8 4  1 .  3 0  
( 0 . 02 )  ( 0 . 06 )  ( 0 . 06 )  ( 0 . 1 9 )  

US Dollar - 1 . 5 6 - 1 . 1 8 - 1 . 1 3 - 0 . 7 9 
( 0 . 1 2 )  ( 0 . 24 )  ( 0 . 2 6 )  ( 0 . 4 3 )  

Canadi an Dol lar - 1 . 4 3 - 1 . 10 - 1 . 07 - 0 . 5 9 
( 0 . 1 5 )  ( 0 . 2 7 )  ( 0 . 2 9 )  ( 0 . 5 6 )  

J apane s e  Yen 3 . 6 7 3 . 2 7 3 . 3 8 4 . 7 1 
( 0 . 24 E - 3 )  ( 0 . 10 E - 2 )  ( 0 .  7 2  E - 3 )  ( 0 . 2 5 E - 5 )  

UK S terl ing 5 .  7 1  4 . 74 4 . 7 5 4 . 9 3 
( 0 . 1 1 E - 7 )  ( 0 . 2 2 E - 5 )  ( 0 . 20 E - 5 )  ( 0 . 84 E - 6 )  

a S e e  note to Table 2 .  
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TABLE Sa : TEST STATISTICS FOR A SHIFT IN INTEREST RATE VOLATILITY AFTER MARCH 
1 9 7 9 : ONSHORE SHORT RATESa 

Rate 

French Franc 

I tal i an Lire 

Dutch Guilder 

Ge rman Mark 

US Dol lar 

Canadian Dol lar 

Japane s e  Yen 

UK S terl ing 

Normal 

1 . 05 
( 0 . 2 9 )  

4 . 56 
( 0 . 5 1E - 5 )  

2 . 9 1 
( 0 . 3 6E - 2 )  

0 . 8 1 
( 0 . 42 )  

- 3 . 2 9 
( 0 . 10E- 2 )  

- 2 . 7 7 
( 0 . 5 6 E - 2 )  

1 . 1 5 
( 0 . 2 5 )  

6 . 10 
( O . l lE - 8 )  

a See  note to Tab le 2 .  

Logis t ic 

0 . 8 1 
( 0 . 42 )  

3 . 6 9 
( 0 . 2 2E - 3 )  

2 . 37 
( 0 . 02 )  

0 . 41 
( 0 . 6 8 )  

- 2 . 60 
( 0 . 92E - 2 )  

- 2 . 1 7 
( 0 . 03 )  

0 . 9 2 
( 0 . 3 6 )  

5 . 10 
( 0 . 34E - 6 )  

3 3  

Double 
exponential Cauchy 

0 . 7 5 0 . 5 1 
( 0 . 46 )  ( 0 . 6 1 )  

3 . 5 1 2 . 87 
( 0 . 45 E - 3 )  ( 0 . 41E- 2 )  

2 . 2 5 1 . 8 5 
( 0 . 02 )  ( 0 . 0 6 )  

0 . 3 8 - 0 . 84 
( 0 . 7 1 )  ( 0 . 40 )  

- 2 . 53 - 2 . 01 
( 0 . 01 )  ( 0 . 04 )  

- 2 . 11 - 1 . 42 
( 0 . 03 )  ( 0 . 1 5 )  

0 . 9 6 0 . 8 8 
( 0 . 34 )  ( 0 . 3 8 )  

5 . 10 5 . 49 
( 0 . 3 5E - 6 )  ( 0 . 41E - 7 )  



TABLE 5b : TEST STATISTICS FOR A SHIFT IN INTEREST RATE VOLATILITY 
AFTER MARCH 1 9 7 9 : OFFSHORE SHORT RATESa 

Rate Normal Logistic Double Cauchy 
exponenti al 

French Franc 1 .  3 7  1 .  30 1 . 2 1 1 . 09 
( 0 . 1 7 )  ( 0 . 19 )  ( 0 . 2 3 )  ( 0 . 2 8 )  

I talian Lire 2 . 01 2 . 11 2 . 09 2 . 3 1 
( 0 . 44 E - 1 )  ( 0 . 3 5 E - 1 )  ( 0 . 3 7 E - 1 )  ( 0 . 2 1 E - 1 )  

Dutch Gui lder 3 . 00 2 . 8 7 2 . 6 1 2 . 09 
( 0 . 2 7 E - 2 )  ( 0 . 41 E - 2 )  ( 0 . 9 1 E - 2 )  ( 0 . 3 7 E - 1 )  

Ge rman Mark 1 . 00 0 . 8 3 0 .  7 7  0 . 6 1 
( 0 . 32 ) ( 0 . 41 )  ( 0 . 44 )  ( 0 . 54 )  

U S  Dol lar - 2 . 17 - 2 . 09 - 2 . 3 1 - 2 . 1 1 
( 0 . 3  E - 1 )  ( 0 . 3 7 E - 1 )  ( 0 . 2 1  E - 1 )  ( 0 . 3 5 E - 1 )  

Canadian Dol l ar - 2 . 0 8 - 2 . 14 - 2 . 05 - 2 . 2 1 
( 0 . 3 8 E - 1 )  ( 0 . 3 2 E - 1 )  ( 0 . 4  E - 1 )  ( 0 . 2 7 E - 1 )  

Japane s e  Yen 1 . 08 0 . 9 9 1 .  07  1 .  2 1  
( 0 . 2 8 )  ( 0 . 32 ) ( 0 . 2 9 )  ( 0 . 2 3 )  

UK S terling 1 . 1 1 1 . 48 1 .  5 7  1 . 42 
( 0 . 2 7 )  ( 0 . 14 )  ( 0 . 12 ) ( 0 . 1 6 )  

a See  note to Table 2 .  
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TABLE 7 

TESTING FOR UNIT ROOT IN REAL EXCHANGE RATES8 

C t - � + /3 ( t - T/2 ) + a C t - 1  
+ 

Ut 

Exchanfke Rate Pe riod � � t*_ 

DMK - DKR Pre - EMS 2 . 5 5 - 0 . 8 1 - 2 . 70 
Pos t - EMS 1 . 01 - 0 . 2 3 - 0 . 2 6 

DMK - BFR Pre - EMS 2 . 64 - 0 . 7 8 - 2 . 7 2 
Po s t - EMS 0 . 9 8 - 0 . 24 - 0 . 30 

DMK- FFR Pre - EMS 2 . 7 5 - 0 . 8 6 - 2 . 6 8 
Po s t - EMS 0 . 9 7 - 0 . 2 1 - 0 . 2 5 

DMK - ITL Pre - EMS 2 . 6 6 - 0 . 84 - 2 . 6 9 
Pos t - EMS 0 . 9 8 0 . 2 5 - 0 . 2 6 

DMK - NGL Pre - EMS 2 . 6 1 - 0 . 8 3 - 2 . 7 1 
Pos t - EMS 0 . 9 8 - 0 . 2 2 - 0 . 2 6 

DMK - US $  Pre - EMS 2 . 8 1 - 0 . 7 7 - 2 . 1 1 
Pos t - EMS 1 . 04 - 0 . 2 7 - 0 . 3 1 

DMK - CN$ Pre - EMS 2 . 5 9 - 0 . 84 - 2 . 6 5 
Pos t - EMS 0 . 9 7 - 0 . 2 6 - 0 . 2 5 

DMK - J PY Pre - EMS 2 . 6 3 - 0 . 8 3 - 2 . 7 0 
Pos t - EMS 0 . 9 9 - 0 . 24 - 0 . 2 6 

DMK - UK£ Pre - EMS 2 . 6 5 - 0 . 8 2 - 2 . 7 2 
Po s t - EMS 1 .  08 - 0 . 2 9 - 0 . 3 0 

a t* , t* , t* are the Phi l l ips - Perron ' s test s tatis t ics  for the 
nul l  hypothes e s  Ha : a - 1 ,  Hb : � - 0 ,  He : f3 - 0 .  

Aproximate rej e c tion regions at the 5 %  level 

are ( t� I t� < - 3 . 45 ) ,  ( t� l l t� l < 3 . 42 )  

and ( t� l l t� l < 3 . 14 )  respective ly . 
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