‘The Time Series Properties of
the Spot Exchange Rate:

A Multiple Input Transfer Function

James P. Healy*
and
John J. Piderit

.~ The goal of this paper is to investigate the time series properties
of exchange rates in light of the asset market theory of exchange
rate determination.! This study departs from previous Box-Jenkins
time series studies of exchange rates in that a formal multipe input
transfer function (MITF) is developed and estimated. The model
itself is based on a simple asset market view of exchange rate
determination.

Investigations of the time series properties of exchange rates
have been reported by Levich (1977), Giddy-and Dufey (1975), and
Cornell and Dietrich (1978).> Levich studied the time series pro-
perties of weekly percentage changes in spot rates over the period
from 1962 until 1975, Giddy and Dufey examined daily exchange
rate data for three countries during two floating periods: post
World War 1 and the early 1970’s up to 1974. Using daily data
from 1978 unti] 1975, Cornell and Dietrich examined the effici-

* We are thankful to the Federal Reserve Bank of New York and to Bank of American
for assistance in gathering data, John Abowd gave the initial impulse for the paper, and was
a constant source of help during our research_Many helpful suggestions were also provided
by William Branson, Jonathan Eaion, and Peter Kenen. Remaining errors are not to be
ascribed to them; rather, each author will readily blame thé other author for such lapses,
Financial support was provided from a grant to the Princeton Univefsity Economics Depart-
ment from the Sloan Foundation, )

1 For a useful introduction to the asset market theory of exchange rate determination,
see the collection of papers in the Scandinavian fournal of Economic, vol. 78, no. 2 (1976),
PP 133-142, the papers collected in Frenkel and Johnson (1978), Dornbush (1980), and
Healy (1980) pp. 7-50. .

2 For a succinct survey of recent time series studies of exchange rates see Levich (1977).
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ency of foreign exchange markets in six currencies relative to the
U.S. doliar. However, their estimation procedure entertained lags
up to only eight days, although, as in the other two studies cited,
univariate time series models were developed and estimated. Yet
another study using daily rates from 1973 to 1975 for nine
countries was reported by Dooley and Shafer (1976). Formal time
series models, however, were not estimated.

The analysis contained in this paper contributes to the previous
work of these authors in using univariate time series models for
daily exchange rates during the years 1975 and 1376. More impor-
tantly, this study advances from univariate analysis to develop and
estimate a multiple input transfer function to analyze exchange
rate movements.*

The thrust of the paper is to study the interrelationship
through time among the spot exchange rate, the forward rate, and
the domestic and foreign interest rates. This is an essentially -
empirical investigation on the asset market determination of
exchange rates in the very, very short run. Daily exchange rate
data and interest rate data are examined to test whether previous
fluctuations in interest rates and the forward rate have a signifi-
cant effect on the current spot rate.

Section I develops the model of exchange rate determination in
the asset market on a day-to-day basis. A simple extension of the
interest arbitrage equation is presented which emphasizes the role
of a fixed supply of arbitrage funds available on any given day.
The role that time series techniques will play in the empirical work.
is indicated. Section 1I presents the empirical representation of the
individual variables as stochastic processes of autoregressive,
moving average (ARIMA) form. Examination of the ARIMA
structure for each variable is done in detail and the random walk
hypothesis for daily exchange rates is tested. Likelihood ratio tests
are employed to select the “best” ARIMA models. Section III
estimates the multiple input transfer function (MITF) which
dynamically relates the spot exchange rate to the forward
_exchange rate, the domestic interest rate, and the foreign interest
rate. The impulse response patterns are derived. A discussion of
causality and an examination of predictive performance of the
model is included. Section 1V contains concluding remarks.

8 This is the first study we are aware of that employs a MITF in Exchange rate analysis.
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SECTION I

Assume ‘that there is perfect capital mobility between
countries, that the financial assets of the home country are perfect
substitutes with those of the rest of the world, and that coupon.
rates are fixed over the duration of the bonds. Given perfect
capital markets and the absence of transaction costs, the familiar
arbitrage equation follows:

) = (1)
(1+ry) e

“t

where rf is the domestic interest rate, r;‘ is the foreign interest rate,

and e} and ef are the spot and forward exchange rates respectively,
expressed as units of home currency per unit of foreign currency;
All variables-are evaluated at time t. When condition (1) is not
met, the bond market is in disequilibrium as investors try t6 move
into the asset with the higher rate of return, Arbitrage profits are
earned until the rates of return are equalized.

To model exchange rate movements in a daily framework, the
-assumption will be made that the supply of investment funds is
tixed over the course of a'day or two.¢ This assumption leads to a
modified version of the arbitrage equation:

d f
1+ ry €,
= -« (2}
* S
1+ T €}

The usual approximation to (3) is given by:

¢t - ¢
I T, (3)
]
et

.4 Branson (1969) and FEinzig (1961) cite instances where departures from the strict
interest arbitrage equation can be explained by supply elasticities. The basic concept is that
there exists a point after which additional arbitrage funds are available only at increasing
marginal cost. The marginal return from arbitrage transactions might be less than the
marginal cost of acquiring the necessary funds. In this paper we emphasize another implica-
tien of a less than perfectly elastic supply of arbitrage funds. Given that funds are in limited
supply, arbitrage opportunities might be deliberately passed up on a given day due to port-
folio considerations concerning the expectations of future arbitrage opportunities and the.
variance of these expectations.
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In (2) and (3) «is the “arbitrage opportunity factor.” This concept
needs amplification. ' :

Consider the investor with a fixed amount of funds available to
him in the short run (a few days, say). He allocates these funds
between holding money and holding foreign and domestic
securities. Assume that these securities are identical in all respects
(risk class, maturity, etc.) except for the currency of their
denomination. In choosing his mix of domestic and foreign bonds,
the investor considers not only the rates of return of the foreign and
domestic securities, but also the position he will be in to take
advantage of future arbitrage opportunities. .

Suppose in day t that there is no arbitrage opportunity, i.e.,

- r_- . . . . .
rfci.— 1':: t+ (e - e: )/} » and the investor sinks all his funds in domestic

securities. If the foreign interest rate rises at t + h, the investor is in
a position to capture extra gains from an arbitrage operation, This

f S f 5
d (Crn = Cten) €&
will be the case if 1, <r 4, + ————————— where
s < s
et+h et
f s
€i+h ~ Ci+h

= ———— . He will simultaneously sell his domestic bonds, buy
]
€t+h _ .
foreign exchange at the spot rate, buy foreign securities at the new
interest rate, and buy the domestic currency forward, thereby
covering his transactions. In this porcess, he will earn a total rate of

x o5\ e a1 -
return of r* . + {e; - €} Mel, and will increase his returns by
AT (ef_ e )/es- r(ti compared to his original position in the
absence of the arbitrage transactions.

If, however, the investor had put ali his funds in foreign
securities at time t and the foreign interest rate rose at time t+h
the investor would be in no position to transact an arbitrage opera-

tion. It is true that rg< Ty + (e£ - €; )/€} » but the investor is already

in foreign currency and has no uninvested funds in the portfolio.
Since all his funds are already in foreign exchange, he must watch
this profit opportunity go by. He can not sell his foreign bonds and
buy new foreign bonds with the higher interest rate since the
capital loss he would incur by selling his bonds would just offset the
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increased interest rate gains on the new bonds he would buy. Since
his access to investible funds is lirnited apd these funds are already
in foreign securities, he has no feasible arbitrage opportunity. He
will keep the foreign securities which he originally purchased and

. . = et - ei
his total return will be e+ -t
5

et

than that which he would have earned if he had been in domestic
securities originally and thus able to arbitrage into foreign ones

at maturity. This return is less

ef - eg
when rrose. The return in this case is r;" wp T

3
et

The foregoing argument suggests that with a finite supply of
funds and expectations of future arbitrage opportunities, the
relative demand for domestic securities vis-a-vis foreign securities

will be a function of 14 - r* - (ef - €%}/’ , and also the expectations
of the size and direction of future arbitrage opportunities. This
follows from the recognition that in addition to offering current
rates of return, bond holdings offer a posttion from which it is
possible to capture additional arbitrage profits. The relative prices
(and rates of return) of bonds should reflect this dimension. One
should not expect the domestic security (say) to offer the same
current rate of return as the foreign security if, in addition, the
domestic security alse offers a superior position from which
expected arbitrage profits can be captured. The extra attrac-
tiveness of the domestic security should bring about an increased
demand for it, and a higher price, and therefore, a lower current
rate of return as compared with the foreign security. This discount
factor is captured in the variable « in equation (3).°

It is clear from the foregoing that ¢ is based on expected future
arbitrage opportunities.® In order to make equation (3) operational

5 It might be argued that equation (1) still holds if securities are considered identical in

+all respects, including the position they offer for future arbitrage opportunities. This defini-

tion of perfect substicutes does not appear to be very useful. We continue to use equation (3)
in the analysis,

6 It is well-known from price theory that perfect substitutes will have the same price in
integrated markets due to commodity arbitrage. Imperfect substitutes would not, however,
be expected to have the same price. The « in (3) represents the wedge between the rates of
Teturn on assets that are not perfect substitutes because the combination. of short-run
constraints en investrnent funds and expectations of future arbitrage oppertunities may
make one asset relatively more attractive than another by virtue of the speculative position it
offers.
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for empirical investigation it is assumed that o efficiently incor-
porates all present and prior information. Thus the arbitrage
opportunity factor has the form

o = g(fd, 7, éf, &) (4)
where the tilde over a variable denotes its current and past values.

“Taking the logarithm of (3) and incorporation (4) suggests an
equation of the following form:

(B Inel +V, (B) In (1 +1)+V; (B) In
) Tu - (5)

where Vi(B) is a polynomial in the lag operator B, which acts on ¢,

ie., V, (B) = (V,*+VyB+V, B? +V,gB® +...) and B"X

= X;.m Note that this is the same general form of the arbitrage
equation (1) except that there are lag structures and coefficient
wieghts for each of the independent variables.’”

Equation (5) is the equilibrium equation for the determination
of the spot exchange rates in the asset markets in the very short
run. In its general form it suggests that lagged values of interest
rates and the forward exchange rates may exert some influence on
the current spot rate. This need not be inferred. If all of the
underlying probability mechanisms of the variables generate
random walks then their lagged values will yield no information for
future values. Equation (5) would then simplity to

]

Inef =V, In efl +V, In (1 +rf)+V3 (1+r)+U,.

Whether such a simplification is justified is an empirical question
which we investigate.

A time series approach for investigating equation (5) seems,
appropriate for two reasons. First, much useful information is
contained in an individual series: which would otherwise be
neglected if one considered only contemporaneous relationships
with a few lags thrown in. Perhaps more importantly, time series

7. We are awarc that there is risk of simultaneous equation bias in assuming that only
e¥(and not ef and ) will adjust to clear the bond market. This will be emphasized again in
the text below.
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analysis takes specific note of autocorrelation among the erros u,.
It makes no g priors assumption that u; is a white noise process. By
incorporating past information available in th series and by filter-
ing the possibly autocorrelated error series, efficient estimates and
optimal linear predictors are obtained.

SECTION II
The general ARIMA structure for a time series attempts to

. incorporate in parsimonious fashion as much information as is
contained in the series itself, It is of the form

¢ (B} (1~B)dy, = 0 (B)a, | (6)
where a, is white noise and
$ (B} = 1-¢,B-¢,B2 - ... - ¢pBP

6 (B) = 1-9,B-0,B* - ..._ g4Bd

The original series y is either covariance stationary or it is assumed
that it can be suitably differenced z, = (1-B)'y; and/or transform-
ed so that z is covariance stationary, An implication of covariance
stationarity is that ¢ (B) has all zeroes outside the unit circle. As an
identification restriction, the process must be invertible, i.e., that
8(B) has all zeroes outside the unit circle. The first stage in specify-
ing an ARIMA structure is to deduce the order of the
autoregressive parameters, p, the required degree of differencing
for stationarity, d, and the order of the moving average parameter,
q. This is done by analysis of the autocorrelation patterns, the
partial autocorrelations, and the inverse autocorrelations.

Daily data extending for a two year period from January 1,
1975 to December 31, 1976 were employed in the study. Data for
the U.S.-German exchange rates and the interest rates in each of
the two countries were used. The interest rates were the ninety day
U.S. treasury bill rate (r') and the ninety day German inter-bank
rate (r'); exchange rates were the spot{, €} Jand ninety day forward
(e€firne) U.S.-German exchange rates. The 1976-76 interval was
chosen because it was relatively free of the structural changes and
disturbances of earlier periods. The abandonment of the Bretton
Woods system in 1971 and the world monetary disturbances
following the formation of the OPEC cartel in the fall of 1973
made these earlier periods unsatisfactory for analysis. No such



54 JOURNAL OF ECONOMIC DEVELOPMENT

abrupt shocks occurred in 1975-76 and so one can better study the
typical workings of the exchange market under fairly constant
structural conditions.

The ARIMA identification® was done for each of these data
series. Examples of the autocorrelation and partial autocorrelation
patterns are shown in Figures 1 and 2. Lags are given along the
horizontal axis while the estimated autocorrelations or partial
autocorrelations are on the vertical axes. The dotted lines indicate
28 bands for the variation in the estimated (partial) autocorrela-
tions. The models for the spot and ninety day forward rates
exhibited long lags. The autocorrelations were significant at lags
out through 30 and exhibited some signs of weekly seasonality after
a delay of about a week. To test to see whether the series were
autocovariance stationary, the sample was split in half and each
half was separately estimated. The autocorrelation patterns were
remarkably robust in each of the period subsets. Our findings
indicate that disturbances in the foreign exchange market take up
to seven weeks to work their way through the system.

Once tentative models were identified for each series,
parameters were estimated by iterative minimization of the sum

of squared residuals, %1 ai .Such a procedure yields maximum
{=

likelihood estimates under the assumption that a; follows a Gaus-
sian white noise process. Two diagnostic checks were applied to
check the adequacy of the models. The Box-Pierce statistic® was
used in a test to determine whether the estimated residuals, when
taken as a group, are white noise. The second diagnostic check, the
Kolmogorov-Smirnov goodness-of-fit test, checks for the presence
of periodic non-randomness in the estimated noise process. Addi-
tional measures such as overfitting and testing the stability of
estimates in different time periods were also carried out. Models
which failed either the Box-Pierce chi-squared test or the
Kolmogorov-Smirnov tests were rejected.

Table 1 gives a listing of the random walk model for each series
plus all those models which passed both the Box-Pierce test and the

§ Computing was done by programs developed by or under the direction of Charles
Nelson, We gratefully acknowledge his work. For a good discussion of AREMA techniques
see Nelson (1973},

9 For a more thorough treatment of the Box-Pierce statistic and the Kolmogorov-
Smirnov test see Box and Jenkins (1976}, 289-298.
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Kolmogorov-Smirnov test. In some trial runs it was discovered that
the constant term was never significant. Hence it was usually
suppressed in subsequent estimations. A random walk is expressed
as (0, 1, 0), i.e., zero order autoregressive and moving average pro-
cess plus a first difference to induce stationarity. The random walk
model is included for each of the series because it provides a
benchmark, though it should be noted that the random walk never
left white noise residuals. For the random walk model all four series
failed the Kolmogorov-Smirnov goodness-of-fit test. The U.S.
treasury bill rate did reasonably well on the Box-Pierce test;
however, the other three failed decisively. The failure of the
random walk model to adequately depict exchange rate
movements is consistent with the results in the studies mentioned
above by Levich, Dooley and Shafer, and Giddy and Dufey. In
each of these studies, time series analysis suggested departures
from the random walk model for the exchange rates of most of the
countries under study.'®

When there was a plurality of models which passed both tests
and if the models were nested, the likelihood ratio (or the posterior
odds ratio) tests!! were carried out.

Table 2 presents the results of these tests. The asterisk in Table
I indicates the model which was finally selected for each series. It
will be noted that both the spot and the ninety-day forward
exchange rates always involve models with fifteen parameters.'.
Many other models with autoregressive terms and lower order
moving averages were attempted. None however (except those
listed) passed both tests. :

Aside from the long moving average processes characterizing
the two exchange rates and to a certain extent the German inter-
bank interest rate, it is noteworthy that only one of the series can

10 For example, Levich investigated the percentage change in exchange rates for nine
industrial countries and found strong evidence for the random walk model for only two
countries Italy and Switzerland.

11 These tests were developed by Zellner (1971), £91-318. In our calculation the
simplified expression = (5§/5%"7/2 is used. This assumes diffuse prior information as to the
relative suitability of the two modeis, a large number of observations, and a symmetric foss
function. Zellnér and Palm (1974} also contains a nseful discussion of this technique as well
as applications.

12 It would be desirable to overfit the model with more than fifteen parameters and then
conduct a likelihood ratio test, However, the estimation program which we used allowed a
maximum of fifieen parameters to be estimated. Selection in the case of nonnested
hypotheses was made on the basis of the lowest sum of squared residuals.
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be satisfactorily modelied by using an autoregressive process, Even
then, the (1, 1, 1) process for the U.S treasury bill rate is rejected in
favor of a pure moving average process.

SECTION Il

While an individual time series y, can be parsimoniously
representted by an ARIMA process, it is often the case that y. is
correlated with other time series x; which may be helpful in predic-
ting more accurately the future valuesy; ; ¢*% = 1,...,N. Of course,
correlation does not imply causality nor does causality imply cor-
relation. It is essential to have a clear criterion for establishing
whether the real world, i.e., the data, reveals causal relationships.
Under the perhaps not so obvious assumption that the future does
not cause the past, Granger and Newbold [1976, pp. 224-226]
propose the following criterion, which we adopt, to establish
whether series x; causes sertes ye. Let P(y|Q._1) denote the condi-
tional probability of y, given (3, where (¢ 1 Jonotes the universe

of information available at time t-1. If

Py @ 1) = Py 194 ~%x.) (8)

then x; does not cause y;, where {);_1-x,_] represents the universe of
information at time t-1 but excluding the past realizations of the x
series. Instantaneous causality exists if

P(Ytlnt'yt)> P(Ytlﬂt"yt"xt) (9)

Feedback is present if x causes y (non-instantaneously) and y
causes x (non-instantanecusly). Of course such definitions are non-
operational since we rarely have enough information to estimate a
conditional distribution function. In practice we restrict ourselves
to looking at the mean of the forecast and its variance. The
variance of the forecast will in turn be influenced by the cross-
correlation functions Yy,(k) where k indicates the lag between the
series.

As a first approximation to a determination of the spot rate, a
more general version of equation (5) is considered. This is a single
output, multiple input transfer function:

o9 oo

Ve =, Z B‘x1t+ 2 v, B‘x2t E vg; Blxg, te, (10)

j=—co o0 =0
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where

y¢  =natural log of the spot exchange rate

x1; = natural log of the ninety day forward exchange rate

xg¢ =natural log of 1 plus the three month German interbank

rate -
xg; = natural log of 1 plus the three month U.S. treasury bill rate

¢ = a zZero-mean stationary process

-'The following procedure was followed to examine the causality
relationship characterizing the various series. First, the ARIMA
filter for an input was used to prewhiten the input series. Second,
the output series was prewhitened using each input filter and the
cross-correlation patterns between the prewhitened input and
output were studied. Such a procedure preserves the causality
relationship between the two variables. This exercise showed only
meagre evidence of any correlation at all. In particular, as evidenc-
ed by insignificant cross correlations when the output leads the
input, there was no evidence to suggest a feedback relationship
between the spot exchange rate and the other three variables. The
cross correlation betwen the spot rate and ninety-day forward
exchange rate evidences very strong instantaneous causality as well
as a pronounced lag relationship (spot following the forward rate)
at twelve days. The instantancous causality reflects the
simultaneous determination of excharnige rates and interest rates in
the asset markets. The transfer function represents a first approx-
imation to the system. We are aware of the difficulty of
simultaneous equations bias. However, neither the theoretical
framework nor the required data are available for the joint estima-
tion precedure which would eliminate the bias.

The possibility of causal relationships among these variables as
well as between the spot and forward exchange rates was
investigated further. Allowing for the possibility of significant lag
relationships but excluding feedback relationships. A more
parsimonious version of (10) is:

Ky . Kz . K; .
= % v.Bx.+ T v,.Bx,. + T v, Bk, t¢€
Yo T2 VP RIeT S Yei P ¥ae ULy Ve P e T %

= v (B)x;, +v; (B)xo, * vy (B)xg, * e} {11}
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where vj(B) are polynomials in B which operate on t. The order of
the vj(B) may be quite high since both the forward exchange rate
and the German interbank rates had high order ARIMA represen-
tations. Although it is not assumed that the error process is white
noise, nevertheless consistent estimates of the vji can be obtained by
ordinary least squares regression. The spot exchange rates were
regressed on the forward rates, the German interbank rates and
the U.S. treasury bill rates, each of these lagged from zero to forty-
six.

Given the estimates for the vj(b) functions, a more
parsimonious representation was sought by means of the ratio of
two polynomials:

()
58 5 m)

where w and &, are polynomials in B of order r and s respectively.
Orders of w and 8, as well as those individual polynomial coeffi-
cients to be suppressed, are chosen so that they reproduce in a
general fashion the"fii'

To actually estimate the values of the w and & coefficients, one
must model the error process. Inspection of the autocorrelation
and partial autocorrelation functions for the residuals from the
ordinary least squares regression indicates that the residuals follows
a MA(Z) process;

e, = (1-8, B-Bsz)at_

where a; is a white noise process. If we further assume that a, is
Gaussian, then minimizing the sum of these squared residuals,
conditional on starting values yg, X9, X2,0, X3 0, and @, gives a
good approximation to the maximum likelihood estimates.

Several different models were fitted and the generic results
(excluding parameter values) are given in Table 3. « refers to the
numerator polynomial in B of input j whereas & refers to the
denominator polynomial of j. The numbers in parentheses indicate
the polynomial coefficients which are actually estimated; all other
coefficients of that polynomial are constrained to be zero. The
exception is that 8(0) = 1 for all j. Thus w*0, 6, 18) indicates the
numerator polynomial for the U.S. treasury bill rate (input 3). It
has the form '

w? (0, 6, 18) = w? -w? BS - w3, Bi®



67

SPOT EXCHANGE RATE

6.8

GL8"

NTAN

6.8

6L8"

282 = (06%°CT)a

€18 =(06%'51)d

248 = (3%%'F 1)1

b3 = (88%°G1) 4

GFZ = (88%°G1)d

0=9(z ‘1) ;9(9 “0) o0
(1), 2(81 8 ‘2 “0) ;0
¢ 0T X 19696 (2 ‘0) ;o G

& =93 ‘1) ¢ 0(g ‘0) (™
(1) ;9(81 ‘8 ‘3 ‘0)
20T X 60001 (€ 0) ™ i2

€ =9(2 ‘1) c0(g ‘0) ;@
(2°1) 9(81 ‘3 “0) ;o
¢ 0T X 6666 {z'0) ™ *2 g

0 =a(2 ‘1) ;9(8T ‘9 “0) .
(3T}, 0(8T ‘8 2 “0) ,»

0T X $6996° (g ‘0) ;m 'z

€ = 4(2 ‘1) ,9(8T1 ‘€ ‘0} ;™
(2°1) ,9(81 ‘8 3 “0)
¢0T X £2996" (g0} ™ I

.

qJ

gss . NOILATgDSIa TIAON

€ Jqel



JOURNAL OF ECONOMIC DEVELOPMENT

68

"PaIRUITISY SBM 1TRISUOD B SUBSWL O .Hmﬁ |

9-gq 1p-1) = 15 sem ssaooad SSIOU I7[] [2POUI I IO ]

860" 26 =(96%'1)a L OE X 06392 (Z 1) ;0981 ‘8 ‘0) ,m )

Log’ 068 ={g1g%}a 0T X 0L60T" (Z‘0) ™ 6
0=a{3 ‘1) 9(8T ‘9 ‘0) ;™
(818 ‘¢ ‘0) ;™

618 £82 = (06%'5 1) e 01 X €296 (g0, 8
0=z ‘1) 9(8E9°0) o™
(g 1) ,6(81 ‘8 ‘0)

618" £92 = (68%'% 1)1 ¢ 0L X Z¥ 496’ (g ‘0) y™ L
€ =a{Z ‘1) 405 ‘0) ;™
(1) c0(81 ‘8“2 ‘0)

qL8 818 = (68%°61)d 20T X $000T" (g0)m® 9

- I uss NOLLATIDS A TIAOW




SPOT EXCHANGE RATE - 69

The order of the delay impulse operator is given by b. If, for
example, b = 3, then the indicated input, input 3 in our case, is
constrained to have no effect on the output until three periods have
elapsed. All of the models, except 9 and 10, performed well on the
diagnostic checks, which are referred to in detail below."* To help
facilitate the choice of models, likelihood ratio tests were
conducted on nested hypotheses. The results are given in Table 4.

Table 4 indicates that there are a number of models at our
disposal among which we cannot choose a “best one,” On balance,
model 2 and model 7 seem attractive. Since a likelihood ratio test

model, it cannot be rejected in favor of model 2, model 7 was
chosen for further analysis.

Before presenting the parameter estimates for model 7, we turn
to some of the diagnotic chekes, which offer further evidence that
the model is approximately correct. The residuals of the nonlinear
estimation procedure produce no autocorrelation at any lags. This
is the case both when individual lags are considered and when one
groups the autocorrelations over lags from 1 to 60. This indicates
that there is practically no information in the residuals which could
be useful in providing a better predictor for the output variable.

Other important signs that both the noise process and the
transfer function are correctly modeled are to be found in the
cross-correlation functions between the residuals and the input
variables. If there is residual autocorrelation and cross correlation
with the input, then this is evidence that the transfer function has
been modeled incorrectly. If there is residual autocorrelation but
not cross correlation, this points to a misspecification of the noise
process.” Our results indicate no such problems.

When one inspects the cross correlations between the estimated
residuals and the three input series, the results are very satisfac-
tory. Both in the case of the residuals leading the input series and
when the residuals lag the input series, the Box-Pierce statistics are
good and the individual cross correlations are practically never
significant up to sixty leads and lags. Only in the case of the U.S.
treasury bill rate is there some indication that at short leads

) 13 All the models calculated were both stationary and noninvertible, i.e., all the roots of
wl and 8 lay outside the unit circle. As it turns out stationarity is a necessary assumption in
a MITF though invertibility is not.

14 This is a trivial generalization of the analysis in Box and Jenkins (1976), 392-393.
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(because the cross correlations between dr+kand xg; fork = 4 and
k = 6 are barely significant) there may be some slight misspecifica-
tion in the model. The other input séries behave in exemplary
fashion.

Model 7, about which we can be reasonable confident, has the
following parameter values:

Ing = (91433 + .0776B?) Ine,,q,
(.01402) (.01408)

(14967 + .04387B® + .068976B!%)
, (04144) (04191)  (.03963)

1 + 23570B + .41304B?
(24134)  (.24351)

In (1 + GRINTBK (90) )

(-.11593 + .04998B° + 01701B%%)
(:02559) (.02470)  (.01345)

1-  .0778B - .78939R2
(.1343) (-12603)

1n {1 + USTB (90) )

+ (1- .39692B - .50351B%)a, (12)
(.03990)  (.03947) -

Though the model is much more complicated than the simple
interest arbitrage equation (8'), it nevertheless retains some of its
characteristics. The coefficient of Ink, | ggis fairly close to 1,
though the 959% confidence: interval, based on the linear
hypothesis, does not include 1. The signs on the coefficient of the
unlagged German mterbank rate and the unlagged U.S. treasury
bill rate are respectively positive and negative, which is what one
would expect from the simple story. Though the absolute values of
the coefficients are not close to 1, they are about equal in
magnitude and the absolute values of the 95%, confidence intervals
overlap.

Dividing wi by 5/ one obtains the viB' and gets a feel for the
way in which the inputs drive the outpat. The forward exchange
rate expends all its influence after just two periods. The weights on
the German interbank rate begin positive for the unlagged
operator and then decline in magnitude and alternate in sign with
two negative, two positive, two negative, etc. They are of signifi-
cant size out to about lag 25. The weights on the U.S. treasury bill
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rate are all negative and roughly declining out to lag 18, at which
point they take a jump and then continue to decline again, but
now alternatively positive and negative. They remain significant
out to approximately 35 legs.

The steady state gain gj = X vj; for each of the input series is
i=0

perhaps more properly considered the analog to the coefficient of
the simple interest arbitrage equation. Since gy = .992. the total
effect over time of the forward rate is that predicted by (3"). On the
other hand, gg = .076 and gg = -.369 and these bear little
resemblance to 1 and -1 in (3)."

All this indicates that values of the input series going back as
far as seven weeks provide useful information about the present
value of the spot exchange rate. It is not surprising that the
impulse (v) weights are significant at long lags for the interest rates
but only at short lags for the forward exchange rate. The ARIMA
processes for the spot and forward exchange rates were very
similar. Thus the forward rate would not be expected to contribute
much information at long lags to the determination of the spot
rate. On the other hand the spot ARIMA process was such that
information on the a; up to thirty periods in the past was useful in
determining the present spot rate. Apparently both interest rates
are sufficiently different from, yet related to, the spot rate so that
interest rates at rather long lags offer useful information about the
present spot exchange rate.

A good measure of the multiple input transfer function’s
predictive power has been suggested by Pierce {1975). He proposes
that we look at a modified R®. It is modified because we are not
really interested in its explanatory power for current values of the
output variable, but rather for future values. More importantly we
knrow that the output y, may already contain considerable informa-
tion in its own history which can be captured in a suitable ARIMA
process. The interesting question Is: what can the inputs x;; explain
of y, which is not already explained by y/s own ARIMA process?
Put anther way; how much of the variance of the innovation
process of y; can the multiple input transfer function eliminate?
The proper measure of this is

15. The computer program o estimate MITF does allow one to constrain the gain to a
certail value, This would, however, adversely affect the predictive power of the estimated
equation.
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Vi (l)th (].)
R2= — = " V7 (13
* Vi (l) )

where vi(1) is the one step ahead forecast variance of the single
variable ARIMA process and vg(1) is the one step ahead forecast
variance of the multiple input transfer function. Since the one step
ahead forecast variance is simply the variance of the innovation
process R? is easily calculated in our case to be .864. Thus the
multiple input transfer function has a residual variance substan-
tially smaller than that of the univariate ARIMA process.

SECTION IV

A model which explicitly considered the effects of short-run
constraints on the supply of arbitrage funds and of the uncertainty
of future arbitrage opportunities suggested that lagged values of
interest rates and exchange rates may have significant influence on
the current spot exchange rate. The main purpose of this paper
was to investigate this issue empirically. A multiple input transfer
function was successfully estimated and each time series was
modeled by a suitable ARIMA process as well,

All of the individual series were characterized as moving
average processes. The spot and forward exchange rate series had
long lags which indicated that disturbances in the foreign
exchange market may take up to seven weeks to work their way
through the system. The two interest rate. series were rather
different from each other. The German interbank rate was model-
ed as a tenth order moving average process, while the U.S. treasury
bill rate required only a first order moving average process, It is
interesting to note that the random walk hypothesis was rejected
for all four series.

The major contribution of the paper was to advance beyond
univariate analysis to develop and estimnate a multiple input
transfer function. This technique allowed the efficient estimation
of the effects of lagged interest rates and the forward exchange rate
on the current spot rate. The evidence suggests that lagged values
of the German interbank rate and the U.S. treasury bill rate
significantly effect the value of the current spot rate. The weights
on the German interbank rate were of significant size out to a lag of
about 25 days, while the U.S. treasury bill rate had weights that
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remained significant out to approximately 35 lags. The forward
rate expeded its infuence on the spot rate with a lag up to only two
days.

Pierce’s predictive R? was calculated and indicated that the
MITTF is superior to the univariate process for the spot exchange
rate. Thus, the evidence suggésts that lagged values of the interest
rates significantly effect the current spot exchange rate. Further-
more, incorporating this information into a MITF results in a
model with a predictive power that is superior to the univariate
ARIMA model for the spot exchange rate. Additional work needs
to be carried out along this line.

Forecasts over multi-period horizons remain to be performed.
For such work, the ARIMA structures would be useful since they
provide forecasts for the input variabley as a first step toward
obtaining unconditional forecasts of the output series. Then it
would be appropriate to forecast, via the MITF, future spot
exchange rates and compare them with the present forward
exchange rate in an effort to determine whether the forward rate is
a “rational” forward rate, i.e., a forward rate based on all the
information in the system. We leave such analysis to further work,
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