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THE THEORY OF INTERNATIONAL INTEREST AND EXCHANGE RATES

The Structure Of Interpational Interest Rates -or "Why Do

—

International Interest Rates Differ2v

In the real world, both the student and practitioners of
international finance are confronted by a bewildering array of
interest rates. This information can be found in business papers

such as The MWall Street Journal, The Financial Times , the

Economist , or more specialized publications issued by major
banks, ! or advisory services. These rates change very
frequently, often from one minute to the next. A table of
representative interest rates reported for September 18, 1977,

is reproduced in Exhibit 1 below.

The exhibit gives rates for ten industrialized countries
for ten different types of instruments as well as spot and
forward, exchange quotations. The matrix of interest rates shown
suggests two important observatioans. First, as should be well
known to any student of finance, rates within each country are
dif ferent for different types of credit instruments. Second, and

more importaatly from the point of view of internatjional

finance, the rates for similar instruments differ from one

country to another. Central bank discount rates, for example,

! For example, Chase #Manhattan Bank, International Finance
(biwcekly), Citibank, Foreign Exchange & International Money
Markets (weekly); Harris Bank, WHeekly Review - Intecrnational
Money Markets And Foreiqn Exchange Rates. Also, most major banks
provide daily rate information to their «corporate clients via
computer time-sharing systenms.




World Interest Rates

la

rates cs of Seotember 14, 1977, bond yields o5 of Sentember @ 1977

Sest 15

Call 6.3123
I-mentn 64375
3-manth G075
g-month  6.3125

U S.-U.K. Treasury Bills

U.S.-Carada Treasury Bills
U.S.-Canzda Finance Co, Pzper
Evredollars-U.K Lecal Auth, Depostts

-.393
=20
=40
+.375

average yield on seasoned issues

1a pareent per annum u.Ss. Canada Britain Belgium France Germany Ttaly Netherlands| Switzerland Japan
Central Bank 5.75 7.50 6.50 6.00 9.50 3.50 11.50 3.50 1.50 4.25
Discount Rate e
Day-to-Day Money 5.18;];5 7.50 6.125 3.55 8.375 4.00 12.00 3.625 1.50 4,75
Sept

T[EJSHW ai"s 5.84 7.13 5.8125 6.25 n.a na 12.13 no dealing 10 market 4.125
9141y "ids.e Rates 120-day 2-menth
Commarcial Paper f»nsa.n(c]eupapel lanr:r:‘zspZner E.gﬁu" Cei:Zesd 8.625 Ao markst no market no market na market rot traded
grime 3 month a.xad 15¢, tax w/h [discount basis
Bansers’ AECEPUHCQS 6.15 7.4 5.875 5.75 not traded 5.15 ne market 70 market 3.75 no market
1.monty 29us4 15%% tax w/h Certifted not traaed
Governizent Bords 7.65 9.10 {1154 90 | 8.3 571 | 132 | 773 398 | 6.1

T sars, 248028 piald 207 taz wsh
Industrial Tands

v o 7.95 9.40 13.43 1 11.67 6.04 11.786 7.68 4.68 1.04
srime ‘f:g:‘;‘z ?4';:1 ’v',‘? ,OH Aa [ndustrais 204 tax w/h
Bank Short-Term Raie 7.25 8.25 8.50 8.75 | 10.10 8.75 17.00 6.00 6.00 4.50
12 Bast 2¢ rawers {Drime ryte)
Bank Sizht Danosits zero zero zero 0.50 zero 0.50 8.25- | 1.00-3.00 0.50 zero

5 b . 9.25 lagge deposils | resiaents only

Bank Tima Daposits 6.00 1.40 5.9375 6.25 8.6375 4.15 8.50- .4.625 2.25 3.75
2 monty Cert of Dep Cert of Dep |Cert ot Dep 8.50 large deposits [residents aniy| 15% tax w/h
Exchang? Rates—in 5.3 - 935 | Lo | oers | 2025 | A2ss | .oonat | d0s3 | 4187 | 005747
r2*es tinating 3,218t na
Forvard Exchonse Cover -
Ti-or*'N r percentp a — .875 D -50 P -JU P 3.5[) D 2.875 P 7.50 D 2.0’) P 4.00 P 1.375 14
D = et P = aeriun [
Eurcgailar Cepostts | International frtitrape Eurobonds free Cold Price

(Lorlon iaterdann, 3ud) | {Zmonth hedges) 1 fover of U S, dollars | Straight debt of U.S. subsidiaries 6.85

Convertible debt of U.S. subsidiaries
represantativa terms of most recent sssuee
coupon:
conversion premium:

575
14.83

Londen
afterncon fixing

147.90

{par fina ounce)

The Jccea mte:est 1ate quctubions refer 10 tre past weer ap-d may rat be cunstrued as olfers by The Chuse Manhattin Bank The quatations for 8ank short
Term nate to Gest Dustorters, gtute incluaing customary cummissions, refiect nuither possible other tees nor varying compens iting balwnce tequirements

Source:

EXHIBIT

1

World Interes t Rates

The Chase Manhattan Bank, International Finance, Sept. 19, 1977.



vary from a low of 1,5 percent in Switzerland to 11.50 percent
in Italy, with the United States being near the middle at 5.75
percent. Similarly, the prime rate ranges from as low as 4.5
percent 1in Japan to as high as 7.00 percent in Italy. In
general, one can observe that rates differ widely from one
country to another, although the term structure of interest
rates within different countries exhibited a similar pattern at

the specific period of time represented by our exhibit.

What explains the differences in rates and more
importantly, what is the nature of the relationships that tie
them together? It 1is these questions that we shall attempt to

answer in the first part of this paper.

The students of international finance are faimiliar with
some reasons tor differences between rates on domestic versus
external time deposits denominated in the same currency. From

this base, we can begin to generalize.

First, rate differences 'within countries can be largely
explained by (a) differences in default risk of the issuer of
the respective financial claims, (b) factors related to market
structure, and (c) maturity. The data in Exhibit 1 may be used
to illustrate these variables using U.S. rates as examples. The
discount rate, for instance, is available only to selected
financial institutions =-- the wmember banks of the Federal
Reserve System -- and even these institutions do not have access

to such funds in unlimited amounts. The probability of a default



by these banks 1is very small and the funds are lent for very
short periods of time, a few days in some instances. The
Treasury bill (T-bill) rate, again, represents an interest rate
that is guite unique; it is the short-term borrowing rate of the
government. In most countries this rate tends to be the lowest
rate in the money market because of the negligible default risk.
Unlike private firms, government has the power to raise taxes in

order to fulfill its obligations.

In the next category come the negotiable bank time deposits
(called CD's) and notes issued by prime commercial borrowers
(called commercial paper, or CP). These instruments carry a
somewhat fhigher rate than T-bills for reasons of higher default
risk and less marketability. These instruments are issued by
private organizations who are known to default on their
obligations ogcasionally. Also, the market for T-bills is much
more extensive in terms of volume and number of participants as
compared to the market for CD's and CP. A holder of CD's or CP
runs a slightly higher risk of loss in case of an immediate need
to convert these instruments into cash. Therefore, investors
demand and obtain a slightly higher yield on these money market

instruments than on T-bills.

In addition to differences in risk aad market structure,
tax factors can sometimes account for differences in yields. For
example, in the United States, interest on T-bills is not
subject to taxes imposed by individual states; the income from

some securities is free from federal, and to a limited extent



state income taxes, such as certain municipal bonds.

Observed interest differentials also reflect differences in
the maturity of the claims involved. The long-term interest
rates incorporate the expectations of future interest rate
changes. It future interest rites are expected to be different
from present rates, credit instfuments of different maturities
will have different yields. This effect is discussed fully in a

later section of this paper.

All these factors affect interest rates for different
instruments within a country. W®hen it comes to explaining
interest rate differences ggggégg countries, +two additional
factors complicate the picture. First, there are various
barriers that impede international transactioas and, therefore,
arbitrage among credit instruments. Second, future exchange rate

changes affect yields and therefore interest rates of securities

denominated in different curcencies.

In the domestic market, 1interest rates for similar
securities are equalized through arbitrage: market participants
sell and buy simultaneously different securities whenever yield
differences do not reflect trader's perceptions of differences
in risk, liquidity, and factors that cause yield differences.
Such arbitrage for similar securities in different countries is
impeded by factors that range all the wvay from various degrees
of ignorance to taxes and other (actual or potential) government

restrictions on financial transaction across international
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borders. Here, we shall focus on the relationship between
exchange rate changes and interest rates, abstracting both from
the factors that cause interest rates to be different within
countries, as well as from those that cause interest rates to

differ among countries because of actual or perceived barriers.

In this context, EBurocurrency rates are very important for
both empirical and practical reasons: external time deposits in
banks of the same standing tend to be the same in every respect,
except currency of denomination.?2 Thus, when referring to
interest rates in countries A and B, in practice we are talking
about the respective Eurocurrency rates. They represent
financial «c¢laims  of the same risk, and the effect of
restrictions on cross~border flows is minimized; such deposits
are already outside the country where the currency of

denonination is issued.

Interest Rates And Exchange Rate Changes

Having stripped away all extraneous factors, we can now
focus on interest rates and exchange rates, As a first step, it
is useful to recognize that exchange rate changes and interest
rates are conceptually the same. This becomes clear when one
compares, for example, a sSecurity denominated in <Canadian

dollars that yields 6 percent per annum with holding U.S.

2 We neglect here risk differences that car be attributed to the
possibility that some countries may be more likely than others
to restrict noaresident convertibility.



dollars in the form of (non-interest-bearing) currency. Exhibit
2 compares the results of holding the Canadian dollar security
versus U.S. currency when the Canadian dollar 1is expected to

depreciate by 6 percent.

At time t(o), an investor has the choice of investing
C$ 100 in a Canadian security with a terminal value at time t{1)
of C $106 (yielding 6 percent). Our investor could have achieved
the same results had he taken C$ 100, exchanged them for
U.5. $190 at time (o), and held the U.S. currency (a non-
interest- bearing asset) until t{(1). A%t that time, he would have
obtained C $106 for U.S. $100, gi;ing him the very same terminal

value and, thus, the same yield.

\

1

i
This example 1s simply an illustration of the principle
that whelever an asset (or 1liability) has a different value
between two points in time, there is a rate of return {(interest,
yield) involved. But our simple example serves to make a further
point; an investment in Canada, yielding 6 percent, will return
Zero on the basis of U.S.3%, given that the C$ depreciates by 6
percent over the same period. Alternatively, investors are
indifferent between the investment in Canada yielding 6 percent
and an investment in the United States whose return is zero. And

the same holds analogously for borrowings.

Thus, exchanye rate changes are the cxact equivalent to

vield differences on claims denominated in the TrTespective

currencies.



Canadian
Security

U.s.
Currency

Time = t
o

Exchange Rates:

Time = tl

Exchange Rates

C$ 100 = U.5.% 100 C$ 100 = U.S.$ 94.34
U.S5.5 100 = C$ 100 U.S5.$ 100 = C$ 106.00
Investment Value of Rate of Return
Investment in C$ in U.S.$
C$ 100 C$ 106 67 0%

(= U.5.$ 100)

(= U.5.$ 100)

U.S.$ 100 U.S.$ 100 6% 0%
(= C$ 100) (= C$ 106)
EXHIBIT 2

Investment in Two Currencies

with Changing Exchange Rates




This idea is, of course, the basis for international
financial operations and interest arbitrage: whenever there is a
discrepancy between exchange rgte changes and interest rate
differences, profit opportunities arise that can be exploited by
selling (lendinyg) in one market and buyiang (borrowing) in the

other.

The introduction of uncertainty causes few problems, as
long as care is taken to make consistent assumpticns in the
comparision of yilelds and yield equivalents caused by exchange
rate changes. In our example, we can think of the investment as
having an expected terminal value of C$ 106, just as the future
spot rate of the C3$ is expected to be C$ 106/$5100, assuming the
same probability distributions. Alternatively, we can think of
the investment as a security issued by a reputable agency,
whereby principal and interest have been contractually fixed at
t (0). Such contractual arrangements alsoc exist in the exchange
market: by means of forward contract, concluded at t({o), the

rate of the C$ can be fixed at C$ 106/US$100 for time t(1) .

How Are Exchanhge Rates Determined?

In a discussion of the foreign exchange market, demand and
supply factors are stressed and related to various participants

in the foreign exchange market: (1) traders, who wish to hedge

their receivables and/or payables, (2) interest arbitrageurs who
make decisions to invest or borrow on the basis of discrepancies

between international interest rates and forward rates; and (3)



speculators who take open positions whenever they feel that the
forward rate, at which other market participants are willing to
make commitments, is different from what they expect the future

spot rate to be.

While this traditional classification serves well the
purpose of introducing students of international finance to the
mechanics of the foreign exchange market, knowledge of the
interrelationship between exchange rates and interest rates
permits us to refine the explanation of the determination of

international rates.

First of all, the actions of commercial hedgers nmust be
seen 1in the proper perspective: the exporter who has a foreign
currency receivable must fund this receivable in his own
currency. Hence, the asset and the liability is in different
currencies, a fact that gives rise to exchange risk. Now, as far
as hedging is concerned, there is, of course, an alternative to
the use of the forward market. The exporter can borrow in the
foreign country, exchange the proceeds of the loan through the
spot market into his own currency, and reduce his domestic
borrowings accordingly. As a result, the foreign currency
receivable is offset by a liability in the same currency.
Whether he uses the forward market or the foreign credit market
to eliminate the exchange risk 1is a matter of comparing the
differences in interest rates of the two credit markets with the
equivalent difference between spot and forward rates in the

respective currencies. But this makes the decision of the
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conmercial hedger exactly equivalent to that of the interest
arbitrayeur who acts upon the same differences. The only
distinction is that the decision of the trader is presumed to be
prompted by a commercial transaction, while arbitrageurs are
constantly on the lookout for profit opportunities. However, as

far as the determination of interest differentials and forward

preniums and discounts are concerned, neither commercial hedgers
nor interest arbitrageurs have any influence once interest rates

and foreign exchange markets are in equilibrium.

In fact, only people who act upon their expectations about

future prices in these markets make rates npove, And to the
extent that these transactors "take a view" about the future,
they can be considered speculators,? the negative connotation of
this term notwithstanding. Indeed, this concept shows that the
popular image of speculators as evil men, operating in a moral
twilight is ludicrous. ALl people whose decisions to buy or sell
goods and services, or to borrow and lend are influenced by
expectations about exchange rates and/or relative interest rates
are speculators. Thus, the concept of expectations, or more

precisely, price determination via expectations, is at the core

of the explanation of how international exchange rates and

interest rate are determined.

The traditional theory of markets according to which the

price of financial assets is determined by demand and supply can

3 Speculari (Latin): to spy out, watch, examine, look forward.
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easily be reconciled with the role of market expectatiomns. HWhat
really matters dare the expectations of market participants about
"future demand aud supply, and all their determinants. It follows
that in markets where prices are established in such a wanner,
curreat prices incorporate the expectations of market
participants about future prices, such as exchange rates and

interest rates.

In summary, we have shown that interest rate differences
and expected foreign exchange rate changes are economic
equivalents. It follows that both interest rates and exchange
rates dare simultaneously determined by the same set of
expectations., Expectations must have some basis if ve assume
that market participants act rationally. Which factors determine

the relevant expectations?

The Determination Qf Interest Rate Changes And Intermational

Interest Rate Differentials *

The determination of the level of interest rates in an
economy is a complex process and a number of competing
explanations have been put forth to describe the processes by

which interest rates are determined.S Here, we are concerned

4 This section rTelies on a synthesis by Ian H. Giddy, "An
Integrated Theory of Exchange Rate Equilibrium," JOURNAL OF
FINANCIAL AND QUANTITATIVE ANALYSIS , Dec. 1976, pp. 883-92,

5 Theories of interest rate determination are associated with
the works of Wicksell, Keynes, Hicks and Fisher. Any good
introductory book on money and banking will bring the reader up-
to-date.
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primarily with relative changes of interest rates, and the
monetarist framework provides a clear and consistent approach to
draw the outline of complex relationships. Accordingly, the
different rates of growth of money caused by varying monetary
policies of governments are the cause of price level changes.
This relationship 1is represented in Exhibit 3 by the link
labeled 1. To be precise, it implies that the rate of change in
the general price level ("inflation") in a country is determined

by the difference between the rate of growth in real output and

the growth in the supply of money.

The underlying idea is that when the rate of change in the
money supply differs from the need for additional liquidity
related to changes in real output, the general level of prices
in the economy will change. The real need for money changes
because of changes in the level of output of goods; if more
goods are produced, then more momey is needed to trade them at
the existing price levels. If the money supply changes by an
amount larger than the increase in output of goods, it can only
be absorbed by an increase in prices such that the new output at
new (higher) prices requires the new (higher) amount of nmoney
supply. As a consequence, an excessive increase in the money

supply will cause prices to rise.

The second link identifies the relationship between changes

in interest rates and changes in price levels. In a theory



13

A MONEY SUPPLY (EXCESS)

A PRICE LEVEL

A INTEREST RATE

[\ EXCHANGE RATE

O

EXHIBIT 3
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generally attributed to Irving Fisher,® interest rates have two
components: a real return plus an adjustment for price level
changes. If the holders of loanable funds are to Ee induced to
give up their funds for a period of time, they must receive sone
compensation. This compensation takes the form of a higher
purchasing power of the funds in the period in which they are
returned. This compensation is necessary because without it the
holders of funds will have no incentive to forgo current
consunption and be exposed to take the risk of default. This

compensation is termed the real return to the lenders of money.

If prices do not change, this return would represent the
increase in the purchasing power of the loaned funds. But when
prices are expected to rise, and when lenders are aware of that,
they will demand compensation for inflation to protect the rteal
rate of return. This will be done by including a factor for the
expected rate of inflation in the interest rate. Thus, the
interest rate will include a real return that increases the
purchasing power of the loaned funds and a return that offsets
the loss of purchasing powers due to inflation, The interest
rate, then, can be represented formally by the equation:?

(1¢i) = (1¢r) (1+ ap)
where i, the nominal rate of interest, provides a return on the

investment equal to that given by a real rate of interest, r,

6 THE THEORY OF INTEREST, (New York: the Macmillan Company ,
1930) .

7 Throughout this paper, the symbol n has been used to denote
change in the value of a variable (usually denoted by the symbol

delta). Thus, P represents change in P from one period to
another.



15

after the expected rate of inflation, aP, has been taken into
consideration. Since the nominal interest rate must be
determined before prices have actually increased, expected price
change is incorporated in the nominal rate, rather than actual
price change. Ex-post, the price change may not equal the
expected value in most cases, but if the financial wmarkets in
the country are efficient, all the available information will be

utilized and i will include the best possible estimate of nP.

Link 2 between price level changes and interest rate(s)
implies that as price levels change (because of excessive mnoney
supply, as we saw above), the interest rate will change, so that
changes in i conmpletely offset the changes in P, keeping T
constant. The change in interest rates will thus be egual to the
percentage change in price levels, which equals the rate by
which the increase in the money supply exceeds the real needs of

the econony.

It should be clear by now that if at the end of the time
period prices have changed by more than was expected, the
nominal rate of 1nterest would have been underestimated and
borrowers would have gained at the cost of lenders. Similarly,
lenders would have gained if the price changes had been

overestimated.

Given the process of determination of interest rate changes
in a national economy, how do differemtials in interest Trates

bet ween different countries cone about? Two additional
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relationships shown in Exhibit 3 as Links 3 and 4 will
contribute to the explanation. The first of these relates price
level changes in different countries and exchange rate changes;
it is usually referred to as the ‘“purchasing power parity
theorem." The other link which relats differences in interest
rates between different countries to expected changes in
exchangé rates is sometimes referred to as the "Fisher Open"
effect to distinquish it from the relationship of price level

changes and interest rates in a closed econonmy.

The purchasing power parity theorem can be stated 1in
different ways, but the @most common representation links the

changes in exchange rates to those in relative prices:?3

Rate of Change of the FExchange Rate

Difference in Respective Inflation Rates.

o T — b — A i e
e e e A — — ]

This relationship is derived from the basic idea that in
the absence of trade restriction, the prices of the same goods
in two countries must be equal. Under conditions of free trade,
if the prices of similar commodities differ between two

countries, arbitrageurs will be able to take advantage of such

situations until price differences are eliminated. If at time t,

8 Por a more detailed discussion of this theorem, sece Lawrence
Officer, "The Purchasing- Power-Parity Theorem of Exchange
Rate: a Review Article", IMF STAFF PAPERS, March 1976, pp. 1-60.
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the prices in two countries are P(1,t) and P(2,t) and the

exchange rate is R(t), then

R(t) = P(1,t)/P(2,¢).

Both P(1,t) and P(2,t) will change due to inflation such that:

]

P{1,t+1) P(1,t) * {1 + aP(1)}

H

P(2,t+1) = P(2,t) * {1 + nP(2)}
and R{t+1) = P(1,t) * (1 + oP(1)}/P(2,t) * {1 + aP(2)}
or R{t+1)/R(t) = [1 ¢ aP(1)}/{1 + uP(2)}].
Or
(R{t+1) = R(t)}/R(t) = (1 ¢+ aP(N)} = {1 + aP(2)}/{1 + aP(2)}
={ aP (1) - aP(2)}/{1 + aP(2)}.
If aP(2) is small, it can be neglected in the denominator,
giving:
(R(t+1) - R(t)}/R(t) = aP(1) - aP(2).
Or, the rate of change in the exchange rate equals the
difference in inflation rates. Thus, Link 3 in Exhibit 3 relates

expected changes in exchange rates to the expected differences

in inflation rates.

We have already discussed in general terms the relationship
between the interest rates in tvwo countries and the expected
exchange rate changes. Now, we can treat the 1linkage between
these rates more formally. In the absence of effective controls
on capital flows, investors will employ their funds wherever the
return is the highest. Thus, if the interest rates between two

countries are unequal, investors will transfer their funds to
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the country where the interest rate is higher. Will the higher
interest not come down under the influence of these flows?
According to the Fisher Open effect, the interest rate
differential will exist only if the exchange rate is expected to
change 1in such a wpanner that the advantage of the higher
interest rate is offset by the 1loss on the foreign exchange
transactions. An investor in the low interest country can
convert his funds into the currency of the high interest country
and expect to earn a higher rate of interest, but his gain (in
terms of higher interest rate) will be offset by his expected
loss because of foreign exchange rate changes. This effect was
illustrated by the example in Exhibit 2; it is stated more

formally below.

This effect can be understood by equating the returns on
equal 1in after taking the expected exchange rate changes into

account. Thus, in eguilibrium, the following holds:

¥ 1
| The value at (t+1) of investment earning interest at a |
| rate of i(d) |
| |
| = !
| l
| The value of an equal amount converted to a foreign |
| currency 4t t, invested at an interest rate of i(f) |
| and converted back into domestic currency at (t+1) |
| !
L ]
where 1i(d) = rate of interest in the home country and
i(f) = rate of interest in a foreign country.

If the investment is of an amount of $100, then the left hand

side is equal to:

100 * (1 + i(d)}.
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If R(t) represeunts the exchange rate at time 0, then the right
hand side is equal to:

{100/R(L)} * (1 ¢ i(f)} * TR(t+1);
the tilde ~ indicates that the exact value of the variable is
unknown at the present- time,
In equilibrium, the two sides will be equal.

{100 * (1 + i(d)} = {100/R(t)} * (1 + i(f)} * R(t+1)

or R(t+N)/R(t) = (1 + i(d)}/(1 + i(6)].
Or (R(E+1) /R(t)} = 1 = {1 + i(@)}/(1 + i(E)} - 1;
or (R(t+1) - R(L)}/R{t) = ([i(d) - i(E)}/(1 + i(f)}.

If the time periods being considered are small, 1i(f) will be
very small, and we can simplify and obtain:

(R(t+N) - R(t)I/R(Y) = i(d) - i(f)
which is a formal representation of the Fisher Open effect

stating that

)

The Expected Rate Of Change Of The Exchange Rate = The

.
I
|
|
| Interest Rate Differential.
|

L

e = e o —

The above relationship is purely an ex-ante expectation
because the value of E(t+1) is unknown. The equality 1is
supposedly to hold for a value of WR(t+1), that is the
expectation of the market participants. Empirically, the
relationship cannot be verified, because the variable ﬁ(t+1)

cannot be measured. However, it is possible to replace the

expectational variable ﬁ(t+1) with the forward rate for the
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period (t+1) given certain specific assumptions which will be
discussed in the section on exchange rate forecasting. This
forward rate 1is, just like interest rates, a contractual rate;
hence, we obtain what is called the "interest rate parity
theorem." According to this theorem, the observed differences in
the interest rates will be equal to the premium or the discount
on the exchange rate as reflected in the forward rate. This

relationship is represented by the Link 5 in Exhibit 3.

In summary, interest rate differences and exchange rate
changes are linked in two ways: first through the Fisher Open
effect, which is based on expectations, and second, through the
interest rate parity theorem which reflects an actual, ex-post,

arbitraged relationship in the market,

The €five links explained above represent an integration of
the ideas that have been used in the previous sections of this
paper and can be summarized as follows:

1. Monetary theory links different rates of excess noney

supply and changes in price levels.

2. Changes in price levels and changes 1in 1interest rates

are linked by the Fisher (Closed) effect.

3. Changes in price levels and changes in foreign exchange

rates are linked by the purchasing power parity theoren.

4. Changes in interest rates and foreign exchange rates are

linked ex ante by Fisher Open effect.

5. Changes in interest rates and foreign exchange rates are

linked ex post by the forward rate via the interest rate
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parity theoren.

Anyone familiar with economic theory will recognize that
the precise nature of each and everyone of these relationships
has been the subject of considerable controversy. Questions can
be raised about both the assumptions and the empirical
verification of these relationships, If at all, these
relationships only hold under the assumption that the nmarkets
for goods, capital, and ’currencies reasonably meet the
requirements for perfect markets, especially in respect to
governmental regulations and restrictions. However, our coacern
here is not with empirical validation but with presenting a
simple, consistent, and comprehensive set of relatiomships that

can serve as a point of departure for detailed analysis.

Maturity Structures And Forvard Mackets:

In the previous section we synthesized the relationships
between changes in foreign exchange rates and interest rates and
related the forward exchange rate to interest rates. Throughout
it was implicit that our concern was only with two-periods; one
in which the transactions were made, and the other in which the
transactions matured. We now extend the theory beyond two-
periods and consider what happens when exchange rate
expectations have to be made for more than one period, given the
structure of interest rates for more than one, that is n

periods.
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We have shown that the following relationship holds in a

two-period situation:

)

——

The Difference in Interest Rates = The Expected Change

of tle Foreign Exchange Rate.

(o e et e e iy

.

We saw previously that, when this equality is applied to forward
rates, we find that the forward rate will have a premium equal
to the difference in interest rates. When extended to n periods,
the sane formula holds in principle, though +the exact

mathematical representation becomes the following:

1/n
L+ s :[{1+E(trl)}.{l+E(t+lr1)} {1+E(t+ﬂ_lrl)}:{
1 + I
t n,B
where
tIn,A = 1linterest rate in Market A, quoted at a time t for a
maturity of n periods,
tauB = 1interest rate in Market B, quoted at time t for
maturity of n periods,
4151 = the expected change in foreign exchange rate from

period {t+1) to (t+i+1), where

i = 0’112'.-.. n-1.

The equation states that the ratio of interest rates in two
markets will be equal to a geometric mean of expected changes in
foreign exchange rates during each of the 1n periods. This
equation 1implies a forecast about the exchange rate changes

using the yield structure of the interest rates. The
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relatioaship between these two can be explained with the help of
Exhibit 4, which shows hypothetical yield curves, or the term
structure of interest rates for securities (for exanple,

Eurodeposits) denominated in two currencies, dollars and marks.

The f£irst graph in the Exhibit 4 shows interest rates for
various maturities prevailing in the market at the present time.
These rates are contractual rates, or the rates at which lending
and borrowing actually takes place in the market. The schedules,
as shown, indicate that deposits in marks yield 5 percent,
irrespective of the maturity of the loan. However, the rates for
dollar deposits vary according to the maturity. A six-month
dollar deposit can be obtained for only 3 percent, below the
rate of 5 percent for a mark deposit of the same maturity. The
rates for a fifteen-month deposit are the same in either
currency at 5 percent. For nmaturities above fifteen months, the
rate of interest on dollar deposits is above the rates for mark
deposits. For example, a mark deposit of five years maturity
will yield 5 percent p.a., but a similar deposit in dollars will

bring 7 percent p.a.

These yield curves contain important information about
future exchange rate changes and short-term interest rates. The
yield curves for two currencies reflect the pattern of exchange
rate changes expected by the markets. The implied exchange rate
change for any parficular period can be calculated by using the
two-period interest arbitrage model explained in the previous

section. To obtain the implied premium or discount on the
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exchange rate that reflects the market expectation for any
period, we simply calculate the interest rate differentials for
that wmaturity. For example, to obtain the market expectation of
the exchange rate change for a two-year period, we compare the
inter for the maturity of two years. Graph A shows a difference
of 1 percent per annum between the two currencies, with the mark
interest rate at 5 percent heing lower than the dollar interest
rate. From the two-period interest arbitrage model, we know that
this is equivalent to a 0.99 percent premium per annum on marks.
Since the mark rate is belov the dollar rate, the implied market
expectation 1is that the mark will appreciate at a rate of 0.99
percent per anmum with respect to dollar over a period of two

years.

Let us now analyze the 1implied market forecast for the
entire planning horizon. Graph A shows that the mark rate for
all maturities is constant at 5 percent, wvhereas the dollar rate
changes from a low of 3 percent for a maturity of three months
to a high of 7 percent for the maturity of five years. What will
the schedule depicting the market expectations of the exchange

rate changes look like?

For the short-term maturities, the mark‘rate is above the
dollar rate. This implies a market expectation that the mark
will devalue with respect to the dollar over the short term. The
exact amount of expected depreciation, or the market's expected
value of the discount on wmarks, can be calculated from the

interest rate differemtials. According to the yield curves
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shown, the discount on marks persists for all maturities up to
fifteen wonths. For a maturity of fifteen months, the interest
rates for the two currencies are equal, which implies a market
expectation that fifteen months from now, the present
dollar/mark parity will prevail. If for all the intermediate
maturities prior to the fifteenth month, the mark is expected to
be bhelow the dollar, but not for the fifteenth month itself, it
also means that sometime before the fifteenth month is over, the
discount on the mark will change to a premium. Moreover, the
depreciation of the mark, during the time it is falling, will
just egqual its appreciation up to the fifteenth month from the
time period it starts rising. But an expected appreciation of
the mark implies a structure of interest rates wherein the mark

interest rate is below the dollar interest rate,

This conclusion 1is consistent with our yield curves,
because beside implying an expectation about exchange rate
changes they also contain expectations about the short-term
interest rates that will prevail in the future. In fact, the
long-term interest rates are equal to the geometric mean of

intervening short-term interest rates:

1/n
(l+tIn) = {(l’i‘tll) . (l+t+111) . (l+t+211) P (l+t+n_lrl)}

Thus, the yield curves shown in Graph A imply that even
though short-~term rates on wmarks are now above those for

dollars, they will sooner or later, but not later +than fifteen
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months from now, change and drop below rates on dollar deposits.
Accordingly, while at present the mark is at a discount with
respect to the dollar for immediate short-term maturities, the
expectation is that it vill soon be quoted at a premium against

the dollar for subsequent short-term maturities.

What is the market's expectation beyond fifteen months? For
all maturities beyond fifteen months, the mark interest rates
are below those for dollars, implying a market expectation that
the mark will appreciate with respect to dollar after fifteen
months. We saw in the example above that for a maturity of two
years, the implied appreciation rate is 0.99 perceant per annum.
Market expectations regarding all exchange rate changes are
shown in Graph B in Exhibit 4, When these expectations are
applied to the present dollar/mark parity, we obtain Graph C
which shows the market expectations of the exchange rates that
will prevail at different times. This graph confirms what was
said earlier about the change of discount to a premium on marks.
As can be seen in Graph C, the spot price of mark with respect
to dollar falls, though at a decreasing rate, for about the
first six montns and begins to rise after that time, until it
reaches the present spot rate at the end of the fifteenth month.
The shape of this schedule shows the time when the market
expects the short-term rates for mark deposits to fall below the
equivalent dollar rates. The market expectation is that in about
seven months, the structure of short-term interest rates will be

inverted.
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It should be emphasized that the foreign exchange rate
changes shown in Graph C may be merely implied. These expected
foreign exchange rates may or may not be quoted in the market as
forward rates. In other words, a market participant may not be
able to make forward transactions at these rates, because no
broker or banker will actually quote these prices. However, the
interest rate structure being as it is, it will not be necessary
for the traansactors to actually enter into forward contracts,
because the purpose of the forward transaction can be achieved
merely by rearranging the debt instruments at the given

structure of interest rates.

Forecasting Foreign Exchange Rates :9

Qur discussion so far has been limited to the relationmship
betvween foreign exchange rates and interest rates., Ve étressed
that both sets of rates were determined simultaneously, and we
alluded in general terms to the forecasts implied by these

rates. Now, we shall focus on forecasting specifically.

The material presented in this section is aimed at the user
of foreign exchange forecasts; it shows how forecasts are made
and vwhat the assumptions behind the various forecasting nodels

are,

% This section relies primarily on Gunter Dufey and Ian H.
Giddy, "Forecasting Foreign Exchange Rate in a Floating
world," EUROMONEY, November 1975,pp.28~35, and Richard M.
Levich,"Foreiyn Exchange Forecasting: Theory and Evidence"
unpublished, New York University, March 1, 1976; (used with
permission of the author).
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The need for exchange rate forecasts is obvious. Spot rates
prevailing at some point in the future are needed by all those
vhose economic decisions are affected directly or indirectly by
changes in exchange rates, because these changes affect costs,
prices, and effective interest rates. Those concerned with
government policies will want to know future spot rates because
they may provide clues about the impact of nmonetary policy on
the rate of inflation, or about disequilibria in external
accounts. For those concerned with planning and managing
international business operations of any kind, foreign exchange
rates prevailing in the future are important inputs into
planning and decision making. Indeed, under certain conditions,
those who can forecast foreign exchange rates can earn incone
directly through various forms of speculation, and it is,
therefore, not surprising that much effort has been devoted to
foreign exchange forecasting. The purpose of this section is to
classify and critically review the prevalent methods used for
exchange rate forecasting, to refine our understanding of
foreign exchange markets and rates, and to explore the practical

implications of "market efficiency".

Forecasting of economic data requires a "model", i.e., a
set of relationships among variables, one of which is the
variable to be forecast. Such models may be wunspecified; they
are simply enygrained in the nind of a person who has been a
long-term observer of the processes that generate the data. 1In
the context of foreign exchange forecasting, this applies

particularly to successful professional traders, who develop a
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nqut feel" for interpreting new pieces of economic and political
information in terms of the future spot rate. Their models are
so complex that they themselves are usually unable to describe
them adequately, and their attempts to communicate how they
arrive at certain opinions about future spot rates tend to yield
answers that are either inconsistent or extremely naive at best.
Nevertheless, their failure +to make explicit the complex
relationships that they have absorbed while dealing in the
foreign exchange markets does not mean that their actions do not
reflect a high degree of sophistication. Their success at
surviving in a very competitive business is the best indicator

of the quality of their respective "models."

Here, however, we are concerned primarily with formal,
structured models. The widespread availability of computer
facilities has promoted the development and use of forecasting
models based on relationships that are stated in explicit
mathematical terms. Because of the obvious usefulness of
exchange rate forecasts, there‘have been numerous attempts at

building formal foreign exchange Eorecasting nodels. 10

For analytical purposes, all forecasting models can bhe

10 In early 1978 there were several specialized firms offering
foreign exchange forecasts: Bl Metrics ( Business International,
New York) Conti Currency (Chicago), Predex {New York) and Forex
(London). In addition, econometric forecasting services, such as
Chase Econometrics and Data Resources, Inc. , generate and sell
foreigu exchanye forecasts as part of their international
models. Last, but not least, some of the large money center
banks sell forecasts as part of their corporate foreigm exchaage
advisory service. The annual subscription fees range somewhere
between $1J,000 and $20,000 (U.S.).
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broadly divided into two -~ extrinsic and intrimsic. In
"extrinsic" models, the underlying assumption is that there are
sone fundamental, causal factors which influence the variable of
interest -- i.e., the future spot rate. In Mintrimsic" models, a
forecast of the future spot rate is based on information derived

from its past values.

Extrinsic models can be further distinguished by the
underlying theoretical framework. Such a theoretical framewvork
is needed in order to identify the most appropriate factors, or
variables, and in order to specify the precise nature of their
interaction. Broadly, three subgroups of extrinsic models can be
distinguished: models based on (a) balance of payments analysis,
(b) national economic models focusing on changes in aggregate
demand, and (c) so-called monetary models. Exhibit 5 contains a

schematic presentation of the forecasting models analyzed here.

Models based on fundamental balance of payments analysis
endeavor to forecast the individual items in a country's
external accounts, such as the current balance, capital flows,
and unilateral transfers, rationalizing that this analysis would
capture the demand for and supply of foreign exchange, thereby

providing indications as to its price, the exchange rate.

Balance of payments models are plagued by a number of
inherent difficulties. One problea is founded on the fact that
any change in the exchange rate tends to affect all the

components of the balance of payments. Thus, while a deficit in
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the trade balance will put downward pressure on the exchange
rate, the very change in the rate will in turn impact on the
trade balance., And while some of those feedback effects are
reasonably stable and can be built into the nmodel, others are
not. Further, there are interactions between the components in
the balance of payments which are quite elusive. For example, a
change 1n the trade balance méy be supplemented or supplanted by
various capital flows. By the same token, exchange rate changes
may induce offsetting or compounding changes in various kinds of

capital flows,

Last, but not least, the presumption behind this kind of
forecasting is that it is easier to predict the components of
the balance of payments rather than the exchange rate itself --
an assumption that is questionable. To illustrate, it may be
possible to forecast with a reasonable degree of accuracy that a
country will experience a deficit in its current account.
However, a relatively small percentage of deviation in that
forecast may lead to a substabtial difference between the actual

and forecast spot rates in terms of percentage.

As long as there is gystematic government intervention in
the roreign exchange markets, as is the case when the rate is
fixed, the feedback effects of changing exchange rates on the
various components of the balance of payments can be neglected.
But when exchange rates are changing in a system of free or

managed floating, it is necessary to move toward so-called full
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equilibrium models,!! where the predicted variable, +the future
exchange rate, is the result of the interactions of all those

variables that are considered to be determinants of the future

rate,.

The wusual approach, well developed in economic model
building, is to construct a set of equations that describes the
economy {or several econories) and can be solved simultaneously
to yield the desired variable, here the exchange rate. In its
simplest form, the exchange rate R is expressed as a function of
endogenous (Y) and exogenous variables (X).

R= £{Y(1),eeaes¥(n); X{(D,eeee,X(m)}.
The distinction is important because one set of variables (Y) is
determined by the model, but the forecaster must provide an

estimate of the exogenous variable.

Depending on the choice of variables and the specification
of their interrelationships, one can distinguish between
aggregate demand models and monetarist models. The former are
more complex, because in models that rely on changes in output
it is necessary to specify many different relationships. One
such foreign exchange model, for exanple, specifies
relationships involving such variables as trade balances,
relative inflation rates, real growth rates, relative capacity
utilization, short-term interest rates, government deficits,

foreign exchange reserves of central banks, relative wage and

11 partial equiiibrium models neglect feedback effects.,
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price performance, and others.12

It 1is imp&rtant to recognize that the various relationships
‘are specified on the basis of past experience. And one of the
crucial determinants for the success or failure of such a
forecasting model 1s the stability of such relationships over
time, In defense of model builders, it must be said that they
pay a great deal of attention to problems which could stem fronm
this source. Thus, the more sophisticated models of this kind
have built into them an elaborate analysis of errors produced by
each equation in the model 1in order to adjust as soon as
possible for changes in the hypothesized economic structures.
Still, with so many relationships interacting, it is easy for
errors to occur because of "misspecification": a technical term
wvhich indicates that the nmodel fails to represent reality
properly, because either the wrong variables have been chosen or

the interrelationships are not correctly stated.

Monetarist models, based on a more comprehensive view of
exchange rate changes, try to avoid some of these problems by
concentrating on considerably fever variables. Indeed, the
comprehensive equilibrium model presented earlier i1s the basis
for this class of models. The fundamental notion 1is that an
excess supply of money in the economy -- measured in relation to

other economies!? - will spill over in the external accounts

12 Michael K. Evans and John F. Norris, " International Business
and Forecasting," Columbia Jourpmal _of World Business, Winter
1976, pp. 28-35.

13 (oM (i)/a¥(i)) - / {( ad(J)/ni(3))
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and, therefore, into the exchange rate.

A simple forecasting model along these 1lines might be

constructed as follows: 14

M(i) = p(i)SM * v(i)¢(D & g3 i=1,2
(1)
R = P{1)/P(2) or log R = log{P{1)/P(2)}
(2)
where M{i) = nominal money supply
P{i) = price level
Y{i) = real incone
r(i) = opportunity cost of money
R = exchange rate
c(1),c{(2),c(3) = coefficients specifying the relationship

between the money supply and the price level,
income and interest rate, whereby c{(1),c(2)>0;
and c¢(3)< 0. As a further simplification, we
assume that the coefficients are the same 1in

each country.

After some manipulations, equations (1) and {(2) result in:
log(R) = 1log{P{1)/P(2)}
={l/cM} * log(l()/M(2)} - f{c(d/c(N} *
Log{¥ (1) /1 (2)} - {c3)/c(N)]} * log{r(l)/r(2)}
(3)

Thus equation (2) stipulates that the spot rate is positively

14 Adapted fronm Richard H. Levich, "Foreign Exchange
Forecasting: Theory And Evidence" pp. 5,6.
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related to the money supply ratio and the interest rate ratio
between the two countries, and negatively related to the inconme

ratio.

Models such as these can be made even simpler, but they can
also be mnade more complex and sophisticated, and when they are
conputerized they can impress many people. However, it 15
worthwhile to Jlook critically at some of the features of these
models when their use as forecasting tools is assessed. We have
already referred to possible errors due to misspecification --
namely the failure to express the relationship between the
different variables correctly because of wrong specification in
the first place or because these relationships may have charged

over time,

Secondly, the output of equilibrium models -- regardless of
their theoretical base =-- depends on an estimation, i.e.
forecast, of the exogenous variable(s) that nust be provided by
the user of the model. Thus, to make such models useful for
forecasting, it is necessary either to forecast the exogenous
variables or to find a lagged relationship between the exogenous
variable(s) and the exchange rate. Typically, aggregate demand
models treat government spending, taxes, exports, and investment
as exogenous variables, while monetarist models require either a
forecast of the money supply, or specify a comstant, lagged
relationship between changes in the money supply and other

variables.
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The role of the government with respect to exchange rate
forecasting models is particularly important because
governkental actions camn produce the crucial lags needed to make
models that simulate the equilibrium exchange rate!S into true
forecasting models. Under a system of "fixed"™ but adjustable
exchange rates(typical of the Bretton Woods system, or even a
syster of managed floating where the authorities "lean against
the wind" by intervening in the foreign exchange market) it is
governaent action that provides for the delays in the reaction
of the exchange rate to changes in the economic fundamentals,

and this permits forecasting.l®

In fact, vhen government intervention is predictable, not
only will econometric models be quite successful, but nuch
cruder models will also yield successful forecasts. In such an
environment, simple examination of balance of payments trends
and other *"fundamentals", such as relative rates of inflation
and trade patterns, provides a measure of the pressure on the
value of a currency. Then, changes in the level of foreign
exchange reserves of the central bank as well as an analysis of
the country's access to credit facilities by the IMF or the
international markets indicate the time when a situation would
become critical. The final and crucial step is to predict which

of the limited policy options decision makers of the country

15 The exchange rate that would prevail for given exogenous
variables, provided the model is correctly specified.

16 A point clearly recognized in M. Mureabeeld, "Economic
Factors For Forecasting Foreign Exchange Rate Changes"™, COLUMBIA
JOURNAL OTF WORLD BUSINESS, Summer 1975, p. 81.
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involved will resort to in a crisis: reinforced attempts at
internal deflation, imposition of additional exchange controls,

or devaluation.

The success or failure of foreign exchange forecasting
under such circumstances depends very much on that final step.
An investment in analysis of the power structure and of the
economic ideology of key decision makers in various countries

could pay off in very successful forecasts.?1?

With the move toward a system of flexible exchange rates in
the international financial environmeat, the so-called intrinsic
class of <formal forecasting models has attracted renewved

attention.

Unlike extrinsic models, with their reliance on causal
relationships between one or more exogeneous variables,
intrinsic models rely on statistical relationships between the
variable to be forecast and past values of the same series. The
idea 1is to identify and extricate from the historical data

series itself the underlying processes that generate new data.

Applied to exchange rate forecasting, this comcept implies
that the future exchange rate can be predicted from the behavior

of the exchange rate in the past. Specifically, forecasting

17 For a report by one of the most successful practitioners of
the art of currency forecasting in this era see: Robert B.
Shulman, "are Foreign Exchange Risks Measurable?™ COLUMBIA
JOURNAL OF WORLD BUSINESS, June 1970, pp. 57-58.
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models of this nature assume that there exists some pattern, or
relationship, that can be identified and subsequently used for
forecasting. This has led to the application of a number of time
series techniques, each of which is designed to identify the
"pattern," or statistical dependence, of foreign exchange rates
over time. Essentially, such techniques range from naive fitting
of +trendlines to sophisticated time series models, vhere,
through a sequence of filtering models and diagnostic analysis,
the forecaster attempts to detect any dependeancies that can bDe

used for forecasting.

As an illustration of time series forecast, we will outline
here foreign exchange forecasts based on autoregressive,
integrated moving-average (ARIMA) processes, generally referred
to as Box-Jenkins models.!® Such ARIMA models incorporate many
other time series techniques and are, therefore, representative

of all forecasts based on such methods.

The first step involves the preliminary specification of a
model that tentatively identifies the underlying process. Often,
it is subsequently necessary to perform first order
differentiation to obtain stationarity inr the mean of time

series, which 1is a prerequisite for the application of this

18 For an illustration, see Ian H, Giddy and Gunter Dufey, " The
Random Behavior 0f Flexible Exchange Rates," JOURNAL OF
INTERNATIONAL BUSINESS STUDIES, Spring 1975, pp. 17-19. For
another application of Box-~Jenkins techniques on foreign
exchange forecasting, see John F.0. Bilson and Bichard H.
Levich, " A Test of the Forecasting Efficiency of The Forward
Exchange Rate, " N.Y.U. Working Paper #77-61, June 1977,
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technique. Once the model has been selected, its parameters are
estimated, wusing non-linear least squares methods, for example.
The autocorrelations of the residuals and the significance of
the variables are then carefully checked. If the residuals show
any autocorrelation, 1t indicates +that systematic economic
information remains in the series and the model anust be
adjusted. The final model, having filtered out of the time
series all systematic relationships, leaving only randonm
disturbances, or "white noise," can subsequently be used for
forecasting by projecting it forward and computing the expected

values of futures exchange rates.

Those who wish to apply this and similar methods will find
detailed descriptions in the references cited. The application
of such forecasting techniques is greatly facilitated nowadays
by the wmany forecasting "packages" that are available in large
scale computer systems. Here we shall focus on the assumptions
that are crucial for the user of such exchange rate forecasts,
wvho is conteaplating venturing his own funds or those of his

company's shareholders on the output of such models.

The attractiveness of Box-Jenkins forecasting techniques is
that the sophisticated fitting of the model captures all
information in the series of historical data. This 1is an
improvenent over extrinsic models, in which important
information may be left out, because of the wrong choice of
variables or mispecification of +the dinterrelationships of

variables. Unfortunately, like all time "~series models, Box-
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Jenkins technigues, too, rely on information contained in the
data of the past. And this information set may or may not hold

for the future.

The Concept of Efficient Markets and Implicatiouns for

Forecasting

Observers of markets where private, profit seeking
transactors compete have long recognized that prices are
determined by the anticipation of demand and supply, rather than
by Q;g§gg§‘ supply and demand. The pursuit of profits in
speculative4 markets requires that market participants take into
account future prices 1in their current buying and selling
decisions. They rform opinions about future prices by continually
searching for information and interpreting it in order to nake

predictions. The concept of market efficiency is based on the

notion that «current prices reflect all available information,

including what market participants expect in terms of future
prices, and that further, all new information that is received
by the market is analyzed and immediately incorporated into
expectations about future prices,from these expectations into

decisions to buy and sell, and thus into current prices.

The implications of market efficiency for forecasting are
rather far reaching. If markets are efficient, it is not
worthwhile to forecast, because current prices, including
forward rates, already reflect all available information,

including any information contained in the past series of
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foreign exchange rates. In other words, the participants in the
market include the forecast provided by the intrinsic models in

their price setting.

The efficient market concept is anathema to many financial
executives and foreign exchange traders because interpretation
of information, anticipation of future prices, and acting upon
such expectations is the essence of their jobs. The efficient
market concept is powerful yet simple, and it is therefore
necessary to look «carefully at the assumptioms and the

conditions under which it applies.

In the context of the foreign exchange markets, the concept
of market efficiency means that the exchange rates should be
based on all currently available information. This set of
information includes each and every factor that can possibly
influence the exchange rates. Also included in this set are all
the past prices and any information contained in these prices.
The past prices 'contain' information im the form of trends and
periodic fluctuations. If the present prices contain all this
information, they should not present any possibilities for
systematic profits arising from the analysis of the past data.
Put differently, if knowledge of past exchange rates resulted in
superior forecasts, we might be willing to buy such a

‘consulting service', 19

19 The paterial in this and the following section is based on
unpublished material provided by Rolf Mirus.
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If, on the other hand, the foreign exchange markets are
efficient, then the current exchange rate already conveys aand
reflects all economically useful informatiom, including that
contained in past prices. In this case the noney spent on the
*consulting service®" would be spent unwisely. If all relevant
information is contained inmediately in the current exchange
rate, then only unanticipated events are 1left to determine
changes in the exchange rate. Since, however, unanticipated
events are random in character, it follows that the exchange
rate should follow a "random walk". The nature of such a randonm
walk can perhaps more easily be expressed by hypothesizing that
each day the exchange rate changes by $1 with probability .5 up
and probability .5 down. The pattern that would result from this

assumption is given in Exhibit 6.

Formally this can be expressed as
R(t) - R(t-1) = u(t)
where u(t) is the random variable. Above, U(t) was assumed to be
) {+1 with probability p =0.5}
u(t)y = { with finite variances.
{-1 with probability 1-p =0.5}
If the past history of the exchange rate is well described by
this random walk model and we want +to make a forecast for
R(t+1),
R{t+1) = R(t) + U(t+1), (%)
then the expected value is given by Equation (5):
E[R(t+1) ] = R(Y), (5)
because the expected value of 7Uu(t+1) is zero, and the past

history of R tells us nothing about the next independent outconme
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of W.

If the random variable, U, is normally distributed, with
variance vz, we can say that on the basis of the past history of
R the distribution of ﬁ(t*1) has the bell-shaped form centered
on E[ﬁ(t+1)] = R(t) {according to Equation (5)}, with 95 percent
probability that R{t+1) will fall within R(t) +1.96 V. The best
single point forecast for ﬁ(t+1) would be the expected value
E[ R(t+1) ] = B(t), which has the statistical property of being
the minimum mean square error forecast., In similar fashion,290

R(t) would be the best forecast of §(t+2), §(t+3), etc,

In fact some recent empirical work by a nusber 6f
researchers2t confirms the efficient market hypothesis for
several currencies during the current period of floating, most
notably for the Canadian dollar but also for the pound sterling
and Freach franc. As in the situation at the New York Stock
Exchange , the actions of market participants ensure that we
cannot do better than the market when attempting ¢to forecast
exchange rates -- whether they be on spot or forward markets. No

amount of 1internal information-gathering and charting and no

20 Cf. Charles R. Nelson, APPLIED TIME SERIES ANALYSIS FOR
MANAGERIAL FQRECASTING, San Francisco, 1973.

21 Rolf Mirus, “Speculation In The Forward Exchange Market: The
Canadian Dollar Since 1970%, RECHERCHES ECONOMIQUES DE LOUVAIN,
41, No. 4 (1975): 303-11, Philip A. Cummins, Dennis E. Longue,
Richard J. Sweeney And Thomas D. Willett, YAspects oOf
Efficiency in the U.S./Canadian Foreign Exchange Market: A
Preliminary Report," paper presented at the Allied Social
Science Association, San Francisco, 1974. Ian Giddy And Gunter
Dufey, "The Random Behavior Of Flexible Exchange Rates:
Implications For Forecasting™, JOURNAL OF INTERNATIONAL BUSINESS
STUDIES, Spring 1975.
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external consulting service will enhance our ability to predict
exchange rates. That, at any rate, is the message from recent

analysis for these currencies.

To put it into proper perspective, it is useful to repember
that market efficiency does not come about by accident; it is a\
condition that exists because a coipeting group of profit-minded
transactors acts as if the market was not efficiemt, comstantly
incorporating information into prices. Clearly, if nobody would
make forecasts and act upon such forecasts, markets would surely

not be efficient.

In the foreign exchange market, it is mainly the
professional traders in the foreign exchange departments of
banks who perform this function. During the trading day, they
constantly monitor economic and political information coming to
them via the newswires, nowadays flashed on big TV screens in
the trading rooms. More important, they constantly exchange
information among themselves and with those of their colleagues
who deal in other sectors of the financial markets. Their
memories, chartbooks, and computer files coantain the past data
series which they search for patterns and relationships. In
general, they are intelligent, well-trained individuals vho eara
substantial incomes for themselves and their employers for
obtaining and analyzing information related to exchange rate
changes - and reacting gquickly to it. Since they work in
competition with others, their profits tend to be limited to the

competitive economic return appropriate to the level of their
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considerable skills and the risks taken by the financial
institution that employ them. Exchange rates are determined by
the actions of these traders, adjusting their bid and ask prices

as they attempt to increase or decrease their positions.Z22

The point here 1is that anyone who wishes to forecast
exchange rates, by whatever technique, must ask whether his
model can provide more accurate information about future
exchange rates than the rates arrived at by the interaction of

the professional traders.

To be precise, anyone engaging in a serious =-- and
therefore costly -- exchange rate forecasting effort should be
able to ansver the following question affirmatively: "Do I have
unique and superior information about future exchange rates that
is wnot available to the wmarket as a whole?" Or, "Why do I
believe that the current prices, including forward rates

|

presently quoted, do not already reflect the information that I

have?n

Very few corporate executives will be able to answer the
first question affirmatively or the second question at all. In
addition the very notions underlying these questions cast doubt

on the motivations of those who sell the output of forecasting

22 TFor a good description of the foreign exchange trader's work
see "Dealing With $150 Million a Day," INTERNATIONAL
MANAGEMENT, January 1975, pp. 28-35. The TForeign Exchange
Mar ket,



models, 23 takiﬁg on all comers for a fee that is modest relative
to the trading profits which could be gained if the forecasts
could outperform the market. A further implicatiomn of the
efficiLent market concept is that even if a model were to provide
superior forecasts, the transactions of its users would quickly
align rates with the rates which had . been forecast, thus
eliminating profit opportunities and, thereby, the value of the
model. Thus, we are very critical of those who attempt to '"mass

market" foreign exchange forecasting nodels.

Some Further Theoretical _and Empirical Issues

Ne have nore empathy with those who want to put momey and
effort into building their own model, for it is very difficult
to prove conclusively whether or not markets actually price
foreigyn exchange "correctly"--i.e., wvwhether or not they are

efficient.

The fundamental problem in this respect is that all tests
of market efficiency are reaily joint tests of two propositions:
first, a test of the model that purports to generate exchange
rates; secondly, a test of the proposition that transactors can
set actual rates 1in accordance with the expected values
generated by the model. Thus, when statistical analysis would
lead one to reject the hypothesis that the market is efficient,
it  is impossible to say whether transactors processed
information incorrectly, or whether the model was specified
23 Unless they are interactive econometric models where the user

can make his own mistakes by specifying the independent
variables to be input.
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incorrectly.2*

All this leaves unresolved the discussion between many
academics, who argue that markets tend to be efficient--unless
specific evidence is present that market participants as a group
do not 1nterpret information correctly~--and practitioners, who

instinctively reject the implications of market efficiency.

On the issue of efficiency in the foreign exchange market,
there exist further sources of confusion. On a very naive level,
it 1s sometimes arqgued that whenever the actual spot rate
differs from that predicted by the forward rate or the interest
rate differential, this itself indicates that the market is not
efficient. Such an interpretation reflects, of course, a gross
misinterpretation of the concept. Market efficiency involves
only the interpretation of known information, and since new
information occurs randomly, there are bound to be differences
between the forecast rate and the actual rate. One way to put it
in perspective is to say that we knov that the spot rate
forecast by the forward rate, or interest differentials, is
unlikely to occur, but we do not know ex ante whether the actual

rate will be above or below the expected (forecast) rate.

A related issues is a bit more difficult to resolve. Given

that the actual rate will deviate from the rate forecast, what

2%¢ TFor thorough review of these issues and the empirical work
performed to date see Richard M. Levich, "On The Efficiency of
Markets for Foreign Exchange," NYU Working Paper #77-62 (revised
October 1977).
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can be said about the nature of the deviations? Especially, is
there reason to believe, on theoretical or empirical grounds,
that the forward rate is an "unbiased estimator" of the future

spot rate, or are there any systematic differences?

Before we delve into an analysis of this issue, it nmust be
clearly recognized that any such systematic deviations do not
necessarily reflect market inefficiencies. To repeat, market
efficiency refers to the processing of information in setting
prices. And the relevant information set, we shall argue, may
well contain factors that make for systematic deviations of

predicted rates from actual rates.

One of those factors that can cause systematic differences
is based on a technicality, known in the 1literature as the
Siegel paradox. If residents of two countries consume a COmmon
basket of goods, the foreign exéhange rate will lie 1in general
between the expectation of the future rate defined in terms of
one currency and the expectation of the future rate defined 1in
terms of the other currency. However, the practical significance
of the Siegel paradox is negligible when the variance of the

exchange rate is not excessive.

More interesting is the possibility that the forward rate
systematically under- or overestimates the expected rate--i.e.
that forward rates (or interest rate differentials) are biased
predictors, whenever significant transactions cost exists, or

when the risk of intervention in international financial
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transactions by governments 1is significant. For exanmple, we
would expect the forward rate of the pound to be systemcatically
lower than the expected rate if Her Majesty's government were
prone to interfering with the disposition of non-residents'
sterling assets. By the same token, U.K. interest rates would

be systematically higher unmder these conditions.

Exhibit 7 presents some data illustrative of this point. In
the context of forecasting, we can say that, given a $2 spot
rate per pound sterling, the 12-month forward rate is 3$1.92,
wvhile the K expected future rate is $1.94. 0f course, the latter

can not be observed directly.

What is important here is that in this <case nothing is
gained by forecasting unless one can show that the market prices
the political risk incorrectly. 0f course, the forecast rate is,
statistically, a biased predictor of the actual future spot

rate, whether or not political risk is priced correctly.

More difficult conceptually are deviations based on the
riskiness of currencies as measured by the expected variance.
While it is clear that risk-averse transactors will demand a
risk premium for currencies with a high variance, when we allow
for diversification, the existence of a systematic bias, or
deviation of the forwvard rate from the expected spot rate is not
altogether obvious. Virtually all those vho construct
international capital asset pricing models and derive risk

premiums from them assume at least implicitly that risky
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United States U.K. U.K.
(no risk of (substantial risk (no risk of
intervention) of intervention) intervention)
Interest rates p.a. 5% 9% 87
Forward discount
on £ p.a. cee 47 3%
Expected deprecia-
tion on<£ p.a. aes 3% 3z
EXHIBIT 7

Bias in Forward Rate in Presence of Political Risk
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currencies are positively correlated with real world wealth, or
real gross world product2% apd that risk is noadiversifiable.
Only then does a risk premium exist. But these assumptions are

not obvious,26 and empirical work on this issue is inconclusive.

Be that as it may, the implications for forecasting rtemain
unchanged; in a vworld of uncertainty, abnormal profits-~-as
compared to random profits--through exchange rate forecasting
can be earned only if and when current information is not
properly incorporated in price and forecasting efforts provide
superior information. The implications fof management action are
a bit more difficult, and we will take up elsewhere the case of
specific market imperfections +that will 1lead to a Dbiased
prediction by the forward rate or interest rate differential. We
shall see that under certain conditions they can be used by
companies who, for one reason or another, can overcome the

market imperfection that causes the bias.

25 sSee, for example, F.Z2.A. Grauer, R. H. Litzenberger and R.
F. Stehle, "Sharing Rules and Equilibrium in an Interpational
Capital Market Under Uncertainty," JOURNAL OF FINANCIAL
ECONOMICS, June 1976,

26 Much of this section is based on a paper by Jeffrey A.
Frankel, "On the Mark: A Theory of Floating Exchange Rates
Based on Beal Interest Rate Differentials", Massachusetts
Institute of Technology, revised version October 17, 1977,
Appendix A-1.
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Summary

The analysis presented here has focused on the
interrelationship between the two  fundamental prices in
international finance. The price of credit (interest) and the
price of different wmonies in different countries (exchange
rates). WNe explained the equivalence of international interest

rate differences and exchange rate changes. It was shown that

both reflect rates of return. The equivalence also holds in
terms of a general equilibrium models, where interest rates and
exchange rates are simultaneously determined by the sanme
economic processes. The equivalence was shown to prevail also

for differeant time horizons.

Interest rates and their equivalents~-expected future
exchange rates, or forward rates-- contain implicit forecasts.
In our discussion of exchange rate forecasting we surveyed and
analyzed the various methods currently used. On the Dbasis of
relationships between interest rates and exchange rates, and
introducing the assumption of market efficiency, we developed a
simple method to derive market generated forecasts of exchange
rates. We concluded with a brief discussion of some of the
empirical and theoretical issues that pertain to exchange rate

forecasting.
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