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Abstract

In this paper a multi-currency model is used to investigate the relationship
between spot exchange rates, forward rates, market efficiency and new informa-
tion. It is shown that in a world with more than two countries the error term
in the standard market efficiency tests will be correlated across rates. It
is also shown that the exchange rate can be exprecssed as a function of factors
known in advance, which are captured by the forward rate determined in the
previous period, and "news". The empirical results presented in the paper
tend to support the model's implications.
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One of the main characteristics of the recent experience with floating
exchange rates has been the poor performance of forward rates as predictors
of future spot rates. A large number of studies have empirically analyzed
this problem, casting doubts on the efficiency of foreign exchange markets.
Most of these studies have been based on single-currency tests and have re-
gressed, using ordinary least squares, the spot exchange rate on the one-
period lagged forward rate. According to the efficiency hypothesis, if the
exchange rate market uses all available information, in these regressions the
constant should not differ from zero, the coefficient of the lagged forward
rate should not be significantly different from one, and the error term should
be white noise. The results obtained, however, have not produced conclusive
evidence in favor of exchange rate market efficiency. On the contrary, in

1/

a number of cases efficiency has been rejected.=

It has recently been suggested that exchange rate movements basically
respond to new information that is made available to economic agents in every
period. In particular, it has been postulated that the market forecasting error --
or difference between the spot rate and the forward rate determined in the
previous period -~ can be explained by the fact that the spot rate has captured
"news" that was not available when the forward rate was determined. This pro-
position has recently been empirically investigated by a number of studies, with
different degrees of success.zj

In this paper a multi-currency approach is used to investigate the re-

lationship between spot rates, forward rates, market efficiency and new in-

formation. It is shown that ‘in a world with more than two countries, the error
terms in the standard market efficiency tests will be correlated across rates.
This means that the error covariance matrix across rates contains important

information that can be exploited in the empirical tests of market efficiency.
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The model developed in this paper also shows that the exchange rate can be ex-
pressed as a function of factors known in advance -- thch are captured by
the forward rate determined in the previous period -- and "news" regarding
changes in domestic and foreign quantities of money, real incomes and real
interest rates. These implications of the model are empirically analyzed

for the case of the Pound/dollar, French Franc/dollar, DM/dollar and Lira/
dollar rates, using a simultaneous equations procedure that incorporates

the information contained in the covariance structure across rates. The plan
of the paper is as follows: in Section 2 a three-country model of exchange
rate determination is derived. In Section 3 empirical results regarding mar-
ket efficiency and new information, using the multi-currency approach, are

presented. Finally, Section 4 contains some concluding remarks.
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I. Exchange Rates and New Information in a Multi-Currency Setting

| In this section a simple model of exchange rate determination in a three-
country world is presented. The model assumes that the economic structure is
similar in the three countries, and investigates the process of determination
of the two independent exchange rates in this world. The ﬁodel is presented
in equations (1) through (10), where countries have been indexed from A to |
C. The analysis will focus on the determination of the exchange rates be-

tween currencies B and A and currencies C and A.

1tj - itA = ftjA - stjA » J=B,C )
E (s1h) = ftjA , §=3,C (2)
dtjA = stjA - ptj + ptA | , Jj=38,C ‘ (3)
a 38 = ladt +x % , 1=B,C (4)
1tk = rtk + Et(pt:l - ptk), k = A,B,C (5)
rtk = pk + wtk , k=A,B,C (6)
ik - ptk = akytk - bkitk , k=A,B,C ¢))
mtk =m 5+ AK 4+ vtk + ntk - ntl_‘l, k = A,B,C - (8)
ytk =y k, gkt + utk , k=A,B,C ’ (9)
sth - stBA _ StCA (10)

where stjA is the natural logarithm of the spot rate between currency j (=B,C)
and currency A, and ftjA is the log of the forward rate between j and A.

dtjA is defined, in equation (3), as deviatioms from purchasing-power-parity

(PPP) between currencies j and A. itk is the nominal interest rate on one-
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period bonds denominated in country k's (k=A,B,C) currency; ptk is the log

of country k's (k=A,B,C) price level; rtk is the real interest rate in country

k, and is assumed to be equal to a constant term (pk) plus a random element

(wtk); m, is the log of the nominal quantity of money in country k; and ytk

is the log of real output in country k. On the other hand, wtk, vtk, ntk

and utk are independent, serially uncorrelated random shocks with zero mean
and constant variances.

Equation (1) is the interest arbitrage condition, and indicates that
asset holders will be indifferent between holding bonds denominated in domestic

or foreign currency as long as the interest rate differential is equal to the

forward discount;él Equation (2) introduces the simplifying as-
sumption of risk-neutral agents, which is made for convenience. If, alter-

natively, risk-averse agents are assumed, equation (2) could be modified by

4/

adding a risk premium term to ft.—- Equation (3) defines deviations from

PPP. Equation (4) introduces the simplifying assumption that short-run de-
viations from PPP follow an autoregressive process of order one (Y<1),
There is some empirical support provided by the work of Frenkel (198la, 1981b)

for this characterization of dt during the recent floating periodaéj The

2A J and w A in

in equation (4) is related to the random shocks LA t

error term X
equation (6). The reason for this is that since interest arbitrage is assumed
to hold continuously (equation [1]), all shocks cannot be independent in this
model. 1In particular, it is easy to show that xiA will be a linear function

6/

of temporary real interest rates differentials (th—wtj). Equation (5) is

the traditional Fisher equation for the domestic and foreign interest rates
respectively, where Et(z) is the expected value of z conditional on all informa-
7/

tion available up to period t.—~' Equation (6), on the other hand, indicates

that in each country the real interest rate is equal to a constant element (pk)
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plus a serially uncorrelated random term (wtk). Equation (7) depicts the

demand for money equations in each country; while equation (8) represents

the money supply processes. According to this equation, in every moment in

time the rate of growth of money will diverge from its long-run rate of

growth (Ak) both by a permanent shock (vtk) and a temporary shock (ntk).

Equation (9) depicts the process of real income. In order to

simplify the exposition, it has been assumed that in each country real income

evolves according to a random walk with trend, where the random element

(utk) is independently distributed from all other shocks in the mode1.§/

Finally, equation (10) is the triangular arbitrage condition, and points

out that only two of the three exchange rates in this world are independent.
The solution of this model can be used to find expressions for the spot

exchange rates stBA and stcA as functions of the forward rates determined in

the previous period (fzﬁl and fgfl) and the relevant random shocks. Assuming

that the information set in period t includes the model and the past and current

values of all relevant variables, and using the undetermined coefficients tech-

nique to solve difference equations, the following expressions that relate

the forward rates to the future spot rates are obtained (see the Appendix for

9
further details):—j

B B
BA BA B 1 B b (1-y )»Q-b) B
s = f + [v + (—)n - ( w
t+1 t t+1 14pB  tHl a +bB)(1_YB) t+1
B
B A 1 A
- Dyl -V - (=D
14pB  tHl t+1 14pAtHl
A By ,_ A
+ & (lAY )_aBbA&“’cﬁl + P utﬁll an
(1467 (1-y") 1+b

and -



bCa-ySH-a-5 €

cA CA c 1 C
s = f + [v +(—) n - ( W
t+l t t+l 1+_bC t+l (1+bc)(1-YC) t+l
c
- (ac) util-vtﬁl_ lA)nil
1+b 1+ b
A, C A A
- -b
+ & (1AY ch %wtﬁl*- = I utill (12)
1+ (1-y") 1+b

According to equations (11) and (12), the future spot rates will differ from
the forward rates determined in the current period by the terms in square
brackets. These expressions in brackets summarize the effect of "news"

about unanticipated (as of t) changes in money, real income and real interest
rates on the spot exchange rates. In particular, equations (11) and (12)
indicate that "news" can help explain the market forecasting error, or di-
vergence between sjA and ftjA. According to (11) and (12), "news" about a

t+l
3

permanent increase in the domestic quantity of money (vt+1) will have a posi-

tive effect (over and above the market forecast) on the spot rate in period

I

t+l. News about a temporary increase of the quantity of money at home (nt+l

will also have a positive effect on the exchange rate over and above the rate
forecast in the previous period. However, this effect will be less than pro-
portional, since agents know, under the assumption of full current information,
the temporary nature of this shock. Equations (11) and (12) indicate that "news"
about unexpected changes in the real interest rate can have either a positive

or negative effect on the forecasting error. Finally, according to equations
(11) and (12) "news" about unexpected increases in real income will have
negative effects on the forecasting error. The opposite effects are true with

respect to "news" regarding the behavior of foreign money, real income and real

interest rate.



It is interesting to note that equations (11) and (12) suggest that the
—exchange rate forecasting error is affected by a more general set of "mews"
than what has been considered in previous work (i.e., Dornbusch, 1980, Frenkel,
1981a). An important feature of equations (11) and (12) is that the terms in
square brackets provide an explicit representation of the error term in the

traditional exchange-rate market efficiency equations. Usually the efficiency

hypothesis has been tested by fitting the following expression (see Frenkel,

198la, Frenkel and Razin, 1980, and Levich, 1979):
k. _ ] | jk ik
St = O + oy ft + € (13)
where under the efficiency hypothesis ag = 0, ai = ] and €t+1 is a white noise

process. According to equations (11) and (12), €t+l will be a linear function

of a set of terms that reflect "news" about relevant domestic and foreign

h| h| ] h| A A A
variables (v 1;s Yilys Beiys Yeiys Vesr? Yedl? sl

equations (11) and (12) point out that these error terms (siil) will be cor-

A ). Furthermore,

and wt+1

related across rates, since they have the following term in common:

A

A 1 A a A

{v + (—)n + (—)u (14)
t+1 1+bB t+l 1+bA t+1}

This means that the covariance matrix across currencies includes valuable in-
formation that can be exploited in the econometric testing of market efficiency
hypotheses. In particular, the information included in this covariance matrix

can be used by estimating (13) simultaneously for a number of currencies using

Zellner's (1962) seemingly unrelated regressions procedure. In our three-
country world, this covariance matrix will be equal to I & I, where

OpB Og¢c

I = (15)

OcB %cc



and EQ/
: h PP _nJ .
o5y = [63, + Ep? ol + B ‘1jY 022 ol
3 1+b +b3) 1=y '
1 2 2 2 2 2
+ 2905 +05 + 1
1 I8 AV Tiph *an
A .
. (l-Yj)-(ljb B2 (292 g gor g =m0 16)
1+6%) (1-y) v 1+b
and
=[02+(——1-—)202+(——8—A—)202]f 1,1 = B,C (a7
15 = Cav 2’ an A Opad T ’
1+b 1+b
i#]
where Gi , for example, refers to the variance of the random shock v in country
k.

Summarizing, the multi~currency model derived in this section yields two
important conclusions: First, the exchange rate market forecasting error
(s‘z+1 - fz) can be expressed as a function of unanticipated (as of t+l) changes
in domestic and foreign quantities of money,‘real income and real interest rate.
Second, in a multi-currency setting the error terms from the standard exchange-
rate market efficiency tests will be correlated across currencies. This im-

plies that the error—covariance.matrix across currencies contains valuable
information that can be exploited in tests of exchange rates market efficiency.
These implications of the model can be extended to the case of an n-currency
world. In this case, there will be n~1 independent exchange rates, and the

covariance matrix (15) will have an (n-1) x (n-1) dimension.



II, Empirical Results

In this section, the implications of the model derived In Section I are
empirically tested using monthly data for the Pound/Dollar, DM/Dollar, French
Franc/Dollar and Italian Lira/Dollar rates for the period July 1973-September
1979. Even though all the tests are performed expressing the exchange rates
in terms of the U.S. dollar, the results will be similar if a different currency
is used as the reference currency. The reason for this is that in this case
(where five countries are considered), due to the triangular arbitrage con-
dition there will only be four independent exchange rates. Once these rates
are known, all other exchange rates can be derived using equations of the
type of (10). As suggested in the preceding section, the estimation was per-

formed using Zellner's seemingly unrelated regressions procedure (SURE),

The following versions of the exchange-rate market efficiency equations

were estimated using SURE:

JUS _ 3, 4 3Us, 3
st+l uo + al ft + st+1 (13)
JUS _ o3, o1 (3 US j __Us j _ . US
Seer - Bo T B L T H IV Uiyt Vean) T V(g T )
Y, (”i+1 - "tﬁ)] + "’i+1 (18)

where j refers to the Pound, DM, French Franc and Lira. Equation (13) is the
standard exchange rate market efficiency equation, and has been estimated by
Frenkel (1980, 198la), Frankel (1980) and Frenkel and Clements (1980), among
others. Equation (18), on the other hand, is a modified version of equatioms
(11) and (12) derived in Section 2 from the multi-currencies exchange rates
model, and explicitly points out the role of unanticipated changes in money,

real income and real interest rate differentials in the process of exchange rate
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determination. The main differences beﬁween (18) and (11) are: (a) in (18)
only one type of monetary shock is considered (a permanent shock), and (b)

in (18) the structural coefficients for the domestic country and the U.S. have
been restricted to be equal. Due to this simplification, the term (vi+l-vt2§),
for example, should be interpreted as the unanticipated (as of t) increase in
money differentials between country j and the U,S; In thé empirical analysis,
unanticipated changes iﬂ méney, real 1ncoﬁe ;nd real interest rateé were con-
structed as innovations from three-month autoregressions of these variables.

In ease case the residuals were checked in order to make sure that they were

white noise.

In Table 1 the results obtained from the estimation of equation (13)
using both OLS and SURE are presented. As may be seen, when the multi-currency
procedure (SURE) is used, the precision of the estimates improves significantly.gj
In particular, while when OLS are used the market efficiency hypothesis is
rejected for the Franc/Dollar and the Lira/Dollar rates, when SURE is used it
is only marginally rejected for the Lira/Dollar rate.

Table 2, on the other hand, contains multi-currency (SURE) estimates
of equation (18). 1In this case, the hypothesis B°=0 and 81-1.0 cannot be re-
jected at the conventional levels for the Pound/Dollar, French Franc/Dollar
and DM/Dollar rates, and is only marginally rejected for the Lira/Dollar. With
respect to the role of "news", the coefficients for unanticipated money growth
differentials are significantly positive, as expected, for the Franc/Dollar

and DM/Dollar rates. These results suggest that, for these currencies, a 10%

unanticipated increase in the money differential will generate a depreciation

of the domestic currency of approximately 3.5% over and above what was expected

in the previous period.
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Table 1

EXCHANGE-RATES MARKET EFFICIENCY:
SINGLE CURRENCY AND MULTI-CURRENCY TESTS
(Monthly Data - June 1973/September 1979)

s ..o +oa, £ +¢€
o t

t+F 1 t+1
2
Rate o o R F D.W.
0 1
a. - Single Currency Tests (OLS)
Pound/Dollar -.030 .961 .955 3.52 1.701
(.017) (.024)
French Franc/ -.457 .853 .758 7.67 2,093
Dollar (.170) (.055)
DM/Dollar .026 .965 .923 .78 1.938
(.027) (.032)
Lira/Dollar .301 .954 965 4.56 1.960
(1.37) (.021)
b. = Multi~-Currency Tests (SURE)
Pound/Dollar -.029 .964 - —-— -
(.014) (.020)
French Franc/ -.155 .951 o o -
Dollar (.104) (.034)
DM/Dollar .029 .961 - - -
(.018) (.021)
Lira/Dollar .272 ,958 -— - -
(.114) (.017)

Notes: Standard errors in parentheses.

F refers to the joint test for a=0 and b=1.0.

D.W. is the Durbin-Watson statistic.
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Table 2

Exchange Rates and "News'": Multi-Currency Tests
(Monthly Data - June 1973/September 1979)

_ _ . Us _ . US _ . US
Seqr = Byt B T IV iy m V) P Yy muey) YoWegy = Vel * Vi

Rate Bo Bl Yo Y1 Y2 D.W.

Pound/Dollar -.024 .970 .103 .006 .007 1.849
(.014) (.020) (.154) (.002) (.018)

Franc/Dollar -.155 .951 .359 .182 -.005 1.889
(.113) (.037) (.142) (.123) (.015)

DM/Dollar .032 .957 372 «243 011 2.092
(.018) (.021) (.182) (.174) (.023)

Lira/Dollar .248 .962 .084 -.046 -.022 2.004
(.119) (.018) (.190) (.102) (.010)

Notes: Standard errors in parentheses.

D.W. refers to the Durbin-Watson statistic from the first stage of the
estimation.
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Table 3

Exchange Rates and "News":
Multi-Currency Restricted Estimates

Bear ~ fp = oGy - t+1) Yy - t+1) + YWy t+1)] v

Rate Yo Yl YZ D.W,

Pound/Dollar .090 .006 .007 1.849
(.155) (.002) (.018) :

Franc/Dollar .371 .133 ~.010 2.248
(.132) (.112) (.014)

DM/Dollar 379 .202 .007 1.907
(.174) (.203) (.022)

Lira/Dollar .047 -.032 -.021 1,984
(.182) (.097) (.009)

Notes:‘ See Table 2,
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Table 4
Exchange Rates and "News':

The Role of Lagged Innovations

(Monthly Data - June 1973 - September 1979)

us

Us
)+ 8 (vov, )+ vy, -

Us
Yet1

us

) + Gl(ut-ut )

+ v Us § us
2w Veg) e DT+ B

Rate Bo B1 Yo 6o Y1 51 Y2 62 D.W.
Pound/ -.025 . 967 .151 .560 .007 .009 .008 .011 1.924
Dollar (.014) (.018) (.147) (.148) (.003) (.006) (.017) (.016)
Franc/ -.128 .960 .356 241 .113 .003 -.007 -.019 2.202
Dollar (.118) (.038) (.146) (.149) (.139) (.130) (.015) (.075)
DM/ .025 .966 .394 .137 .291 -.350 -,003 -.013 1.942
Dollar (.019) (.022) (.183) (.187) (.184) (.185) (.024) (.024)
Lira/ .259 .960 .071 431 -.115 .033 -,022 -.006 2.000
Dollar (:118) (.018) (.193) (.202) (.109) (.102) (.010) (.010)
Notes: See Table 2.
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The coefficient for unanticipated changes in real income is only sig-
nificant (and positive) for the case of the Pound/Dollar rate. The coefficient
of unanticipated changes in real interest rates, on the other hand, is only
significant for the Italian Lira/Dollar rate.

In order to focus the attention on the role of "news", equation (18) was
also estimated under the restrictions Bo=0 and Bl=1. Table 3 contains the re-

sults obtained in this case. As might have been expected, the results are very

similar to those reported in Table 2. The main finding 1is that for
the Franc/Dollar and DM/Dollar,unanticipated changes in money differentials
have a significantly positive effect on exchange rate market forecasting
errors. Additionally, as before, the coefficient of (wt+1~wt2§) is sig-
nificantly negative for the Lira/Dollar case.

A possible explanation why unanticipated changes of some of the ex-
change rate determinants do not appear to be significant in Tables 2 and 3
is that, in some countries, it may take people more than one month to find
out the "news". The reason for this could be that there is a long lag before
"announcements” about actual changes in these variables are made. If this is
the case, lagged innovations of money, real income and real income could have
an effect on the exchange rate forecasting error. However, it is important to
note that according to the market efficiency hypothesis, once "news" has been
incorporated into the exchange rates, past innovations should have no effect.
The reason for this is, of course, that once incorporated into the exchange
rate, past innovations are not "news" any more. In order to investigate the
possible lag in "announcements", equation (18) was also estimated using con-
temporaneous and one-month lagged innovations of money, real income and real

interest rate differentials. The SURE results obtained in this case are pre-

sented in Table 4. As expected, for the cases where the contemporaneous in-
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novation was significant, lagged innovations are insignificantly different from
zero. However, in the cases of the Pound/Dollar and Italian Lira/Dollar rates,
lagged innovations of money differentials are significantly positive, indicating
that in this case there might indeed be a fairly long "announcements" lag.
Additionally, for the case of the DM/Dollar lagged innovations of real income

are significantly negative, as expected.
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I1I. Conclusions and Summary

This paper has made two points related to the empirical analysis of
floating exchange rates. First, using a simple multi-currency model of
exchange rate determination, it has been shown that the error terms in the
standard exchange rates market efficiency equation are correlated across
rates. This means that the error covariance matrix across rates includes
information that can be exploitéd in the empirical analysis of exchange
rate market efficiency. Secondly, the model indicates that the exchange
rate can be expressed as a function of factors known in advance -- captured
by the lagged forward rate —- and new information or "news". In particular,
the model suggests that "news" about changes in domestic and foreign monies,
real incﬁmes and real interest rates have an effect on the exchange rate
forecasting error.

These two propositions were tested using monthly data for the Pound/
Dollar, French Franc/Dollar, DM/Dollar and Lira/Dollar rates for period
July 1973 - September 1979. The analysis was performed using Zellmer's
seemingly unrelated regressions procedure. The results obtained show that
when this multi-currency method is used the precision of the estimation in
the standard exchange rate efficiency tests is greatly improved. Additionally,
the empirical analysis provides some support to the asset-view of exchange
rate determination that postulates that exchange rate movements basically

respond to new information.
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FOOTNOTES

1/

=" On the recent behavior of exchange rates see, for eéample, Artus and Young
(1979), Dornbusch (1980), Frenkel (198la), Frenkel and Mussa (1980), Isard
(1981), Mussa (1979). On exchange rate market efficiency see Bilson (1981),
Edwards (1981), Frenkel (1980), (1981a), Frenkel and Razin (1980), Hansen

and Hodrick (1980, 1981), Kolhagen (1978) and Levich (1979).

2/ See, for example, Dornbusch (1978, 1980), Edwards (1981), Frenkel (1981)

and Isard (1981).

3/ This assumes that there is perfect capital mobility, and that domestic

and foreign bonds are perfect substitutes. We are abstracting, however,
from the issue of political risk as discussed by Aliber (1973) and Dooley

and Isard (1980).

4/

—' From an empirical point of view, this assumption means that efficiency
tests based on this model will jointly test efficiency and the assumption of

no-risk premium.

3/ Darby (1980), however, has found that deviations from PPP can be charac-

terized by a random walk with a moving-average process added.

6/

= In this paper it is assumed that real interest rates can temporarily differ
across countries only due to unexpected shocks (wt:l and th). The expected
real interest rates, however, are assumed to be equated across countries (i.e.,
Et_l(rtj) = Et—l(rtk))' See Edwards (1981) for a detailed discussion. Darby

(1980) also analyzes the porposition that deviations from PPP are related to

temporary real interest rates differentials. See Frankel (1979) and Isard (1981)
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for models of exchange rate determination that are also based on real interest

rates differentials.

1/ These expressions do not consider the effects of income taxes on noninal

interest rates., For a discussion of this issue, see Darby (1975).

8/ While this assumption greatly simplifies the exposition, it does not alter

the results. See Edwards (1981).

9/ If it is assumed that there is incomplete current information, the

solution of the model becomes more difficult. The reason is that -- as pointed
out by Barro (1980) -- when incomplete information and an economy-wide capital

market are assumed, these kinds of models do not have a closed form solution.

10/ Note that in deriving (17) we have made use of the assumption of indepen-

dence of the different random shocks. If this assumption is relaxed, some
covariance terms across shocks would be included in (17). The main conclusioms,

however, will not be affected.

11/ For data sources, see the Appendix. As expected, when the forward rate

lagged by more than one period was added to these regressions, its coefficient

was never significant. See Edwards (1981).



Appendix
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1. Derivation of Pys . st

Assuming money market equilibrium in every country [i.e., equation (7)

equals equation (8)), and assuming that the expected real rates of interest
are equalized across acountries (i.e., Et-l(ri) = Et_l(rt)), it may be shown
that the expressions for the equilibrium price level, interest rate and spot

exchange rate will be of the following form (see Edwards (1981) for further

details): : .
pg = 4Tt ‘nzmg + 1r3u~2 + 'nl.wg + 'ﬂsn% (A.1)
ig =y, + ylug + Yéwg + Y3ng . | (A.2)
sz- B, + Bl(mg - ud) + Bud + g wl + B0l 4+ 8l + BevA + 8,nd (A.3)
Rationality requires that:

m- [bj(pj-ajgj) - ajyg + ady; ﬂl---ajgJ

m, = 1 ;o mym-ad/am))

™, = bj/(1+b5) ;o mem-bd/ )
and that:

v, = (0-algd +2d) ;o ypmalamd)

v, = 1)) P Yg=-1/(4Y)

and that:
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™
N

Izasd) 5 B = af7awt)

T
n

5

pra--a-sh 1wt a8 = vh et

™
[=))
]

The expression for fiA is computed by updating (A.3) for period t+1,

and taking conditional expectations. Recalling from (8) that

b I | y_ 3.3 _.3 __13 .
Et(mt+l) my + A e A A Rl T it is found that:
JA - b _ 3j _ 3 _ A A A
B = B T mi1 " Ve TPk T Pery t Vet Penn

Equations (11) and (12) from the text are then obtained by writing

sjA in (A.3) for period t+l, and subtracting (A.4).

(A.4)
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2. Data Sources

1. Exchange Rates: All exchange rates (spot and forward) are bid prices

obtained from the Weekly Review of the Harris Bank, All rates refer to the

closest Friday to the end of the month. The forward rates are one month maturity.

2. Prices: For all countries the Consumer Price Index, as reported in

line 64 of the International Financial Statistics, was used.

3. Money: Seasonally adjusted M1, as reported in line 34b of the IFS, was

used for all countries.

4. Real Income: A seasonally adjusted index of Industrial Production, as

reported in line 66c of the IFS, was used for all countries.

5., 'Intereéest Rates: Nominal interest rates are one month maturity

Eurocurrency rates, as reported by the Weekly Review of the Harris Bank. Real

interest rates are constructed as ex-post rates.
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