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ABSTRACT 

This paper considers an interdependence relationship among the U.S. and 
Japanese interest rates and the spot exchange rate using a vector 
autoregression model for the period of 1975:8 to 1983:5. First, it is shown 
that the exchange rate is strongly exogenous to the U.S. and Japanese interest 
rates. A popular bel ief that the high U.S. interest rate is causing the strong 
dollar is refuted. Second, the dynamic response functions for a typical shock 
to the system are calculated. Dynamic responses (cumulative multipliers) of 
not only the two interest rates and the spot exchange rate but also the 
forward exchange rate through the covered interest parity relationship are 
calculated. This enables us to discuss various effects, including yen 
depreciation/appreciation with a forward discount/premium, of an unanticipated 
shock in the system. It will be shown that an unexpected yen depreciation 
would trigger a lower U.S. interest rate and a higher Japanese interest rate. 
The U.S. interest rate shock will be followed an immediate and lasting 
reaction of the Japanese interest rate, while the Japanese interest rate shock 
does not cause a response in the U.S. interest rate immediately. The typical 
shock in the Japanese interest rate would lead to yen appreciation. However, 
the magnitude of its effect is very small and yen appreciation caused by a 
typical innovation is less than one-fourth· of one standard deviation of the 
spot rate innovations. Therefore, there is very little the Bank of Japan can 
do about the exchange rate by manipulating higher domestic interest. 

We will closely study yen depreciation in the presence of (dollar) 
forward discounts in 1981 and 1982. In 1981, the forecast of the spot market 
from our model would have predicted the future spot rate quite well, while the 
forward rate overvalued yen. Yen depreciation with forward discounts in 1981 
was anticipated depreciation caused by the large innovations in the U.S. 
interest rate in late 1979 and the beginning of 1980. On the other hand, yen 
depreciation of 1982 was clearly unanticipated and can be explained only as 
the result of repeated innovations in the spot exchange rate. Because of yen 
depreciation, the Japanese authority has not lowered the discount rate in the 
22 months since December 1981, although domestic economic conditions might 
have favored the action. Considering the weak impact of an unexpectedlY high 
(or not-lowered) Japanese interest rate on the U.S. interest rate or the spot 
exchange rate, lowering the discount rate would not have made a difference in 
yen movement anyWay. 

Any correspondence should be sent to: Professor Takatoshi Ito 
Department of Economics 
1019 Mgmt/Econ 
University of Minnesota 
Minneapolis, HN 55455 

(612)-373-4370 



On The Interdependence of Exchange Rates and Interest Rates 

Takatoshi Ito 

I. Introduction 

Recent experiences of high U.S.' interest rates and a strong dollar have 

demonstrated a point in the portfolio balance theory of the exchange rate. 

The difference in inter.st rates between the U.S. and other OECD countries is 

said to be responsible for the strong dollar, because of portfolio selection 

of asset holders. However, the exchange rate in turn influences domestic 

variables. It is of great interest to trace the international dynamic effects 

of an ~nexpected change in the interest rate or in the exchange rate. We will 

look at the relationships among the U.S. interest rate, the Japanese interest 

rate and the exchange rat. in order to examine this feedback mechanism. An 

investigation of this mechanism is relevant for answering questions such as 

whether the strong dollar was really caused by the high U.S. interest rate 

rather than by independent shocks to the exchange rate; or whether Japanese 

monetary policies were conducted in reaction to exchange rate movements. In 

1982, for example, the Chairman of the Bank of Japan repeatedlY expressed its 

opinion that the discount rate could not be lowered in the presence of weak 

yen in spite of the sluggish domestic economy. Moreover, the U.S. domestic 

interest rate was blamed for causing the strong dollar. 

One important relationship has to be taken into account in our dynamic 

analysis, namely covered interest rate parity. This holds when the difference 

in nominal interest rates is equal to the forward discount (or premium) so 

that the net yields of two assets, irrespective of the currency denomination, 

are the same at any point in tim.. Therefore unexpected changes in the 

interest rate in one country could chang. the interest rate of the other 

country, the spot exchange rate, or the forward exchange rate, subject to the 

constraint of covered interest parity. It is important to consider how a 
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shock in one variable will influence other variables, since the pattern of 

dynamic responses sometimes identifies the source of disturbances in a 

particular episode. 

The purpose of this paper is three -fold. The first purpose is to examine 

the relationships among the U.S. interest rate, the Japanese interest rate, 

and the spot exchange rate to determine the major cause of fluctuations, 

taking into account the dynamic feedbacks among them. This line of 

investigation will answer the question of whether the high U.S. interest rate 

is responsible for the strong dollar. Section II will show that the exchange 

rate is ~xogenous to the U.S. and Japanese interest rates, and that the 

forecast errors of the exchange rate are due to innovations in itself. 

The second objective of this paper is to trace how unexpected changes in 

interest rates or exchange rates are absorbed by reacted changes in other 

interest rat.s and the spot and forward exchange rates. Using a condition of 

covered interest parity, we can calculate the dynamic reaction to the forward 

rate in addition to the interest rates and the exchange rate. Section III of 

this paper describes the patterns of dynamic reactions to a typical shock 

(innovation) to the system. 

Third, Section IV of this paper directs our attention to movements of the 

spot and forward exchange rates in 1981 and 1982. The spot exchange rate was 

constantly depreciating from November 1981 to October 1982, with the exception 

of April 1982, In spite of a (dollar) forward discount (i .e., the forward rate 

-predicted- yen appreciation.) This apparently contradicts the efficient 

market hypothesis without risk aversion. It is of great interest to analyze 

degrees and causes of deviations of the forward rate from the expected future 

spot rate forecast by our model in 1981-1982. Our examination of innovations 

reveals that innovations in the U.S. interest rat. after the October 1979 
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chang. in F.d.ral R.s.rv. operational proc.dur.s explains to some ext.nt yen 

depreciation in 1981, while the yen depreciation with forward discounts in 

1982 was due to repeated depreciations in the spot rate that year. 

A few comments are in ord.r to relate this paper to the existing 

literature. First, models which regress the exchange rate on the interest 

rates (or their difference) and other financial variables without correcting 

the simultaneous equations bias will be criticized in light of findings in 

this paper, because the exchange rate is significant in the U.S. interest rate 

d.termination. Second, Frenkel (1981) attempted to decompose the exchange 

rate into an expected part and a -news- component. He defined "news- as a 

diff.r.nce b.tw •• n the actual (cont.mporan.ous) int.rest rate (dom.stic

for.ign) spread and the expected interest rate spread, H(a)ssuming that asset 

mark.ts clear fast and that the -news· is immediat.ly r.fl.cted in 

(unexpected) changes in the rate of interest.- This assumption implies that 

·news· is contained in innovations of the interest rate (difference) and not 

in innovations of the exchange rate. However, it is debatable whether ·news· 

is mainly carried by interest rate innovations rather than by exchange rate 

innovations. The vector autoregression model employed in this paper yields a 

straight-forward definition of innovations and a description of which 

innovations explain most fluctuations of the exchange and interest rates. 

Third, Cassese and Lothian (1982) considered a two-variable autoregression 

mod.l for many pairs of financial variables, including the U.S. and Japanese 

interest rates for p.riods under the fixed exchange rate regime, 1958:2 to 

1971:3. They found that lagged U.S. interest rates did not have a significant 

effect in the Japanese interest rat •• quation and pointed out that -the 

Japanese government exercised SUbstantial direct control over interest rates.

Considering the strict capital controls in place for that period, their 

finding is not surprising. In contrast, the present paper covers a period of 
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a flexible exchange rate regime with modest to almost completely free capital 

mobility. Our system is expanded to include the spot exchange rate. 

Moreover, not only F-tests of coefficients but also the dynamic response 

functions of the two interest rates and the spot and future exchange rates are 

examined in this paper. 

II. Unanticipated Shocks in a Dynamic Model with Interdependence 

The purpose of this section is to construct a model of the U.S. and 

Japanese financial markets linked through the exchange rate. Many models of 

-exchange rate determination· have be9n constructed and tested. A majority of 

investigators would agree that the ·determinants· of the exchange rate include 

the current account balances, interest rates, and money supplies of the 

countries involved in the model. However, domestic monetary policies which 

determine interest rates or money supplies are subject to the exchange rate 

movements. We consider a feedback model of interest rates in the United 

States and Japan and the yen/dollar exchange rate. As principal domestic 

interest rates, we take the three-month commercial (industrial) paper rate in 

the U.S. and the three month repurchase agreement (Gensaki) rate in Japan. 

These are denoted by RUS(t) and RJA(t), respectively. The spot exchange rate, 

SP(t), and the three~onth forward exchange rate, FO(t), are measured in yen 

per dollar (such as Y240=S1).fn.1 

f~.1 The follwing data are provided by courtesy of Data Resources Inc. (DRI) 
and Morgan Guaranty Trust (MG): RUS Industrial paper rate at or near the end 
of the month as representative domestic short-term interest rate in ~ 
Financial Markets; RJA Monthly series by MG, Data Bank. Gensaki rate at or 
near the end of the month as repr.sentativ. domestic short-term interest rate. 
The series is provided from the data bank of MG, since the series published in 
World Financial Markets was changed from Tegata rate to Gensaki rate in the 
middle of the sample period; SP, FO Monthly series between 75:1 and 76:12 
from IMF (aeiC158 and biC158), and between 77:1 and 83:5 constructed from DRI 
daily series by picking the last business day of each month. All the 
variables are carefully chosen to agree in timing so that covered interest 
parity holds without capital controls, as shown in Ito (1983) whose appendix 
contains further notes on the data. 
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In an environment with no capital controls and minimal transactions 

costs, covered interest rate parity should hold at every point of tim •• That 

is, the net yield after forward discount (or premium) should be the same for 

the yen-d.nominated asset as for the dollar-denominated asset: fn •2 

(1 + 8Y§i!~ EQi!l = (1 + ~~~i!~ 
400 SP(t) 400 

(2.1) 

When the annual interest rate (expressed in percentages) is converted into a 

three-month rate (divided by 400), it is on the order of .01 to .05. Taking 

the logarithm of each side and using the approximation formula In(l+~)=~ for 

small ~, equation (2.1) is rewritten as 

lnFO(t) = lnSP(t) + (RJA(t) - RUS(t»/400. (2.2) 

This relationship puts an additional restriction on the interdependence 

between the interest rates and the exchange rates in the U.S. and Japan. 

Given covered Jnterest parity, one of the four variables is redundant at any 

point in time. In the rest of this paper, the forward rate is assumed to be 

determined dependent on the three other variables. 

In the following we will focus on a system of vector autoregressions 

(VAR) consisting of interest rates in the U.S. and Japan and the spot exchange 

rate. The system can be considered as a reduced form of some simultaneous 

·structural· equations determining these rates. Estimating a VAR system, of 

course, does not identify structural parameters. Our system could represent, 

parity 
covered 

the new 
sustained 
in which 
rest of 
capital 

fn.2 Set Ito (1983) for a careful study on whether covered interest 
was holding after transactions costs. It was shown there that 
interest parity has been tightly holding since December 1980 when 
Foreign Exchange Law came into effect. Th.re were significant and 
deviations from parity in 1975 and again in 1978. ,For the periods 
covered interest parity did not hold, the forward rate used in the 
this paper is a hypothetical rate which would have held had no 
controls been in plac •• 
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for ex~ple, a simultaneous equations system consisting of the exchange rate 

equation determined by the current account, the interest rate and the 

inflation rate differentials in both countries; the current account equation 

which depends on money supplies in each country; and the money supply equation 

as a policy reaction to lagged interest and exchange rates. Thus, what we 

find in the VAR system is a combination of policy responses and movements of 

private sectors. Identifying structural form equations with current accounts, 

money supplies, and the pric. levels, which conforms to the findings in 

reduced form equations, will be the topic of a further investigation. 

However, it should be emphasized that reduced form equations are sufficient 

and desirable for particular tasks. Our system will give a satisfactory 

answer to the questions posed in the Introduction without imposing too many 

structural assumptions. (See Sims (1982) and comments to his paper for some 

aspects of desirabil ity and limitations of a VAR model.) 

The following VAR system is estimated using monthly (at the end of the 

month) data from January 1975 to Hay 1983: 

XCt) = A(L) X(t)c+ eCt) (2.3) 

~h.re X(t) = ClnSP(t), RUS(t), RJA(t»J, e(t) • c.ICt), '2Ct), e3(t»;, and ACL) 

is a matrix of polynomials in lag operators. SP(t) is in yen per dollar 

(ranging from 177 to 305) and RUS(t) and RJA(t) are in.units of perc.ntages 

Cranging roughly from 4 to 18). When we appeal to covered interest parity to 

caltulate the forward interest rate responses j necessary adjustments of the 

units for the coefficients will be made. The vector ICt) denotes 

innovations (shocks, surprises) to the three variables. Each equation is 

estimated with a trend and a constant term and seven lags for each variable in 

the VAR system. The results of the estimation are summarized in Tables 2-1 
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and 2-2. It should be noted that characteristics of the results presented in 

Talbes 2-1 and 2-2 would not change if we used SP(t), not being log-

transformed, instead of InSP(t). 

INSERT TABLES 2-1 AND 2-2 ABOUT HERE 

The F-statistics suggest that the exchange rah is explained by its own 

lagged rates alone, for coefficients of interest rates are found to be 

insignificant. The U.S. interest rate is determined both by its lagged values 

and by the exchange rate, while the Japanese rate is mainly determined by its 

lagged values and the U.S. interest rate. We have detected a plausible 

causality relationship from the U.S. interest rate to the Japanese interest 

rah. 

Frenkel (19Bl) attempted to decompose the exchange rate into an expected 

part and a ·news· component. He defined ·news· as a difference between the 

actual (contemporaneous) interest rate (domestic-foreign) spread and the 

expected interest rate spread, 8(a)ssuming that asset markets clear fast and 

that the 8 news• is immediately reflected in (unexpected) changes in the rate 

of interest.· This assumption implies that ·news· is contained in innovations 

of the interest rate (difference) and not in innovations of the exchange rate. 

Moreover, the forward rate and both domestic and foreign interest rates on the 

right hand sid. of his equation may well be functions of the spot exchange 

rate • Although Frenkel was careful enough to use the instrumental variable 

method to avoid the simUltaneous bias, it is simpler to estimate a dynamic 

model which describes interdependence explicitly. A vector autoregression 

model serves this purpose. After our model is presented, Frenkel~s equation 

will be described for comparison. 
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TABLE I I-I: F-statistics o~ lagged variables 
Estimated with 7 lags over periods from 1975:8 to 1983:5 

RHS variabh 

LHS variable 
lnSP 

RUS 

RJA 

lnSP 

93.21** 

2.04A 

** signi~icant at the IX level 
* signi~icant at the ~/. level 
A signi~icant at the lOX l.vel 

RUS RJA 

.90 .38 

18.13** 1.98A 

3.14** 56.51** 

TABLE JI-2: Matrix o~ Correlations and Covariances o~ Innovations 

The upper triangle including diagonal elements shows entries o~ the variance
covarianc. matrix, whih the lowt.r off-diagonal elements are the corresponding 
correlation coe~ficients. 

lnSP RUS RJA 
-----------------------------------------------
lnSP .001 .007 .001 

RUS .216 .994 .109 

RJA .098 .203 .292 
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Let us el~borate on the comments on Frenkel~s model which we made in the 

Introduction and explain the difference between the two models. 

model, which uses monthly data with one~onth Interest and forward exchange 

rates, is described in our notation as 

InSP(t) = a + b InFO(t-l) +.c«RJA(t)-RUS(t» - Et _1(RJA(t)-RUS(t») + w(t) 

-------- (2.4) 

where the expected interest rate differential Et _
1
(RJA(t)-RUS(t» is obtained 

by regressing the interest differential on a constant, on two lagged values of 

the differential, and on the lagged forward exchange rate in InFO(t-l). We 

have used three-month interest and forward exchange rates, while Frenkel used 

one~onth rates. Therefore, an unbiased estimator of InSP would be InFO(t-3) 

instead of InFO(t-l) in equation (2.4). The news component should be expanded 

to Include any information which became available in t-l and t-2. 

Therefore, the exchangt rate equation essentially would depend on InFO(t-j), 

j=1,2,3, and RJA(t-k), RUS(t-k), k=0,1,2. Substituting interest rat. parity 

for FO(t-l), (equation (2.2), r'placing 400 by 1200 because of one-month 

rates) and the innovations for interest rates (equation (2.3» into Frenkel's 

equation (2.4), we have 

lnSP(t) = a + b InSP(t-l) + b(RJA<t-l)-RUS(t-l»/1200 + c(e3(t) - e
2

(t» + w(t) 

= a + b InSP~t-l) + b(RJA(t-l) - RUS(t-l»/1200 + e
1 

Hence, Frenkel~s system is expressed as a 

special case of our VAR syst.m (2.3). Innovations in the system are ordered 

in a direction from the two interest rates to the exchange rate, and there are 

restrictions on coefficients of lagged va~iables. 
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Contemporanlous correlations among i nnovat ions suggest several 

implications about how unexplcted movements of the interest and exchange rates 

are related within a period. Whenlver there is an unexpected increase in the 

interest rate in one country, then it is likely there will be an unexpected 

increasl in the interlst ratl in the other country. This may bl causld by a 

common shock such as an oil price inerease. However, it is more likely that 

tht positive correlation is due to the policy reaction of a central bank (most 

likely the Bank of Japan, as Table 2-1 suggests) to the change in the interest 

rah of the other country (naraely the Uni-ted Stahs)' The positive correlation 

between innovations of lnSP and RUS suggests that an unexpectedlY stronger 

dollar is likely to be accompanied by an unexpectedly higher interest rate in 

the United States. fn •3 The magnitude of correlation, however, is not too 

strong so that results in decomposition of variances, which will be presented 

below, art invariant with respect to the ordering of variabhs in, the 

orthogonal ization of innovations. 

The table of F-statistics also supports the popular view that the high 

U.S. interest rate is causing tht high Japan~se interest rate but not the 

other way around. It is a little mysterious that the F-statistic of the 

txchange rate in the equation of the Japanese interest rate is not very high. 

It setms that the Japantst intertst ratt responds to thl U.S. interest rate to 

prevent a possib1t depreciation of the YIn, rather than that the Japanese 

interest rate rtacts only after the ytn becomes weak. Since the syst.m 

consists of reductd form equations, it is possible that the Japanese interest 

rat. dots r.act to the exchange rate while the exchange rate 'is caused by the 

fn.3 Branson (1983) studied a table of correlations of innovations in a VAR 
system with the uchange rate and six domestic variabhs. Including the money 
supply and current account balance, among others, made it possible to infer 
that Japan engaged in a ·leaning-against-the-wind· policy and sterilization. 
This section of the pres.nt paper USts the same tool with a different aim, 
nam.ly dettrmining an int.rest rate linkage. 
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U.S. interest rate. However, this explanation seems unlikelY because of the 

low F-statistic of the U.S. Interest rate in the exchange rate equation. It 

is more likely that the exchange rate determines the U.S. interest rat., but 

the hypothesis that the order of Granger-causal relationship is fr~ the 

exchange rat. to the U.S. int.rest rat. to the Japanes. interest rate, the 

likelihood ratio of the following restricted system is compared to the 
. 

unr.stricted system .stimated above. The z.ro restriction is imposed on all 

coefficients of the Japanese intertst rate in the exchange rate and the U.S. 

interest rat. equations, and also on co.fficitnts of the U.S. interest rate in 

the exchange rate .quation. It is shown that the test statistic, x2(21) = 
24.58, implies that the hypothesis cannot be rejected even at the 10% 

significance level. A stronger hypothesis that the spot exchange rate is 

exogenous to the rest of the system is not rejected either (X2(14) = 10.28), 

while the hypothesis that tht U.S. interest rate is exogenous to the system is 

rejected at the ~% level (x2(14) = 25.63). 

We now investigate what explains fluctuations in terms of variances in 

forecast errors of the exchange rate and the two interest rates. The 

decomposition of variances into past innovations proved to be a powerful tool 

in several works by Sims (1980a) (1980b). The results in the above VAR system 

are calculated and reported in Table 2-3~ In order to check whether 

cont.mporaneous corr.lations are aff.cting the results by favoring one order 

of orthogonalizatlon over the other, two opposite orderings are employed: 

the .xchange rate, the U.S. interest rate and the Japan.se interest rate, in 

this order and in reverse order. 

'----------------------------------------------
INSERT TABLE 2-3 ABOUT HERE 
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TABLE 2-3: DECOMPOSITION OF VARIANCES OF FORECAST ERRORS 

The order of orthogonalization is shown by the arrows. 

Variances of forecast errors of 
InSP -) RUS -) RJA 

up1ained 
by InSP RUS RJA InSP RUS RJA InSP RUS RJA 
in step-----------------------------------------------------------
1 100 0 0 5 95 0 1 3 96 
3 99 1 0 5 94 1 4 32 64 
6 9B 1 1 7 91 2 11 37 52 

12 95 1 4 33 59 8 18 39 43 
24 93 3 5 38 44 18 25 38 37 
36 87 7 6 46 38 16 33 33 34 
48 86 7 7 47 38 15 34 33 33 

Variances of forecast errors of 
InSP (- RUS <- RJA 

explained 
by InSP RUS RJA InSP RUS RJA InSP RUS RJA 
in step-----------------------------------------------------------
1 95 4 1 0 96 4 0 0 100 
3 92 8 1 0 94 5 0 22 78 
6 94 6 0 4 90 5 3 27 69 

12 92 6 2 37 53 10 7 32 61 
24 B8 9 3 47 34 19 17 31 53 
36 82 12 6 52 31 17 26 27 47 
48 82 11 7 52 31 17 27 27 46 
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Fr~ the tabl. o~ variance decomposition, we can make several interesting 

observations. First, the major source, more than 80Y., of fluctuations in the 

.xchange rate is past innovations in itsel~. Second, for the unpredicted 

variations of the U.S. interest rate, innovations in the exchange rate are as 

rtsponsiblt as innovations in tht U.S. inttr.st rat. in the long run (more 

than a year). Third, innovations ~ all thr •• variables are equally powerful 

in ,xplaining the fluctuations o~ tht Japan.se interest rate. Thtst findings 

partially confirm what is commonly b.lieved to be the causal ordering among 

This is the popular view, particularly in Japan, that 

the unexpectedlY high U.S. interest rate causes a too strong dollar which in 

turn causts a too high Japan.s. int.r.st rat •• It is v.ry likely that the 

unexpectedly high U.S. interest rate has caused forecast errors in the 

Japan.se int.rest rate, and not the other way around. However, the U.S. 

int.rest rate is not in g.neral responsible for fluctuations in the exchange 

rate, contrary to the popular belief. fn •4 

Th.rt art a ~tw possible explanations reconciling our findings with the 

popular view. First, it may be the case that -news- about the U·.S. economy is 

rtfltcted in the exchange market fasttr than in the s.curiti.s market b.cause 

of fewer int.rventions. This is typically the case under monetary policy with 

an int.r.st-rat. targ.t. S.cond, if a ~ajor disturbanc. in the yen/dollar 

exchange rat. is due to a third party, say the curr.ncy preferenc. of oil 
. 

money inv.stors, then fluctuations in their portfoliO decisions app.ar as 

innovations in the .xchange rate, while lagged policy reactions such as 

conctrt.d int.rv.ntion In for.ign exchange with imperf.ct st.rilizations caus.· 

the dom.stic interest rate to chang •• 

fn.4 This is analogous to earlier results on the explanatory power of the 
int.r.st rat. in a dom.stic macro.conomic syst.m. Sims (1980b) show.d that 
thl intlrest rate innovations Ixplain fluctuations in money, prices and 
production in the Unit.d Stat.s, while Ito (1982) showld that it was not the 
casl in Japan. 
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Ill. Dynamic Effects of Interest and Exchange Rate Shocks 

It is easy to understand why a policy measure of one country immediately 

affects other countries through mobile short-term capital assets. For 

example, the high Interest rate in the United States since 1981 has allegedly 

attracted short-term capital from other OECD countries, including Japan. The 

other countries kept their interest rates higher than otherwise in order to 

prevent depreciation of their curr.nci.s. This line of ~rgument is basically 

confirmed in the preceding section. It is an objective of this section to 

examine how this effect takes place through a dynamic -feedback mechanism. For 

example, an unanticipated shock in the U.S. interest rate could bring a 

comparable change in the Japanese interest rate, without changing the spot and 

forward exchange rates. Alternatively, the same shock could change the spot 

exchange rate and/or the forward exchange rate without an accompanying change 

in the Japanese int.r.st rate; this ,xchange rate spread would keep the same 

relative attractiveness of the dollar and the Japanese asset. We will trace 

the dynamic impulse response functions of each variable after a typical shock 

in a variable. As briefly mentioned in the pre~eding section, the Innovations 

are orthogonalized so that a typical shock in one variable is accompanied by 

cont.~poraneous shocks in lower-ranked variables. In order to calculate the 

response function of the forward exchange rate, we recall the covered interest 

r~t. parity equation (2.2). Th. response functions are calculated by adding 

to the exchange rat. response the difference in the responses of the two 

int.r.st rat.s. Th. results art summarized in Tabl. 3-1, and plotted in 

Figure 111-1 and 111-2. 

INSERT TABLES 3-1 to 3-3 ABOUT HERE 
--------------------------------------
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TABLE 3-1: OYn~ic Responses of Variables to a Typical Shock 

Innovations are orthogonalized in the order of lnSP, RO, and RY. 

shock in lnSP RO 
------------------------------------------------------------------------------
Responses in 

lnSP RO RY InFO lnSP RO RY lnFO 
1 .0316 .2154 .0532 .0312 .0000 .9732 .1006 -.0022 
2 .0332 .2684 .1211 .0328 .0054 1.0498 .3004 .0035 
3 .0290 -.0215 .0869 .0292 .0000 .6219 .3569 -.0006 
6 .0337 -.2138 .2606 .0349 .0012 .0159 .2964 .0018 
9 .0236 -.5230 .2326 .0255 .0005 .1534 .2498 .0008 

12 .0162 -.5090 .1456 .0179 .0009 .3977 .2386 .0005 
24 .0060 -.2957 -.2320 .0062 .0068 .0846 .0386 .0067 
36 -.0014 -.2998 -.1076 -.0009 .0048 - .1177 .0052 .0051 
48 -.0057 -.0264 -.0719 -.0058 .0015 -.1047 -.0540 .0017 

shock in RY 

Responses in 
lnSP RO RY lnFO 

1 .0000 .0000 .5286 .0013 
2 -.0029 .0914 .3204 -.0024 
3 -.0000 -.1309 .2671 .0010 
6 -.0047 -.0037 .3358 -.0039 
9 -.0070 .1793 .1773 -.0070 

12 -.0066 .3344 .1360 -.0071 
24 .0048 .1164 .0568 .0047 
36 .0031 .0281 .0409 .0033 
48 .0023 -.0563 -.0303 .0024 
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FIGURE III-I: Responses to a shock to RUS, the U.S. interest rate 
SYHBOl S: Dyn.ic responH5 in the spot rate 
SYHBOl FI Dyn.ic respons.s in the forward rate 
"IN ~UE -.34237E-02 HAX ~UE • 74464E-02 SPACING .10452E-63 

+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
1 + F S + 
2 + + F S + 
3 + F S • 
4 ,+ + SF 
5 + S F + + 
6 + + S F + 
7 + + S F + 
8 + S F + + 
, + + SF + 

18 + + FS + 
11 + + F S + 
12 + + F S + 
13 + F +5 + 
14 + + F S + 
15 + + F 5 t 

16 + + F S + 
17 t + F S • 
18 + + F S + 
19 • + F S • 
20 + + F S + 
21 • • F S • 
22 + + F S + 
23 +. F S + 
24 + + FS + 
25 + + FS + 
26 + + SF + 
27 + + SF+ 
28 + + S F 
29 • + S F+ 
38+ + SF+ 
31 +. S F + 
32 + + S F + 
33 • + S F + 
34 + + S F + 
35 +.. SF. 
36 + + S F + 
37 + + S F + 
38 + + S F + 
39 • • SF + 
40 + + SF. 
41 + • S F + 
42 + + SF + 
43 • • SF • 
44 + + S F + 
45 + + SF + 
46 + + SF + 
47 • + SF + 
48 + + SF + 

.+ •• +++.+++.+++++.+++++.+++ •• +++ ••• ++++++++ •••• + ••••• ++ ••• t.+ ••••••••• + •••••••••• + ••••• +.+ ••• + •• + •••••• +. 
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FJ6URE JIJ-21 R.spons.s to the shock in RD, the U.S. int.r.st rat. 
SYHBOl U: Dynamic r.spons.s in the U.S. int.r.st rate 
SYH80l JI Oynllic responses in the Japan,s. int.r.st rat, 
"IN UALUE -.11885 tw( UALUE 1.0498 SPACING .1l237E-t1 

+++++ ••••••••••••••••••••••••••••• +.+ •• + ••• + •• +.++ ••• +++.+++.+ •• +.+ •• ++++++++.++++ •• + •• + •• ++.+ ••••••••••• 
1 • • J U • 
2 • • J U 
3 • • J U • 
4 • • " • UJ 
5 • • U 

J • 
6 + • U J • 
7 • • U J • 
8 • U • J • 
9 • • U J • 

10 • • J U + 
11 • • J U • 
12 + • J U • 
13 • • J U • 
14 • + J U • 
15 • • J U • 
16 • • J U • 
17 • • J U • 
18 • • J U • 
19 • • J U • 
20 • • J U • 
21 • • J U • 
22 • • J U • 
23 • • J U • 
24 • • J U • 
25 • • JU • 
26 • +U J • 
27 • U+ J • 
28 • U • J • 
29 • U • J • 
38 + U • J • 
31 • U 

• J • 
32 • U 

• J • 
33 

• U • J • 
34 +U +J + 
35 U .J • 
36 U J + 

"37 U J. • 
38 U .I. + 
39 U ,J • • 
40 U J • • 
41 .U J • • 
42 .U .I • • 
43 .U .I • • 
44 .U J • • 
45 .U J • • 
46 .U .I • • 
47 .U J • • 
48 .U .I • • 

•••••••••••••••••••••••••••••••• tt ••• tt ........ tt ••• tt.ttttt ••• tt.t •• t.t.t ••• ttt ••••••••••••••• t.t ••••••• 

17 



First, let us consider a typical innovation in the spot exchange rate. 

Recalling the matrix of contemporaneous correlations, we immediately know that 

both interest rates will rise. The above table shows that the U.S. interest 

rate is only slightly greater than the Japanese interest rate, so the sign of 

responses of the forward rate is the same as that of innovations in the spot 

rate. Thus the typical shock in the exchange rate is a combination of a ~/. 

depreciation of the yen In both spot and forward markets, a .2 percentage 

point increase in the U.S. interest rate (in annual yield), and a slight 

increase in the Japanese interest rate. Three months after the shock of yen 

depreciation, the U.S. interest rate starts to decline, followed by· an 

increase in the Japanese interest rate. This must be a mix of policy and 

private sector reactions to the exchange rate shock. Suppose that investors 

suddenly find yen unattractive. Then spot and forward exchange rates mOve by 

themselves to reinforce a depreciation of the yen. (Remember that only own 

innovations explain the spot rate movement.) In reaction to unexpected 

depreciation, the Japanese authority moves to prevent capital outflows by 

raising its interest rate, although the U.S. interest rate is declining. 

The typical U.S. interest rate shock, that is, its one percentage point 

increas., caus.s an immediate reaction in the Japanese interest rate. The 

Japanese interest rate will stay higher than otherwise by .2 to .3 percentage 

p~ints for more than a y.ar after the shock, although the U.S. interest rate 

will exhibit a cyclical movement. The difference between the two interest 

rates must be matched by (dollar) forward discounts in the first f~ months, 

followed by several months of forward premia for to keep covered interest 

parity. The spot and forward rate respons.s from 12 to 27 months after a 

shock are charact.rized by yen depreciation in the presence of forward 

discounts. 
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In contrast to the immediate reaction of the Japanese interest rate to a 

U.S. interest shock, the U.S. interest rate reacts quite slowly to a shock in 

the Japanese interest rate. It takes one year for the U.S. interest rate to 

respond to the Japanese interest rate shocks, so that in the meantime the 

Japanese interest rate is higher than the U.S. interest rate, causing (dollar) 

forward premia. Moreover, innovations in the Japanese interest rate do lead 

to actual appreciation of the yen for about one and one-half years. This 

confirms the conventional wisdom that an increase in the Japanese interest 

rate causes yen appreciation. However, the magnitude of this yen appreciation 

caused by a typical innovation (.5 percentage points) is at most .7 /. of the 

exchange rate. This is even less than one-fourth of one standard deviation of 

the spot rate innovations. Therefore, there is very little the Bank of Japan 

can do about the exchange rate through arranging higher domestic interest. 

IV. An Explanation of Spot and Forward Rate Movements in 19BI-1982 

What has happened in the foreign exchange market in 1981-82 deserves a 

careful examination. From December 1980 to October 1982, yen depreciated from 

203yen/. to 278yen/. in a steady long-run slide, with three isolated months of 

temporary appreciation (August and November 1981, and April 1982). Escpecially 

from November 1981 to October 1982, the rate of depreciation in the actual 

spot rate was very high in spite of heavy (dollar) forward discounts. As a 

matter of fact, the direction predicted by the (three-month) forward rat. 

turned out to be wrong .or nine consecutive months in this period. See FIGURE 

IV-l for this anomalous'phenomenon, If the market with risk-neutral agents is 

believed to be ·efflcient.M This experience is in a sharp contrast to the 

common belief in the 70's that the forward exchange rate is an unbiased 

predictor of the spot rate. (See, for example, Mussa (1979).) However, it 
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has recently been documented that the forward rate is not necessarily the 

unbiased predictor of the future spot rate due to risk aversion. See, among 

others, Wyplosz (1983) and Cumby and Obstfeld (1982). The latter reported 

findings similar to ours in four out of five countries including Japan; -the 

three-month foward premium has on average mispredicted the direction of 

movement of the subsequently observed spot rate.- (p.19) 

INSERT FIGURE IV-l ABOUT HERE 

Since the model produces the expect.d future spot rat. as three-step 

ahead forecast, we are able to analyze the relationship between the forward 

rate and the expected future spot rate. The investigation also determine how 

much the high U.S. interest shock after the operational procedure changes of 

October 1979 is responsible for changes in the (expected) spot rate path. 

Spot and forward rate movements in 1981-82 were either caused by some 

past shocks which were incorporated in expectations by then or caused by 

repeated shocks in the spot rate during those period. On the one hand, there 

were a few but large U.S. interest rate shocks in 1979 and 1980, and the 

dynamic response functions for U.S. interest rate innovations fit the pattern 

of yen depreciation in the presence of forward discounts 12 to 24 months after 

a shock. In this case the yen depreciation of 1981 and 1982 was largely 

-anticipated- by the VAR model as the three-step ahead forecast. On the other 

hafld, the misprediction of forward rates may be simply because of repeated 

(unanticipated) shocks in the spot rate in the same direction for consecutive 

months. If the forecast errors of the spot rate in our three variable system 

is smaller than the deviations of the forward rate from the actual spot rate, 

then the latter explanation is more plausible, but if the forecast of the spot 

rate by our model is closer to the actual rate than the forward rate, then the 

former explanation is more plausible. 

20 



FIGURE IV-t: SPOT AND (LAGGED) FORWARD RATES IN 1981-t982 

SYMBOL S: SP , The spot rate· observed at t. 
SYMBOL F: FOLAG=FO(t-3) , the 3-month forward rate observed at t-3, 

MIN VALUE 211 .42 MAX VALUE 277.70 SPACING .63732 

y,nldolhr 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••• + •••• +.+ •• ++.+.+ •• ++.+.+.++.++++.++++++ •• +.++ ••• 

81- 11 • 
81- 12 • 
82- 1 + 
82- 2 F 
82- 3 + 
82- 4. 
82- 5. 
82- 6 + 
82- 7. 
82- 8. 
82- 9. 
82- 10 • 
82- 11 • 
82- 12 • 

+ ••••••• + ••••••••••••••••••••••••••••••••• + •••••••• ++ •••••••• + ••••• ++.+.+++ •• + •••••••••••••••••••• + •••••• 
ytn apprtciation <- -) yen d.pr.c i at ion 

A solid line connects actual spot rates. 
Arrows shows (dollar) forward discounts. 
The difftrence betwetn Sand F for any month on the graph shows the 

diviation between the forward rate observed three month prior to 
that month. 
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Figure IV-2 shows three series of data: three-step ahead forecasts by 

the vector autoregressions lagged for three months, the three-month forward 

rate lagged three months, and the actual spot rate of the month. 

Figure IV-2 about here 

The U.S. interest innovations were very large right after the (in)famous 

changes in the Federal Reserve operational procedures in October 1979. 

Between October 1979 and Harch 1980, actual U.S. interest rates hovered above 

the expected rates by 2 to 4 percentage points. The sum of the innovations 

during this period is 10.38 percentage points. Our study of dynamic response 

functions in the preceding sections gives a rough estimate of the contribution 

of these innovations. Let us approximate the shocks by a one-time 10 

percentage point shock in December 1979. From Table 111-1 we see that the 

resulting yen depreciation would peak at 7 /. in Harch 1982, or about 17 yen 

out of 247. In other words, yen in late 1981 would have been at most 17 yen 

less depreCiated had there been no Volcker shock in the U.S. interest rate at 

the end of 1979. 

22 



FIGURE IV-II Hovtlfnts of .x,.ct.d, i~ard, and spot .xchangt rat.s in 1981-1983 
SYH80L I: Exp.ct.d spot Rat. = Et:3LSP(t) --.. --"--' .... -~~ ~.- ,_. ---- -
~I! !:. L.!99'! ~~!!d}!t!! !O~ t~ 
SYH80l AI Actual Spot Ratt=SP(t) 

"IN VAlUE 198.n MAX VAlUE 2n.78 SPACING .75895 
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Next, let us consider innovations in the spot exchange rates. lnovations 

of the spot rate in 1981 were not significantly positive, while innovations in 

1982 were significant and large. The magnitudes of the innovations were about 

3 to 5 % of the spot exchange rate in every month from February to October 

1982 with the exception of April. There were no systematic patterns for 

innovations of the spot rate in 1981. In fact the sum of innovations in the 

exchange rate during 1981 was about (-5)%, while the sum during 1982 was about 

4.7.1.. fn.5 

An investigation of innovations in the U.S. interest rate and in the spot 

exchange rate between 1979 to 1982 reveals that both of the reasons listed 

above contributed to the phenomenon. The yen depreciation from December 1980 

to July 1981 is well approximated by the expected path of the VAR model. The 

expected spot rate moves closely with the actual spot rate, rather than the 

forward rate. Theoretical explanations have to be provided as to why uncovered 

interest parity did not hold during this period. Discrepancies must be 

explained by some capital controls and risk premium factors. One capital 

control which has still been maintained since the 1980 deregulations of 

foreign exchange in Japan is the prohibition of outright transactions in the 

for"'ard mark"'t .fn.6 Th f . f th J . t k th " ~ ere ore, even I e apanese Inves ors new e 

fn.5 Innovations are obtained as the one-step ahead forecast errors with VAR 
coefficients obtained by regressions using the whole sample. These correspond 
to. surprises experienced by the econometricians who know the true structure 
but have data up to a period before. Other ways of obtaining measures of 
shocks to a system include three-step ahead forecast errors using the whole 
sample (since we are dealing with three month interest and forward rates), and 
three-step ahead forecasts with coefficients estimated using samples up to the 
forecasting point. The qualitative nature of our statement above would not 
change even if we employ any of the alternative measures of innovations. 
Three-step ahead forecast errors were very close to one-step ahead forecast 
errors in 1981-82. 

fn.6 For a brief description of changes in capital controls and their effect 
on covered interest parity, see Ito (1983). 
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forward rate was biased, they could not take short positions in the forward 

market. This partly explains the violation of uncovered interest parity while 

covered interest parity was holding in these periods. From November 1981 to 

October 1982 the expected path is no better than the forward rate path, 

implying that the deviation was mainly due to repeated spot rate chocks. 

Therefore, the shock from the U.S. interest rate was primarily responsible for 

depreciation in 1981 while the repeated shocks in the spot rat. were 

responsible for the 1982 depreciation. 

We can now summarize that yen depreciation in 1981 was largely expected, 

with some evidence of delayed responses in the spot rate from large 

innovations in the U.S. interest rate at the end of 1979, while yen 

depreciation in 1982 was due to repeated innovations in the spot rate that 

year. Although the Japanese monetary ,olicy was tight in the belief that 

keeping the interest rate high would to induce higher exchange rates, the 

effect was very minimal according to our analysis in the preceding chapter. It 

would have made little difference had the Bank of Japan decided to lower the 

interest rate in Japan. fn •7 

fn.7 The Bank of Japan lowered the (official) discount rat. to 5 percent by 
0.5 percentage points on October 22, 1983 after a long deliberation about the 
timing. This was the first change in one year and ten months. During the 
sam. period, the U.S. lowered the discount rat. 7 ti~.s by a total of 3.5 
percentage points. Because of Its stagnant economy, both the Japanese 
authority and economists in Japan have expected a decision of lowering the 
discount rate since early 1983. However, the Chair~an of the Bank of Japan 
was publicly explained the delay in lowering the inter.st rate, citing the 
·temporarily· undervalued yen. The many interest rates including deposit 
rat.s and prime lending rates are ti.d to the discount rat.. Although the 
Gensaki rate is not regulated, it is influenced by the discount rate through 
traders exp.ctations and arbitrage activities. According to our analysis in 
the preceding section, ·unexpect.dly· high (i.e., not lowered> Japanese 
int.rest rat. does not caus. y.n appreciation by significant magnitudes. Note 
that the magnitude of the change in the discount rate on October 22 happens to 
be very close to one-standard d.viation shock in the Gensaki interest rate in 
Tabl. 3-1. 
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V. Concluding Remarks 

A iew comments on the robustness of our analysis are in order. First, 

one might think that any econometric model of international finance concerning 

Japan between 1975 and 1983 suffers from changes in capital controls in Japan. 

Gradual deregulation took place during the 1970's, followed by the ne~ Foreign 

Exchange Law in December 1980. It is shown in Ito (1983) that covered 

interest parity held tightly only after 1980. In order to check our model for 

periods before 1980, the same model was estimated from 75:8 to 80:12. 

Characteristics of VAR estimations remain mostly unchanged for the shortened 

observation periods. Compared to results in the preceding sections, 

cor"relation of innovations from the early subperiods shOws that there was a 

higher correlation between the exchange rate and the U.S. interest rate, but 

that the correlation between the U.S. interest rate and the Japanes. interest 

rate was significantly smaller. With capital controls then in place, the 

Japanese authority probably did not find it necessary to react 

contemporaneously to unanticipated changes in the U.S. interest rate. Results 

of decomposition of variances in forecast errors remain very close to ones in 

the preceding sections, with a weaker explanatory power of the Japanese 

interest rate innovations. Dynamic response functions show that a typical 

shock did not have p.rsistent eifects, but caused a cyclical behavior on 

variables involved. 

Let us summarize conclusions of this pap.r and then point out tasks left 

for iurther research. First, we have shown that the exchange rate is strongly 

exogenous to the U.S. and Japanese interest rates. A popular beliei that the 

high U.S. interest rate is causing the strong dollar is refuted. Second, the 

dynamic response functions for a typical shock to the system are calculated. 

Dynamic responses (cumulative multipliers) of not only the two interest rates 
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and the spot exchange rate but also the forward exchange rate through the 

covered interest parity relationship .were calculated. It was shown that an 

unexpected yen depreciation would trigger a lower U.S. interest rate and a 

higher Japanese interest rate. The U.S. interest rate shock would be followed 

by an immediate reaction of the Japanese interest rate. After a year, however, 

it will cause a yen depreCiation with a (dollar) forward discount. The 

typical shock in the Japanese interest rate would lead to yen appreciation. 

However, the magnitude of this yen appreciation caused by a typical innovation 

(0.5 percentage point) is at most 0.7 X of the exchange rate. This is less 

than one-fourth of one standard deviation of the spot rate innovations. 

Therefore, there is very little the Bank of Japan can do about the exchange 

rate by raising the domestic interest rate. 

We closely studied yen depreciation in the presence of (dollar) forward 

discounts in 1981 and 1982. In 1981, the forecast of the spot market from our 

model would have predicted the future spot rate quite well, while the forward 

rate was consistently wrong in forcasting yen. Therefore, the yen 

depreciation with forward discounts in 1981 was anticipated depreciation. On 

the other hand, the yen depreciation of 1982 was clearly unanticipated and can 

be explained only as the result of repeated innovations in the spot exchange 

rat.. Because of yen depr.clation, the Japan.se authority had not lowered the 

discount rat. for 22 months till October 1983, although domestic economic 

conditions might have favored the action. Considering the weak impact of an 

unexpectedlY high (not-lowered) Japanese interest rate on the U.S. interest 

rate or the spot exchange rate, lowering the discount rate would not have made 

a difference in yen movement anyWay. 

Our study of a VAR system of exchange and interest rates is useful for 

further research on the subject for several reasons. First, it restricts the 
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class of theoretical models which are worth considering seriously. For 

example, we may want to consider a ·structural· model as opposed 

·reduced N form (VAR) model which has the feature that a shock in the 

to our 

(spot) 

exchange rate causes a higher Japanese int~rest rate and a lower U.S. interest 

rate, and the feedback from the Japanese interest rate the spot exchange rate 

or to the U.S. interest rate can be ignored without causing a bias. Second, we 

may want to expand our system to include other relevant variables, such as 

money supply, prices, production and the level of intervention. It seems 

unlikelY to find money supply ca.sing the exchange rate at the level of 

monthly frequency, since earlier studies such as Sims (1980b) and Ito (1982) 

found that money was not at the top of the causality ordering in a domestic 

VAR model. However, it is still interesting to analyze the impact of the 

exchange rate on production levels and prices. Third, the lag length in this 

paper was arbitrarily chosen. However, the length can be determined using the 

Akaike or Schwartz condition as done in Ito (1982). Fourth, findings in 

Section IV call for our intensive research on the validity of uncovered 

interest parity. The long spell of yen depreciation while the forward rate 

predicted appreciation clearly needs more thorough theoretical investigations. 
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