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Abstract

Theoretical and empirical research completed over the last decade has drama-
ticaliy increased our understanding of exchange rate behavior. The major insight
to come from this decade of research is that foreign exchange is a financial
asset. In an asset pricing framework, current oxchange rates reflect the
expected values of future exogenous variables.

The purpose of this paper is to survey the empirical evidence on exchange
rate behavior, market efficiency and related topics. Section 2 presents a
stylized history of exchange rate behavior during the 1970's, Alternative measures
of volatility and transaction costs are reviewed. Tests of specific exchange rate
determination models are presented in section 3. Empirical studies have been
fairly successful in constructing models to explain cross-sectional exchanpe rate
differences and to explain time series exchange rate deﬁelopments over the medium-run
and long-run. Following the asset market framework, recent studies have demonstrated
that unanticipated exchange rate changes are significantly correlated with "news"
concerning fundamental macroeconomic variables.

Evidence on foreign exchange market efficiency is summarized in section 4.
Efficiency studies remain difficult to formulate (because of small samples and
unobserved variables) and difficult to interpret (because of the joint hypothesis
problem). Several recent studies claim that speculative prefit opportunities are
present, but it is unclear whether these are related to risk premiums or actual
market inefficiencies.
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Introduction-Historical Setting

The introduction of floating exchange rates in the early
1970's marked a2 major systematic change for international finan-
cial markets. With the exception of the Canadian experiment
(1950-1962), a pegged but adjustable exchange rate system as
specified under the Bretton Woods agreement dominated the post-
World War II experience of all industrialized countries. Ex-
change rate behavior under the Bretton Woods system was character-
ized by relatively large, discrete and infrequent exchange rate
changes. Consequently, economists and market analysts concentra-
ted their attention on balance of payments data and international
reserves., Sustained payments imbalance along with substantial
shifts in international reserve holdings would increase the pro-
bability that the central bank could no longer support the pegged
rate. These pressures being slow to accumulate, analysts could
be certain of the direction of exchange rate change. The magritude
of exchange rate change {i.e. the amount required to restore pay-
ments balance and to halt international reserve flows) could be
estimated from a Purchasing Power Parity (PPP) model or from other
data. However, the ultimate decision to change the peg was fun-
damentally a political decision, and economic analysis wasof Tittle
use in picking the breaking points of political officials.

Since the early 1970s, exchange rates have been determined

largely by private market forces within a floating exchange rate

system. However, central banks have continued to intervene in

the market, so some would prefer the label managed floating system?

Exchange rate behavior under the current floating rate system can

be characterized by relatively small and continuous price chatiges
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that occur quickly in response to new information. The search
for a rational explanation of exchange rate behavior and its

role in an integrated international financial market has been the
central thrust of empirical research over the last decade.

This broad research topic can be divided into three parttally
distinct categories. First, many empirtcal studies have examined
the relationship between the spot exchange rate (St) and a set
of independent variables. The purpose here, of course, is to test
a particular model of exchange rate determination, perhaps with
the objective to forecast exchange rates or to examine the effect
of other economic policies on exchange rates and vice-versa.
Secondly, other studies have analyzed the statistical properties of
other variables constructed using St' For example, variables such

as the percentage change in the spot rate (St = (St - St-i)/st-l)’

the forward premium (Ht = (F St)/st) and the forward rate fore-

t

casting error (Dt = 8§ } provide information on the histori-

ten “F,n
cal risk and return of particular currency trading strategies.
Finally, these empirical studies have sought to ascertain the
efficiency of foreign exchange and international financial markets.
As we will emphasize in section 3, tests of market efficiency involve
an implicit hypothesis concerning the nature of the equilibrium ex-
change rate or equilibrium returns. Because of their joint hypothe-
sis nature, the results of efficient market studies have been diffi-
cult to interpret.

The major insight to come from this decade of research is that
foreign exchange is a financial asset. One aspect of this conciusion

is that the current spot exchange rate reflects the expected value

of future exogenous variables, discounted back to the present. This
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is, of course, analogous to the notion that a security's price
reflects the present value of expected future cash flows. A
second conclusion is that the price of a currency is determined
by its demand as a financial asset relative to the demand for
other currencies., 1In the case of foreign exchange, this may be
based on the currency’'s utility as a medium of exchange, store
of value and unit of account. The demand for foreign exchange,
therefore, considers a broader range of arguments than a typical
security with an asset demand function that depends on return
and risk relative to a market index.

The most recent modeling of exchange rates reflects a com-
bination of capital market theory and macroeconomics. The popular
capital asset pricing models (CAPM) developed in the 1960s and
1970s solved for the price of financial assets in a setting where
returns are stochastic and investors are risk averse utility
maximizers.2 The CﬂPM framework incorporated two  notable assump-
tions. First, assets were assumed to be in fixed supply. Con-
sequently, the relative demand for securities, scaled by fixed
supplies, was sufficient to determine price. Trivial supply
shocks, sqch as a stock split, had a direct effect on share prices
- and were easily incorporated by a change in scale. However, stochas-
tic supply shocks {e.g. exercise of convertable bonds, warrents,
or executive stock options) have a much more complicated and ambigqu-
our effect in a general equilibrium model of share prices.

Second, the CAPM framework assumes that there are many securi-
ties, each of which is small. Consequently, dramatic shocks affect-
ing any individual security do not induce wealth effects elsewhere.

Investors do not need to re-balance their portfolios so there are
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no feedback effects on other securities.

Asset models for exchange rate determination cannot make
either of these assumptions and hope to provide a realistic
explanation of floating exchange rate behavior. First, the
supply of foreigm currency and official government assets
denominated in foreign currency is definitely not fixed and
probably not a simple, predictable functfon. 1In turn, the
private demand for foreign currency and foreign currency
denominated assets will depend on how well the foreigm currency
contributes to private utility--by providing services as a
medium of exchange and store of value at low risk. Presumably,
monetary discipline (i.e. slow and predictable money_growth)
and fiscal discipline (i.e. federal budget balance rather than
deficits financed through official debt) will have a positive
impact on currency demand. Therefore, an asset framework for
currency pricing ought to account for the simultaneous determina-
tion of demand and supply and the stochastic nature of supply.
Notably, the original CAPM models use a partial equilibrium
framework, and this has obvious limitations in the context of
foreign exchange.

Second, while there may be thousands of traded securities
and millions of jinvestors, so that there is 1ittle need for
portfolio re-balancing in response to security-specific shocks,
this is not 1ikely to be the case in the foreign exchange market.
More than 90% of world financial wealth is denominated in only
six currencies and world financial wealth is similarly concentrated
in 8 small number of countries. The result is that a small change

in the perceived risk and return properties of a particular cur-
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rency may lead to portfolio re-balancing that has a significant
impact on other currency prices. Similarly, shifts in the inter-
national distribution of wealth, through current account imbalances,
toward countries with different currency preferences may also
effect currency prices. Here, the popular examples are the current
account surpluses in Japan and'Germany, presumably with a pref-
erence toward domestic currency denominated assets, and the QPEC
current account surpluses, with an initial prefernece toward U.S.
dollar denominated assets. Finally, a shift in spending patterns
away from U.S. goods, toward Japanese and German goods, may cause
risk averse currency managers to hold transaction balances in yen
and DM rather than U.S. dollars.

The above discussion suggests that at a conceptual level, the
combination of capital market theory and macroeconomics offers a
fairly close approximation to the real world setting of foreign
exchange markets which may be capable of explaining complex ex-
change rate movements. However, capital market theory places
major emphasis on expectations, which are uncbservable and may be
difficult to approximate empirically. 1In this case, it might be
extremely difficult to empirically document exchange rate behavior,
especially short-run behavior, and to accept a particular model
of exchange rates while rejecting all others.

The empirical work completed over the last decade has drama-
tically increased our understanding of exchange rate behavior.

For example, it has been amply demonstrated that the nominal
exchange rate is a function of both nominal variables {e.g. cur-
rent and anticipated values of the money supply and the inflation

rate) and real variables (e.g. real income and current account



-6~

balances)}. Empirical studies have been fairly successful in
constructing models to explain cross-sectional exchange rate
differences (e.g. 1300 Italian lira per U.S. dollar versus

roughly 2 DM per U.S. dollar) and to explain time series exchange
rate developments over the medium-run and long-run {e.g. quarter-
to-quarter and year-to-year rate changes). Our ability to explain
day-to-day or month-to-month exchange rate changes is much more
limited. 1In part, this is because many of the variables which
play an important role in typical exchange rate models cannot be
measured daily (e.g. the money supply or real income) and expected
values of future exogenous variables cannot be observed directly.

The nature of the forward exchange rate--its determinants and
relationship to the future spot rate--is an important empirical
issue which is currently unresolved. While the forward rate may
approximate the market's expectation of the future spot rate, it
has been demonstrated clearly that the percentage forward premium
is a poor predictor of the percentage future exchange rate change.
However, the unanticipated portion of exchange rate change does
appear to be significantly correlated with "news" concerning fun-
damental macroeconomic variables.

The plan for the remainder of this chapter is as follows.
Section 2 presents an overview of stylized empirical results con-
cerning recent exchange rate behavior. Alternative valuation
measures, time series and distributional properties are covered
along with estimates of transaction costs in the foreign exchange
market. Empirical tests of specific exchange rate determination
models are reviewed in section 3., This section begins with the

simple monetary approach, where exchange rates are determined by
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the relative demand for two moneys, and then proceeds to a port-
folio balance model which introduces bonds. A review of a
generalized asset model and the role of news round out section3.
Tests of foreign exchange market efficiency are presented in
section 4 . After an overview of efficient market theory, evidence
on the efficiency of markets to remove risk-free profit opportuni-
ties 1s presented. Evidence of the efficiency of markets to remove
risky profit opportunities follows. This segment includes evidence

on the forward rate/future spot rate relationship.

2. Stylized Empirical Results About Exchange Rate Behavior

2.1. Describing Exchange Rate Movements

The purpose of this chapter is to present a critical review of
methodological issues and.empirica1 studies concerning exchange
rates. However, before we set about this task, it is essential
to introduce basic terminology and to highlight particular in-
stitutional arrangements in the foreign exchange market.3 In
order to observe the dependent variable that is the subject of our
analysis, we will also report simple time series plots of recent
exchange rate behavior.

.1.1 Alternative Measures of a Currency's Foreign Exchange Value.

The most common notion of currency value is the bilateral exchange
rate that is quoted by a foreign exchange trader or reported in a
newspaper. This is a2 nominal exchange rate because it expresses
the number of units of one currency that are offered in exchange
for a unit of another currency {(e.q. $0.50/DM or $2.00/%). The
spot exchange rate, S, {(by definition, today's rate for an im-

mediate exchange of currencies) and the forward exchange rate,



Ft,n (by definition, today's rate for an exchange of currencies
n-periods in the future) are particular examples of nominal
bilateral r-ates.4 A nominal, bilateral exchange rate is essential,
obviously, for translating cash flows in one unit of account, say
DM, in their U.S. dollar equivalent.

The real exchange rate, however, expresses the value of a

currency in terms of real purchasing power. .

The real exchange rate can be calculated based on absolute purchasing power

parity. For example, unrestricted goods arbitrage will establish that
St * G- Py, t/Pom,t (19.1)

where P$ and PDM represent the absolute prices of U.S. and German market
baskets. The term Ct represents the real exchange rate with units of U.S. market
basket per German market basket.

Very often, the real exchange rate is expressed as an index of the actual

exchange rate relative to the PP exchange rate

= S
Srea'l,t+n St+n/ ppp.t+n (19.2)

where
S =S ps,t+n p'[)I‘él,t+n
ppp.t+n t’ P, /P
$,t" DMt

This formulation assumes that relative purchasing power parity will be main-
tained (i.e. the factor Ct in expression (19.1) is constant) and that period t
s an equilibrium base period. Values of Spea7 dreater (less) than unity
indicate real depreciation (appreciation) of domestic currency, i.e. more
(less) U.S. goods are required in exchange for one German market basket. Values
of SreaI equal to unity indicate that the real exchange rate and relative

purchasing power parity were maintained, i.e. the nominal exchange rate change
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was exactly offset by the differential change in U.S. and German price indices.
Consequently, the real exchange rate is a yseful device for measuring the
competitiveness of domestic goods in international markets, for predicting
future changes in trade patterns and for evaluéting long-term real investment
projects.

The effective exchange rate is a multi-lateral rate that measures the over-

all nominal value of a currency in the foreign excahnge market. For example,
the effective U.S. dollar excahnge rate combines many bilateral exchange rates
using a weighting scheme that reflects the importance of each country’'s trade
with the United States. Several institutions (International Monetary Fund,
Federal Reserve Bank, Morgan Guaranty Trust Bank, and others) reqularly cal-
culate and report effective exchange rates. Each institution.uses a slightly
different weighting scheme. The effective exchange rate is a useful statistic
for gauging the overall supply and demand for a currency on the foreign ex-
change market. By its nature, however, the effective exchange rate conceals
the price behavior of individual bilateral markets.

The real effective exchange rate is calculated by dividing the home coun-

try's nominal effective exchange rate by an index of the ratio of average for-
eign prices to home prices. The real effective exchange rate attempts to meas-
ure the overall competitiveness of home country goods in international markets.
While it is important to gauge international competitiveness, a summary
statistic such as the real effective exchange rate should be interpreted with

5
caution.

.1.2 Recent Exchange Rate Behavior. Prior to the early 1970s, most exchange

rates were pegged to the U.S. dollar and their values were held within 1% of the
central rate through official intervention. In response to a fundamental dis-
equilibrium, the central bank would permit a discrete, step-adjustment in the

currency value and then resume its official support at 2 new central rate.
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Since March 1973, the values of major industrial currencies have been deter-
mined primarily by free-market forces in a floating exchange rate system.

(The Canadian dollar began floating in June 1970 and the British pound in June
1972.} From time to time, central banks have intervened ostensibly to smooth
"disorderly" market conditions, making the term managed floating more appropri-
ate. This changeover from a pegged to floating exchange rate system has been
associated with a dramatic increase in the volatility of exchange rates.

Figure 1 presents an index of selected bilateral exchange rates in U.S. dollars
per foreign unit, The graph clearly illustrates how the values of bilatera)
exchange rates, once pegged for long stretches of time, have strayed over a
wide range since 1973. The Swiss franc, German mark and Japanese yen demon-
strated a strong tendency to appreciate over the period while the Canadian
dollar and Italian lira generally weakened. The British pound depreciated
sharply until late 1976, and has gradually appreciated since then. From 1973
through mid-1975, several currencies (noticeably the DM) demonstrated a
cyclical pattern leading observers to propose that exchange rates may overshoot
their equilibrium vatue. During mid-1975 through mid-1977, exchange rate
movements were relatively flat. The strong appreciation of the Swiss france,
German mark and Japanese yen resumed in mid-1977 to be capped by the major U.S.
intervention énnounced on November 1, 1978. The U.S. dollar appreciated during
1980 and 1981 against most currencies, with the exception of the British pound.
txchange volatility in this most recent period continued to be high, reflecting
the violent swings in U.S. interest rates.

The exchange rates in Figure 1 represent the typical dependent variables
that we seek to model in section 2. These time series plots suggest that there
js a substantfal amount of variation to explain. However, visual inspection of
Figure 1 suggests that each exchange rate has not followed a stationary time

series process over the entire floating rate period. This may be the result
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of shifting volatility in the independent variables, erratic government inter-
vention or a highly complicated exchange rate determination process. The
implication for empirical studies 1s that a fixed coefficient model, without
adjustments for government intervention, §s unlikely to provide an adequate
explanation for the entire sample period. A further implication is that
any fixed coefficient model that provides a good fit to a limited sample
period, is unlikely to produce good forecasts 1n the post-sample period.

The record of effective exchange rates is illustrated in Figure 2.
Since most countries will appreciate against some of their trading partners and
depreciate against others, the pattern of effective exchange rates should be
smoother than for bilateral exchange rates. 6 The Swiss franc is an exception
since 1t appreciated vis-a-vis every currency and for some currencies (notably
the Italian 1ira and British pound} the appreciation was considerably more than
against the U.S. dollar. Analogously, the Italfan lira depreciated against
all other currencies., So the 1ira‘'s effective depreciation (about 42% by 1980)
exceeds its depreciation vis-a-vis the U.S. dollar {(about 30%)}. Figure 2
also 11lustrates the effective value of the U.S. dollar. Even though the U.S.
dollar depreciated substantially against the Swiss franc, German mark and
Japanese yen,.the U.S. dollar appreciated against the Canadian dollar. And
because the Canadian share of U.S, trade is large (roughly 50%), the effective
value of the U.S. dollar has changed relatively 1little since 1973. At the end
of 1980, the effective U.S. dollar exchange rate stood at 99.9 but climbed to
107.7 at the end of 1981. Thus, the average appreciation in the U.S. dollar
of 7.7% since March 1973 throughly disguises the varied performance of the
dollar against individual currencies.

A set of real effective exchange rates are illustrated in Figure 3.
The pattern of real effective exchange rates is generally less volatile than

other series because relative inflation rates often move to offset exchange
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rate changes. Several individual currencies are interesting to examine more
closely. The effective exchange rates for Germany and Switzerland at the end
of 1981 were 137.1 and 186.6 respectively, reflecting the substantial apprecia-
tion of these currencies vis-a-vis most others. However, the real effective
exchange rates for Germany and Switzerland stood at 98.7 and 112.7 suggesting
that most, but not all, of the exchange rate change was offset by differentijal
inflation rates across countries. The figure for Switzerland suggests that the
real purchasing power of the Swiss franc was up by 12.7% on average against
its trading partners compared to its purchasing power in March 1973. This is

substantial average change.

On the other hand, the end of 1981 effective exchange rates for Canada
and Italy were 84.9 and 46.0 respectively. With inflation adjustments, the
real effective exchange rates stood at 92.9 and 90.2 for Canada and Italy,
again suggesting that most, but not all, of the exchange rate change was
offset by differential inflation rates. The United Kingdom presents an odd
case. The end-0f-1981 effective British pound exchange rate was 77.6 (a
nominal devaluation) but the real effective exchange rate was 135.2, suggest-
ing appreciation in real terms. By way of comparison, the real effectfve 1).5S,
dollar exchange rate hit its low value (88.6) in Qctober 1978, just before the

Federal Reserve Bank intervened to offset these rate movements. 7

2.2 Time Series Behavior, Volatility and Distributional Properties

The motivation for examining the statistical properties of exchange
rates can be attributed to three sources. First, to many economists and

policy-makers the realized series of exchange rates seemed prone to "excessjve"

volatility and "prolonged" deviations from PPP. For some critics, this concern
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simply reflected a problem in positive economics (i.e. exchange rates may
be too volatile to be consistent with existing models of exchange rate
determination) rather than a normative view (i.e exchange rates may be
too volatile to allow countries to reach their targets for internal and
external balance). In efther case, documenting the extent of turbulence
in the foreign exchange market is an important part of the descriptive
history of these markets.

Second, some statistical properties of exchange rates reflect the
efficien&y of foreign exchange markets. In section 2, we will show that
the current spot rate is a function of current and expected values of
future exogenous variables, so that

S¢ ~ 11—5 ' %Lo (I—E—b)k E(Z, ) (19.3)
where Z represents the vector of exogenous factors that determine the exchange
rate. As a consequence, the variance of the exchange rate (og) should reflect
the variance-covariance structure of the Zs. It would be efficient for exchange
rates to be highly volatile if this accurately mirrors the volatility of under-
1ying economic variables.

The efficiency principle can be introduced more directly. If exchange
rates are excessively volatile, then unusual profit opportunities ought to
exist for speculators who smooth exchange rate movements. Furthermore,
efficiency requires that the exchange rate series not contain any patterns
or signals which could be used to formulate a profitable trading strategy-

Finally, the statistical properties of exchange rates are important
for assessing the riskiness of open foreign exchange positions. Many
approaches to the firm's currency exposure management decision rely on an
estimate of exchange rate volatility. If the firm works with a portfolio

- currency exposure management model, then the total risk of a currency
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may exaggerate &ts contribution to portfolio risk. However, the total variance
in currency prices does play a role in the pricing of currency option contracts.

2.2.1 Qverview of Theory. As Kohlhagen (1978) has commented, the early empirical

studies of exchange rates had a tendency to borrow techniques freely from
studies of efficiency in other financial markets. One result of this was a set
of studies testing for the random behavior of exchange rates as a criterion

8 In his classic paper, Fama (1970) argued that efficien-

for market efficiency.
cy required that actual prices {or rates of return) follow a "“fair game" pro-
cess relative to expected equilibrium prices {or rates of return)., And since
expected equilibrium prices {(or rates of return) need not be constant or evolve
with constant linear growth, efficiency did not require that prices {or rates
of return) follow a random walk with zero or constant drift. Levich (1978)
applied this argument to the foreign exchange market, noting that many equili-
brium exchange rate models and scenarios may lead to a pattern of highly
correlated exchange rates. As a consequence, time series analys!s of exchange
rates is useful primarily as a descriptive technique to measure the parameters
of the exchange rate process.

On the issue of excessive exchange rate volatility, theory suggests three
important cons!iderations.9 First, we have noted using expression (3) that
volatility in underlying variables contributes directly to exchange rate
volatility. Certainly, the recent floating exchange rate period has overlapped
with a period of great real and monetary turbulence. Second, the process of
expectation formation can contribute to exchange rate volatility. Bilson
(1978b)has noted that if market participants classify a current innovation
as permanent and they extrapolate its impact into the future, an asset pricing
framework such as (19.3) yi:isu1t in current exchange rate changes that magnify
the currently observed innovation. This extrapolative process might be

irrational, however, and therefore not a permanent feature of an equilibrium

exchange rate process. Finally, some exchange rate volatility may be the
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result of "overshooting" behavior rather than the arrival of unanticipated
news. It has been argued correctly that if this overshooting reflects the
failure of domestic prices to adjust quickly or financial wealth portfolios
to rebalance quickly, then excessive exchange rate volatility need not entail
additional adjustment costs.

With respect to the distribution of exchange rate changes, studies have
generally presented the normal distribution (for discrete time) or log-normal
(for continuous time) as the null hypothesis. Again, this is another example
of borrowed stock market methodology. The normal distribution can be defended
on the assumption that any exchange rate change (Sn - 51) can be split into

the summation of a sequence of price changes [(Sn - Sn_]) + (5 - Sn_2)+...

n-1
(53 - 52) + (52 - 51)] . If each individual price change is drawn from a
population with finjte variance, by the central limit theorem, the aggregate
price change (S_ - 51) should be normally distributed.

Because the normal distribution offered a poor fit to stock price changes,
finance studies went on to consider other distributions {e.9. Stable Paretian
and Student-t) as well as compound processes and jump processes. As long as
exchange markets are subject to periodic direct intervention and national
monetary and fiscal policies are subject to abrupt changes, it seems unlikely
that the exchénge rate process will develop as a stationary time series with
stable parameters. As a corollary, it seems unlikely that a well-behaved
normal distribution will provide a good fit to exchange rates over the entire

floating period.

2.2.2 Empirical Results. One of the first examinations of the time series pro-

perties of exchange rates was by Poole (1966,1967) who analyzed the Canadian
dollar rate during the 1950-1962 float and European rates during the 1920s.
Poole found statistically significant first order serial correlation in many

cases, but he concluded that the serial dependence was not great enough to
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result in economically significant profits. Levich (1979 a) reexamined the
Canadian dollar data using Box-Jenkins time series analysis. He concluded
that the serial dependencies were significant only in the first and last
year of the float. During the remainder of the sample, a simple random
walk model was sufficient to describe the data. This finding is consistent
with the notion that government intervention was greatest during the first
and last year of the Canadian float. G&iddy and Dufey {1975} applied
Box-Jdenkins techniques to the 1920s data and found that

the simple random walk model was not adequate to describe the sample data.
In a post-sample period, however, the Box-Jenkins forecasts performed worse
(1arger mean squared errors} than more naive forecasts. A common interpreta-
tion of these Box-Jenkins analyses is that the time series properties of
exchange rates are not stable over long time periods, although the precise
explanations for this phenomenon are not well understood.

Frenkel and Levich (1977) used Box-Jenkins procedures to analyze the
similarities of exchange rate behavior across different currencies and time
pefiods. Frenkel and Levich observed that the time series process for spot
and forward rates during two sample periods (1962-67 and 1973-75) were
remarkably more similar than during a third, more turbulent sample period
(1968-69). This result is striking because the tw6 sfmiIar time series
processes were drawn from two different legal exchange rate systems--pegged
rates in the former and floating rates in the latter. Frenkel and Levich
interpreted their results to mean that the time series pattern of exchange
rates depends principally on the behavior of underiying economic variables

rather than on the legal exchange rate system.
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Quite naturally, the changeover to a floating rate system reawakened
interest in the volatility of exchange rates. Figures 1, 2 and 3 suggest
the degree of volatility in both nominal and real rates. Figure 4 provides
an fllustration of daily exchange rate volatility. This picture suggests
that it 1s not uncommon for exchange rates to change by 0.5%, 1.0% or even
2.0% in a single day. Many tests attempt to determine 1f this volatility
is “excessive" relative to some benchmark standard. As Levich {1978) and
others have reemphasized, empirical tests of excessive volatility require a
Joint nu11‘hypothesis and are, therefore, similar to efficient market tests.

And as Huang (1981) has added, any test for speculative excesses "should be
Jjudged on the basis of exante expectations rather than expost occurrences."

Huang (1981) tests for excess volatility in 1ine with the above comments.
Huang's methodology is to compare actual exchange rate variability with the
variance bounds implied by a monetary model of exchange rates under rational
expectations. In an analysis of pound sterling and DM rates over the period
1973-1979, Huang concludes that the implied varfance bounds are often signifi-
cantly violated. It follows that-either the market is inefficient (i.e. ex-
cessively volatile) or the ratfonal expectations monetary model is incorrect,
or both. As we will see in section 2, other studies also suggest that PPP
and simple monetary models were not adequate to explain exchange rate movements
in the 1970s.

Another perspective on exchange rate volatility is offered by Frenkel and Mussa
(1980). Their data, reported in Table 1, indicates that recent exchange rate vola-
tility, measured as the mean absolute percentage change, is considerably greater than

the volatility of relative cost-of-l1iving indices. This suggests that other factors
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(e.g. volatility in relative fncome, government intervention or
unanticipated news eventS)may have contributed to exchange market
volatility. As we have noted earlier, since exchange rates, like
other asset prices, adjust quickly relative to goods prices, these
results do not seem very surprising. Table 1 also tndicates that
recent exchange rate behavior has been less volatile than stock

market behavior. Most natfonal stock markets are felt to be fairly
efficient in the sense that price swings in these markets represent

a reasonably accurate assessment of changing real economic events and
changing expectations. -Frenkel and Mussa conclude that, by £his stan-
dard, recent exchange rate volatility does not appear to be excessive
or unprecedented.

The first empirical study on the underiying probability distribu-
tion for exchange rates was conducted by Westerfield (1977). 1In
common with earlier stock price literature, Westerfield tested the
Null hypothesis that exchange rate changes conformed to a normal

distribution., Her methodology considered the variable Rt = 1n St-ln St—l

{the weekly continuous exchange rate change) for five major
currencies during a fixed rate and floating rate period (roughly
1962-1971 and 1973-1975). The alternative hypothesis was that exchange
rate changes conformed to a Stable Paretian distributfon with character-
10

Istic exponment o <2.0. Westerfield concluded that the Normal dis-

tribution was not adequate to describe the sample data and that the
Stable Paretian distribution, with @ in the range roughly 1.3 - 1.7,
provided a superior fit for both the fixed and flexible rate periods.
Rogalski and Vinso (1978) reexamined Westerfield's data to con-
sider an alternative non-normal distribution, the Student-t distribu-

1

tion with degrees of freedom, d<w . Using 1ikeltihood ratio tests,

Rogalski and Vinso confirm that a stable paretifan distribution is
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adequate to describe exchange rates during the pegged rate period,
However a student-t distribution (with d= 4.0} provides a better
description of floating rates. The authors also note that the switch
from pegged to filoating rates was associated with a decline in the
peakedness of the distribution of exchange rate changes and an in-
crease in the dispersion or variability factors. In broad terms,
this finding is consistent with risk averse behavior in an efficient
foreign exchange market.

2.2.3 Methodological Issues and Agenda. Empirical studies of volatility

are an important part of the ongoing analysis of a floating
exchange rate system. An important issue here is whether or not bolatil-
ity is "excessive." These tests are difficuit to formulate and
interpret because they reflect a joint hypothesis based on market
efficiency and normal volatility resulting from an equitibrium exchange
rate modél. Nevertheless, these studies are important since any
claim of excess volatility might provoke policies to increase direct
government intervention in the foreign exchange market, ajd private
specuiation or move away from the floating rate system.
Another issue is whether volatility is influenced by the choice
of the iegal exchange rate system. As an empirical matter, exchange
" rate volatility increased in the post -1973 period. However, there
is also evidence to suggest that the time series pattern of exchange
rates may be very similar in pegged and floating rate periods and
some pegged rate periods (1968-1969) may be marked by extreme turbul-
ance. Clearly, national economic policies and exogenous international
economic events may be tranqufl or turbulent, regardless of the legal
exchange rate system. The guestion remains whether the private

demand for foreign exchange--either for transaction balances in inter-
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national trade or for rebalancing financial portfolios in response to
changes in expected returns and risk--is more volatile under a float-
ing exchange rate system.

Another important aspect of this topic is the impact of exchange
rate volatility on other key macroeconomic variables--e.g. the prices
and volume of international trade, the transmission of natijonal economic
disturbances and the independence of national economic policies. Studies
by Hooper and Kohlhagen (1978) and Kreinin (1977) suggested that incres-
ed exchange rate volatility under flioating rates had no measurable
impact on the prices or volume of international trade. Broadly speak-
ing, this result is consistent with Friedman's {1953) claim that low-
cost hedging services would become available to protect importers
and exporters from unanticipated exchange rate swings. A recent
study by Cushman (1983) considers the volatility in real ex-
change rates and, contrary to earlier studies, reports a significant
impact on the prices and volume of international trade. This result
seems more consistent with standard trade theory models and terms of
trade volatility. The distinction between real and nominal magnitudes
Ts a critical methodological issue to keep in mind in all aspects of
international financial research. A companion study analyzing the
impact of real exchange rate volatility on portfolio capital flows and
direct foreign jinvestment flows 1is an important topic for future re-
search, 12

Empirical studies on the distribution of exchange rate changes
may not seem to he very relevant, either for theoretical or practical
purposes. As we will discuss in Section 2, the modern concept of
exchange risk focuses more on the variability of a currency’'s real

purchasing power or the covariability of an asset's real return with
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a well-dﬁversified‘portfolio. However, the equilibrium pricing of
currency option contracts will very likely depend on some measure

of the own currency's dispersion or volatility. 13 Since currency
option contracts will be publicly traded beginning in 1982, interest
Tn estimating the volatility parameter should be renewed. In this
regard, 1t may be important to keep in mind the distinction between
transaction time and clock time. A little-referenced paper by Brada,
et.al. (1966) hypothesized that non-normality in daily stock returns
resulted because the volume of transactions differed across the daily
trading interval. When stock returns are calculated across a fixed
number of transactions (say 50 or 100 trades}, the distribution of
returns is, in fact, normal. It is not clear whether this methodology
can be replicated for currency price changes since there is no central
record of consecutive foreign exchange transactions.

2.3, Transaction Costs in Foreign Exchange Markets

Professional interest in transaction costs has jncreased over the
last ten years., There are several reasons. First, if markets are
efficient, transaction costs may be the only "true®cost of using the
foreign exchange market. For example, foreign exchange risk management
strategies sometimes use the forward premium as the "cost of hedging"
or the differential between the forward rate and the expected future
spot rate as an ‘"opportunity cost" measure. In an efficient market,
alternative hedging opportunities are priced fairly so transaction
costs capture all of the real costs involved.

Second, we wbuld expect many international! financial relationships
{e.g. the interest rate parity condition) to hold exactly in the absence
of transaction costs. The presence of transaction costs generally

Teads to a2 neutral band, within which deviations from the parity con-




dition persist because they cannot be profitably exploited. One test
of market efficiency in these cases, fs simply to count the percentage
of observations falling within the neutral band. This procedure
requires an independent estimate of transaction costs.

Finally, by most any measure, the cost of transacting has risen
sharply over the floating rate period. On days when unexpected news
reaches the market and uncertainty is high, transaction costs may
increase dramatically and reduce, or even completely halt, the flow
of trading. Therefore, transaction costs may be interpreted as a
barometer for how well the floating exchange rate system is performing.
Changes in transaction costs are one component of the real resource
costs of operating a floating exchange rate system rather than a

pegged rate system.

3.1 Concepts_of transaction costs. The liguidity theory(Demsetz, 1968)
argues that the bid-ask spread i§s only one component in the total cost
of transacting. The spread represents the cost of making a quick
exchange of a financial claim for money, f.e. the cost of liquidity
services. The theory suggests that the spread should decline as trading
volume and the number of market- makers increases. Notably, the spread
ignores the costs of producing financial claims, the costs of being
informed, etc. More important, the liquidity theory assumes that

prices are set at a fair or equilibrium level, and so the trader's

major costs are associated with waiting for the arrival of buyers and
sellers who want liquidity services. A transactor with inside informa-
tion may be able to trade at a disequilibrium price and reduce his posi-

tioning cost below the quoted bid-ask spread. 14
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The adversary theory (Bagehot, 1971) explicitly considers the
impact on transaction costs that results if there are two groups
of investors with different information. Adversary theory suggests
that there are two groups of traders. One group is “"informed",
trading to earn unusual profits based on their information advantage.
The second group is "uninformed", expecting to trade at fair prices
for liquidity purposes only. In theory, the trader or market-maker
will respond differently to these two groups because he fears losing
money to informed traders and he expects to earn a fair profit from
uninformed traders. Adversary theory also helps us to refine the

relationship between risk and transaction costs. Price risk suggests

the price volatility of the underlying asset while 1iquidity risk

refers_to the wuncertainty from holding assets that trade a small
volume per unit time. Transaction costs are positively related to both
types of risk. According to this view, the percentage spread in spot
gold prices should exceed the spread in U.5. treasury bill prices.
Furthermore, we expect that the (per unit) cost of trading OM 1,000,000
js smaller than for DM 1,000 transaction (because of scale economics}).
However, the (pgr unit) cost of trading DM 100,000,000 may exceed the
cost for DM 1,000,000 because of liquidity risks.

,3.2. Empirical Measures. The bid-ask spread measures the cost of buy-

ing and then immediately selling an asset. Therefore the percentage cost
of one transaction equals %¥{Ask Price - Bid Price)/Ask Price. Estimates of
transaction costs based on the bid-ask spread vary considerably across
currencies and over time. Levich {(1979a)reports that during the early
1960s, spreads were extraordinarily small, roughly 0.01% for sterling,
0.02% for DM and 0.03% for Canadian dollars. By the mid-1970s, these

figures averaged 0.05% for spot contracts and 0.15% for forward con-
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tracts. But a substantial number of spreads in the range 0,25%-0.50%
were observed.

Triangular arbitrage offers another approach for measuring trans-
action costs. Frenkel and Levich {1975 , 1977) argue that during a
period when transaction costs are staticnary, the upper limits of the
deviations from triangular parity ($/DM = $/$C - $C/DM, for example)
should equal the cost of one currency market transaction. Estimates
using the triangular arbitrage approach should be larger than the bid-
ask spread, since they include the costs required to monitor the de-
viations from traingular parity. Using the triangular approach Frenkel

and Levich (1977) reported that transaction costs rose from roughly
0.05% in the 1962-1967 period, to roughly N.50% in the 1973-1975 period.

McCormick (1979) argued that the triangular approach requires carefully
collected, time-synchronous data. Based on a six-month sample of high
quality data from 1976, McCormick estimated spot transaction costs in
the range 0.09% - 0.18%.

A related study by Fieleke {1975) used regression analysis to test
the relationship between bid-ask spreads and other macroeconomic varfa-
bles. As hypothesized, Fieleke reported that the bid-ask spread was
positively re1atéd to exchange rate volatility and a dummy variable re-

flecting government announcements likely to effect market uncertainty.

2.3.3 Methodological Issues and Agenda. hs a boundary condition for many

efficient market tests and general barometer on the functioning of
foriegn exchange markets, estimates of foreign exchange transaction
costs should be of ongoing interest. The triangular arbitrage estima-
tion procedure seems preferred, in that it represents a more inclusive
measure of transaction costs. However, this approach has several major

drawbacks--(1) it requires high-quality, time-synchronous data,
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(2) it requires a sample period with roughly stable transaction
costs and (3) the cross-rate, DM/$C in our example, must be Set in a
true, independent market, Since these conditions are not easily met,
the bid-ask spread approach will continue to supply the most common
estimates of transaction costs.

The concept of price dispersion-- the variance of price quotations

across market makers in a dispersed market-~has been explored in some
financial markets (Garbade and Silber, 1976) but not in the foreign
exchange market. The cost of searching for the best execution prices
across dispersed market markers can be an important part of transaction
costs.15 Although various electronic communication devices 1ink the

many world-wide commercial bank trading operations, dispefsed
market-markers will simultaneously offer different quotations backed

by different qualities of related services. These micro-foundations

of foreign exchange trading are poorly understood and worthy of further
study. One practical result of this study would be a better estimate
of the "noise" inherent 1in a daily serfes of spot exchange rates and

a new dimension on risk in trading in a dispersed market.

3. Exchange Rate Determination-Tests of Specific Models

Thg evidence presented in section 1 demonstrates that exchange
rates, both nominal and real, were substantially more volatile during
the 1970s than during the eariier pegged rate period. The central
question inspired by these data is clear: What is the model by which
exchange rates are determined? The managed floating period offers a
complex setting with a variety of economic disturbances {real and
monetary, temporary and permanent, anticipated and unanticipated,
economy-wide and industry-specific) and structural and institutional

parameters (e.g. slow commodity price adjustment, heterogeneous ex-
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pectations and risk preferneces) that should present a substantial
challenge to the model builder.

In section I, we introduced the notion that foreign exchange
shares many characteristics of other financial assets. The reader
may be painfully aware of the difficulty in forecasting stock prices
and the often aired views that certain stocks are currently under-
valued (or overvalued) in today's market, Consequently, we might
expect to learn that exchange rate modeling, not to mention forecast-

ing, is also a very difficult activity. 16

OQur standards for adequate
model performance reflect this view. No theory has been proposed ser-
fously as a complete explanation for exchange rate behavior; therefore,
we do not expect to explain all empirical exchange rate variation.

In most cases, significant parameter coefficients will be taken as
support for a theory. Furthermore, we expect to see substantijal per-
formance deterioration in models of exchange rate changes relative to
models of exchange rate levels. This last result follows because ex-
change rates themselves are viewed as anticipatory prices which ailready
incorporate expected future exchange rate changes.

The models.1n this section are developed roughly 1in chronological
order and in order of complexity and richness. 17 We begin with the
purchasing power parity (PPP) view of exchange rates. Even though PPP
1s not a theory of exchange rate determination, it is an important
building block and equflibrfum condition for international financial

models. Evidence on the monetary approach to exchange rate determination is
reviewed next. The monetary approach is a direct outgrowth of the FFPP model. The

monetary approach can be easily modified to accommodate other assumptions--rational

expectations of future exogenous variables, slow price adjustment in good markets, or
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tong-term interest rates, wealth and other variables in the demand
for money function. Allowing individuals or firms to hold a Fort-
folio of two or more currencies and to substitute among currencies
is another modification of the basic monetary approach. Among the
potential problems with the monetary approach, we note that the
demand for assets, beyond currency, within a portfolio optimizing
framework is not considered. Furthermore, from an empirical stand-
point, it may not be efficient to introduce real disturbances through
real income in the demand for money function. In order to model the
impact on exchange rates from shifts in psrticular real variables--
such as the competitiveness of German goods, consumer preferences
toward home goods or the OPEC price of oil--it may be better to use
2 model that prescribes a less ambiguous role for these variables.l®

The portfolio balance model or generalized asset approach attempts
to rectify some of the above problems by specifying asset demand func-
tions and providing an explicit role for the current account. While
the portfolio balance model may seem to capture more realism, as we
will see, {t is-a difficult model to implement empirically.

We conclude section 2 by commenting on the empirical studies of
exchange rate dynamics and the role of “news" -i.e. explanations for
exchange rate changes not predicted by a standard, baseline model.

The most complex exchange rate models, simultaneous equation
models developed by ORI, Chase Econometrics, Wharton Econometric Fore-
casting Associates and the Federal Reserve Board of Governors, are not
reviewed here. The DRI, Chase and Wharton models are proprietary and

the Federal Reserve model has been tested primarily through simulation

19
exercises.
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While any review qf empirical studies of exchange rate determina-
tion might seem like a "horse race" to see which model is "best", this
would not be a correct inference. Our emphasis shou1d Ee”bn selecting
the appropriate model for the task at hand. For example, a simple
monetary model may be adequate to describe exchange rate behavior dur-
ing a hyperinflation dominated by monetary distrubances, but inadequate
to descfibe periods with real disturbances. Similarly, if we want to
analyze the impact of particular events (e.g. announced changes in
future money suppiy policy, changes in“spending patterns that alter the
current account, or changes in the risk gf foreign assets) we need a
model that incorporates these variablés in a-consistent and efficient
manner.

3.1 Purchasing Power Parity

3.1 Ovmﬁian Perhaps the most popular and intuitive model for

exchange rate behavior is represented by the theory of purchasing

20 .
power parity (PPP). The main thrust of purchasing power parity is

that nominal exchange rates are set so that the relative purchasing power
of currencies 1s constant over time. As a result, PPP suggests that in the
long-run, nominal bilateral exchange rate changes will tend to equal
the differertial in inflation rates between countries. Economists have
long debated whether the PPP doctrine applies to the short-run or the
long-run and whether the relevant inflation rate is cn & narrow

class of goouds(e.g.only traded goods) or a broader index {e.g. the consumer
price index). Frenkel (1976) has argued that much of the controversy
over the usefulness of ,the PPP doctrine results from the fact that PPP
specifies a final, equilibrium relationship between exchange rates and
prices without specifying the precise linkages and details of the pro-

cess. In the world economy, prices and exchange rates are determined
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endogenously, so PPP represents an equilibrium relationship
rather than a precise theory of exchange rate determination.

The heart of PPP doctrine is the Law of One Price, that is,

perfect commodity market arbitrage. For example, if the price of
oil in New York is $40/barrel, we expect the price in London to be

£20/barrel when the exchange rate is $2/£. Absolute purchasing power

parity requires that the exchange rate equalize the price of a market
basket of goods in the two countries. Since the composition of market
baskets and price indexes varies substantially acroﬁs countries, and

because many goods are non-traded or subject to tariffs, it is unlikely

21 . .
that absolute PPP will hold in the real world. Relative purchasing

power parity, however, requires that the percentage change in the ex-

change rate equals the differential percentage change in the price of

a2 market basket of goods in the two countries. If the factors that

cause absolute PPP to fail (e.g. tariffs, some goods being non-traded)
are constant over time, then we see that relative PPP might hold even
when the absolute version does not.22

3,1.2 Empirical Evidence: The empirical evidence on PPP is mixed.

Moreover, the evidence may be sensitive to the countries, time periods
and price indexes that we select. OQver long time periods and during
periods dominated by monetary disturbances {such as a hyperinflation)
PPP offers a fairly good description of exchange rate behavior. How-
ever, over shorter time periods, say three to twelve months, it has
not been uncommon to observe substantial exchange rate changes, say
10%-20%, which are unrelated to commodity price changes.

We can describe three techniques for testing PPP. The first is

regression analysis of the form
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1n S, =a +b 1In (P/P*)t + Y

t (19.4)

t
which corresponds to the absolute version of PPP and

& 1n S, = b 1n (P;P*)t + v (19.5)

t t
which corresponds to relative PPP. We use the notation St to
indicate the exchange rate (domestic currency price of foreign
currency) and (P/P*)t to indicate the ratio of domestic to

foreign price fndices respectively.

Our notation for the first difference operator
is A and Ut and vt denote classical error terms. Because
prices and exchange rates are determined simultaneously, a
two-stage least Equargs estimation procedure should be emp1oyed:
In addition to classical error terms and a high percentage of
varfation explained, the basic null hypotheses are that a=o in

(19.4) and b=l. Further empirical issues, such as the impact
of alternative price indices and the equality of coefficients
on domestic and foreign prices might also be examined,

Frenkel (1980.) reports results on eqs. (19.4) and (19.5) using
monthly data drawn from the flexible exchange rate period
of the 1920s. The sample includes four countries--Germany,
which experienced hyperinflation condftions, and France, Britain
and the U.S. which experienced more normal eConomic conditions.

Frenkel concludes that in most cases his data are consistent
with the hypothesis that the elasticity of the exthange rate
with respect to the price ratio is unity.

Frenkel (1981 ) reports similar tests on data sampled
from the 1970s floating exchange rate period. Here the results

are extremely poor. The b coefficient is often far from the

hypothesized value, estimated with large standard errors and
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unstable overtime. Visual inspection of Figure 5 illustrates
the weak correspondence between exchange rate changes and re-
tative price changes over the 1970s. Frenkel exptains the collapse
of PPP (1) by changes ih the traded goods/non~traded goods price
ratio that occurred unevenly across countries and (2) by the very
nature of exchange markets that react quickly to expectations of
future events rather than reflect current and past circumstances
that are captured in existing price contracts. 23

A second technique for checking PPP is simply to calculate
the exchange rate which satisfies PPP,

S = 5

PPPst+n s

» P
t _t+n’_ t+n (19.6)
Pe/Pt

and compare it to the prevailing exchange rate St+n. Figure 6 pre-
sents an example of the above calculation for Germany in the 1970s
that happens to show substantial and ongoing deviations from PPP.
In reference to this general phenomenon, McKinnon (1979, p. 133)
observed that "Substantial and continually changing deviations
form PPP are commonplace. For individual tradable commodities,
violations in the ‘law of one price' can be striking."

This last statement refers to a third method for checking ppp.
A study by Isard (1977) compared the movement of the dollar prices
of German goods relative to their American equivalents for specific
goods selected at the 2 and 3 digit levels of the SITC classifica-
tion. The results implied persistent violations of the law of one
price. In part, Isard (1977, p. 942) concluded that "In reality
the 1aw of one price is flagrantly and systematically violated by

empirical data....Moreover, these relative price effects seem to
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persist for at lTeast several years and cannot be shrugged off
as transitory."
Notwithstanding the above, McKinnon {1979, p. 136) goes on
to conclude that
"Until a more robust theory replaces it, I shall assume
that purchasing power parity among tradable goods tends
to hold in the long run in the absence of overt impedi-
ments to trade among countries with convertible curren-
cies. But...because commodity arbitrage is so imperfect
in the short run, it cannot be relied on to contain no-
minal exchange rate movements within the predictable and
narrow 1imits suggested by the law of one price.,"
As a consequence, economists have turned to monetary and port-
folio balance models of exchange rate determination which are dis-
cussed below,

3.2 Monetary Theory and Exchange Rates

3.2.1, Overview. It is perhaps self-evident that whenever a

voluntary foreign exchange transaction occurs, say between U.S.
dollars and DM, it represents an excess demand for one currency
(say DM) and an excess supply of the other currency {in this

case, U.S, dollars). 1If we can identify the sources of this
excess demand for DM (perhaps these sources include a transaction
demand or a speculative demand for currency, or perhaps DM balances
offer a more reliable store of real purchasing power), we have

the basis for a monetary theory of exchange rates. The basic
monetary approach to exchange rate determination is a direct out-
growth of purchasing power parity theory in combination with the
quantity theory of money. While PPP concludes that the exchange
rate is the relative price of goods in the two qountries, monetary
theory suggests that the exchange rate is the relative price of
two moneys. In this context, it follows that the exchange rate

represents the relative demand for two moneys.
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Economists commonly represent the demand for real money
balance (M/P) as some function (L) of real income {Y), interest
rates (1)}, and other factors (K} so that

M/P =L (Y, i, K) (19.7)

The relationship between real income and real money balances
is direct since an increase in income raises the demand for trans-
action balances. The relationship between interest rates and real
money balances is inverse since an increase in interest rates rajses
the opportunity cost of holding balances and therefore lowers demand.
Other factors (K) are included since, given Y and i, increasing
sophistica£ion among banking and financial institutions may increase
the velocity of money, and lower money demand.

According to the monetary approach, factors that lead to an
increase in the demand for domestic currency {i.e., the U.S. doltlar)
should lead to an increase in the price of domestic currency on the
foreign exchange market. As we just argued, two factors that would
increase the demand for domestic currency balances are an jncrease
in U.S. income and a fall in U.S5. dollar interest rates. Correspond-
ingly, monetary theory predicts that these factors should cause the
U.S. dollar to appreciate on the foreign exchange market. Notably,
these predictions are contrary to more standard theories of trade
and capital flows.

Trade models correctly argue that higher U.S. ijncome will lead
to greater demand for imports, and in turn an increased demand for
foreign currency and a depreciation fo the U.S5. dollar. But this
relationship reflects a partial equilibrium and neglects capital
flows that also respond to an increase in U.S. income. Monetary

theory argues that in the general equilibrium, the net effect of
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higher U.S. income should be a U.S. dollar appreciation.

Capital flow models correctly argue that high real U.S. interest
rates should attract foreign capital that, in turn, ac¢ts to appreci-
ate the U.S. dollar. Monetary theory, however, emphasizes that high
nominal U.S. Interest rates that incorporate a large inflation pre-
mium actually suggest U.S. dollar depreciation via purchasing power
parity. If a currency is expected to depreciate, the stock of cur-
rency 1s willingly held only if investors are compensated by higher
interest rates. The data strongly confirm that currencies with high
interest rates {(e.g., Brazil and Argentina) generally have been
characterized by depreciation, while currencies with low interest
rates {e.g., Germany and Switzerland) generally have been character-
{zed by appreciation.

3.1.2 Empirical Evidence To implement the monetary apporach, we

must first specify an explicit money demand function in place of (19.7).
A popular specification is

M/p o=k . y" . el (19.8)
Where n {s the income elasticity of demand for real money balances
and e 1s the interest rate semi-elasticity of demand. (A time sub-
script, t, {s suppressed.) If we rearrange terms in (19.8) to isolate
the price level, we have

po=M/(Kk y" - ety (19.9)
Let us assume that the same specification of money demand also
applies in the foreign country so that

prk = M J{K* . y*" 9'51*) (19.10)
where as before, an asterisk indicates the foreign country. For sim-
plicity only we assume the elasticities are identical in both countries.

into
Substituting (19.9) and (19.10) / the purchasing power parity expression,
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S = P/Pr, results in

S =M, . (y*)" _(x* €rs au
0 H H-e(”) (19.11)

Taking logarithms of (19.11), we get the linear expression

s = {m-m*) + n{y*-y) + (k*-k) + e(§-i*) (19.12)

where we use the convention that a lower case letter represents the
logarithm of a capital letter {e.g. s = In S).zl' Expression (19.12) can
be refined further by setting (i-i*) equal to the forward rate pre-
mium, and then letting the forward rate reflect the future spot
rate. These steps are taken in a later section.

In empirical tests, we expect the coefficient of (m-m*) to be
unity, confirming the neutrality of money. The elasticity coeffi-
cient should be positive and significant, n in the neignborhood of
.1,0 and € so that € i abproximates the interest rate elasticity of
the demand for money, in the neighborhood of 0.04 for monthly data.
Naturally we hope that the coefficients are stable, that the model
explains a large fraction of exchange rate variation and that the
error terms satisfy classical properties.

A 1§rge nuhber of empirical studies have been conducted based on
~ (19.12) and {ts close variants. We will briefly review five different

methodological styles based on the monetary approach.

(i) Ordinary and Two Stage Least Squares Regression. Clearly,

be
equation (19.12) could /tested using simple OLS techniques. Frenkel {(1976)

Ports one such test ‘on monthly data for Germany in the 1920s, using
the inflation rate as a proxy for exchange rate expectations. His
results are fully consistent with the monetary approach; the homo-
geneity of money is confirmed and the proxy for eis significant at

2 reasonable value. These results are also consistent with the view
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that monetary shocks dominated the sample period and purchasing
power parity was maintained.

Dornbusch (1980} contains another test of equation (19.12) based
on quarterly data for the 1970s. These results are summarized in
Table 2. These results suggest that the estimated coefficients are
generally insignificant and that the simple monetary approach offers
a poor description of this period. Only the homogeneity postulate
survives. Dornbusch proceeds by considering other exchange rate
theories. Other authors--Bilson (1978a)}, for a monthly sample of
OM/£ rates in 1970s- and Frenkel and Clements (1981) for a monthly
sample of non-DM rates in the 1920s--also report that they
cannot accept the monetary approach based only on their sample data.
However, these authors revise their empirical methodology, as we
describe next.

(11} Mixed Estimation. A major problem cited in the studies

above is imprecise parameter estimates, This is tantamount to saying
that there is relatively Tittle information in the sample data either
to confirm or reject a particular theory. A Bayesian procedure for
obtaining more precise parameter estimates is to supplement the sam-
ple information ;ith prior information. In this case, prior informa-
tion amounts to stochastic restrictions on the elasticities {i.e.
regression coefficients) where this prior information is based on
previous studfes of the demand for money, The mixed estimation
procedure, as applied by Bilson (1978b) and Frenkel and Clements
(1981}, produces coefficient estimates that are more precise and fully
consistent with the monetary approach. However, the true test of
this procedure is whether in a dynamic simulation, the estimated

model closely tracks the actual exchange rate over the sample period.
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In both studies, the authors report that the dynamic simulations
track the data reasonably well. In other words, a monetary approach
with coefficients estimated according to a Bayesian procedure, does
not produce results that are inconsistent with actual exchange rate
behavior. It should be noted that Bilson's model includes a sig-
nificant time drift factor that might represent other structural
economic facters that could be modelled explicitly.

(ii1) Pooled Time Series/Cross Section. Another procedure for

increasing the precision of coefficient estimates is to increase the
sample size and to increase the variance of the dependent variable.
By combining sample data from many countries with a wide range of
exchange rate experiences, the pooled time series/cross section
methodology accomplishes both objectives at once. Bilson (1976)
applies this procedure to yearly data for 3? countries in the period
1956~-1973. He 1ncorporatés @ country specific term to proxy
differences in velocity, development of financial institutions, and
other factors across countries. Bilson's results offer strong
evidence that the monetary approach explains a large fraction of
cross-sectional exchange rate variation and that parameter estimates
are in line witﬂ prior expectations. The mean absolute error, in.
sample,is under 15%.

{iv) Short-run/long-run Interest Rates. The model proposed in

equation (19.12) presumes that real interest differentials are zero
or constant. While this may be an adequate first approximation
during a hyperinflation or 2 period dominated by monetary shocks,
it is not a valid descriﬁtion of the 1970s. Frankel (1979h) wmodifies
the simple monetary model to account for real interest differentials.

His final estimating equation is
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s = (m-m*)_+ n (y-y*}+ a(1-i%) +8 (p-p*) (19.13)
Where p and p* are the current values of expected long-run inflaztion
@t home and in the foreign country, « is hypothesized negative and 8
1s hypothesized positive and greater than cin absolute value. For
econometric purposes, the opportunity cost of money balances (i and
i*) is proxied by 2 short-run interest rate, while long-term interest
rates are used to proxy p and p~.

Frankel's original study using monthly data on the $/DM rate
for the period July 1974-February 1978 showed results very favorable
to his hypothesis. However, the model indicated signs of breakdown
in the last few months of the sample. The results in Table 2 by
Dornbusch (1980} confirm that this variation on the monetary model
Ts not supported by the $/DM rate's behavior in the 1970s. 1In a
follow-up paper, Frankel (1982a) preyises his model to include finap-

cial wealth as an argument in the demand for money function. This
modification appears to correct the post-1978 deterioration of the
baseline model. Frankel concludes that the monetary model with
wealth as an argument succeeds in explaining the $/DM rate when
alternative approaches fail.

(v) In-Samﬁ]e[Post-SampIe. The final empirical methodology

is represented in an ambitious paper by.Heese and Rogoff (1981),

The authors estimate several competing exchange rate models, includ-
ing @ monetary approach, using a “rolling regression "format to
estimate parameter coefficients based on the most recent information
available. With these estimated models, Messe and Rogoff proceed

to generate one to twelvé month horizon forecasts in the post-sample
period. The authors conclude that even though the models perform

well in-sample, they perform poorly in the post-sample period and
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fail to outperform the random walk model or the forward rate. 23

In a subsequent paper, Messe and Rogoff (1982) rule out para-
meter sampling error as a reason for poor post-sample performance.
Instead, they suggest that model misspecification resulting from
instability in the underlying money demand function and insufficient
attention to risk factors and shifting real exchange rates may be
at the heart of the problem.

3.2.3 Methodological Issues. Among the methodological issues affecting

studies of the monetary approach is parameter instability. While this
is a potential problem in any regression framework, monetary models
applied in the 1970s may be particularly susceptible, because of the
range of monetary conditions and financial innovations that character-
ized the period. Studies by Frankel (1979b,1982c) and Meese and Rogoff
(1981,1982) suggest that further studies on parameter instability may
be rewarding.

Correcting possible model misspecification is another important
avenue for research. Notably, the real side of the monetary approach
has been confined to real income and the relative price of traded
versus non-traded goods. But other real factors--majnr changes in
energy prices, or major changes in current accounts that result from
changes in tastes, internationa) competitiveness, or the desire to
re-balance portfolios-- do not enter cleanly into the traditional
monetary model, Equally important for short-run exchange rate deter-
mination is the specification of the money supply process. Traditional
monetary models take the money supply as given but possibly the money
supply should be made endogenous in the short-run. For the long-run,
we mightlassume that central bank sterilization or intervention policies

are of limited importance. We also note that the standard monetary
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approach disregards risk considerations, but perhaps these are more
logical to include in a model where investor§ exercise protfolio
behavior.26

A final issue that will apply to all empirical analyses of
exchange rates is the degree of accuracy that we ought to expect
from any stylized economic model. In section 1, we noted that
exchange rates often change 1-2% in a day--conceivably a day when
nothing an economist can measure has changed. Again drawing an
analogy to the stock market, we might argue that a model which
describes monthly or quarterly exchange rate behavior within a
tolerance of 5% - 15% is performing very well.

3.3 Currency Substitution.

An extension of the monetary approach allows domestic currency
to be held by foreigners and vice-versa. 27 That domestic residents
might demand foreign currency stems from the assumption that domestic
residents might desire transaction balances to minimize transaction
costs or reduce exchange risk or domestic residents might feel that
foreign currency provides a more secure store of value. Significantly,
even if both currencies are equal in terms of their own return and
risk, as long as returns are not perfectly correlated {and ignoring
transaction costs), risk averse individuals will hold portfolios
'containing both currencies.

Frenkel and Clements {1981) develop a straightforward extension
of the simple monetary approach in which the angregate demand for
money is the sum of domestic demand and foreign demand components.
The final exchange rate equation is similar to (19.12) except two new

terms enter Xand A*--the fraction of domestic and foreign currency

respectively, held locally. When 2=2*=1, their model reduces to
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(19.12) The authors do not present empirical evidence on the model.

Miles (1978) presents a model in which residents hold both
domestic and foreign currencies because both contribute to the
level of money services. The residents are assumed to maximize
the production of monetary services, subject to an asset con-
straint. Miles' empirical analysis is for Canada and the United
States over the period 1960 IV -— 1975 IV. Miles reports that
during floating rate periods, the elasticity of substitution bet-~
ween Canadian dollars and U.S. dollars is significant. This
suggests that portfolio considerations ought to be incorporated
into exchange rate models of the Canadian dollar.

The major drawback of the currency substitution model is the
limited menu of assets (i.e. currency) under consideration. A
portfolio balance framework expands the 1ist of assets that may
be substituted, and therefore appears more realistic.

3.4 The Portfolio Balance Approach

3;4.1 Overview An extension of the monetary/currency substitiution
framework argues that individuals' excess demand is not for currency
qua currency, rather individuals desire to shift from one set of
financial assets {for example, doliar denomihated) into another set
{DM) financial asset. In the portfolio balance model, demand in
the foreign exchange market for currencies is derived largely from
demand for financial asset As a consequence, if wealth accumulates
{e.g., via current account surpluses) in a country that traditionally
prefers DM assets, it 1; 1ikely that the value of the DM will increase.
To take another example, if the spending patterns of a country shift
{e.g., the United States changes its taste toward German products)

or if a country (e .g., Saudi Arabia) accumulates a substantial amount
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of financial wealth, prudent risk management prinicple suggest that
investors in these countries will diversify their asset portfolios.
And in our examples, diversification is away from dollar assets and
toward DM assets.

The essential building blocks of the model are domestic money,
M; domestic bonds, B, that earn interest rate r and are not inter-
nationally traded; and foreign-issued bonds, F, that earn fixed
return r. 28 Foreign bonds cannot be traded for M or B, so they
can oniy be accumulated through a current account surplus. The

asset market equilibrium conditions are given in the following equations:

M=mn(r,r)u (19.14)
B = b(r,r)W (19.15)
eF = f{r,r)u (19.16)
W=2B8B+M+ ef (19.17)

The exchange rate is given by e and W represents domestic financial
wealth.

The portfolio balance approach is appealing because it presents
a rich setting to analyze important real factors affecting exchange
rates, and yet maintain 2 tractable model, The model provides a clear
link between real factors which affect the current account, the cur-
rent account itself (i.e. flow changes in F) and the exchange rate.
Furthermore, we can investigate the impact of shifts in the distribu-
tion of financial wealth {across currencies) on the exchange rate.
Finally, the model is suited to analyzing the impact of risk (e.g.
the lack of monetary diﬁcip?ine) and individual portfolio behavior

2
on exchange rates. 4



-43-

3.4.2 Empirical Evidence and Methodological Issues. Empirical studies
of the portfolio balance approach suffer from two important methodological
problems. The first is a data problem; it is very difficult to track
the holdings of financial assets broken down by currency of denomina-
tion. In practice, most studies have started with a benchmark observya-
tion onthe private stock of foreign assets held and then accumulated
current account balances for each country, less holdings of centra?l
banks. Necessarily, this method ignores capital gains on foreign
assets, but moreover, it assumes that only domestic residents hold
domestic assets and that all foreign assets are denominated in for-
eign currency. German corporation's Euro-dollar bonds and U.S.
corporations Euro~DM bonds are the counter-examples here.

The second methodological problem is specifying stable asset
demand functions. Frankel (1982a) argues that while it may be
appropriate to assume stationarity of expected returns in the con-
text of é micro CAPM, it is inappropriate for a macro model since
thanges in expected returns are essential to the international ad-
justment process. Frankel contends that the stationary expected
returns assumption helps to explain the sharp changes in "optimal"
portfolio weights across currencies and the sometimes negative
weights (for currencies in positive supply) that have been repor ted
in the literature,.

Perhaps because of these problems, empirical tests of the port-

folio balance model! have not met with great success, In a study
of the $/DM rate in the 1970s, Branson, Halttunen and Masson {1977)
report OLS coefficient estimates with the expected signs, but they
are generally not significant and some serial correlation remains

in the residuals (See Table 3). However, using a two stage Jeast
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squares procedure, the authors produce consfstent parameter estimates
that show greater significance and explanatory power.

A more recent study b} Frankel (1982b) tests the portfolio
balance model in the 1970s through mid-1981 for five countries.
Single equation models are estimated using the Cochran-Orcutt
technique. The results are dismal; many parameters are significant
with the incorrect sign. As in Frankel (1982a), Frankel resorts
to a synthesis of monetary and portfolio balance approaches, C(o-
efficients of the portfolio balance parameters assume the correct
sign and are generally significant, but the monetary variables re-
main insignificant.

3.5 Exchange Rate Dynamics.

The general issue of exchange rate dynamics fs covered in
Chapter 18 of this Handbook. In this section, we focus on empirical

studies of exchange rate overshooting.

3.5.1 Overview The recent period of floating ex-

change rates has caused some market observers to wonder whether ex-
change rate volatility, by some standard, ifs excessive. The term
“overshooting" was coined to describe exchange rate changes in
excess of this standard. Interest fn overshooting arises from two
general concerns. First, exchange rate overshooting may signal that
the market is inefficient and profit opportunities exist and/or some
sort of government corrective action (not necessarily intervention)
s required. Second, 1f the foreign exchange market is operating
efficiently, overshooting may simply suggest that investing in for-
efgn currency assets is somewhat riskier than suggested by more

simple models. Levich {1981c) proposes the foliowing three defini-
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tions of overshooting:

(1) The current spot exchange rate (S,) does not
equal some long-run equilibrium rkte (S) that
may be based on purchasing power parity or
another long=-run model.
(2) The equilibrium exchange rate change that
occurs in the short-run (AS__) exceeds the
equilibrium exchange rate cﬁsnge in the long-
run (.&.S-I }.
r
(3) The actual exchan?e rate change that occurs in
the market place &St) exceeds the equilibrium
exchange rate change (AS',) required if the
market had full informati&n about ecanomic
structure and disturbances.
The first definition reflects the conventional notion of over-
shooting as it is often reported in the press, such as "The Swiss
franc is currently overvalued relative to any reasonable standard."
The third definition vrests on the idea that agents may have hetero-
geneous or incomplete information about the world, or be subject to
severe trading constraints, thus leading them to place “"unfair"
prices on financial assets, i.e., a price that does not reflect all
available information. This framework posits that the actual ex-
change rate oscillates about the value that would be achieved if
prices reflected all available information. Qur purpose here is
to consider definition (2).

The second definition of overshooting draws a distinction bet-
ween short-run and long=-run equilibria while maintaining the notion
that the exchange rate is priced fairly at atl times, a perfect re-
flection of all information. Overshooting of this type might be
viewed as the result of forcing a given amount of international ad-
Justment through a Timited number of channels, because other potential
adjustment channels are assumed to operate slowly or not to exist.

Dornbush (1976) elegantly formalizes a monetary model of the exchange
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rate in which consumer price adjust very slowly relatively to the
speed of adjustment in the foreign exchange market (See Figure 7).
Within this framework, an unanticfpated change in the money supply
leads to exchange rate overshooting because domestic consumer prices
cannot move immediately to reflect the money supply change. A
similar overshooting result can be illustrated with a portfolio
balance model. In this case, a desired accumulation of foreign
currency denominated asset proceeds slowly through cumulative
current account surpluses., As this slow process evolves, the for-
eign exchange rate overshoots to establish equilibrium in this

30

market.”

3.5.2Empirical Evidence. The only direct test of the Dornbusch

model of overshooting is by Driskill {1981) who analyzes the $/Swiss
franc rate over the 1973-1979 period. Using regression analysis,
-Driskill reports that the elasticity of the exchange rate in response
to an unanticipated monetary disturbance exceeds unity, i.e. overshoot-
ing is confirmed. For a one-unit monetary innovation, the exchange
rate response is 2.30. However, contrary to theory, the empirical
exchange rate adjustment path is non-monotonic.

Based on a vector-autoregression analysis, Bilson (1982) con-
cludes that exchange rates and domestic interest rates exhibit sig-
nificant negative contemporaneous correlation, as the Dornbusch
model predicts. A final study by Melhem (1982) reports that shori-term
forward rates are more volatile than long-term forward rates. This
is consistent with Figqre 3 and the notion that forward rates re-
flect the future spot rate. Therefore, the empirical evidence to
date seems to be consistent with overshooting, even though by other

measures {recall Table 1) exchange rate volatility may not be excessive.
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3.6 The Asset Approach and the Role of News

3.6.10verview. The monetary and portfolio balance approaches re-

viewed above suggest that the demand for currency depends on its
qualities as a durable asset. If & currency fs expected to continue
offering services as a medium of exchange f%.e. transaction services)
and as a store of value and unit of account (i.e. the choice for
denominating portfolio wealth), then the currency will continue to
be demanded. One property of financial assets that we associate
with stocks and bonds is that their prices are forward looking,
depending on future discounted cash flows. The same forward look-
ing property is true of exchange rate pricing and that may be
helpful in forecasting.

Refer to equation (19.12) and note the interest rate differential
term, ({i-i*). Assuming covered interest parity, (i-i*) = fo-se-
Assuming forward rates are set equal to expected future spot rates,

f=E(st+]). With these assumptions, we can now write (19.12) as
sg = 2y elEls q)-s: 1, (19.18)
where z, = (m-m*} + n{y*-y) + (k*-k).
if we collect terms, we have
1
St T+ Zt + EE(St_”). (19.19)

Expression (19.19) shows that the log of today's spot rate depends on

today's economic variables (the Zt) plus our expectation of the spot

rate in the next perjod. But from (19.18), we can see that E(s ) will

t+1
depend on E(st+2). And E(st+2) will depend on E(st+3), etc. By

this process of forward iteration, we can show that,

- _1_ °f
St = 1 (]"'E ( t+k)- (19.20)
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In other words, the current spot rate depends on our current expecta-
tjon of all important driving variables {(the z's), from now into the
indefinite future.! The analogy of a security whose current price
represents the discounted value of all future cash flows should be
clear.

To put expression (19.20) as simply 2s possible, the current exchange
rate reflects what is known or expected about the future. MWithout a
model for the z's, this relationship is not useful for forecasting.
However, the other implication of (19.20) is that exchange rates change

only in response to unanticipated events. This brings us to the role

of news.

3.6.2Empirical Evidence The implication of the asset market approach

is that deviations between the forward rate (which, for now, we take as
a proxy for the expected future spot rate) and the actual future spot
rate'are the result of news. In a regression format, we would write,

n "
st = a3 + b ft-] + "pews" + wt. (19.21)

Clearly, news could be modeled in a variety of ways?z Frenkel (1981)
allows unanticipated changes in the term structure of interest rates

to play the role of “news" and he finds a significant relationship in the
context of (19.21). Dornbusch {1980) looks at news in terms of
unanticipated current account balances, unanticipated cyclical income
movements, as well as unanticipated interest rate changes. Again,

the empirical, evidence in Table 4 confirms that unanticipated changes
in these important variables are significantly related to forward

rate forecasting errors. This is especially dramatic since,as Figure

5 suggests, forward rate errors tend to be large and serially un-

correlated.
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The implication of these results is that analysts who can
forecast one or two key variables better than the market as a whole
may be able to outperform the forward rate forecast.

Tests of Foreign Exchange Market Efficiency33

Market efficiency is a major theme that has motivated numerous
empirical studies of international financial markets. Tests of
asset market efficiency, focusing on domestic equity and bond
markets, began in the 1950s and gained increasing popularity and
significance during the 1960s. with the establishment of floating
exchange rates in the early 1970s (presumably dominated by free-

market behavior), it was natural to begin the investigation of

- foreign exchange market efficiency. We will point out that some

early studies relied too heavily on stock market technigues, and
therefore they were not testing appropriate hypothesés. However,
we will also argue that, by their nature, efficiency tests are
difficult to formulate and subject to ambiguous interpretations.
The reason for this, as we will explain in detail, is that efficiency
tests implicitly require a joint null hypothesis.

4.1 The Efficient Market Hypothesis

The classic definition of an efficient market is a market where

4
prices "fully reflect"™ available information.3

When this condition is satisfied, it
follows that investors cannot earn an unusual profit by exploiting
available information. The macroeconomic importance of market
efficiency is derived from the role of prices as aggregators of
structural information. When asset and commodity markets are
efficient (in the above sense of reflecting information), economic

agents who make decisions on the basis of observed prices will
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insure an efficient allocation of resources.

But the previous definition is too general to be tested
empirically. We must posit a precise meaning for the term "fully
reflect.™ <Typically, this has been accomplished by assuming that
market equilibrium can be stated in terms of equilibrium prices or
equilibrium expected returns. If we chooge the latter, then the
excess market return on asset j-is given by

Zist+l = Ty, e41 ~ E‘;j,tu'“t" (19.22)
where rj,t+1 is the one-period percentage return and mt represents
the information set that is assumed to be fully reflected in the
price at time t. When the excess return sequence (zjt) is a "fair
game" with respect to the information sequence (mt}, the market
is efficient.35

The critical point of this discussion is that all tests of market
efficiency are testing a joint hypothesis--first, the hypothesis that
defines market equilibrium prices or expected returns, and second, the
hypothesis that economic agents can efficiently set actual prices or

36
returns to conform to their expected values.
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For studies that reject this simultaneous test, it is impossible
to determine whether an incorrect specification of equilibrium expected
returns is .responsible for the rejection or whether, in fact, investors
were inefficient information processors. And for studies that cannot
reject market efficiency, it can be argued that the wrong equilibrium
expected-return process was assumed. Relative to the "correct" standard,
the market is really inefficient and unusﬁaI profit opportunities are
avajlable.

To illustrate the importance of this result for empirical test-
ing, consider Figures 8 and 9. In Figqure 8 the equilibrium expected
return is assumed to be constant at ro- If actual returns vibrate

randomly about r the market is efficient. 1In this case, prices follow

0’
a random walk with drift parameter ro-

A case where the equilibrium expected return is assumed to wander
considerably is illustrated in Figure 9. If actual returns vibrate
rendomly about the equilibrium, the market is efficient. In this case,
equilibrium expected returns and prices are highly serially correlated
about their mean values and therefore, do not follow a random walk. But
actual returns vibrate randomly around this equilibrium, so expected
excess returns are zero and the market is therefore efficient.

Conditional on a constant equilibrium expected rate of return,
random price movement suggests market efficiency. But random price
movement per se is neither a necessary nor sufficient condition
for market efficiency. If the expected equilibrium return varies
considerably, market efficiency requires nonrandom walk price

movements. It seems obvious that, because of underlying policies,

both the level and the rate of change in currency prices might wander
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considerably, Furthermore, because uncertainty associated with these
underlying policies might change, the equilibrium real return from
investments in a particular currency might also vary over time.

The early random walk studies in equity markets did not sufficiently
recognize this point. However, in equity markets several equilibrium
return processes could be assumed and tested. First, we could assume
that expected returns on egquities are positive in every period, based
on the assumption that utility maximizing, risk-averse investors would
not willingly accept nondiversifiable equity risk without expecting
‘a positive return. Second, we could assume that expected returns on
equities are constant. Fama (1970} suggests that this assumption
is plausible-for equities, since over the typical differencing
interval (one month or less) variation in equilibrium expected
returns is small relative to other sources of variation in returns.
Third, we could assume that expected returns on equities are generated

by a market model or a specific_capital asset pricing model.3’

Since there is probably a considerable
consensus across academics and financial practitioners that the equilibrium
expected return for equities is positive (and perhaps fairly constant),
the empirical studies provide considerable evidence in favor of equity
market efficiency.

However, a convincing empirical test of efficiency in the
foreign exchange market is made difficult because there is no general
agreement on models for equilibrium pricing or equiliﬁrium rates

38
of return which is comparable to that for equity markets.

Simply put, it is difficult to test whether investors efficiently
set the actual spot exchange equal to its equilibrium value, unless

there is some agreement on what the equilibrium value is. Simila:rly,
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it is difficult to test whether risk-bearing is efficiently compensated
if there is no¢ agreement on the fundamental nature of foreign exchange
risk, npo adequate measure of foreign exchange risk, and no model
that determines the equilibrium fair return for bearing foreign
exchange risk.

Equity markets and forelgn exchange markets differ in another
important respect. Firms might be characterized by their consistency
-- in terms of directors, product lines, financial strategy, customers,
etc. This suggests that for firms operating in a stable environment
with mature products, investors might be able to 1eérn the
risk/return properties of these securities. However, in the
foreign exchange market, our confidence that underlying economic
policies will be maintained is considerably less. The operation
of monetary and fiscal policy is subject to sharp changes, perhaps
because personnel in the Executive branch, the Congress, or the
Federal Reserve are replaced, or simply because existing personnel
change their policies. Furthermore, under a managed floating
system, the government may enter the market in a non-profit-maximizing
and nonstationary manner. Therefore, it seems likely that the
equilibrium path of exchange rates might wander considerably and that
a model of equilibrium pricing of foreign exchange ought to include

39
a role for government.
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To summarize, the efficient market hypothesis requires a simultan-
eous test of two hypotheses. A number of plausible alternative models for
equitibrium pricing or returns have been incorporated into efficient
market tests for equities. However, in the case of forefgn exchange there
1s no firm agreement on a model of equilibrium prices or returns, and
still less agreement on the stationarity of any model over time, especially
in the presence of erratic macroeconomic policies or government {interven-
tion. It is therefore not yet possible to efther prove or disprove the
efficiency hypothesis in the foreign exchange market.

4.2 Empirical Evidence--Certainty and Risk-Free Investment

In the fdreign exchange market, arbitrage {s an elementary
jnvestment opportunity that promise; a certain return with no {increase
in exposure to exchange risk.ﬁ0 In an efficient market, prices of
foreign exchange and interest-bearing assets should be set so that
“unusual profits" from arbitrage are quickly eliminated. Since arbitrage
is essentially risk-free and can be completed in a matter of seconds,
any profit in excess of transaction costs is unusual. 1In arbitrage, the

equilibrium expected return 1s zero.

4.2.1 Currency Arbitrage. The dispersion of quotations on individual

currencies across market makers {s reduced by spatfal arbitrage. Some

price dispersion 1s consistent with markqt efficiency since there is a
cost of searching for spatial arbitrage profits and some risk associated
with exploiting them. In addition, however, price dispersion that re-
flects quotations of different "quality" will persist. These issues
have not been studied rigorously on data from the foreign exchange

4
market.
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Price differences between interbank forward rate guotations and

futures contract of similar maturity on Chicago's International
and Reinganum

Monetary Market have been examined by Cornell {198)). While the futures
contract and the forward contract are similar in many respects, the
futures market convention of "marking-to-market" exposes the buyer
to an interest rate risk as his funds ére either deposited in or
withdrawn from his margin account. Explicit margin requirements
are not used with interbank forward contracts since only customers

with prior credit approval are permitted to use the interbank market.

Price differences, therefore, largely refleet differential risk.

A second profit opportunity in currency arbitrage is availakle
through triangular arbitrage~-the process which keeps cross-exchange
-rates (X,/X,) consistent with direct exchange rates ($/X,; $/X,)
where xl and Xz are arbitrary currencies. In most cases triangular
parity , $/X2 = $/x1 . xlfxz, holds by constructions traders use
the formula to prepare quotations. For example, the Swiss franc/Mexican
peso rate is simply the product of the $/peso, franc/$ rates.

This reflects the fact that an independent franc/peso market does
not exist and traders use the U.S. dollar as a vehicle currency.
However, in the 1960s, independent quotations for & were offered

and in the 1970s, independent DM/% and DM/Yen markets developed.
Triangular arbitrage, or the threat of it, is mecessary to keep
independent markets (at parity). 1In this case, empirical studies
(Frenkel and Levich 1975, 1977 and McCormick, 1979) have interpreted
the upper limit of deviations from triangular parity as a measure of

currency transaction costs.
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of the key building blocks for open economy macroeconomics is the
interest rate parity theory which states that the forward premium
and the interest differential are equal so that

- -1
=E - (19.23)

When (19.23) holds, covered arbitrage profit opportunities are fully
exploited. Numerous studies measure departures from interest rate
parity (see Officer and Willett, 1970 for a survey). A variety
of explanations were offered--less than infinite elasticities for
foreign exchange and securities, transaction costs, non-comparable
risk in securities, exchange controls (political risk) and taxes.
Research suggests that all of these factors may play a role in
explaining deviations from IRPT, We proceed by raising a method-
ological issue.

Two natural ways to test (19.23) would be (a) to regress the forward
premium against the interest rate differential, expecting a 45° line,
or {b) to calculate the deviations between the forward premium and
the interest rate differential, expecting ﬁhe mean deviation to be
near zero. Frenkel and Levich (1975) argue that these procedures
draw an incorrect inference when individual deviations are large
but on average zero or when deviations are very small, but on
average non-zero. The essence of market efficiency in these examples
relies on the ability of investors to police an arbitrage boundary
condition in every single period and not in some average sense. A
calculation of the percentage of times that covered arbitrage does
not produce a profit allows us to make a2 direct inference about
market efficiency. The higher this percentage, the greater the

market efficiency.
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Perhaps the most satisfactory studies of interest rate parity
are those that analyzZe covered arbitrage opportunities between
Eurocurrency assets. Since Eurocurrency deposits can be comparable
in terms of issuer, credit risk, maturity and all other respects
except currency of denomination, they offer a proper test of IRPT.
Studies by Clendenning (1970), Aliber (1973), Frenkel and Levich
(1975, 1977) and others confirm that deviations from interest rate
parity in the Eurocurrency markets are small and that a very high
percentage of deviations are smaller than transaction costs. There-
fore, the Eurocurrency market is efficient in that few opportunities
for risk-free arbitrage exist:"2

It is now well-understood (Deardorff 1979, Levich 1981d) that bank
traders use the interest rate parity theory to set forward rates.
Traders observe a spot rate (8) and a swap rate (cost of a simultaneous
borrowing and lending of Eurocurrency deposits in two currencies,
(1+i)/(1+i*b and use this data to construct a forward rate F = S
(141} /{14i*)., The trader must follow interest rate parity or else
the customer will exploit the cheaper technique for establishing his
forward position. The implication is that arbitrage profit opportunitie
should never exist in a single trading room, but they could exist
using independent quotations on F, &, i, and i* in a dispersed market.
Tests based on time-synchronous data from independent sources have
not been reported.

A related issue that deserves further attention is deviations
from interest rate parity for long-term securities. Hilley, Beidleman,
and Greenleaf (1981) report that rates quoted by banks for
3-5 year forward contracts may be significantly worse than rates a
customer might obtain by building his own forward position using a
spot contract combined with long-term Eurocurrency borrowing and

lending. The authors conclude that banks are playing more of a
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brokerage role and that the opportunity for a small arbitrage profit
does not compensate them for the costs of keeping capital tied up
for 3-5 years, for the adverse impact on balance sheet ratios, and for
(possibly) substantial credit risks. Their finding and interpretation
breathes new life into the o0ld elasticities explanation for deviations
from IRPT. ({see below)

The results for covered arbitrage between domestic or onshore
assets are ambiguous. Frenkel and Levich (1975, 1977) and Levich {(1979%a)
report that a much smaller fraction of observations are bounded within
the neutral band when arbitrage is between treasury bills or commercial
paper traded in different domestic markets. This apparent departure
from market efficiency is more pronounced during turbulent periods
on the foreign exchange market.

Oﬁe avenue to explain the failure of interest parity between onshore
markets is the role of price elasticities in currency and security
markets. Frenkel and Levich (1975, 1977) report that all apparent devia-
tions from IRPT are explained if price elasticities are finite but still
large enough to be consistent with a competitive environment.

The second approach follows Aliber (1973) by noting that onshore
markets differ in terms of political risk-i.e. the probability that
the sovereign may interpose his or her authority between the investor

and the market place.43

the cost
Dooley and Isard (1980) refine this concept by distinguishing between/
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of existing capital controls and the risk premium associated with
prospective controls., Dooley and Isard analyze German interbank
and Eurocurrency interest rates over the period 1970-1974. They
conciude that most of the interbank-offshore interest rate differential
over this period can be explained by the effective tax imposed by a
sequence of known capital controls. However, they estimate that as
much as 2% per annum may have been required to induce non-German
residents to hold German outside debt in the face of potential capital
controls.

Differential tax rates on capital gains and ordinary income
are another facet of covered arbitrage flows. Levi (1977) demonstrates
that when forward contract gains are taxed at the capital gains rate
(t,} and interest rate gains aré taxed as ordinary income (ty,> t ),
then the slope of the after-tax IRPT line is (1—ty)/(1—tk) which is
less than the 45° slope of the pre-tax IRPT line. When taxes are
included, the normal incentives to exploit pre-tax arbitrage profits
are changed considerably. Levi's model suggests that, ignoring
transaction costs, elasticities, etc., a market which is efficient
on a pre-tax basis, will not be efficient on an after-tax basis,
and vice-versa. No empirical study has fully considered the role
of taxes in the IRPT model.

4,3 Empirical Evidence~-Uncertainty and Risky Investments

Introducing uncertainty into single period and multiperiod
investment models adds a degree of complexity, as well as realism,
to tests of foreign exchange market efficiency. When the future
spot exchange rate is a random variable, the dollar value of assets
denominated in a foreign currency is uncertain. In this case, an
investor who holds a net (asset or liability) position in foreign

currency is exposed to foreign exchange risk.
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In an efficient market,

prices (of spot and forward exchange, for example)} should be set
so that "unusual profits" from risky investment cpportunities are
quickly eliminated. Since a test of market efficiency tests a joint
hypothesis, the specification of the expected equilibrium return for
bearing foreign exchange risk is critical. wWe must have some standard
to judge that profits from bearing foreign exchange risk are "unusual"”.

There are basically two techniques for bearing foreign exchange
risk--spot speculation and forward speculation. 1In spot speculation,
the investor borrows domestic currency (at interest rate, i), buys
.foreign exchange in the spot market (at the rate St) and invests
in a foreign currency denominated asset (with expected return, i*).
A forward speculator can establish a gimilar long position by simply
buying foreign exchange in the forward market {(at the rate, Ft). In
either case, the profit depends on the future spot exchange rate, §t+1,
which is uncertain. It is easily shown that when the interest rate
parity theorem holds, spot and forward speculation are equivalent invest-
ments in that they lead to the same time series of expected profits.

4.3.1 Spot Market Efficiency. Only two approaches have been proposed to

examine spot market efficiency. One popular null hypothesis was that,
under a regime of freely floating exchange rates, changes in spot
exchange rates should be serially uncorrelated. Empirical tests of
this hypothesis were reported by Poole (1967} and Burt, Kaen and Booth
(1977). 1In general, this research concluded that there are significant
departures from random behavior under floating exchange rates

and therefore, the spot market was not efficient. However, as we

suggested earlier, market efficiency requires a random behavior of



-fh]l=-
returns only if the equilibrium expected return is constant. There-
fore, only in the case where interest rates in the two countries
differ by a constant and the equilibrium expected exchange rate
follows a linear trend (equal to the constant} should we expect
that exchange rates follow a random walk (with a drift factor equal
to the constant). By contrast, if the fundamental determinants
of exchange rates are serially correlated, then equilibrium exchange
rates will be serially correlated also.

A second test oflmarket efficiency in spot speculation has
analyzed the performance of investment strategies that use a filter
rule as a guide for picking speculative positions. A filter rule
is a mathematicéi rule that can be applied mechanically teo produce
buy signals and sell signals. An x percent filter rule leads to
the following trading strategy: "Buy a currency whenever it rises
X percent above its most recent trough; sell the currency and take
a short position whenever the currency falls X percent below its
most recent peak." A filter rule produces profits when momentum or
"bandwagon" effects carry the currency further in the direction indicate
by the initial trend. However, the null hypothesis of efficiency
suggests that Euro-currency traders should alsoc recognize the expected
momentum in the exchange market. As a result, Euro-currency traders
would set relatively low interest rates on the appreciating currency
and highfiizzgsgn the depreciating currency that tend to offset the
anticipated exchange rate change. This summarizes the efficient
market process--EBuro-deposit interest rate differentials should

exactly offset the expected exchange rate change, so there are no
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expected profits from the filter rule strategqgy.
An early study by Poole {1967) reports filter rule profits

for the Canadian dollar during the floating rate period, 1950-62,
and for nine other serles of flexible exchange rates in the post-
World war I period, pPoole finds evidence of statistically significant
first-order serial correlation in exchange rate changes. As a result,
filter rule strategies tend to make large profits relative to a buy-
and-hold strategy. Profits are not adjusted for the interest expense
of a short position, the interest income of a long position, or the
cost of transacting. BRecause of the last factor, Poole believes his

: 46
results do not conclusively reject market efficiency.

More comprehensive and rigorous studies of spot market efficiency
have been conducted by Dooley and Shafer (1976, 1982). Dooley and
Shafer report filter rule profits for nine currencies using daily spot
rates over the 1970s floating rate period. The authors' calculations
are adjusted to reflect the interest expense and income of short and
long positions, and transaction costs are incorporated by using bid

and asked foreign exchange quotations. Doocley and Shafer hypothesize
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that if the market is efficient, then filter rule profits, adjusted
to reflect the above costs, should be a "fair game" (or martingale)
process as in (19.22). Any gross profits from the filter rule strategies
imply net, abnormal profits and therefore reject market efficiency.

Dooley and Shafer's results indicate that small filters(x = 1, 3 o:
5 percent) would have been profitable for all currencies over the
entire sample period. However, there appears to be some element
of riskiness in these trading rules, since each filter would have
generated losses in at least one currency during at least one
suﬁperiod. Furthermore, it is not c¢lear that ex ante the size of
the filter‘can be determined that optimizes or assures profits.
Finally, because the filter rule actively switches the investor
between currencies, the investor faces greater risk (i.e. loss of
time diversification) than if he passively held a portfolio with
both currencies.

Since filter rule trading involves risk, the key question is
whether unusual profit opportunities are available to spot speculators
ex ante. Levich (1979b) suggests performance tests based on a mean-
variance model, but these raise further problems concerning the
appropriate market portfolio and risk measure,

A recent paper by Goodman (1981) examines the performance of
professional foreign exchange advisors that issue buy and sell sicnals
based on technical analysis. Goodman reports that large profits in
excess Of the risk-free rate are generally available to users of
these professional signals. There are also risks; the largest
individual loss on one buy/sell signal was 2.4 times the average
initial 5% margin and the largest stream of losses was 2.9 times the
initial margin. Goodman suggests that these risks are small for

large investors with the capital to withstand intermittent losses
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and who use professional signals on a regular basis. To further
bolster this case, Goodman reports that if investors use a composite
signal based on two or more advisors, the risk/return trade-off
improves.

4.3.2. Forward Market Efficiency. Tests of forward market efficiency

have focussed on the relationship between the current n-period
forward rate (Ft,n)' the expected future spot rate (E(§t+n)), and

the actual future spot rate (S }. Market efficiency requires that

t+n
market agents are able to process avallable information and form

rational expectations (i.e. E(§ )=5 However, market

t+n t+n"
efficiency allows for the possibility that investors may demand a

risk premium on forward contracts: Therefore, market efficiency

does not reguire that F, _=E(§ ). As a result, the relationship

t,n t+n
between the current forward rate (Ft n, and the actual future spot
r

rate (St+n) is ambiguous, even in an efficient market.

To restate these points, what we might call the simple efficiency

hypothesis is that

Ft,n=E(s } and E(8 ) =8

t+n t+n t+n.

If this hypothesis is true, then deviations between F and Sten

t,n
should have mean zero and zero serial correlation. In a regression
of the form

t4n™@ * P Fp g e X 4o | (19.24)

our null hypothesis, given simple efficiency, is that a=0, b=l

S

and the coefficient of any other variable, czo. The residuals, ey
should of course be free of serial correlation,

A more general efficiency hypothesis that allows for a risk

premium (RP) would presume that:

~ o~
F =E (S and E(S =8

t,n t+n t,n t+n) t+n
We can clearly see that in this case, the eguality between Ft

) + RP

s
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and E(§t+n} is broken. Regression equations such as (19.24) that
reject the (a,b,c) = (0,1,0) hypothesis are subject to two inter-
pretations.

(I) The simple efficiency hypothesis is rejected. The
forward market is inefficient in reflecting exchange
rate expectations. Expected profit opportunities
through forward speculation exists.

(II) The general efficiency hypothesis cannot be rejected.
A new forecast S =a + bF can be constructed
"which will be suse?ior to EnB fo§Ward rate forecast.
However, the profits we earn through forward speculation
will only be the fair risk premium for the additional
risk we incur.

Unfortunately, unless the variable X_ is a good proxy for

t
risk (rather than lagged forecast errors or lagged forward rates}
we are not on solid ground accepting interpretation II. And that
is approximately where the frontier of research in this area

stands today.

(i) Foreign Exchange Risk Premium. As we have argued, whether

or not the forward rate is an unbiased forecast depends on underlying
economic factors; it is not an inherent property of any economic
system, even one which is in equilibrium and processes information
efficiently.q?The theoretical case for forward rates as biased
forecasters of future spot rates depends heavily on the existance

of a risk premium. The risk premium arqument is critical because
under a pure floating rate system with no government intervention,
small transaction costs, and efficient information processing, only
the risk premium argument survives to explain a forward rate bias.

Consequently, there has been renewed research interest in this topic.
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In the Modern Theéry of foreign exchange (Grubel, 1966) investors
are assumed to be risk-averse. The speculative demand for forward
contracts is not infinitely elastic. Speculators will bear foreign
exchange risk only if they are compensated with a risk premium.
However, the determinants of the risk premium are not examined.

Portfolio models offer a natural framework for analyzing foreign
exchange risk. 1In general, portfolio models assume that as investors,
agents are free to purchase assets denominated in domestic and foreign
currencies; the risk of individual assets may differ and returns are
imperfectly correlated. As consumers, agents choose among goods
whose prices are denominated in a particular currency and imperfectly
correlated with prices expressed in other currencies (i.e. deviations

from PPP). Exchange risk arises because the unit of account of an
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agents' cash inflows is imperfectly correlated with the unit of
C 48 :
account of the agents' cash outflows.

In a portfolio model, agents will hold assets denominated
in foreign currency when the return is sufficient to compensate for
the extra risk now associated with consuming domestic goods.

Models described in Frankel (1979a) and Dornbusch (1982) sugaest
that the risk premium is a function of the relative supply of outside
assets denominated in the two currencies. Fama and Farber (1979)
emphasize the quality of money balances. 1In a.PPP framework subject
to uncertainty, agents will prefer the currency with lower inflation
variance and less exposure to purchasing power risks. The portfolio
framework suggests the exchange risk premia are correlated with
greater monetary discipline, fewer debt-financed government expenditur
and perhaps less exposure to real disturbances. This suggests a

risk premium which could change signs-over the short-run.

Another model by Solnik (1973)
relates the foreign exchange risk premium to relative internationa
investment positions. For example U.S5. investors may hold a net
asset position in U.K. assets (i.e., U.S. investors own more U.K.
assets than U.K. investors own of U.$. assets). If U.S. investors
are risk averse, they may wish to hedge the returns on their
investment consistently—even at forward rates less favorable than

50
the expected future spot rate.
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(ii) Empirical Evidenge. Early studies examined the level of

spot rates and lagged forward rates using (19.24) or simply calculating

mean errors. These studies on exchange rates from the 1920s (Frenkell976,

1978, 1980), the Bretton Woods system (Aliber 19%74), and the first

few years of managed floating (Bilson 1976, Cornell 1977, Levich 1979%b,

Stockman 1978) could not reject the simple efficiency hypothesis.
Later studies by Tryon (1979) and Levich (1980) reported that

the percentage change version of (19.24),

(19.25)

In{(s /st)=a + b - ln(Ft,n/st) + c-ln(xt) + e

t
performed very poorly. Figure 5 illustrates that the forward

t+n

Premium is a relatively quiet series that explains very little of
actual exchange rate changes.

A potential problem concerning equations (19.24) and (19.25)

51
is the shortage of independent observations. Since there are
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only four non-overlapping three-month periods per year, there are
only four independent observations on three-month contracts per
year; fewer independent observations still on longer term contracts.
This shortgage of observations is regretable. But if we also
assume there may be a time-varying exchange risk premium or hetero-
scedastic errors because of erratic government intervention,
estimation is nearly hopeless with only nine years of floating rate
data.

Two studies by Hansen and Hodrick (1980)
and Hsieh (1982) solve the data shortage problem by a new generalized
least squares estimation procedure. The technique allows the authors
to use daily observations and increase the sample size by a factor
of 20. Both studies find that lagged variables play a role in
explaining current forward rate forecast errors. Therefore, the authors
reject the simple efficiency hypothesis.s2
The question remains whether this departure can be explained by a
time varying risk premium, or whether the market is actually
inefficient. Empirical studies by Meese and Singleton {(1980) and
Frankel (1982b) are not able to reject the hypothesis that a2 time-
varying risk premium may be responsible for deviations between the
forward rate and the future spot rate. However, Frankel admits that
the tests probably have little statistical power.

The other avenue for testing the forward market is by comparison
with forecasts of professional services. Levich (1980, 198la, 1981b)
reports that individual forecasting services do worse than the
forward rate in terms of mean squared error. But the services exhibit
significant expertise is predicting whether the spot rate will

appreciate or depreciate relative to the forward rate--the key for
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corporate hedging strategies. Composite forecasts, weighted

averages of individual forecasts, perform even better. This suggests
further that professional forecasts can outperform the forward

rates, but there is no evidence that these speculative profits are
unusual in a risk adjusted sense.

Bilson (1981) uses a pooled time-series/cross-section technigque
to estimate a composite forecasting eguation. In a post-sample
period, the composite forecast significantly outperforms the forward
rate and leads to positive profits,

4,4 Methodological Issues and Agenda

Empirical studies have clearly established the strong role

-that arbitrage plays in international financial markets. Certainly
within the Euro-markets, it has been demonstrated that covered
arbitrage profit opportunities are not available. Future research
opportunities fall into two groups. At the micro-level, the extent

of price dispersion across market-makers has not been investigated.
Continuing advances in communications technology and international-
ization of markets makes this a relevant topic. Increasing importance
of the DM and Yen as independent currency markets may enhance
possibilities for triangular arbitrage profits. The development of
new financial instruments--currency futures and currency option
contracts--further suggests that arbitrage profit opportunities
between these financial instruments and the interbank market will have
to be policed.

At the macro-level, interest arbitrage between assets that are
somewhat different in terms of risk or tax treatment deserves further
attention. Arbitrage between long~term securities (in the Euro~-market),
between onshore securities, and the role of capital gains/ordinary

income taxes could benefit from more detailed empirical study.
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In a general sense, the efficlency studles suggest that
the major forelgn exchange markets exhibit behavior that 1is
characteristic of other asset markets. Exchange rates react
quickly to news; rates are volatile and difficult to forecast.
Both spot and forward rates can be queled as anticipatory
prices, but the exact parameters of the models are unknown.

At a more micrbsCOpic level, empirical tests of spot
market and forward market efficlency have often been based on
small samples using technigues with low statistical power.
Nonetheless, these studles have succeeded 1n surrounding the
simple efficiency hypothesis with substantizl coubt. Plgorcucsly
tested academic models and performance studies of prolessionzl
“orecasters clearly demonstrate that speculative prefit
opportunities are avallable. Two cuestions are clear: Are
these profits unusual in & risk-adjusted sense? D¢ existing
portfolio theories adequately explailn the time-varylng risk
premia 1in the market? What may seem llke & shcrt list 1s a

very full agenda for future research.



Footnotes

Giddy {(1979) has estimated that the daily worldwide volume of
foreign exchange trading increased from $50 billion to nearly
$200 billion over the 1970s., With 250 trading days per year,

the latter figure suggests $50 trillion annual trading velume.

Direct intervention by central bank is small relative to this
volume. Other economic policies and announcements by govern-
ment officials can have a major indirect effect on exchange

markets.

The classic models here are generally attributed to Sharpe

(1964 ), Lintner ( 1965), Mossin ( 1966) and Black ( j972).

A detailed description of these institutional arrangements is

presented in Kubarych (1978) and Levich (1981d).

The exact delivery conditions for forward contracts are impertant

for tests of market efficiency as we shall see in section 3.

Hooper and Morton (1978) present detailed evidence on alternative
multi-lateral exchange rates. 1In part, they concluded that "Any
such aggregate measure is subject to problems due to incorrect
measurement of prices, incorrect weighting system, and an tnability
to measure sectoral shifts in productivity. 1In addition, real ex-
change rate indexes are rough measures of price competitiveness
only and do not measure important nonprice factors such as gquality,
dependabilitv, and servicing, which have an important influence on

trade patterns but may change relatively slowly."” (p.787)



10.

11,

F-2

The data in Figures 2 and 3 are from "World Financial Markets,”
Morgan Guaranty Trust Company which reports exchange rates as
U.S. dollar per local currency. Consequently, values greater

(less) than 100 indicate local currency appreciation {(depreciation).

In principle, the real value of a currency could be computed using
one of several price indexes. The real value of the U.S. dollar
adjusted with export price indexes, wholesale price indexes, con-
sumer price indexes, and unit labor cost indexes is reported in

Hooper and Morton {1978).

Burt, et. al. (1977) comment that the purpose of their paper is "to
test whether the price changes of the Canadian dollar, German Mark
and British pound conform to those which would be expected in an

efficient market (i.e. a weak random walk model)." (p. 1325).

Further details are provided in section 2 and chapter 18
The norma} distribution is equivalent to the stable paretian dis-
tribution with a=2.0. The stable paretian distribution represents

a family of unimodal distributions. With a<2.0, the

stable paretian distribution is characterized by both (1) a greater probability

of observations occurring in the tails of the distribution, i.e. "fat tails” and

(2) a greater probability of observatioms in the intermediate ranges, i.e.'neakednes:

In this case, variance is not defined and not appropriate as a measure of risk.

With degrees of freedom d==, the student distribution is identical

to the normal distribution. However, with d>2, the first two moments
of the student distribution are known, which Rogalski and Vinso
araue, mak: the studen: distributior & superior framewonrl for ag:

veloping internationa! oportfolio risk measvres
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16.

Studies by Branson (1968), Kouri and Porter (1974) and Hodjera
(1973) have investigated the determinants of {nternational capital

flows. See also Chapter 15 of this Handbook.

Pricing formulas for stock option and commodity option contracts
include a measure of the varfance of returns on the underlying
asset. Models for currency option pricing remain to be more fully

developed. See Feiger and Jacquillat {1979) and Hoag (1981).

The possibility of a “negative trading cost® is suggested in
Black and Scholes {1974), An empirical test for stock market

transactions is in Cuneo and Wagner (1975},

Foreign exchange market practitioners seldom acknowlege attempts
to minimize transactien costs, arguing that a momentarv price
swing can swamp the effect of lower transaction costs. However,
one recent application of adversary theory is the so-called

discretionary order. The U.S. treasurer places an order for

Japanese yen with a U.S, bank, whose traders use their discretion
to execute the order in the next 24 hours at the most favorable
prices--probably within the Tokyo market. The discretionary
order announces that the U.S. treasurer is both uninformed and

willing to wait for best execution prices.

In section 3, I argue that exchange rate modeling and forecasting

ought to be more difficult than stock price modeling.
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18.

19.
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22,

F-4§
Theories of exchange rate determination are developed in
more detail in Chapter 14 of this Handbook. Other useful
survey articles are by Isard (1978) and Dornbusch (198C).
Certain real disturbances such as a change in the traded
goods/non-traded goods price ratio and commerclal policles
have been modeled within a monetary framework. See Frenkel
(1981), Frenkel and Clements (1981) and footnote 23.
The DRI, Chase Econometrlc and ¥Wharton simultaneous equation
models utilize between 50 and 900 equatlons, depending
on the company and the currency. Levich (1981b) analyzed
the forecasting performance of these companies over the
period 1977-1980 and reported that Wharton and DRI
significantly outperformed the forward rate. However,
they did not significantly outperform other single equatlon
or judgemental forecasters. Further Information on the
Federal Reserve's multi-country model 1s in Herndndez-Caté,
et. al. (1978).
The term "purchasing power parity" is assoclated with Gustav
Cassel who studied zlternative approaches for selectlng |
official exchange rates at the end of World War I and the
resumption of international trade. As Frenkel (1978) has
pointed out, the intellectual origins or purchasing power
parity can be traced to the early 19th century and the

writings of Wheatley and Ricardo. For a recent overview

and critique of theory and evidence on purchasing power parity

see Katseli-Papaefstratiou (197%).

McKinnon (1979, Chapter 6) discusses the sufficient conditlons

for absolute PPP to hold.
It should be clear that when relative PPP holds, the r=2l

exchange rate 1s constant, and the relative competitiveness of

countries in foreign markets 1s unchanged.
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25,

26,

27.

28.

To account for traded and non-traded goods, assume that the
aggregate price level is a Cobb-Douglas function of the prices

of traded goods, P, and non-traded goods, P,» so that

_ plt pl-a
P = Pn Pt

pr = p*“* p*]'“*

n t
where aand ao* are the domestic and foreign expenditure shares
on non-traded goods. MNow assume that PPP applies only to traded

goods (so that S=Pt/P:) and re-apply equations {19.4) and (19.5).

Again, if PPP applies only to traded goods, as in footnote 22,
then equation (19.12) contains terms that capture the relative price

of traded to non-traded goods. For an extensive and detailed study of
international prices of traded and nontraded goods, see Kravis, et.al

(1975).

By definition, the professional currency forecasters reviewed in
section 5 are analyzed in a post-sample period.

Dornbusch (1982) and Kouri (1982) develop models that add risk
and portfolfo optimizing behavior to the basic asset approach.

See also Chapter 15 of this Handbook.

Alternative theoretical formulations are presented in Girton

and Roper (1976) and Calvo and Rodriguez (1977).

The notation follows Branson, Halttunen and Masson (1977).
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30.

31.
32.

33.

3“.

35.

These theoretical relatlonships are developed 1in more

detall in Branson (1977), Dornbusch (1982), Fama and

Farber (1979), and XKourl (1976). See also Chapter 15

of this Handbook.

It seems intuitively clear that the more channels that

exist and are free to operate, the less likely we are to
observe overshooting behavlor in exchange rates. A recent
paper by Frenkel and-Rodriguez (1982) formalizes this idea.
Specifically, they show that 1f prices are free to adjust
somewhat (in the Dornbusch model) or if investors elect to
sﬁend some of thelr wealth on nontradatle domestic goods

(in the portfollo-balance model}, then overshooting beravior
need not occur.

The derivation and algebralc form of (19.20) 1s adapted

from Mussa {1976)}.

See Genberg (9183) for an empirical study of the relationshlp
between the innovations in spot rate and forward rate seriles.
Parts of thils section rely heavlily on earlier surveys by

the author on this topile, see Levich (1978, 1G79b).

This definition and the initial develiopment of a formal
theory of asset market efficiency 1s attributed to Fama
(1970).

If the sequence (th) is 2 failr game, then E(Z IEQ = 0 and

J st

the Z are serlally uncorrelated. It follows that 1n an

Jt
efficlent market a few investors may occaslonally make large
gains or losses, but no group should make unusual galns

or losses consistently.
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37.

38.
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It is interesting that Fama organizes his 1970 survey
according to the information set (It), which 1s being
fully reflected. Information sets are classified as
containing only historical prices (that test weak form
efficiency), public information (that tests semistrong
form efficiency), or all information including insider
information (that tests strong form efflciency). However,
Fama (1976) organizes the literature based on the underlying
assumption for the equllibrlum expected return. He considers
four alternative equilibrium expected return processes:
returns are positive, returns are constant, returns are
generated by a market model, returns conform to a speclfic
two-parameter model. The latter survey is more effective
in high-lighting the slmultaneous nature of efficient
market tests.

For a critical appraisal of empirical tests of asset-

pricing models, see Roll (1977).

Once again, the reader 1s referred to Chapter 15 of

this Handbook.

It is important to note that government intervention per
se does not 1lmply exchange market inefficiency. To the
extent that the intervention policy is known, 1t shoulad
be reflected in the price of forelgn exchange and 1in other
financlial markets. To the extent that intervention is
unpredictable, the increased uncertainty may reduce the
willingness of traders to take positions. This increase in
uncertainty may reduce the llquidity of markets and wlasn the
bid-ask spread, but this 1s not a market inefficiency 1in
the sense of Fama (1970).

The issue of whether eXposure to political risk 1ncrcases

will be considered shortly.
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A stark example of price dispersion due to quality
differences comes about from the Falkland Islands eplsode.
Customers might require more favorable quotations on long-
term forward contracts from affected British banks because
there 1s a greater probabllity that these banks will default,
vls-a-vls unaffected U.S. banks. For a detailed study of
price dispersion in the U.S. Treasury bill market, see
Garbade and Silber (1976).

For more on the institutional characteristics of the
Eurocurrency markets and thelr impact on international
financlal relationships, see Dufey and Giddy (1978) and
McKinnon (1979, chapter 9).

Interest parlty holds 1n a single offshore center because
the zssets are exposed to the same political risks. Political
risk 1s a fundamental argument behlind the elastlcity
explanatlon for deviations from interest parity. Presumably,
if there were no risks 1n arbitrage, the arbltrage suprly
schedule would be perfectly elastiec. An alternative
explanatlon for less than perfectly elastlc arbltrage supply
1s that institutional constralnts restrict the abllity of
banks to supply a sufflclent number of forward contracts.

Politlecal risk was dlscussed in the previous footnote.
Aliber (1973) argues that arbitragers bear political rick,
whille speculators bear exchange risk. For a model that
conslders default risk on forward contracts, see Adler and
Dumas (1976).

Other equilibrium exchange rate models that allow for
overshooting will produce serially correlated exchange rate
changes. See Chapters 14 and 18 of this Handbook and scection

2 of this chapter.
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LT As a theoretical matter, adjusting for interest expense
and interest income is critical. It is analogous to the
importance of divdidends in a fillter rule analysis of
equities. In the currency case, buying and holding
Brazilian cruzerios (as paper currency) in the 1970s surely
would have resulted in losses. The correct null hypothesis
is that interest income on cruzerio assets Just compensates
for theexpected exchange rate changes. Studies by Logue,
Sweeney and Willett (1977) and Sweeney (1982) have maintalned,
incorrectly in our view, that the relevant alternative to
the trading rule... is holding the forelgn currency. See
Levich (1982) for further discussion.

47. our special interest in unbiased forecasts 1s two-fold.
First, if the forward rate 1s unblased, then on average,
it is an accurate predictor of the future spot rate; no
transformation of the forward rate 1s reqguirec to construct
a forecast. Second, if the forward rate 1s unblased, then
any strategy for hedging forelgn exchange risk or for
speculating in forward contracts has the same long-run
expected profit, namely zero.

our interest in unbiased forecasts should not be

construed to mean that this 1s the only property that
matters for evaluating forecasts. Standard econometric
methodology assumes that users have a quadratic utility

function soc that investors desire lower average
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forecast errors and lower varlance of forecast errors. In
this setting, users choose the model that minimizes the

mean squared forecasting error, even 1f 1t hzppens to

‘be a blased forecast.

In summary then, if users are concerned about the
variance, skewness, or other characteristics of the forecast
error (in addition to the mean error) then the varilance or
skewness of the forecast error series may also be lmportant
for selecting a forecasting model. Notwlthstanding the
above discussion, forward rate fcrecastling bias remains
a fundamental property to anzlyze, especlally for investors
who seek only to maximize their expected profits without
regard to variabilitﬁ.

These risks are also present in 2 closed economy. For
example, when agents' wages are in nominal currency units,
and inflation 1s non-neutral, real consumptlon opporturitiles
are uncertain. For more on exchange risk, see Wlhlborg
(1978).

This concept of an exchange risk premlum 1s fully
consistent with liquidty or inflation risk premlums in
closed economy term structure theory. If both domestlc
rates (1) and foreign rates (1%*) reflect llquidlty and
inflation premia, then via interest parity, F=S (1+1) /{1+1%),

and the forwvard rate reflects these relative risk factors.
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For example, assume there is a U.S. firm in London
that plans to repatriate a El million dividend in ninety
days when the exchange rate is expected to be $2.00/%.
Unless there is a U.X. firm that wishes to repatrilate $2
million from New York to London in ninety days, the Uu.c.
firm must locate someone who currently is in portfolio
balance, yet who may be induced to exchange British sterling
for U.S. dollars in ninety days. The supplier of the forward:
dollars may demand compensation for altering his currercy
portfolio and the U.S. firm, assuming risk aversion, wil
be willing to pay 1t. In thils case, the U.S. firm mey
sell its sterling at $1.98 even though it expects the rrice
to be $2.00 in rinety days. The §.02 per pound sterilng
is the compensation paid to the supplier of feorward dollars
for altering his 1initilal currency portfolioc and taking on
additionzl risk. This framework seems less likely to
lead to0 a risk premium that changes from positive to recatlve
in the shert-run.

Similar to the "data shortage" probtlem is the problem
of infrequent exchange rate changes in a pegged rate system.
Krasker {(1980) argues that when there 1s a small probability
of an event that would lead to a large exchange rate change,
the standard tests for market efficlency are not necessarily
valid. Krasker develops an alternative test procedurc that
focuses directly on the probabllity of the unusual evert
rather than the standard asymptotic distribution theory.
These lssues were ralsed during the 1976 Mexlcan peso
devaluation, hence the literature sometimes refers to thils

as the 'peso problem.’
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£2. Other studiles that use different econometric techrnilgues,
but draw the same conclusion are by Cumby and Obstfeld

(1981), Hakkio (1980) and Longworth (1981).



TABLE 1

Mean Absoclute Percentage Changes in Prices
and Exchange Rates

(Monthly Data: June 1973 -

February 1979)

w WPI cCcL Stock "Zxcnange Race CCL/CoL

csuntry Market Azainst the Dollar Us

U.s. .009 .007 .038 - -

U.K. .0L% .012 .066 .020 .007

France .011 .008 . 054 .020 .003

Germany .00Y .00k .031 .024 .C0b
Source: Prenkel and Mussa (1980).



TABLE 2

Equations Explaining ihe Monetary Approsch to Exchange Rate Determination, Using the Dollar-Mark Exchange Rate,
1973:2-1979:4 and Subperiods

Summary statistic

Independent variable Standard
Equation and {e 4+ m* Durbin-  etror of
sample peried  Constant  — m)_, m—pm" y—y* (i—=i"y (i—i") R Waison  estimate Rho
2-1 1973:2-19719:4 5.% -0.03 ~].08 0.01 0.04 0.33 1.83 0.05 0.83
{2.81) (—0.07) {(~0.97 (1.50) (2.00
22 1973:2-1978:1  4.82 - 1.00 —0.93 —0.00 0.07 0.66 1.69 0.04 0.06
{2.51) (—0.50) {(—-0.29) {5.54)
2-3 1973:2-1979:4 4.63 - 1.00 -0.76 0.01 0.04 0.08 1.%0 0.08 0.99
(2.12) {—0.66}) (1.62) (1.82)
2-4 1873:2-1979:4 0.23 0.83 1.00 0.16 0.01 0.0! 0.88 .85 0.0s
(0.12) (8.25) (0.17) {1.38) {0.67)

Sources: Exehange rete—Board of Governors of the Federal Reserve System, Fedreal Reseeve Stwlishieel Reltease, G5, "Forcign Exchanpe Rares.” various insuer: us.
maney supply—Board of Goverrors of the Federal Reserve System; German momey supply—Iniernatianal Mornerary Fund. internahona! Financial Stansucs, various issnes,
and Deytsche Bundeshank: real incom:—Oryg tor E it Comoperalion and D t, Main E Indicarors, various issues; and ioterest cates —~Morgan
Guarenty Trust Company of New York, B erid Favanctol Markers, various iasnes.

a. Thr equations were estimated using quarterly dala. Tihe indegendent variables are: r=1logarithm of the dollas-mack exchange rate; m—legarithm of the mojwy pply
(M), seasonally adjusied: y—logarithm of Broas nativnal prodict at 1975 prices, seasanally adnsted st annual TiLeY: ix—yifld On fepresentauve moncy-murkel lpstruments;
and {L—yield on doavestic government bonds. An ik d a varlable for G . The bers In parentt Are fatalisti

Source: Dornbusch (1980)



TABLE 3: Equations Explaining the Portfolio Balance Approach to Exchange
Rate Dectermination, the §/DM Rate, Monthly Observations,
August 1971-December 1976
Estimation Constant M1 Foreign Assets RHO RZ D.W.
Method Germany  U.S. Cermany U.5,
OLS -94.3 -0.1034 0.1434 0.2495 -0.2899 N.A. 0.826 0.410
(6.0) (6.1) (10.5) (1.1) (1.8)
Cochrane-Orcutt -8.8 -0.0571 0.0889 0.4563 -0.2934 0.8639 0.938 1.333
(0.2) (1.6) (2.8) {(1.3) (1.6) (13.7)
2 SLS -4.9 -0.0618 0.0922 0.6758 -0.3976 0.8676 0.937 1.349
(0.1) (1.7) (2.8) (1.7) (1.9) (14.0)
Note: Spot exchange rate is in §/DM, as an index 1970 = 100; Money stock is in
domestic cyrrency; Assets are private foreign asset stock expressed in
dollars; R% is squared coefficient of multiple determination, adjusted
for degrees of freedom; and RI0O is first order serial correlation
coefficient. t-ratios are in parentheses.
Source: Branson, Halttunen, and Masson (1977)



TABLE &

Equaiions Exnlnin:inz Unanticipated Depreclation of the Nominal Effective Exchange Rate of the Dollar, Second Half of 1973 through
Second Half of 1979

Sumimary ratistic

; Standard
Independent rarmblf Durbin- error of
Equation Constant CAE cyc cyce INN Rt W atson estimute Rho
3] 1.5 =049 1.86 —1.86 0.41 2.13 6,2
(1.88) (—2.62) (1.315) :
3-2 2.7 -0.31 . 0.47 -0.78 1.1 0.63 2.03 5.5 -0.24
(1.69) {—1.82) (0.33) {0.57) {1.99) ’
33 1.1 -0.27 1.1 0.6) 2.11 51 -=0.28
{2.47) (=2.19) (2.53)
Sources: Forecast and actual avcount bal andd real Organisation for E ik C and Devel Qrcn e Uvwiloak,

YANDUA issucy; exchanpe rate—game as table | and inlerest ravcs—same as tuble 2.

& The dependunt variabie, unamiipated depreciauon of the dolkur, is described in fpure 3, note w. C¥C and C¥YC* wre unanticipated growth in real ouipur of, O prec
tively, the United Stares and 3 trade-weschied average of the five forcign countris in talite §. Unanliciraled grawth is the diffcrence belween the OECD s sia-month lore-
cast and realized growih. The daw are Ly wdpnsied | rases of prowih. CAE Ls the Farecast error fur ULS. current gceount balances. using the OLCD s Jurecasta,
The data are mcasured in billions of doltare seasnnally adjusied. AN denones the residuats from un suoecgression of shon-term inloresl diflcecn tuls betw een the Unumed
Statey and » trade-weighred average of five loreign eountrivs, Trade-weighted varigbles wse Uie weights in wbic |, note a, The bers i r

['.y- 1 s &7 b

Source: Dornbusch (1980)
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FIGURE 5
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FIGURE 6

Consumer Price Ratios, the Spot Exchange Rate and Forward
Premium, Monthly Observation, U.5./Germany, July 1973-February 19
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