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Abstract:

This research examines a problem that international business firms must face — fluctuating exchange
rates. These flexible exchange rates create uncertainty as to what the exchange rate will be at some time
in the future. An international firm can protect itself from adverse price fluctuations via a futures
market in international currencies. But, can a firm predict the exchange rate in the future? If it could,
then it can hedge at the most favorable time.

The currency futures market is assumed to be an efficient market This means information about future
events is contained in today's price.

The objective of this research was to test the efficiency of the currency futures market. This is done by.
setting up a general model of market equilibrium that specifies returns in currency futures markets is
constant. Then, this model is tested by an autoregressive model that states, post returns can be used to
forecast future returns It was concluded that some statistical dependence existed in the returns of
currency futures markets. Whether or not this dependence could be used to reap gains in the currency
futures market is the unresolved question of this research — although several strategies were tested
using estimated coefficients and they did not yield gains.
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ABSTRACT

This research examines a problem that international business
firms must face -- fluctuating exchange rates. These flexible
éxchange rates create uncertainty as to what the exchange rate will
be at some time in the future. An internmational firm can protect
itself from adverse price fluctuations via a futures market in
international currencies. But, can a firm predict the exchange
rate in the future? If it could, then it can hedge at the most
favorable time.

The currency futures market is assumed to be an efficient market.
This means information about future events is contained in today's
price. )

‘The objéctive of this research was to test the efficiency of the
currency futures market. This is done by setting up a general model
of market equilibrium that specifies returns in currency futures

"markets is constant. Then, this model is tested by an autoregressive

model that states post returns can be used to forecast future returns.

It was concluded that some statistical dependence existed in
the returns of currency futures markets. Whether or not this
dependence could be used to reap gains in the currency futures market
is the unresolved question of this research -~ although several
strategies were tested using estimated coefficients and they did
not yield gains.
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Chapter 1

" Introduction

A foreign exchange market facilitates trade between nations by
providing a market where currencies can be exchanged. In this market
monéy‘is freated like any othe? commodity -- it is bought and sola at
a price. This market is known as a cash, or spot, markef - that'is;
this market exchanges dollars for other,cﬁrrencies. Thehpfice in thi$
cash, or spot, market is called Fhe exchange rate.

If a firm in the United States is doing -business iﬁternatiohally,_
it must realize that the exchange rates bétween the doilar and otﬁér
.currencles are conétantly changing. Because 6f thése constant changes
in the exchange rate, a firm does not know what the exchange rate will
be at some time in the futﬁre. The exchange rate at some future.date
could be such that the international firm is adversely affected.

A firm can reduce the risk of adverse price fluctuations via a
market where future exchange fates are bought and sold. This market
is.known as a futures market. Unlike the cash -- or spot -- market,
the futures markef deals with exchange rates in the future:‘ whereas
the cash market deals with ekghange rates that prevail at present.

The futures mérket‘in international currencies is the International
Monetary Market division of the Chicago ﬁercantile Exchange. As in
other futures markets, a firm can "lock-in" a price (an exchange

rate) by purchasing the exchange rate today. This process, used by
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importing firms, is known as a long hedge and its basic elements are
discussed in the next chapter.

The existence'of a futures market in foreign e#change provideé
firms with a vehicle to reduce the risk of unfavorable exchange rate
changes; An unfavorable exchange rate change for an importing firm:
would be an increase in the exchange rate for a particﬁlar currency --—
that is, if it toék more doliars to buy the same number of Yen,
Francs, or D;marks. The next chapter of this paper discusses this
problem in detail; |

Obviously, a firm would like to hedge or "lock-in" a price for a
foreign currency at the "most favorabie" time. For example, an
" importing f£irm would like to purchase the foreilgn currency necessary
to complete internationai transactions at the lowest price possible.
Then, it would like to "lock-in'" this price on the futures market.
However, can a firm determine when a price is the lowest pos§ible
pricé? If it can, then this implies that a firm can predict prices

in the futures market.

Objectives

The primary objective of this study is to tést~the.efficiency
of five foreign currency futures markets on the International Monetary
Market. These five currencies are: British Pound, Canadian Dollar,

German Mark, Japanese Yen, and Swiss Franc.
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As in the case of most auction markets, the foreign currency
futures market is generally thought of as an efficient market.l In
short, this is "generally understood" to mean that "all available"
information concerning the price of a currency in tﬁe future is "fully
reflected" in the price quoted at any time for the currency in the
future. The statement that the currenthp¥ice of a futures contract
"fully reflects" all market information implies that successive priée
changes, or successive returns, are indepehdent. If this is the caée,
then a firm (or‘sbeculator) could not predict the price (or return) in
the futures based upon previous price changes (or refurns).‘ This
implies that a firm trying to decide when the "most favorable" time

to place a hedge faces a difficult task.

Procedure

The efficient market hypothesis states that, in short, the pre-

diction of futures prices is impossible. The reason for this, accord- .

ing to the efficient market hypothesis, is that all information con-
cerning the brice of a foreign currency in the futu¥e is already
reflected in the current price of that foreign currency. Chapter
Three of this study discus;eé the rudimentary elements of the theory
of efficlent markets.

Tests of efficient markets are concerned with the effects of

information upon market prices. The information set used in this
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study 1s the set of past prices in the various currency futures
markets. This information set is tested with an autocorrelation
model developed in Chapter Three. Basically, this model tests tﬁe
&egree of statistical dependence between past returns in the futures
market and present fepurns.

The results of this model are presented in Chapter Four while

Chapter Five presents the results of trying to predict futures prices. .

" Chapter Six contains the study summary, the conclusions, implications

to hedgers, as well as suggestions for further research.




Chapter 2

THEORETICAL CONSIDERATIONS '

An‘Introductd:y:PerSpectiye :

An, oﬁen economy is'an economy that trades with other economies,
As no country's economy in the world is self-sufficient, every .
country's economy can be classified_as open. Trade between économies
takes élace in both goods and services —— Americans buy Germaﬁwcars
and Europeans buy American brokers' services -- and in assets --
Americans buy Jaﬁanese stocks and Arabs buy American reai estate. To
facilitate this trade between nations, there must be a market'in
.which, for exémple,,an Ameriéan can trade dollars f;r another currency
in oxder to make foreign transactions.

The market where tﬁese currency transactions take place is the .
foreién‘exchange market. Simply stated, the conversion of one money
into another is the sale of one currency for another. In thié market
money 1s treated like any other commodity -- it is bought and sold
at a price. This price is called the foreign exchange rate. There
.are two basic foreign exchange r;te systems, = One of these is the

fixed rate system and the other is a flexible or fioatiﬁg éystem.

Fixed Exchange Rates
The world was basically on a fixed rate system from 1946 to 1973,
though there were occasional adjustments of exchange rates during that

period. In the fixed rate system foreign central banks fix the
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-dollar price of their currencies, and stand ready to Suy and sell U.S.
.dollafs at that price. This means the central bank has to finance
the excess demands for, or excess supplies of, U.S, dollaré.. (That_
is, the balance of payments deficits or surpluses.) The éentral banks

do this by running down or adding to their reserves of U.S., dollars.

Flexible Exchange Rates

During 1973, exchange rates between the dollar and other
currencles were allowed to float. This is the current system of
exchange rates. In this system the exchange rate is determined by the
supply of and demand for foreign exchange. Under the flexible ex-
-change rate system the demands for, and supplies of, foreign currency
can be made equal through movements in exchange rates. Under‘"clean"
floating there is'Eg_ceﬁtral bank intervention and the balance of
payments is'zero. However, central banks sometimes intervene in a
floating rate system -- this is engaging in so-called "dirty" float.

By mo means is floa£ing a universal pradtice. Only a small
minority of the world's currencies float, yet these currencies are
the major currencies in the world: ﬁhey account for seventy percent
of world trade. Of 122 member nations of tﬁe International Monetary
Fund, 18 nations allow their curren£§ to float (seven of these were
tied together'in a joint float).2 Thé other 104 were.pegged to the

dollaxr, pound, mark, or some other currency. It must be remémbéred;
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however, that when a currency is pegged to the dollar, it will float
along with the dollar vis-a-vis other currencies.3 Figure 2-1 is a

representation of how the foreign exchange rate is determined.

Price of S
one DM in
terms of
dollars

(D-mark out-payments)

D (D-mark in-payments)

Quantity

Figure 2-1. Supply and Demand Curves for D-marks in U.S.

The demand for D-marks in the U.S. (D-mark outpayments) repre-
sents such things as:
a) Purchasing German4 goods (imports)
b) Buying German services
c) Transfer of capital to Germany for investment
The supply of D-marks in the U.S. (D-mark outpayments) repre-
sents such things as:
a) Selling domestic goods to Germany (exports)
b) Selling domestic service to Germany
c) inflow of German capital
The prediction of an exchange rate is very difficult. The supply

of and the demand for foreign currencies depends on economic condi-

tions and policies relative to the rest of the world. Anything that
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affects pfices, incomes, interest rates, consumer tastes and préfef—
eﬁces, 6r any other ecénomic variable at home or abroad influénces
the ﬁosition of fhe suppiy and demand curves for foreign exchaﬁge
and therefdre affects the exchange rate. The exchange rate is deeply
rooted in the economic conditions of the countries involved. It does
béar emphasizing that in all cases if is the changes inside the country -

relative to changes in the rest of the world that counts.

The Mechanics of an Exchange Rate Change

Assume an exogenous change in American tastes toward lederhosen .
(leather walking shorts).' Further, assume that 1) there are no arti-
ficial barriers to trade in this market and 2) Germany is the‘only
exporter of lederhosen. (Of course, this is to keep within the tw&—

country framework.) What will happen to the foreign exchange rate f

between Germany and the United States, ceteris paribus? 'i
Figure 2-2 shows this change. The Americ;ns must pay the Germén
producers in Deutschemarks (D-marks). Ameriqaﬁs must convért the;irE
dollars to D-marks, thereforg there will/be a shift in the demand
for D-marks in the United States.
The exchange rate, the price of one D-mark in terms of doliars,
will increase due to the change in consumer tastes that stimulated_
impérts-of lederhosen. Note that this means a dollar will buy fewer:

D-marks. When this happens, the dollar has "weakened" or depreciated

»
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.

relative to the D-mark. Or, the D-mark has "strengthened" or appre-

ciated relative to the dollar.

Price of S
one DM
in terms
of dollars
4
P
P
Dl
D
1 Quantity

Q Q

Figure 2-2. Shift in the Foreign Exchange Rate

The Uncertainty of Exchange Rates

The increase in the exchange rate in the preceding example will
affect all firms dealing with Germany. If a firm is doing inter-
national business it must realize that it is doing so in a system
of exchange rates that are constantly changing. What effect do
fluctuating exchange rates have on international business firms?

Assume an importing firm -- National Blivit Company. This firm
imports blivits from Germany for resale in the United States. Also,
assume that there is a rather constant demand for blivits in the

United States market. Further assume NBC signs a contract with a
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German blivit producer under the following conditions: 10,000
blivits delivered in 90 days to the United States, payment in D-marks,
at a price of 12.50 DM/blivit.

At the time of the contract signing the exchange rate was $.50/1
DM. Situation (1) in table 2.1 is a pro forma income statement with
the expected profit in 90 days represented at the bottom line. If
the exchange rate happens to be $.50/1 DM, the firm will realize this
profit. This situation is depicted in (2) in table 2.1. Suppose,
however, the exchange rate in 90 days is $.55/1 DM. This situation
is shown in (3) in table 2.1. Note that the profit before taxes is
lower. In general, the relationship between ghe exchange rate and

profit before taxes can be shown as:

Exchange
rate

Profit

Figure 2-3. The Relationship Between the Exchange Rate and Profit
Before Taxes.
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Table 2.1

Income Statement for NBC
Some Possible Outcomes

At the Exchange Exchange Exchange
time the rate is the rate is rate is lower
contract same (.50) higher (.55) (. 45)=1n
was signed in 90 days in 90 days 90 days
(1) (2) (3) (4)
Sale of 100,000 100,000 100, 000 100,000
10,000 blivits
(at $10/blivit)
Cost of 62,500 62,500 68,750 56,250
goods sold
(at 12¢30)
DM/blivit)
Gross Profit 37,500 37,500 315250 43,750
from Sales
EXPENSES 20,000 20,000 20,000 20,000
PROFIT 17,500 17,500 11,250 23,750

BEFORE TAXES
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Figure 2-3 shows that when the exchange rate is higher (iue..if
it takes mofe d&llars to.buy the same amount of D-marks), profits
before taxes will be lower.
J The Nationél Blivit Company can protect itself from thi; ;dverse
.price movement by a type of insurance called a hedge. The firm must
buy D-marks in 90 days to pay fo? the imported blivits. To insure a
favorablé p;ice, the firm could enter the futures market todgy.and-

buy the D-marks. This transaction, known as a long hedgé,‘is shown

in Figure 2-4.

SPOT MARKET - FUTURES MARKET
NOW 4 ' . . BUY*
90 days . : '
from now BUY SELL

Figure 2-4. Long Hedge in Currency Futures Market

In order to do this all a firm has to do is call a commodity
broker and inform him of their desire to puréhase a D-mark futures
contract. (Specifica£ions'of IMM futures contracts. can be found in .
Appendix I). The firm must iésug a performance bond, called margin,
which is kept in the firm's acéount with a broker. Margin must be
put up to’show good faith in meeting contract specifications. . At this
time the firm is long in the futﬁres market. To close their position

the firm calls the broker and informs him of their desire to sell a
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contract. This.actibn cbncludes what is known as a round-turn.
At this time the firm must pay the broker a éoﬁmission -— usuaily
amounting to $45-$55. I |

Note that the transactions 90 days frém now, more or léss, cancel
each other out. Thg firm, then, has effectively "lockea in" a price
for the D-markshﬁow. (* above) The firm would then be prptected
. against an adverse price change, i.e. the dollar price of
Deutschemarks increasing.

The transactions labeled "90 days from npw" do not cancel each
other out precisely. This 1s because the price‘oﬁ thé‘spot marke£
and the price on the futures market might be differeﬁt, at that point
in time. The differenée between. the futu?es price and the spot price
is known as the basis.

In order for a hedge to eliminate price‘risk,'the futures price .
must move precisely paraliel with the cash price -- which it rarely'
does. 1In the context of this research, the basis is thé difference
between the futures market exchange raté and the cash, or spot,.
exchaﬁge rate. In actuality, the basis, tends toward Zero as fhe
delivery day for the futures contract approaches. This is reasonable
because, in the end, the futures delivery becomes a spot delivery.'
Thei‘become nearly perfect substitutes for each other, hence they'
should have equal value.  This principle is very important in a

futures market, as it is the éssence of the use of the futures for
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forward pricing, or fixing costs in advance.

In the foreign currency futures market the basis primarily
reflects 1) the interest rafe diffefential among couritries and
é) expectations. If stable conditions exist and there are no
restrictions for trade and capital flow, forward fates will vary
inversely with the interest rate differential between two countriés.
For example, if interest rates are 10 percent higher in Jépan than ip
the United States,'fhe forward price for'Jgpanese yen shéuld be at ;
10 pércent discount in'terms of Unitéd States dollars. This is known
as iﬁterest-rate parity: seldom is it achieved because world |
monetary conditions have been relatively unstable, and.barriers to
free trade and capital flow exist. Consequently, expectations have
played a large role in the foreign exchangé.basis.

As table 2,2 indicates, basis movements can éarn a firm either
a préfit or a loss: even if the firm is hedggd or unhedged - long

in the cash (or spot) market or short in the cash market. (See

Figure 2-4) Note that this profit or loss is either added to or sub- -

tracted from the profit a firm "locked-in" by hedging. This is

because a firm will enter the futures market to guarantee itself a

~ price, a price that will earn a profit for the firm. Basis movéments -

can either add to or reduce this profit.

What if the price of Deutschemarks had, in fact, gone down? The
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Table 2.2

Variations in Gains or Losses Resulting from Differences in
Cash and Futures Price Movements

Price Movements

to one who is "long"
in the Cash Market

Results

to one who is
in the Cash Market

short"

Cash Future” Unhedged Hedged Unhedged Hedged
Price Price
Falls Falls by same Loss Neither Profit Neither
amount as cash profit nor profit nor
loss loss
Falls Falls by greater Loss Profit Profit Loss
amount than cash
Falls Falls by smaller Loss Loss but Profit Profit but
amount than cash smaller than smaller than
unhedged loss unhedged profit
Falls Rises Loss Loss but Profit Profit but
greater than greater than
unhedged loss unhedged profit
Rises Rises by same Profit Neither Loss Neither profit
amount as cash profit nor loss nor loss
Rises Rises by greater Profit Loss Loss Profit
amount than cash
Rises Rises by smaller Profit Profit but Loss Loss but
amount than cash smaller than smaller than
unhedged profit unhedged loss
Rises Falls Profit Profit but Loss Loss but

greater than
unhedged profit

greater than
unhedged loss




. 16
effect on the firmfs profit is shoﬁn in (4) of table 2.1. The firm's
-profit will be greater than expected. If the firm had placed a hedge,
it would have done so needlessly because the price of D-marks had gone
down. In fact, the firm would have been better off profit-wise if it
had not hedged. But — this is an ex post realization, as the firm
did not know whether the price of Deutéchemarks would be higher or
lower than it is now in 90 days.

Could the firm havelpredicted these price movements? If it could,
then it could devise hedging strategies to place hedges at the most
favorable time. However, it.is the contention of this research fhat
a hedging strategy is a risk reduction tool.

Trying to earn additional revenues from the movement of
foreign exchange rates should be a secondarf consideration.

| An exporting or importing firm knows it can make money by export-
ing or importing.goods. Such a firm should realize it facesl
uncertainty in the foreign exchange market and ﬁse futures markets

to reduce this risk.

Hedging

The predominént role of the futures market has been, and is
today, facilitating hedging. In reviewing the development of hedging,
Gray and Rutledge (1971) categorized hedging into four classes. They

concede that classification is difficult, but each of their
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cafegorieslrepresent a different set of motives from the hedger™'s
point of view.

The first class.df hedging is thag done to eliminate price
fluctuations —-- an archaic view of hedging. Early in tﬁe century
Hardy and Lyon (1923) spoke of risk elimination, However, since cash"
and futures prices do not mbve strictly parallel, the risk of price
fluctuations cannot be eliminated. The second class of hedging1uﬁder
Gra& and Rutledge's classification is the reduction of riék conhected
with pricé fluctuation. Gruen (i960) pointed out that the effective
usefﬁlness qf a futures contract gependsgupon the rélatipnship .
between the futures and cash price.

A third type of hedging is hedging to profit from basis move~'r
ments, The 5asis is the difference betweén the futufes.priée of a
commddity and its price on.the cash market. Working (1953), using
wheat price data, said tﬁat'baéis fluctuations are predictable. 1In
effect, Working was saying that hedging 1s undertaken and inspired
by the profit motive rather than solely as a means of réducing,risk.
Risk reductién gained through hedging is an a&vanﬁage but, according
to Working, it is usually not the factor that instigates the hedge.
By being able to predict basis movemeﬁts, agents in.the>ma¥ket hope -
to profit frém changes in the basis. Broggﬁ (1977) tried to predict
the Great Falls; Monﬁana winter wheat basis oﬁ two grain gééhaﬁges,

with generally negative results.
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Working.also talked about the ;deas of selective hedging and
anticipatory hedgiﬁg. . These types of hedging are done'in response -
to expected prices. An example of anticipatory hedging would be é
cattle feeder who lqng hedges graln for cattle he has yet ‘to place
in the.feedlot bﬁt atiticipates he will have the animals in the feed-
lot. Selective hedging is the placement of a hedge when the market
participant expects prices to move against him. |

The remaining cléssification of hedging is hedging that is done
to maximize expected returns for a given risk (variability of r;turns)
or ﬁinimize risk for a giﬁen expécted‘return. This view of hedging
has been studied ffom the viewpéint ofAfortfolio theory by Steing
(1961). Billings (1978) found that cattle feeders in Montana could
have 1ncreased returns or reduced risk by judicious use of feeder and
fat cattle hedges. |

The International Monetary Market of £he Chicago Mercantile
Exchange was conceived as a futures market specializing in monetary
vehicles whether they be currencies, precious metals (including gold),

or other financial instruments such as United States Treasury Bills.

' The International Monetary Market began trading in foreign currencies

on May 16, 1972. There was already a world-wide forward currency
market maiﬁtained by the largest banks, but it catered primarily to
multinational businesses and a few wealthy individuals. In that

market dealings usually start at $1 million. On the other end,.
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brokers had been cri;ical of the International Commercial Exchange
because the contracts were so small.that they had little appeal to
larger hedgers. The International Monetarxy Market was aimed io.split
the middle.6

Most banks that deal in foreign exchange can enter a contract to
buy or sell any amount of a currenc& at aﬁy date in the fuﬁure, i:e.,
for forward delivery to tts customers. Overall, the modérn foreign f
exchange~market'has Been beneficial in promoting world trgdé.7
Higinbotham and Telser (1977) state that the benefits of.an organized
futures market are an increasing function of the number of potential
participants.

Baron (1976) points out that forward exchange mafkets or their
equivalents permit investors to perform thelr own covering of the
uncertain returns from share ownership, and consequently, firmé are
able to plan their outputs using the forward exchange rate as a
planning equivaient. |

fhere is indéed.a new literature developing which focuses on the
effects of an exchange rate on futures cash flows, that is, the degree
to which the present value of a firm is-affected by a éiven exchange
rate chénge.8 The major conclusions are that the sector of the economy
a firm operates in (gxﬁorts, imports,_or pure domestic) and the sources
of its inputs (imports or domestics) are important in delineating a

' . : ' 9
firm's true economic exposure to exchange rate fluctuations.
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The issue addressed in this research is.the predictability of
exchangé rates and its implications to hedging strategies. If firms
would be hédging seléctively;‘i.e., hedging when exchange rates are
éxpgcted‘;o'move.against them. Conéeivébly,‘firms might also be

‘hedging to‘pfofit from.basis changes, implying that risk reduction
motives are superceded by profit mqtives. | |

The issue of whether futures prices are predictable or notuhas
been a long standing argument between academicians and traders.'

The traders, broken into two basic gfoups, argue that futures -
prices are, in fact, predicfable —— at least to a certain &egree.
These two groups agree in philosophy but disagree in practice. Ong
group, the fundamentaiists, believe that the fundamentgl 1aw$ of
suﬁply and demand underlying the futures market are responsible for
the price formation proééss in the futures market. Thé fundamenta-
lists then élaim they are able to predict fufures prices Qia their
ability to forecast.shifts in supply and demapd.

The other group, the technicians, doesn't discredit thé process -
by which the fundamehéaliéts predict., ~However, they point out that
this informétibn.is in pést price data and that future‘futures pfices
can be predicted via pas£ futures market price data.

The academicians argue that all new information regardipg the
commodity occurs randomly. TIf this is the case there is no wéy to

predict a change in the price because of the random nature of new




| J—

21

‘information being released. Also, argue the academicians, this new

information is quickly absorbed by the market. Since prices respond
to information so quickly, there Qill be no possibility to observe
price movements and take adﬁantége of ghese price movements through
any sort of mechanical tréding rules. The academicians argue, in
essence, if you expect the price to be higher tomorrow, it ﬁill'bé‘
higher today. (Samuelson, 1965) |

1t is interesting to note that Carl Menger is reported to‘haQe

made careful studies of the Vienna Stock Market before, in.1871,

developing the concept of marginal utiiity and his theory of priéés;lo

‘However, the take off point for most arguments concerning the random

nature of p;ice series usually begins with the pioneering work of
the French mathematician, M. L. Baéhelier. Bachelier, in his |
iheérie de la Speculation (1900), elegantly degived the theory of. '
the random character of stock market prices. Basicélly, Bachelier}é
argument took this form:A | |

e P, =P, +e, :

Equation (1) says that the price in time t is équal,to the price

ét time fél plus afrandoﬁ element, €y Bachelier also argued that
E(ét) = 0.‘ The logic behind this goes as follows. If in fact-

E(st) > 0, tradgrs would buy now, assuming they could always sell

later.at a higher price at a later date. However, this buying
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activity at time t-1 woﬁldAforce the t~1 price up to the level where -
E(e£j =0. A similaf argument could be constructed if E(et) < 0.

-Because Bachelier's work was so advanced'for its time, it took
'the rest of the academic world yéars to follow up on his outstanding
work. Ecbnomists hgve applied his‘theory to price éerieg and have
had mixed results. Kendall (1963) and Alexander (1961) both cqncluded
that price changé§ were random, ﬁhile Cérson (1960) found éhat ﬁrices
change following a.moving'average p;oceés. _Samuelson (1965) elegantly -
demonstrated that prbperly aﬁticipated prices move randdml&. However,
Smidt (1965) and Stevenson and Bear (1970) rejected the ranéom walk
as an explanation of futures price behavior.

Holbrook Working (1958) offered anothé? explénation‘bf the mové—
ment of futures prices. His model tried to explain a'graduél effec;

L]

of information on futures prices. The random element, € in any

£’
period is affected not only by the new information but also by the

series of past information, according to Working. Working's theory

can be put into the framework of time series analysis accordiﬁg‘to ’

the following finite random shock.forniula:ll

YU oo o o+ ¥ U

g-1 t

where Zt is the price change and the Ui's are random variables which

(2) Zt = Ut + TlU

explain the process of price formation through new deVelopment and

wy

new information.
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!
To apply time series analysis it is necessary to assume that the

Ui's are independently, identically dié;ributed. With this assumption,

the process becomes a linear discrete stochastic proéess (Nelsoh,
1973). Equation (2) can be approximated as an autoregressive process
of order P as follows:
= + + ...+ Z +
3). Zt nlzt_l nzzt_z ﬂp t-p €,

where the ﬂi's are functions of the Ti's in (2) above and the Zt—l'

S

are previous observations.

Equation (3) is the fuﬁdamental form of aﬂ'equationlthat Wil;‘be
developed in chapter three that will be used to test the efficiency
of currency futures markets on éhe Infernational Monetary Market.
Expression (3) is a.test of thevefficienﬁ market theory. In the next
chapter the rudimentary elements of.the efficient market theory is

“ discussed as well as the model used to test tﬁe efficiency of

currency futures markets on the International Monetary Market.




Chapter 3

' EFFICIENT MARKETS

‘Forms of the'Efficien£ Market -Hypothesis
' Market priceé react to supply and demand conditions. The effi—'
cient market hyﬁothesié attempts to explain some factors‘affecting'
supply and demand. There are three forms of the efficient market
hypofhesis: weak form; semistrong form, ;nd strong form. All déscribe
the effects of information, they ‘differ in_degree of the information
set.

The weak form safs that markets are efficient enough to make
the study of past_prices a worthless way of tfying to.detérmine future
prices; The information set in the weak form test is the series of
past prices. The‘semiétroﬁg form says that as soon as informafioﬂ
affecting the.market becomes public, it is ipstantaneously énd'éqcu—
rately taken into account by the market. The strong fdrm éays that -
these adjustments are not pfeqictable enough to permit superior re-
turns. The strong form fest.says all information, not just public
information is taken into account and the market priées mdvé accord=-
ingly. The form of the efficient market hypothesis tested in this
study is the weak form test. It is appropriafe ﬂere:to pfesent a

general discussion of efficient markets.
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General Discussion of Efficient Markets

An efficient market is a ﬁarket that proceésés,infbrmation
"oorrectly". The prices observed at any time in the market are based
on "correct" evaluation of éll information available at that time..
In an efficient market, prices "fully'reflept"'availablg information.
(Fama. 1970). Information. includes not onl& sucH things as hard data,
factual reports, or informed opinion, Bu; ail elements affecting a
market —— such as misinterpretation, misinformation, fads, trends,
and faulty expgctations. (Jones, Tuttle, Heaton, 1977) The weak
form test of the efficient mérke£ hypotﬁesis assﬁmeé such factors are
reflected by past prices.

To étart the aiscﬁssion of efficient‘markets, assume thaé all ~
~events of interest take place at discreFe points in time -- t-1, €,
t+l, etc. Then define the following:13

—~ the set of information available at time t-1, which is

b
1 relevant for determining currency futures prices at t-1.
¢2 1 the set of information that the market uses to detérmine
currency futures prices at t-1l. Thus, ¢2_1 is a subset
of ¢t—1'
P, —— price of currency j in_dollars at time t-1;
3.t-1 j=1,2,..., n where n is the number of currencies.
’ m - ‘
fm,A(Pl,t+A’f"’Pn,t+A I ¢t—1) —~ the joint probability density

function for exchange rates at time t+A (A > 0)
assessed by the market at time t-1 on the basis of

the information ¢?_13
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P

£, (P ) =— the "true" joint probability

Le+p? " 2 A, t+x l ¢t—1
density function for exchange rates at time ttA (A > 0)
» that is "implied by" the information $roq-

The set of information ¢t—l available at time t-1 includes what
might be called the "state of the world" at time t-1: e.g. current
and past values of any relevant variables, like wages, prices, and
"political climate', the tastes of consumers and investors, etc.

Since ¢t—1 included the past history of all relevant variables, ¢t—l

includes ¢t—n; equivalently, 5 0 is a subset of ¢t—1 (for n > 1), In

e
addi?ion to current and past values .of relevant variables, ¢t;l is also
assumed to include Whateﬁer 1s knowable about relationships among
variables. This-includes.relationships among current and past values
of the -same or different variables, and also whatever can be predicted
from future "states of world" from the currént state.

In short, the information available at t—i, includes not

b1 |
only the state of the world at t-1, but also what is knowable about
the process that describes the evolutiop of the world through time.
(Fama.-l976) One of the things that is assumed to be knowable about
the process is the implicafion of thg current state of the world for
the join£ probability distribﬁtions of exchange rates at future times.
Thus, ¢t—l is assumed to imply the joint density fupctions fx(El,t+x .
s Boe | ¢._)s A=0,1,2, ... K

The process of price formation at time t-1 is then assumed to be-
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as follows. On the basis of the information ¢2_1, the market assesses
lt; AN
m ; . ; ‘
Pn?|¢t—l) whgre Pit = ?lt’ P2t s sy Pnt' From this assessment of the

2

distribution of excliange rates at t, the market then determines appro-

a-joint distribution of exchange rates for time t,_fm(P

P for individual

i ent ange P 13 ¢ o e
priate current exchange rates, 1,t-1° > “n,t-1?

curfencies. The appropriate current exchange rates are determined by
some model of market equilibrium —-— that is, by a model that determines
what equilibrium market exchange rates should be on the basis of
characteristics of the joint distribution of exchange rates at t.lé
(Fama, 1976) A market eqqilibrium at time t-1 is achieved when the
market sets exchange rates Pl,t-l’ R A for individual -
currencies at Which.the'dgmand for each curreﬁcy'is equal to the supply
'of the currency. In other words, a market equilibrium implies a
market-clearing set of exchange rates for all currencies.

If the currency fﬁtures market is hypothesized to be efficient

1) ¢IE-1 B ¢t-l ’
That is, the‘informatibn used by the market to determine futures .
prices is equal to all the information available.

Having correctly assessed the joint distribution of exchange rates
for t, the market then uses somé model of equilibrium to éetAéxéhange

rates at t-l. The model says what the current exchange rate of curren-

cies, ?1,t—1’ SR Pn,t—l’ should be in the light of the correctly
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assessed joint disgribﬁtion of exchange rates fbr t.lé (Fama, 1976) -

Tests of market>efficiency are concerned with whether or not the
mérket does cérrectly use available iﬁformation ip setting pfices.
Most commoﬁ are testé that try to determine whether ﬁricés fully
reflect specific subsets of information. For.example, one possible
source of information about future currency futures prices is tﬁe

i R

Histofy of past currency futures prices. A nontrivial segment oflfhe
empirical literaéure of efficient markets is concerned with whether‘
current pfices fully reflect any information in past prices. jFéma;
1976) This has a major empirical implication -- it rules out the
.possibilit& of»trading sféfems based 6n1y on information in past -
prices that haﬁe expected profits or returns in excess of equilibrium

expected profits or returns, (Fama, 1970).

L3

Tests of Efficient Markets

The primary objective of this study is to‘tést thé'efficiency éf
foreign currency futures markets on- the International Monetary Market.
To test the efficiency of a market, a general model of market equili-
brium must be devised. It is against.this model that‘effibiené markgﬁ
tests are‘coﬁducted. There are four basic types of these markét

models and each will be briefly presented.16
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Expected Returns are Positive

The first model of market equilibrium says that at any time t-1
the market sets the price of any security j in such a way that the
market's expected return on the security from time t-1 to time t is

positive. Therefore, let

@) Fit " P,

Pi,t-1

R, - the rate of return in currency futures market i &uring_sdme
time period t-1 to t..

P, - the futures market price of currency j at time t.
Pj -1 " the futures market price of currency j at time t-1.
, .

This model of market equilibrium says that the market always sets

Pj t-1 S© that the mean of the resulting distribution of Rjt'is '
strictly positive. (Fama, 1976) That is,
m
- E (P, i
> TN nCieley ~ By ey ,
m It ey P,
j,t-1

Expression- (3) states that the market seés the pricé of seéurity'
j at time t-1 such that the £rue expected return on éecurity i is
positive. In other Wordé,-the market has correctly assessed all
available information at time t-1 to set the price of security j such
that dits return from time t—1 to time t is positive. Note that if

the expected return on D-marks in terms of dollars is positivé,-then




30
the expeéted return on dollars in terms of D-marks is negaﬁive.

Filter tests are the only tests of market efficiency which test

the general equilibrium market model that assumes returns are positive.

(Fama; 1976)

A filter test is a type of trading rule that says once a security

has started to rise it will continue to rise; once a security has
started to fall it will continue to fall. The basic trading rule of

- a filter test is: 1if the price of a security moves up at least x

percent, buy and hold the security until its price moves dowﬁ at least

x percent from a subsequent high, at which time simultaneously sell
and go short. The short posiﬁion is maiﬁtained until the prige risés
atgleést-x percent above a subsequent low, at which timé the shdrt.
position is covered aﬁd a long position is established. Moves less
than x percent in gither direction are ignored. Such a éystem;}s“
called an x percent filter. (Stevenson and Bear, 1970) |
Stevenson and Bear (15705 found that; in fact, filfer rﬁiés could
be successfully employed in corn and soybeans futures markets. Alex~
ander (1961), and Fama and Blume (1966) conclude the filterjrdies

cannot, for the most part, beat the simple strategy of buy and hold.

Expected Returns are Constant

Anothgr type of test is based on a model in which the expected

return is assumed to be constant through time. Specifically; this
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model says that‘at any time t-1 the market sets the price of any
security j in such a way that the market's expéctéd.return on the
security from time tjl to time t is constant. This moael of market

equilibrium- says that the market always sets Pj 1 so that the mean
b

t—-
of the resulting distribution Of‘Rjt is constant. (Fama, 1976) That
is;

. . m
(4) Em(Pjtl¢t_l) -

. p .
m .
= J’t_l =
E,(Ryplo,_1) - E(R;)
. j.t-1
This return, Rj’ is constant thfough time, according to the model.
Note that the model says that the return is constant, which implies

that the return, R., could be positive, negative, or zero.

J
Equation (4) implies that for all ¢._j, E(Rjt|¢t—l){ the regres-
sion function of Rjt on ¢,._q1 is the constant E(Rj). This means. that

is regressed on any of.the elements from.the set

" if the return, Rjt’

of information available at t-1, alllthe coefficients except for the

intercépt should be. indistinguishable from zero. If some of the

variables have nonzero coefficients, (4) must be rejected. ' That is, -

the joint hypothesis that the market is'efficieht and that it séts
.prices so that equilibrium expected returns are constant through time
is réjected. (Fama, 1976)

Stevenson and Bear (1970) tested against this type qf'model

using  serial correlation coefficients. They concluded that, in corn
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and soybean futures markets, the information in past returns could be
used to predict future returns. Larson (1960) also concluded that

there is a discernable pattern to commodity futures prices.

Returns Conform to the Capital Asset Pricing Model

A third type of general equilibrium market model that is tested
is the capital asset pricing model.

Sharpe (1964) originally proposed a model of the equilibrium
pricing of portfolio assets. Lintner (1965), Mossin (1966) and Fama
(1971) later extended the model. Sharpe showed that conditions exist
under which the equilibrium risk-return relation for any capital
asset 1 can be represented as:

E(R) - R, 0(R,)
o (ﬁw) : Sxi

(5) E(R) =R +
1

where:

Ri - the random rate of return on asset 1i.

E(ii) - the mathematical expectation of éi ,
Rf -~ the pure time return on capital or the so-called riskless
rate of interest.

R - the random rate of return on a representative dollar of

L total wealth or, equivalently, the return on a portfolio
containing all existing assets in the proportions, Xy in
which they are actually outstanding.

E(Rw) - the mathematical expectation of RW {
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O(R ) - the standard deviatlon of the return on total wealth —-
a measure of the risk involved in holding a representatlve
dollar of total wealth,

90 (R,) - the marginal contribution of asset i to the risk of the -
3 Xy return on total wealth G(RW).

Expression (5)Jsays that, in equilibrium, the expected rate of
“return on any asset i will be equal to tﬁe riskleés rate of interest

plus a‘risk ﬁremium proportional to the contribution of the asset to .
the.risk of the return on total wealth.

In general, the test gonducted with the_capital asset pricing
model follows this type of procedure. First let Rjt be some return
on asset j at time t and further let Rmt'be the returns to the market
at time t. The market model can then be estimated from time series
data on R.jt and Rmt’ ﬁsing ordinary least squares. (Fama, 1976)' The
form of the test is:

(6) Rjt =0, + Bj Rmt + ej£

the error term, & is assumed to be normally distributed with a

je’? A
mean of zero and a constant variance. With an efficient market, thg
de&iation of ejt from zero regults solely from new information that
becomes available frbm t: there is no way toluse information avail-
able at t-1 as the basils of a correct nonzero assessment of the
expected value of Ejt' (Fama, 1976)

The first study that uses the market model as the basis of a

test of market efficiency is the work on stock splits by Fama, Fisher,
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Jensen, and Roll (1969). Dusak (1973) uses the market model to test
market efficiency in several commodity futures markets. These

studies concluded that such a relationship existed in the market.

Returns Conform to a Risk-Return Relationship

The fourth type of general equilibrium market model is the theory
that returns cénform to some risk-return relationship. Note that the
capital asset pricing model also posits a risk-return relationship.
However, the risk-return relationship described in the capital asset
pricing model has some restrictive assumptions. The capital asset
pricing model (CAPM) presents this type of a risk-return relationship:

Return

Risk
Figure 3-1 CAPM RISK-RETURN RELATIONSHIP
The relationship presented in Figure 3-1 says that in order to
achieve a higher return an investor must assume more risk. Figure
3-1 also says that the return to an asset is equal to some risk free
rate (point A) plus some risk premium.
The capital asset pricing model posits that the risk-return

relationship is linear. Other general equilibrium market models
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‘couldlhypothesize a‘relationship between risk and rate éf return that
is direct but could be quadratic,_exponential, or some other nﬁnlinéér
spe;ification. Also, the assumptions of the capitél asset péiéing
model such as17 1) unrestriéted borrowing and lending at a risk free

‘rate, 2) costless information and 3) costless transactions could be

modified or eliminated irn another general equilibrium market model.

Metﬁodologz
The Modél

The general model of market equilibrium tested against here ig
the model that posits that expecfed returns are constant. The subsgt
of ¢t—l (the information available to gil market participants at time
t-1) that is used in this studylis tﬁe potentidl information about
expectéd'returns that appears in time series of past returns. If“the
market is éfficient and equilibrium expected returns are‘constan;
through time, the:past returns on security j are a source of infor-
mation about E(Ri)' (Fama, 1976)' But? if the market is efficient
the past returns on security j,éannot.be used to estimate the devia-
fion of R.jt from E(ij)'

If an éfficient market exists, there is no way to use ény infor-
matlon available at time t;l as the basis for a éorreét assessment of
an expected value of R ‘which is different from the assumed constaﬁt

it
equilibrium ekpectéd'return. (Fama, 1976)
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Therefore, for any sequence of past returns, Rj,t—l’ Rj’t_z,ﬂ..{

the conditional expected value is
(7) ER, le -1 Rj,gepr ¢ 0 v ) = EQRY |
Statement (7) can be tested in:this manner. If the correct
assessment of the expected valﬁe of R, 1s E(R.), then for any R, Y
Jjt J ’ J;Et-n
jtlj,:n)—Em)

To test (8) an alternative hypothesis is introduced, ome that

(8) E(R

proposes that the regression function is linear in Rj tin’ This

hypothesis has the general form:

(9) E(R ) = o + B8R

jtlJtn n j,t-n .

If the market is efficient, and if equilibrium expected returns
are constant through time, this 1mplies that the coeffigienté oh.the
~ return on any secutrity j are zero for all values of the lag o,

The general form of the model to be estimated is
(10) Rj,t = oyt BRy g FBRy L +"'+BnRj’t7n +'€j,t-

where:

aj - the intercept term.

- estimated regression coefficients i = 1.,,,,n.

Bi 4 -
RJ £ the return to currency j during the time period t-1 to t.
R, Jt-1 - its return from time period t-2 to t-1.

j g ~ 1ts return from time period t-n-1 to t-n.

ei,t - a random error term that is assumed to be normally distri-

buted with' a mean of zero and a constant variance.

Expression (10) will be lagged an arbitrary n time periods. If

the last time period does not contribute significantly to thev
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estimation of R.j . the variable will be dropped. This process
R ;

will continue until a model of some nth order autoregressive process
remains.

The. null hypothesis to be teéted is

(11) H : Bl = 82-=‘... = Bn =0

Also, the constant term, o £ will be tested to determine if
S

3
it is significantly different from zero.
Two. different return specifications will be tested; this is

because a priori neither is a clear choice. The first defines the

return to currency futures market .j as

(12) .

R, . _ P16 7 Fj e

J’t— P

J,t-1
where:
R. - the return to currency futures market j during time periad
I 11 to t. :
Pﬁ £ the futures market price of currency j at time t.
3

Pj,t—l - its price at time t-1.

The second defines the rate of return to currency futures market
j during the time period t-1 to t as

(13) R, =P,  -P, .

(13 J.t J,t j.t-1

- where:

Rj - the rate of return to currency futures market j during
’ the time period t-1 to t.
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J»

P, e the futures market price of currency j at time t.

P - its price at time t-1.

j,t-l. . :
Note that this model measures absolute changes in the price rather

than percentage changes. |
If one of the return specifications can be deemed superior to

the other, another model will be specified and run. This model will

contain 1egged returns from other currency futures markets as weil as

iagéed values of the currency in queseion on the right hand side.

This is a multimarket model. that tests:whether'returns.in currency

market i1 are dependent upon returns in currency market j.

The Data

.The five most actively traded currency contracts on the Inter-
national Monetary Market comprise the data set for this study. These
five currencies include: British pounds, Canadian dollars, Jepaneee
yen, Swiss francs, and West German marks.

The data set cevers seﬁen years of tréding on the IMM: 1972
to 1978. Each year is broken down into four contracts —-- March,
June, September, and December. Therefore the data set for each
currency starts with the September 1972 contract and ends with the
December 1978 contract. For any particular contract,.there_are about
62 observations. 'Consequently; tﬁis resulfs in a éata sample of

1,636 trading days.
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Thg contract nearest maturity 1s used in the data set. For
eiample, when the June contraét closes, the September contract com—:
prises the data set until it closes, then the December contract
comprises thg data set until, in turn, it closes, etc. In this
_ manner a'continuogs time ﬁorizonris achieved; a futures price for
each currency on every trading aay'from June 19, 1972 to December 18,
1978 is thus included in the data. |

These futures price observations then generated returns. The _
difference between the futures price at time t and at time t-1l com~
prises a first—difference_return while the percentage cﬁange of these
two futures priées comprise the percentage change return. These
two return specifications are computed over three different ﬁime
periods, ife., f&r a one day return, six day return, and a twenty

day return. Note that these returns are computed ovér trading days.




Chapter 4

RESULTS

The general equilibrium market model that was tested was one that
stated the returns over time are constant. The type of model con-

structed to test against the general equilibriumlmarket model is

an autocorrelation model of this form:

1) =0+ B R, + B.R, e
(W) Ry ¢ Z o+ BiRy g FBRy ept s TRR e
where . )
R.j ‘ - the return to currency market j at time’ t.
’ ! .
R, - its return at time t—i, i=1, ... , n.
J’t—i

0 -~ the intercept term.
81,82,.;.,Bn - estimated autocorrelation coefficients.

€, - a random error term which is assumed to have the classic
properties, i.e. E, v D (0,02) .

Two different specifications of the independent variables were
tested. After the results‘from each are presented, these.specifica~
tionvaiil be assessed one against the other to‘detefminefif_one is
superior; One,.the percentage return model, ‘defines the indeﬁeﬁdent,
"variables as a percentage return,lpﬂat is

P, - P, .
= 1.t Jst_l

(2) R,
, 3.t jot-1

The other, the difference model, defines the independent
variables as a change in the price, that is

3 R, =P, - P,
() J.t - 3,t j,t-1
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Ihe two specifications wgrevlagged an arbitrary fifteen fime
periods. The time periods used:were one day, six day; and twenty”day.
Each specification and time period combination was estimated for each
cufrency, The maintained general equilibrium‘ﬁarkef hypothesis
tested against is

4) ER|R =R .

t—l""Rt-n)
Expression (4) implies that this null hypothesis be tested for

- equation (1):

ST L. B
(5) Ho. Bl = e Bn =0 .

"1f (5) is true then (1) becomes

(6)

=0 f €¢ >

R | |

that is, the return to currency'j atrfiﬁe t is some constant (o)

plus a réndom'error term (et). If (5) cannot be rejected, then (4)

cannot be rejected. 1In cases where (5) is rejected, (4) is-rejected,
In. cases where (5) is not rejected another hypothesis will be

tested. This hypothesis states that the returns to currency futures

market } over time are constant and, .further, these constant returns

are zero. Thus, this hypothesis will then be tested:

Bl =
Note expression (7) is conditional upon (5) and is tested by

(M) H: o= cer = Byg =0

whether the mean return is'gqual to zero, that is if the mean,of the .

dependent variables is different from zero.
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Expression (5) has broad implications. If it‘cannot bé rejected
then it appears that Information contained in last time period's
return is not much help in forecaéting this time period's returﬁ. If
it is rejected, then information in the last time period's return can
be used to forecast this time-period's return. This, tﬁen, would
lead to the rejecéion of the-joint hypothesis.phat the market_is.
efficient and that it égts prices so that equi1ibrium returns thtqﬁgh
time are comnstant. |
- Although (5) is the null hypothesis that tests the theory of
whether returns are-cohstant, if would bg beneficial to test to sée
where any statistical dependence might be concentrated. If (5) is
rejected, it is bec#use high order lags are different from zero or
is it because low ofder lags are differeﬁt from zero? S&, for éacﬁ
of the currencies, time periods, and independent va;iable specifica~
tions, the following tests were made.

First, this hybothesis was tested:

(8) Hy: Byy = Byp = By3 =By =8y5=0
then,
9) Ho: 88 = 39 = ... =.315.= 0
then,
(10) HO: 82=63"‘-"---=615=0

and finally,

=B, = eee =B, =0

(11) =u_: 9 15

p' Bi
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4The most extensive hypotnesis is expression (10), wherein the
maintained hypothesis is that none of the explanatory variables has
an influence on the mean of the‘dependent variable. This hypothesis
is tested -against the alternative that the maintalned hypothesis -is:
not true; that is, that at least one of the regression coefficients is.
different from zero. If (11) is ttue then the variation of the:denen—
dent'variable from‘obeervation to ebservation is not affeeted by
changes in any one of the explanatory variables, but.is a constant
term plus a random element.

The appropriate test for evaluating (11) is

SSR/ (k~-1)
SSE/(n-k) = " k-1,n~k
where
SSR -- the snm of squares due to regression.
k — tne number of estimated regression coefficients.

SSE —-:the residual sum of squares.
n-—- the number of sample'observations.
- distributed as an F with k-1 degrees of freedom in

the number and n-k degrees of freedom in the deno-
minator.

k-l n-k

The calcuiated‘F is compared to a critical F value.’ The critical
value changes with the number of degrees of freedom. If the
calculated F exceeds the critical value, then the null hypothesis,

(11), is rejected.
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Testing the expressions (8), (9), and (10), is somewhat different
In general these tests concern the influence of additional expla—
.natory varlables on the mean of the~dependent varieble.

In particular, note expression (8). This expression tests two
different theories. The first states

Q2 e T T PRy e T T BroRy 10
where the terms in (11) have the same definltion as they do in (1)
Thelsecond theory states

(13) R, =o kR gh e F B R ete
where the terms in. (13) have the same meanings as the terms in (12).
Note the difference in the two theories is that (13) includes five
more independent variables. To test expression (8) is to test ‘
between the two theories. That is, do the five added regressors as
a group affect the mean of the dependent variable?

To formdlate the appropriare test, a new notetion is intreduced,
using the subscript k to denote the values pertaining to the originel
set of explanatory variables, and the subscript Q to'denote the.

values of the extended set of explanatory variables. If the null

hypothesis is true then

(13) (sSRy - SSR.) / (@ - K) ¢

S5Ey / (8 - Q Q-K,n-Q
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where

SSRQ —— . the sum of squares due to. regression of the extended set
. of explanatory variables. :

SSRK -- the sum of squares due to regress1on of the original set’
of explanatory variables. :

Q -- the number of explanatbry variables in the extended set.
.K‘—- the number of explanatory variables in the originel‘eet.

SSE_ '—— the residual sum of squares in the extended set of
explanatory variables.

n -- the number of sample observationms.

¥ —_
Q-K,n-Q the numerator and n-K degrees of freedom in the

. denominator.
(Kmenta, 1971)

distributed as an F with K-1 degrees of.freedom in

Expression (14) can be used to test (8), (9), and (10). Again, a-

calculated F statistic is compared to a critical value of an E'
statistic to make the decision of whether or not to reject the main-
tained hypothesis, |

Tables 4.1 and 4.2 present the test results ftdm expression (8}.
This is the hypothesis that the independent variables eleven to
fifteen are.not eignificantly different - from zero.

Of the thirty cases tested, the maintained hypothesis that the
eleventh, twelfth thirteenth, fOurteenth and tifteenth lag of the
dependent variable have no effect on. the mean of the dependent vari—
able was only reJected‘once. This was the first difference return

specification for the Japanese yen during a six day holding peridd.
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TABLE 4.1
B b Byt By g 15
Return Specification -- Percentage Change
Time Period (days)
Currency 1k 6 20
British Pounds NO NO NO
Canadian Dollars NO NO NO
German Marks NO NO NO
Japanese Yen NO NO NO
Swiss Francs NO NO NO

YES --

NG

the null is rejected

the null is not rejected
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TABLE 4.2
B ORI B b R A BT
Return Specification -- First Differences

Time Period (days)
Currency 1 6 20
British Pounds NO NO NO
Canadian Dollars NO NO NO
German Marks NO NO NO
Japanese Yen NO YES NO
Swiss Francs NO NO NO

YES -- the null is rejected

NO -

the null is not rejected
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At the 95 percent confidence level, the null is'expected to Se
-rejeéted when ‘it is in fact true 5 percent of'thg time."Therefore,'
(8). might be true for a first difference return specificafi&n for a
holding period of silx days for the Japénese yen. Howe?gr,_séﬁpiing
may. have called for a fejé;tion‘of this. hypothesis in this one case.
Therefore, it is poncluded that (8) cannot be rejecfeq.

Tables 4.3 and 4.4 show the test results of expression.(9).
This hypotﬁesis states that the eighth through thé fifteenth laé of .
the:dependentlva¥iable.do not, as:a éfdup, affect the mean of the
* dependent .variable. |

Of the thirty cases where (9) was gested, two were rejected;
These two were: German marks, percentage return specification, one
day hola and Japanesé yen, first differenée return specification, si#
day hold. The same argumeﬁt used previously could be used in tﬁis
case, Filve percent-of.the time, the null will be fejeqted.whéﬁ it
is, in fact, trué.. Thefefdre, twd cases out'of tﬁirty is.nbt‘ _ |
extraqfdinary. However; it must be‘remembered thaf these tests are
not independent. fhat-ié, if (8) is rejected, (95 will also be
.-rejeeted. ‘But, only Japanese yen six day hold ﬁith a first-difference
return specification has fejeéted (8).

This could Be notﬁing more than.chanée, especially in the liéht

that the time periods were arbitrarily chosen. For any given sample,




| 49
TABLE 4.3
HO 88 = 89 = = 815 = O
Return Specification -- Percentage Change
Time Period (days)
Currency 1 6 20
British Pounds NO NO NO
Canadian Dollars NO NO NO
German Marks YES NO NO
Japanese Yen NO NO NO
Swiss Francs NO NO NO
YES -- the null is reje(jtcd
NO -- the null is not rejected
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TABLE 4.4
e e % Pas T
Return Specification -- First Difference

Time Period (days)

Currency 1 6
British Pounds NO NO
Canadian Dollars NO NO
German Marks NO NO
Japanese Yen NO YES
Swiss Francs NO NO

YES -- the null is rejected

NO ‘=

the

null is not rejected

20

NO

NO

NO

NO

NO
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" there exists a model that will fit it well. It could be Ehat for tﬁg
Japanese yen, the six-day first difference return ﬁodel happens to fit
the data.A Alternatively, this coﬁld be an indicafion of statistical
.dependénce in,the Yen market.

Tables. 4.5 aqd 4.6 show the test results of the null hypothesis
in ekpression.(IO). Of the thirty casés, eiéht rejected Fhe main-
tained'hypothesis that the second through the fifteen lag of the
dependent'variable, as a group, have no effect on the mean of the

" dependent variablé.‘ It is interesting to note that in no case has a
twenty day holding period shown any statistical dependence.

In this particular case, two six period holds, the Japanese yen
and the Swiss franc (both with the first-difference return specifica-
tion) rejected the null., Six one period holds rejected the null:

‘three in the fi:St—diffefence return specification (Canadian dollars,
German marks, Swiss-francs), and thrée in the percentage return speci-
fication (Caﬁadian dollars, German marks, Jépanese yen). Again, the
Japanese yen six day hold with a first—differencé return specifica-
tion fejected the null. | |

‘The last hypophesis tested was expression (11). This maintained
hypothesis theorizes,that none of the lags of the dependent variable,
from the'first to the fifteenth, have an effect on the.mean of the ’
depen@ent variable.T Tables 4.7 and 4.8 show ghe'results. (Appendix

IT contains the numerical test results for (8), (9), (10), .and (11)).




TABLE 4.!

e T Sei T S s T St
Return Specification -- Percentage Change
Time Period (days)
Currency 1 6 20
British Pounds NO NO NO
Canadian Dollars YES NO NO
German Marks YES NO NO
Japanese Yen YES NO NO
Swiss Francs NO NO NO
YES -- the null is rejected

NO -- the null is not rejected




TABLE 4.6

Return Specification -- First Differences

Time Period (days)

Currency il 6
British Pounds NO NO
Canadian Dollars YES NO
German Marks YES NO
Japanese Yen NO YES
Swiss Francs YES YES

YES -- the null is rejected

NO

-- the null is not rejected

20

NO

NO

NO

NO

NO
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NO ~-- the null is not rejected

TABLE 4.7
Hid By * Raw Wt PRy
Return Specification —-- Percentage Change
Time Period (days)

Currency i 00 20
British Pounds NO NO NO
Canadian Dollars YES NO NO
German Marks YES NO NO
Japanese Yen YES YES NO
Swiss Francs YES NO NO

YES -- the null is rejected




TABLE 4.8

R T 815 ="0

1
Return Specification -- First Differences
Time Period (days)

Currency 1 6l 20
British Pounds NO NO NO
Canadian Dollars YES NO NO
German Marks YES NO NO
Japanese Yen YES YES NO
Swiss Francs YES YES NO

YES -- the null is rejected

NO -- the null is not rejected'’
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Of the thirty cases, 11 reject the null. None of these rejections '
were in the twenty-day holding period. Three were in the six-day
holding period and eight of the ten cases in the one-day hold were
rejected. They were the same for both return specifications, namely,
the first-difference retﬁrn and the percentaée return specificatidﬁ.
For tﬁe cases where (11) was not rejected another'ﬁypqthesis was
tested. This is expression (7) above. This hypothesis is tested
conditionally that (11) is not rejected and it states that the
returns over time are'zero. The tes; was conducted in this manner.
After (11) was not rejeéted, (1) became (6), with (6) stating the
return to currency j i; a constant plus a randbm'term, Expression
(7) tests this constant term to judge if it is significantly differ-
ent from zero. Since. the intercept is the estimate of the meand of
. the dependent variable when the independent variables have no effect
upon the meaﬁ of the dependent variable, (7) tests the ﬁean of the
dependent variéble to judge if it is significantly different from
zero. The results are presented in ‘tables 4.9 and 4.10. Note that
in all cases where (1l1) was not rejected, ?he mean of the dependent
variable ﬁas judged not significantly different from zero. Thus,

in the majority of the cases, the short run feturns in the curreﬁcy
futures markets are zero. Howeﬁer, there are some cases where these

short run returns are not zero, i.e. there is some statistical
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TABLE 4.9
HO: o = Bl B Rl e 815 =0
Return Specification -- Percentage Change
Time Period (days)

Currency 1) 6 20
British Pounds NO NO NO
Canadian Dollars * NO NO
German Marks * NO NO
Japanese Yen * * NO
Swiss Francs * NO NO

& e . = . = e s

Ho' Bl 82 nathien s 815 0 was rejected

YES -- the null 1s rejected

NO -- the null is not rejected
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TABLE 4.10
Ho: o = Bl TP 815 =0
Return Specification -- First Differences
Time Period (days)

Currency 6 20
British Pounds NO NO
Canadian Dollars NO NO
German Marks NO NO
Japanese Yen * NO
Swiss Francs * NO

* rep— . = - -_— =

HO. Bl 82 o 815 0 was rejected

YES -- the null is rejected

NO -- the null is not rejected
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dependence in some of the cases.

'It is apparent that if aﬁy statiéfical depéndence exists, it'is
not in the twenty-day holding period. None of the forty cases
rejected a null that a group of variéblés was not different from zero.
Therefore, it appéars that any statistical dependence is coﬁcentrated
in the one day hold and the six-day hold. Thus, it is of interest )
to determine the order of the autocorrelation. Tafles 4,11 and
4.12 summarize the autocorrelation functions for both return
specifications for the twent& day holding period.

Note two things. First, only geven of the 150 estimated coeffi-

cients were significantly different from zero (using a t-test).

" Further, when a fifteenth order autoregressive function is estimated,

the probability that all fifteen estimated coefficients will be
judged not significantly different from zero is zpproximately .54;
if, in fact, there is no sigﬁificant relationship. That is, some
of the coefficients can appear to be significanéiy different froﬁ
zero, when there is_no relationship. This is assuming a 5 perceﬁt
confidence level. The probability of observing no significant
coefficients when there is no true dependence is given by

s 1-@a-o° |
where ‘¢ is the confidence level and n represents the nqmber of

variables. In this case ¢ is .05 and n is 15, giving:a probability




Significance of Individual Variables
Return Specification -- Percentage Change
Holding Period -- Twenty Days

60

TABLE 4.11

Currency
British Canadian German Japanese Swiss
Lag Pounds Dollars Marks Yen Francs

i1l + 0 0 0 0

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 - 0 0

5 0 0 0 0 0

6 0 0 = 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0
10 0 0 0 0 0
1ol 0 0 0 0 0
12 0 0 0 0 0
13 0 - 0 0 0
14 0 0 0 0 0
15 0 0 0 0 0
Key: O not significant

-+

significant positive
significant negative
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TABLE 4.12

Significance of Individual Variables 57 Level
Return Specification -- First Difference
Holding Period -- Twenty Days

Currency British Canadian German Japanese Swiss

Lag Pounds Dollars Marks Yen Francs
1 =+ 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 - 0 0
5 0 0 0 0 0
6 0 0 - 0 0
/, 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
11 0 0 0 0 0
12 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 0
15 0 0 0 0 0

Key: 0 not significant
+ significant positive
- significant negative
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of .54. 1In fact, of the ten equations estimated for a twenty day
holding period, five of them had every estimated coefficient not
different from zero, complying with expectations.

Tables 4.13 and 4.14 show the results of the six day holding
period. Two of the estimated equations have no significant coeffi-
cients. Of the remaining eight equations, four have lags significant
that are third order or higher. Of these four, two have only the
third lag significant and two have the third and fourth lag signifi-
cant. In the context of this study, this says the return from the
eighteenth trading day ago to the twelfth trading day ago will help
the trader forecast the return from today to six trading days from
now. This seems a bit implausible since the information from this
time period should have been adapted into the price by the market.

It makes more sense, in terms of information, to talk about returns
that occurred only one period ago.

The remaining four, however, show a significant coefficient on
the first variable. This might lead to the conclusion that this
model might be used to reap gains from this seemingly inefficient
market.

Tables 4.15 and 4.16 have five estimated equations that have the
first order lag significant. (The numerical results of 4.11 - 4.16

appear in Appendix II.)
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TABLE 4.13
Significance of Individual Variables

Return Specification -- Percentage Change
Holding Period -- Six Days

Currency

British Canadian German Japanese Swiss
Lag Pounds Dollars Marks Yen Francs

1 0 0 + + 0
2 0 0 + 0 0
3 it 0 0 0 =
4 0 0 0 0 +
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
11 0 0 0 0 0
147, 0 0 0 0 0
13 0 0 0 0 0
14 0 0 0 0 0
i3 0 0 0 0 0

Key: 0O not significant
+ significant positive
- significant negative
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TABLE 4.14
Significance of Individual Variables 5% Level

Return Specification -- First Differences
Holding Period -- Six Days

Currency

British Canadian German Japanese Swiss

Lag Pounds Dollars Marks Yen Francs
1 0 0 + + 0
2 0 0 0 0 0
3 S 0 0 0 -
4 0 0 0 0 4
5 0 0 0 0 0
6 0 0 0 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0
10 0 0 0 0 0
11 0 0 0 0 H
12 0 0 0 - 0
13 0 0 0 0 0
14 0 0 0 0 0
155 0 0 0 0 0

Key: O not significant
+ significant positive
- significant negative
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TABLE 4.15

Significance of Individual Variables
Return Specification -- Percentage Change
Holding Period -- One Day

Currency
British Canadian German Japanese Swiss
Pounds Dollars Marks Yen Francs
1 0 0 0 - +
2 0 - 0 - 0
3 0 + 0 = 0
4 0 0 0 0 0
5 0 0 0 a5 0
6 0 0 0 i 0
7 0 + 0 0 +
8 0 0 0 0 0
9 0 0 e + 0
10 + 0 + + +
1l 0 0 0 0 0
12 0 0 0 0 0
115! 0 0 0 0 0
14 0 0 0 0 0
16 0 0 0 0 0

Key: 0 not significant
+ significant positive
- significant negative




66

TABLE 4.16

Significance of Individual Variables 57 Level
Return Specification -- First Differences
Holding Period -- One Day

Currency
British Canaidan German Japanese Swiss
Lag Pounds Dollars Marks Yen Francs
L 0 0 + - it
2 0 - ax 0 0
3 0 5 0 - 1
4 0 0 0 0 =
5 0 S 0 0 -
6 0 0 0 0 0
/ 0 2 0 0 +
8 0 0 0 0 0
9 0 0 1 + “
10 5 0 Ar + 0
i 0 0 0 0 -
12 0 0 0 0 0
153 0 0 0 0 0
14 0 0 0 0 0
185, 0 0 0 0 0
Key: O not significant

+ significant positive
- significant negative
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This could be explained in part by the discussion concerning
(15). ﬁowevef, since the first order lag would be the lag that
theoretically would contain the most informétion, these results
"might point to some market inefficiency. In the one day hold
models,.every estimated equation had at least one coefficient.sig—
nificantly different from zero. Coﬁseqﬁently, it éppears that

there is some dependence in the one-day hold models.

Comparing the §peéification'Mbdels

Throughout these results, two models of return specifications
have been presented. However, if only one of the return specifica-
tions is correct, then féulty estimates may have been made. There-
fore, it is best to determine if one of the models is superior to
the other.

In order to do this two different null hypotheses must be tested.

The first is

(16) H: P, - P,
o j,t j,t=1 = ¢,
P J,t
j’t"‘l
where
Pj e T the price in currency market j at time t.
Hd . .
Pj,t—l —- its price at time t-1.
Ej £ a random error term assumed to have the classic ordinary
b

1

least squares properties.
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Note_thaﬁ (16) says that returns in currency futures market j are
just due to a random error term, which according to tests of'kS) and
" (7) appears plausible.

If (16) is true, then it implies

an By T Py e TRy 18,

The right-hand term in (17) can be defined as a new‘errof term,
Uj,t’ that is assumed to be normally distributed with mean zero and

iy 2.2
variance o P,

j.e-1 Thus (17) becomes
b

18) Pj,t - Pj,t—l = Uj,t

The variance of the error term in (18) will be proportional to
the sduére of the last period's price. That is, if the‘peréentage
return specification is correct and a first difference return specifi-
catioﬂ is estimated, a heteroskedastic error term is introduced.

To test (16) the squared residuals from the first-order
first~difference régression were regréssed on the squared price one
period ago. Therefore this equation was'estimaﬁed

~2

(19) 0> =a +8 (B>

J,t js‘t"l) * vt

The estimated coefficient of the term Pi;l is the key to deter-

mining if the error term in (18) is‘heteroske&astic. Note, from (18),
2 2 2 '

20) E(U, = g P,

(20) E( J’t) 3, t-1
and from (19)

@1 EW, ) =a+8 @) )
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Thus, the coefficient B in (19) is an estimate of 02 in (20). The

. maintained hypothesis (16) states that this coefficient should be

positive in sign.

If B is significantly greater than zero, then the

error term in (18) is heteroskedastic and the first difference model

with homoskedastic error must be rejected. Intuitively, a positive.

"value for B lends credence to the null hypothesis of a percentége

change return specification. Two hypotheses from (19) are tested

(22) H: o
and

(23) Hdz B =
Expression (23) was

coefficient in (21)

0

0
tested égainst the alternative that the estimated .

is greater than zero. The results of (22) are in

table 4.17 and the.results of (23) are in table 4.18. The numerical

results are in Appendix II.

The oﬁher null
2

hypothesis that is tested is

(24) H": P - P, = g,
o it j,t-1 J,t
where N
Pj ¢ ~~ the price in currency market j at time t.
’
Pj,t—l -— its prlce aF time t-1.
Ej P T2 random error term assumed to have the classical
b

properties,
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TABLE 4.17

Testing the Intercept

2 2 A ) *
U, . =a + B(P, bR SR Use e o ek R (P +
J»t (J’t_l J,t J,t j,t—l) \)j,t
H a =20 o =0
o)
Holding Period Holding Period
1 6 20 1 6 20
BP Yes No No No No Yes
CD Yes No No Yes No No
DM Yes Yes No Yes Yes Yes
JdY Yes Yes Yes Yes Yes Yes
SF Yes Yes Yes Yes Yes Yes
Yes -- The null is rejected
No —-- The null is not rejected




TABLE 4.18

Choosing the Return Specification

(A) (B)
52 2 ~2% -2 %
= 4 A = -+
Ny p e e R Vip e TR R L
H¢$¢ B=141 HEs B i->20 Hosgs Bi=, 0 ! s T
(o) a o) a
Holding Period Holding Period
1 6 20 1 6 20
BP No No Yes Yes No No
CD Yes No No Yes No No
DM Yes Yes Yes No No No
3Py Yes Yes Yes No No No
SF Yes Yes Yes No No No
Yes -- The null is rejected in favor of the alternative hypothesis

No -- The null is not rejected
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. 2
The argument of Ho is exactly reversed of the argument presented
by Hi. Also, (24) states that returns in currency market j are due
to a random element. From tests of (5) and (7), this appears

plausible. If (24) 1s true, then it implies

25) P, ~ P, £
( ) .t J’t"l = j,t
Fi,e-1 Py, -1
The right hand term in (25) can be defined as a new error term,
Ed )
Uj . that is assumed to be normally distributed with mean zero and
, .
variance 02 . Expression (25) then becomes
P2 |
j,t—l : \
26) P, - P,
( ) j»t Jst"']- =U*
P j,t

jst-1

The variance of the error term varies inversely with the square of
the last period's price. 1If the first-difference specification is
the corfect SPecificatiqn, but the percentage change return specifieca-
tion is estimated, a heteroskedastic error term is introduced.

To test (24) the‘squared residuals from the percentage change
regression were regressed on the inverse of the squared price one

period ago. Therefore this equation was estimated

O /\*2 ~ ~
27 U, = o + P,
(27 U= et

-2 %*
- T
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The estimated coefficient of the term (Pj )—2 is the key to

yt-1

determining if the error term in (26) is heteroskedastic. Note,

from (26)

28 EU, )%= _ o

. 1-t 7.
Py e-1
and from (27)
B T T -2

Q9 E@ ) =e+p @, )

Thus, the coefficient é in (27) is an estimate of 02 in (28); The

maintaiped hypothesis (24) states that this coefficient should be
positiye in sign. If B is significantly greater than zero, then the
error term in (26) is heteroskedastic and the percentage change model
with hdmoskedastic error must be rejected., Intuitively, a positive
value for B lends credence to the null hypothesis of a first differ-
ence return specification. Two hypothéses from (27) are tested

(30) H: a=0
and

0

1

(31) Ho: B
Expression (31) was tested against the alternative hypothesis that.
the estimated coefficient in (29) is greater thap zeré. The
‘results of (30) are in table 4;l7land the resuits of (31) are
in table 4,18. The numerical results are in Appendix IT.

Table 4.18 shows some intéresting results. It appears that the
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error term resulting from a first;difference specification in hetero~
skedastic. This is shown by the number of yeses in (A). These yeses
say that the first difference returns specification results in a
heteroskedéstic error térm. Further, in all but two cases of (B) in
table 4.18, the null hypothesis was not rejected. This suggests that
the percentage change return specification is not heteroskedastic.
Therefore, the specification of a first difference return will be

rejected in favor of a percentage change return specification. Note,

though, these two different return specifications generated basically .

the same results (see tables 4.1 to 4.16).

Developing a Prediction Model

Tables 4.11 thréugh 4.16 suggest that most 6f Ehe statistical
dependence on past returns occurred in the first lag i;e., the
return from one period ago. A more powerful test should be made
to determine the magnitude of this dependence.

Therefore, this equation was estimated for all currencies for

all time periods:

32) R, = o, + B.R, + e,
() ! j»t 3 i J,t-1 it
where
R, e the percentage change return in currency market j
s during the time period t-1 to t.
R -- its return from time period t-2 to t-1l.

j’t_l




Ll L . .

75

aj —— the intercept in'curnency market j.

Bj -— autoregression coefficient to be estimated.

€, p —— 2 random error term assumed to have the classical
s properties.

The results from (32) are presented in tables 4.19, 4;20; and
4.21. Only one of the coefficients in the twenty day hold was
>éignificant, the first order coefficient on British pounds. The

six day hold had significance in two of the first order lags and the
one day hold had three. These are the most interesting theoretically
because all the information contained in all past pfices is considered
to be contained in the most recent timé period.

From Tables 4.19, 4.20, and 4.21 as well as tables 4.11 - 4.16,~
it appears there is some statistical dependence in past.returns in
the currency futures market. Whether or not.;his dependence can
be .used to produce future returns resulting in a positive gain is -

examined in Chapter Five.
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TABLE 4.19

First Order Lag -- Percentage Change Returns
Twenty Day Hold

Currency
British Canadian German Japanese Swiss
Pound Dollar Mark Yen Franc
+ 0011 -.0014 .0016 .0048 .0062
(s”) (.0027) (.0015) (.0036) (.0036) (.0046)
o
t L4074 -.9333 L4444 14,333 1.3478
8 .3128 ~.0490 .0266 .0451 0463
(Sé) (.1224) (.1285) (.1290) (1302 (.1297)
t 2.556%* -.3813 .2062 .3464 +3570
R2 .0982 .0024 .0007 .0020 .0021
N 62 62 62 62 62
* Significant at the .05 level

k% Significant at the .02 level
*%% Significant at the .01 level




First Order Lag -- Percentage Change Returns

T

TABLE 4.20

Six Day Hold

Currency

British Canadian German Japanese Swiss

Pound Dollar Mark Yen Franc
o . 0005 -.00048 .00108 .00118 .00221
(S&) (.0007) (.00036) (.00097) (.00081) (.00123)
(o + 73143 -1.3333 1o 1134 1.4568 17967
é .0164 .05877 s 1837 .2905 .05763
(Sé) (.0637) (.06402) (.06298) (.06127) (.06393)
t 291D .9181 2.917%% 4,740%%% .9015
R2 .00027 . 0056 .0337 .08433 .0033
N 246 246 246 246 246
* Significant at the .05 level

*% Significant at the .02 level
%%% Significant at the .0l level




First Order Lag -- Percentage Change Returns
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TABLE 4.21

One Day Hold

Currency

British Canadian German Japanese Swiss

Pound Dollar Mark Yen Franc
; .00008 -.00008 .00020 .00033 .00031
(Sé) (.00012) (.00005) (.00014) (.00019) (.00016)
t .6631 -1.4881 1.4286 1.7368 159375
3 .02899 -.01892 .05287 -.2451 s1327
(Sé) (.02513) (.02506) (.02510) (.02431) (.01249)
t 1.154 ~-.7549 2.106* ~10.08*** 5.332%%%
R2 .0008 .0004 .0028 .05998 .01754
N 1595 1595 1595 1595 1595
* Significant at the .05 level
*% Significant at the .02 level
k%% Significant at the .01 level




Chapter Five

EXTENSION OF THE RESULTS

In the precéding chapter, some statistical'depéndehce was found
in the retufﬁs of. currency futures markefs. The purpose of this
chapter is to determine if this dependence can be used to predict
returns that will yield a positive profit; Aiso; a multimarket model
will be estimated. This model will include not only lagged values
of the dependent variable but also lagged returns from other curren-
cies as independént variables. The currencies 'to be tested are:’
British pounds (20 day hold), German marks (six‘day and one day hold),
Japanese yen (six day and 6ne day hﬁld), and Swiss francs (pné déy
hold). The prediction ﬁodel used is a first order autoregressiye
equation, Therefore_this model is estimated for all currencies
and ail holding periods:

@) Rj,t = aj + BjRj,t~l + ej,t

" where

R, e the percentage change return in currency figures
s market j during the time period t-1 to t.

R, ~- its return from t-2 to t-1.
Jst-l s

o, —— the Intercept texrm for currency j.
B

€

—-— the estimated autocorrelatlon coefficient.

G o

—-- a random error term assumed to have the classic

ot properties.

Equation (1) was estimated for all currencies and all holding

periods. ‘The results are presented in tables 4.19, 4.20, and 4.21.
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The curyencies named above have a coefficient that is significantly
different from zero. Table 5.1 presents these currencies. Since

none of the intercept terms were significant, the prediction model

becomes
(2) R = B.R,
3, t+l ji,t
where
Rﬁ,t+l -— the:predicted return in currency futures market j
during the time period t to t+1.
R, -~ the return in currency futures market j during the time
3> period t-1 to t.
B; —~ the estimated first order autoregression coefficilent for

- currency j.

Expression (2) prediets the return during the time period t
to t+l is equal to the return in time period t-1 to t multiplied by-
an estimatgd coefficient. " For a participant in the futures market.
the prediction model can be used to predict a return during the
time period t to t+l that will yield a gross gain of some amount
of money. In order to do this the return of the previous time
period must be of a certain magnitude in order to predict this gross
gain. Tables 5.2 to 5.7 show what return must be observed last
time period in oxrder to predict a gross gain of a certain amount of
dollars. Tables 5.2a to 5.,7a show what the probability is of

observing this return. The method in which these probabilities are

calculated is as follows. The returns to the currency futures
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Table 5.1

Prediction Model Coefficients

British German German Japanese Japanese Swiss
Pounds Marks Marks Yen Yen Francs
20 day one day six day one day one day one day
o .0011 .00020 .00108 .00033 .00118 .00031
S& (.0027) (.00014) (.00097) (.00019) (.00081) (.00016)
t 4074 1.4286 Lnldi34 1.7368 1.4568 19375
él .3128 .05287 «1:837 -.2451 .2905 s 182
Sé (.1224) (.02510) (,06298) (.02431) (.06127) (.01249)
1
t 2.556%* 2.106% 2,917 %* -10.08%**%* 4,740%%% 5,6332%%%
R2 .0982 .0028 20337 .05998 .08433 .01754
N 62 1593 246 1595 246 1595
* —— Significant at the .05 level

*% — Significant at the .02 level

*%% - Significant at the .01 level
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Table' 5.2
Prediction Values for British Pounds —- Twenty Day Hold

If the The value of Rt to give an $X return would have to be:
Price of

BP is: $50 $100 $150 $200 $250 $500
1.80 .0036 .0071 .0107 .0142 20178 «0335
181 .0035 w0071 .0106 .0141 sOL79 .0353
1,82 .0035 .0070 .0105 .0141 .0176 « 0351
1.83 .0035 .0070 .0105 .0140 .0176 .0349
1.84 .0035 .0069 .0104 .0139 .0176 .0347
1585 .0035 .0069 .0104 .0138 +0173 .0346
1.86 .0034 .0069 .0103 .0138 ,0172 .0344
1587 .0034 .0068 s U103 » Q137 w074 .0342
1.88 .0034 .0068 .0102 .0136 .0170 .0340
1.89 .0034 ,0068 .0101 .0135 .0169 .0338
1490 .0034 .0067 .0101 s 01:35 .0168 0337
1,91 .0033 .0067 ,0100 ,0134 ,0167 «0335
1.92 .0033 .0067 ,0100 .0133 .0167 s 0333
1593 .0033 .0066 .0099 U133 .0166 .0331
1.94 .0033 .0066 .0099 0132 ,0165 .0330
195 .0033 .0066 .0098 3 OL34: .0164 .0328
1.96 .0033 .0065 .0098 .0130 .0163 .0326
19 .0032 . 0065 .0097 .0130 .0162 51325
1.98 .0032 . 0065 .0097 .0129 .0161 .0323
1.99 .0032 .0064 .0096 .0129 <0161 .0321
2,00 .0032 .0064 .0096 .0128 .0160 40320
201 + 0032 .0064 .0095 S8R E2LT .0159 .0318
2.02 .0032 .0063 .0095 .0127 .0158 .0317
2503 20031 .0063 .0094 .0126 +01.57 +0315
2.04 .0031 .0063 .0094 JO128 s LD S0 13
205 .0031 .0062 .0094 « 0125 .0156 <0312
2.06 .0031 .0062 .0093 .0124 0155 .0310
2507 .0031 .0062 .0093 .0124 .0154 .0309
2,08 .0031 .0061 .0092 <0123 .0154 .0307
2,09 .0031 .0061 .0092 .0122 » 053 .0306
2510 .0030 .0061 .0091 .0122 .0152 .0304

Mean BP price during the sample period: $2.02
Range of BP prices during the sample period: $1.54 - $2.51
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Table 5.2a

Probability of Prediction Values for British Pounds -- Twenty Day Hold
If the The Probability of Observing the Value of R_ to give an
Price of $X return is k

BR"1is $50 $100 $150 $200 $250 $500
1.80 .4356 .3746 .3149 2612 + 2113 .0549
1481 L4374 .3746 .3165 22627 .2126 «0559
482 .4374 .3763 .3181 .2627 »21.39 .0569
11583 4374 23763 <3181 .2641 02139 .0580
1.84 4374 .3780 3197 .2656 .2166 .0590
.85 L4374 .3780 ALY .2671 +2179 .0596
1.86 .4391 .3780 $32113 .2671 2193 .0606
1.87 .4391 « 3497 23213 .2686 02206 .0617
1.88 .4391 « 3797 .3230 2101 <2219 .0628
15589 .4391 +3797 .3246 .2716 52233 .0639
1990 .4391 .3814 .3246 +2716 .2246 .0645
19l .4409 .3814 .3262 2731 .2259 .0656
1592 . 4409 .3814 .3262 .2746 2259 .0668
S92 L4409 3831 .3278 .2746 w2213 .0680
1594 .4409 3831 3278 2761 «2287 .0686
13195 .4409 .3831 .3294 <2716 .2300 .0698
1.96 4409 .3848 .3294 2790 .2314 .0710
197 L4427 .3848 > 3311 AR v232.8 .0716
198 4427 .3848 S .2806 «2342 .0728
1:599 4427 .3866 3327 .2806 <2342 .0741
2.00 4427 .3866 233277 « 2821 22355 .0747
2301 4427 .3866 .3344 .2836 +2369 .0760
2.02 4427 .3883 .3344 .2836 +2383 .0767
203 L4445 .3883 .3360 22852 2397 .0780
2,04 4445 .3883 .3360 .2867 <2397 .0793
2205 4445 .3900 .3360 .2867 .2411 .0800
2.06 4445 .3900 +33/6 .2882 .2425 .0813
2.07 4445 .3900 23376 .2882 + 2439 .0820
2.08 L4445 3910 +3393 .2898 .2439 .0834
2509 4445 <3917 43393 w2913 . 2454 .0840
2 .10 4463 s391 7 .3409 <2913 2468 .0854
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Table 5,3

Prediction Values for German Marks -- One Day Hold
If «che The Value of Ry to Gi
Bt g sof whto ve an $X Return would have to be:
DM is: $50 $100 $150 $200 $250 $500
.30 40252 .0504 S Q757 .1009 21261 22522
+ 31 .0244 .0488 .0732 .0976 <1220 2441
32 .0236 .0473 .0709 .0946 1182 . 2364
T3 .0229 . 0459 .0688 .0917 .1146 $2293
.34 .0223 . 0445 .0668 .0890 k13 2225
2%, .0216 .0432 .0648 .0865 .1081 2162
.36 .0210 .0420 .0630 .0841 SEODY .2102
7 .0204 . 0409 .0613 .0818 + 1022 .2045
.38 .0199 .0398 0597 .0796 .0995 L9l
+39 .0194 .0388 .0582 .0776 .0970 .1940
.40 .0189 .0378 .0567 +0757 .0946 .1891
.41 .0185 .0369 .0554 .0738 .0923 .1845
42 .0180 .0360 .0540 .0721 .0901 .1801
.43 .0176 + 0852 .0528 .0704 .0880 1759
44 .0172 .0344 .0516 .0688 .0860 S17LS
.45 .0168 .0336 . 0504 .0673 .0841 .1681
.46 .0164 .0329 .0493 .0658 .0822 .1645
47 .0161 »0322 .0483 .0644 .0805 .1610
.48 .0158 0315 .0473 .0630 .0788 .1576
.49 .0154 .0309 .0463 .0618 + 0772 1544
.50 0151 .0303 .0454 .0605 0757 s 1913
vl .0148 .0297 .0445 « U393 .0742 .1483
sD2 .0145 .0291 .0436 .0582 +0727 .1455
k) .0143 .0285 .0428 «0571 .0714 e 27
.54 . 0140 .0280 .0420 .0560 .0701 .1401
s, .0138 .0275 .0413 .0550 .0688 +1376
.56 .0135 .0270 .0405 .0540 .0676 s351
2 +0133 .0265 .0398 «093% .0664 1327
590 .0130 .0261 <0391 20522 .0652 .1304
«29 .0128 .0256 .0385 <0513 .0641 140282
.60 .0126 «0252 L U878 .0504 .0630 1261
Mean DM price during the sample period: $.41

Range of DM prices during the sample period:

$.31 - $§.58
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Table 5.3a
Probability of Prediction Values for German Marks -- One Day Hold

If the The Probability of Observing the Value of R_ to give an
Price of $X Return is: £

DM is: $50 $100 $150 $200 $250 $500
30 .000004 * * * * *
23 .000007 * * * * *
w32 .000013 * a * * *
o33 .000023 * * * * *
.34 .000036 * * * * *
s 39 .000060 * * * * *
30 .000093 * * * * *
7 .000141 * * * * *
$38 .0002 * * * * *
39 .0003 * * % * *
.40 .0004 * * %* * *
41 .0005 * * * * *
<42 .0007 * # * * *
243 .0009 * % * * *
44 .0011 %* * * * *
.45 .0014 * * * r W
.46 .0018 * . * % "
a7 ,0021 * N * A *
.48 .0025 * #* * * +
49 .0031 * % * " 2
.50 .0036 * i * " "
&30 .0042 * . * v ¥
D2 .0049 * * * o 5
R . 0055 * * * * %
«54 .0064 * * 3 * *
). .0070 * * * * *
.56 .0081 * * * * *
.57 .0090 * ¥ * i =
58 .0103 % * * * *
.59 .0114 * * " * *
.60 + 0125 .000004 * * * *

*Value is more than 4.5 standard deviations from the mean.
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Table 5,4
Prediction Values for German Marks -- Six Day Hold
;iizzeof The Value of Rt to give an $X Return would have to be:
DM is: $50 $100 $150 $200 $250 $500
230 .0073 .0145 .0218 .0290 .0363 .0726
vl .0070 .0140 {opablL .0281 w0391 .0702
s 32 .0068 .0136 .0204 + 0272 .0340 .0680
s o3 .0066 «0132 .0198 .0264 .0330 .0660
34 .0064 .0128 + 0192 .0256 .0320 . 0640
$3D .0062 .0124 .0187 .0249 50311 .0622
.36 .0060 .0121 .0181 .0242 .0302 .0605
e i/ .0059 .0118 A0 7eT) .0235 .0294 .0589
o8 .0057 .0115 L2 0229 .0287 . 0573
39 .0056 »01L2 .0167 0223 .0279 .0558
.40 .0054 .0109 .0163 .0218 .0272 . 0544
A4l .0053 .0106 .0159 .0212 .0266 « 0531
42 . 0052 .0104 .0156 .0207 .0259 «0518>
.43 .0051 .0101 #0152 .0203 20253 .0506
44 .0049 .0099 .0148 .0198 .0247 . 0495
.45 .0048 . 0097 .0145 .0194 .0242 .0484
46 .0047 .0095 .0142 .0189 .0237 0473
47 ,0046 .0093 0139 .0185 s 0232 .0463
.48 .0045 .0091 +0136 .0181 20227 . 0454
.49 . 0044 .0089 SOE3S .0178 +0222 0444
.50 .0044 .0087 w131 .0174 .0218 . 0435
vl .0043 .0085 s0128 Neakal s021.3 L0427
+ D2 .0042 .0084 .0126 .0167 .0209 .0419
ks ¢ .0041 .0082 0123 .0164 .0205 L0411
«54 .0040 .0081 s 0121 .0161 .0202 .0403
0D .0040 .0079 +0119 .0158 .0198 .0396
.56 .0039 .0078 58 i iy .0156 .0194 .0389
g .0038 .0076 s0115 » 0153 .0191 .0382
.58 .0038 .0075 JOLL3 .0150 .0188 .0375
o) .0037 .0074 .0111 .0148 .0185 .0369
.60 .0036 .0073 .0109 .0145 .0181 .0363

Mean DM price during the sample period: $.41
Range of DM prices during the sample period: $.31 - $.58
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Table 5.4a

Probability of Prediction Values for German Marks -- Six Day Hold
Tf the The Probability of Observing the Value of R_ to give an
Price of $X Return is: -
DM is: $50 $100 $150 $200 $250 $500
.30 .3188 .1748 .0798 .0307 .0096 *
.31 s 52498 .1832 .0867 .0349 .0118 *
«32 .3304 .1901 .0941 .0396 .0141 .00001
33 +3351 1972 .1007 0443 .0166 .00001
.34 s5398 .2045 «1077 .0493 .0195 .00002
333 . 3446 «2111.9 1438 .0541 .0224 .00003
.36 .3493 <2175 1215 .0592 +0257 .00005
<37 +3517 2232 «1267 .0647 .0289 .00007
«38 .3565 2291 .1336 .0698 .0320 .0001
-39 .3589 <2350 .1406 Salresgk .0359 .0002
.40 .3638 .2410 .1465 .0798 .0396 .0002
41 .3662 «2470 525 .0857 .0431 .0003
42 .3686 w2011 w0771 .0909 L0474 .0004
.43 +3711 #2573 .1634 .0952 »0543 .0005
44 .3760 .2615 .1698 .1007 «0555 .0007
.45 .3784 s2657 1748 .1054 .0592 .0009
.46 .3809 .2700 798 s 1114 .0631 .0011
47 +3833 .2743 .1849 .1163 .0672 .0014
.48 .3858 .2786 «1901 w219 20715 .0017
.49 .3883 .2829 .1954 1254 .0760 .0021
.50 .3883 P .1990 .1308 .0798 .0025
vl .3907 < 2908/ .2045 21350 .0847 .0029
7D % 93952 s 2939 .2081 .1406 .0888 .0034
L +390/ .2984 o 2137 .1450 .0930 .0040
.54 v 3982 .3006 ¢ 21575 1495 .0962 .0047
#2D « 3982 2 5001 «2213 .1540 .1007 .0053
.56 .4007 .3074 e 2252 s 37, .1054 .0060
2/ .4032 s 3120 s 2291 .1618 .1089 .0069
.58 .4032 .3142 v2330 .1666 .1126 .0078
ol .4057 23160 .2370 .1698 <1163 .0086
.60 .4082 .3188 .2410 .1748 s 1215 .0096

*Value is more than 4.5 Standard Deviations from the Mean
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Table 5,5
Prediction Values for Japanese Yen —- One Day Hold

If the The Value of R, to give an $X Return would have to be:

Price of =

't W $50 $100 $150 $200 $250 $500
.0030 -.00544 -,01088 -,01632 -,02176 -.02720 -.05440
.0031 -.00526 -,01053 -.01579 -.02106 -.02632 -.05264
.0032 -,00510 -,01020 -,01530 -,02040 -.02550 -.05100
.0033 -,00495 -.00989 -.01484 -.01978 -,02473 -.04945
.0034 -,00480 -.00960 -,01440 -.01920 -.02400 -.04800
.0035 -.00466 -.00933 -.01399 -.01865 -.02331 -.04663
.0036 -.00453 -.00907 -.01360 -.01813 ~.02267 -.04533
.0037 -.00441 -.00882 -,01323 -.01764 -.02205 -.04411
.0038 -.00429 -,00859 -.01288 -,01718 -.02147 -.04295
.0039 -.00418 -.00837 -.01255 -.01674 -.02093 -.04185
.0040 -.00408 -.00816 -,01224 -.01632 -.02040 -.04080
.0041 -.00398 -.00796 -.01194 -.01592 -.01990 -.03980
.0042 -.00389 -.00777 -.01166 -.01554 -.01943 -.03886
.0043 -.00380 -.00759 -.01139 -.01518 -,01898 -.03795
.0044 -.00371 -.00742 -,01113 -.01484 -.01855 -.03709
.0045 -.00363 -.00725 -,01088 -,01451 -.01813 -.03627
.0046 -,00355 -.00710 -.01064 -.01419 -,01774 -.03548
.0047 -.00347 -.00694 -.01042 -,01389 -.01736 -.03472
.0048 -.00340 -.00680 -.01020 -,01360 -.01700 -.03400
.0049 -.00333 -.00666 -.00999 -,01332 -.01665 -.03331
.0050 -.00326 -.00653 -,00979 -.01306 -.01632 -.03264
.0051 -.00320 -.00640 -.00960 -.01280 -.01600 -.03200
,0052 -.00314 -.00628 -.00942 -.01255 -.01569 -.03138
.0053 -.00308 -.00616 -.00924 -.01232 -.01540 -.03079
.0054 -.00302 -.00604 -.00907 -.01209 -.01511 -.03022
.0055 -.00297 -,00593 -.00890 -,01187 -.01484 -.02967
.0056 -,00291 -.00583 -.00874 -.01166 -.01457 -.02914
.0057 -.00286 -.00573 -.00859 -.01145 -.01432 -.02863
.0058 -.00281 -,00563 -.00844 -.01126 -.01407 -.02814
.0059 -.00277 -.00553 -.00830 -.01106 -.01383 -.02766
.0060 -.00272 -.00544 -.00816 -.01088 -.01360 -.02720

Mean JY price during the sample period: $.0037
Range of JY prices during the sample period: §.0033 - $.0056
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Table 5,5a

Probability of Prediction Values for Japanese Yen -- One Day Hold

If the The Probability of Observing the Value of R_ to Give
Price of an $X Return is: F

JY de: $50 $100 $150 $200 $250 $500
.0030 . 2445 .0832 .0190 .0028 .0003 *
.0031 .2518 .0903 .0223 .0037 .0004 *
.0032 +2583 .0973 .0258 .0047 .0006 *
.0033 .2645 .1042 .0296 .0059 .0008 *
.0034 .2708 sl 0335 .0073 .0011 *
.0035 .2767 F i U7 .0376 .0088 .0015 *
.0036 .2823 L1244 .0418 .0106 .0020 *
.0037 .2874 .1310 .0462 .0124 .0025 *
.0038 .2927 01373 .0507 .0144 .0032 *
.0039 +2975 .1436 <0552 .0166 .0035 *
.0040 .3019 .1497 .0598 .0190 .0047 *
.0041 .3064 +d:957 .0644 .0215 .0057 *
.0042 .3104 1615 .0691 ,0241 .0067 *
.0043 .3144 <1672 .0737 .0268 .0079 *
.0044 31183 o 1727 .0785 .0296 .0092 *
.0045 3222 w1783 .0832 (0325 .0106 *
.0046 .3258 .1833 .0880 .0356 .0120 *
.0047 +3295 .1887 .0926 .0387 .0136 .00001
.0048 v 33% v1936 .0973 .0418 <0153 .00001
.0049 .3360 «1985 .1020 .0451 .0171 .00001
.0050 «3392 V2031, .1066 .0484 .0190 .00001
.0051 3420 .2078 kBl .0518 .0209 .00002
.0052 .3448 <2122 1158 .0552 .0230 .00003
.0053 .3476 .2167 .1200 .0606 .0251 .00005
.0054 .3505 w2232 1244 .0621 w0273 .00006
.0055 +3528 <2254 .1288 .0656 .0296 .00008
.0056 «3507 <2292 »1332 .0691 .0319 .0001
.0057 .3580 52331 1373 .0727 .0343 .0001
.0058 .3604 2370 .1415 .0761 .0368 .0002
.0059 .3623 .2409 .1456 .0798 +0393 .0002
.0060 .3647 . 2445 .1497 .0832 .0418 .0003

*Value is more than 4.5 Standard Deviations from the Mean.
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Table 5,6
Prediction Values for Japanese Yen —— Six Day Hold

If the The Value of Rtto Give an $X Return Would Have to be:
Price of

JYi 18 $50 $100 $§150 $200 $250 $500
.0030 00459 .00918 01377 .01836 .02295 .04590
.0031 00444 .00888 +01L333 s 01777 202227 04442
.0032 .00430 . 00861 .01291 « O 721, 202151 .04303
.0033 .00417 .00835 01252 .01669 .02025 < 04173
.0034 .00405 .00810 «0124'5 ,01620 .02002 .04050
.0035 .00393 .00787 .01180 01574 ,01967 .03934
.0036 ,00382 .00765 .01147 .01530 .01912 .03825
.0037 .00372 .00744 01116 ,01489 .01861 <03721
.0038 .00362 .00725 .01087 .01449 ,01812 .03624
.0039 .00353 .00706 .01059 01412 .01765 +03531
. 0040 .00344 .00688 .01033 01377 Tl 21 .03443
.0041 .00336 .00672 .01008 +01343 .01679 .03358
.0042 .00328 .00656 .00984 s L3 EL .01639 .03278
.0043 .00320 ,00640 .00961 .01281 .01601 .03202
.0044 .00313 .00626 .00939 wOE252 .01565 .03129
.0045 ,00306 ,00612 .00918 01224 ,01530 . 03060
.0046 .00299 .00599 .00898 .01197 .01497 .02993
.0047 .00293 .00586 .00879 L0173 01465 .02930
.0048 .00287 .00574 .00861 .01147 .01434 .02860
.0049 .00281 .00562 .00843 .01124 .01405 .02810
.0050 200275 .00551 .00826 L0102 s 31 .02754
<0051 .00270 ,00540 .00810 .01080 s01350 .02700
.0052 ,00265 ,00530 .00794 .01059 .01324 .02648
.0053 .00260 .00520 .00779 .01039 .01299 .02598
. 0054 + 00255 .00510 .00765 .01020 01275 .02550
.0055 .00250 .00501 .00751 .01001 201252 .02504
,0056 .00246 .00492 .00738 .00984 «01229 .02459
.0057 .00242 .00483 .00725 .00966 .01208 .02416
.0058 .00237 .00475 .00712 .00950 ,01187 .02374
.0059 .00233 .00467 .00700 .00934 .01167 .02334
.0060 .00229 .00459 .00688 .00918 ,01147 .02295

Mean JY price during the sample period: $.0037
Range of JY prices during the sample period: $.0033 - $.0056
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Table 5,6a

Probability of Prediction Values for Japanese Yen —— Six Day Hold

If the The Probability of Observing the Value of R_ to give an
Price of $X Return is; %

JY is: $50 $100 $150 $200 $250 $500
.0030 .36461 .24437 .14953 .08309 .04175 .00027
.0031 .36887 «25153 .15738 .09010 .04697 .00040
.0032 .37286 .25807 216513 .09716 .05238 .00059
.0033 .37658 .26444 .17254 .10407 .06336 .00082
.0034 .38002 .27065 .17976 11091 .06555 .00113
.0035 .38347 .27642 .18676 +11761 .06898 .00150
.0036 .38664 .28200 19352 .12428 .07466 .00196
.0037 +39953 2287317 .20000 .13073 .08024 .00251
.0038 «39243 292217 .20618 »13725 .08589 .00314
.0039 .39504 #2972 $21225 .14347 .09158 .00387
.0040 «a97065 .30193 +21798 .14953 .09716 .00472
.0041 +39998 .30615 «22357 +15557 210272 .00566
.0042 .40231 .31040 .22902 .16141 .10822 .00672
.0043 .40465 .31467 .23431 .16701 .11364 .00787
.0044 .40670 .31843 .23943 17254 J11895 .00915
.0045 .40875 v32221 . 24437 «1.7798 .12428 .01051
.0046 .41080 3D /3 v 24913 .18334 .12946 .01200
.0047 41256 $32921 .25370 .18839 .13462 .01356
,0048 241432 «33255 .25807 +19352 213975 01525
.0049 .41609 .33584 .26247 «19831 .14467 .01704
.0050 .41785 .33888 .26667 .20297 .14953 .01890
.0051 +41933 .34192 .27065 .20769 .15432 .02087
.0052 ,42080 .34469 27466 LA e 12902 S0Z291
.0053 42227 34747 27844 .21665 .16363 .02504
.0054 «42375 .35026 .28200 .22088 .16814 .02724
.0055 42523 v 35278 428557 «22315 17254 .02949
,0056 42641 «35530 .28891 .22902 .17700 .03184
.0057 «42759 s35783 L9227 w2331 .18114 .03423
.0058 .42907 .36009 «29565 .23686 .18535 .03670
.0059 .43026 .36235 .29878 .24060 .18941 203919
.0060 V43144 .36461 .30193 ., 24437 + 19353 ,04175
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Table 5.7
Prediction Values for Swiss Francs -- One Day Hold
f If the The Value of Rt to Give an $X Return Would Have to be:

Price of

SE. 18 $50 $100 $150 $200 $250 $500
@30 .0086 01572 .0258 .0344 .0431 .0861
.36 .0084 .0167 .0251 +0335 .0419 .0837
537 .0081 .0163 0244 .0326 .0407 .0815
.38 .0079 .0159 .0238 <0317 . 0397 .0793
39 .0077 » OIS0 50232 .0309 .0386 $0773
.40 .0075 - 015 .0226 .0301 377 .0754
41 .0074 .0147 .0221 .0294 .0368 .0735
42 .0072 .0144 <0215 .0287 s 0359 .0718
43 .0070 .0140 .0210 .0280 <0351 .0701
A .0069 +0137 .0206 0274 .0343 .0685
45 .0067 .0134 <0201 .0268 .0335 .0670
46 .0066 JO1:3% .0197 .0262 .0328 .0655
a7 .0064 0128 .0192 <0257 20321 .0641
.48 .0063 20126 .0188 20251 .0314 .0628
49 .0062 <0125 .0185 .0246 .0308 .0615
<20 .0060 .0121 .0181 .0241 .0301 .0603
sl .0059 Aoty «01.77 .0236 .0296 .0591
oo .0058 .0116 0174 10232 0290 .0580
D3 .0057 .0114 OL7L ;0227 .0284 .0569
+54 .0056 0% b 192 .0167 .0223 .0279 .0558
oD .0055 .0110 .0164 .0219 .0274 .0548
.56 .0054 ,0108 .0161 40215 .0269 .0538
S 7 .0053 .0106 .0159 0212 .0264 +0539
.58 .0052 .0104 .0156 .0208 .0260 .0520
e99 0051 .0102 0153 .0204 .0255 s 0011
.60 .0050 .0100 01, .0201 s 0251 .0502
.61 .0049 .0099 .0148 .0198 .0247 .0494
.62 .0049 .0097 .0146 .0194 .0243 .0486
.63 .0048 .0096 .0144 <0191 .0239 .0478
.64 .0047 .0094 0141 .0188 ¢0235 0471

.65 .0046 .0093 .0139 .0185 .0232 .0464
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Table 5.7a

Probability of Prediction Values for Swiss Francs -- One Day Hold
If the The Probability of Observing the Value of R, to Give an
Price of $X Return is: .
SF-1s? $50 $100 $150 $200 $250 $500
3D .0927 .0040 .00004 * * *
.36 . 0979 .0051 .00006 * * *
56 74 .1061 .0060 .00009 * * *
.38 s1d19 .0072 .0001 * * *
« 39 e Ll/9 .0085 .0002 * * *
.40 1241 .0100 .0003 * * *
41 S22 .0118 .0003 * * *
42 21338 .0133 .0005 .000005 * *
.43 . 1405 - 0155 .0006 .00001 * *
44 .1440 .0174 .0008 .00001 * *
.45 19511 J0195 .0010 .00002 * *
.46 «1547 .0218 .0012 .00003 * *
47 31622 0244 .0016 .00004 * *
.48 .1660 .0262 .0019 .00006 * *
.49 .1699 .0291 .0022 .00008 * *
.50 <1778 <0312 .0027 .0001 * *
s .1818 . 0346 . 0032 .0001 * *
o2 » 1859 .0370 .0037 .0002 .000004 *
233 .1900 .0396 .0042 .0002 .00001 *
.54 21943 .0423 .0051 .0003 .00001 *
s 21985 .0451 .0058 .0004 .00002 *
.56 .2028 .0481 .0066 .0005 .00002 *
207 « 2072 <0513 .0072 .0005 .00002 *
308 12116 .0546 .0081 .0007 .00003 *
ek «2161 .0581 .0092 .0008 .00004 *
.60 2207 .0618 .0100 .0010 .00006 *
Jol V2253 .0637 »011:3 .0011 .00007 *
.62 s 4208 .0676 «0123 .0014 .00009 *
.63 02299 .0697 .0133 .0016 .0001 *
.64 .2346 20739 .0150 .0019 .0001 *
.65 .2394 .0761 .0162 .0022 .0002 *

% Value is more than 4.5 Standard Deviations from the Mean.
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markets are assumed to be normally distributed in the long run. The
unconditional mean of this distribution is given by
(3 E(Ri) f a, + BiE(Ri)

which is equal to

. -ai
(4) E®) =_L__

1- Bi
where
E(Ri) —— the expected return in currency futures market i.
o, =~ the intércept term of currency i.
Bi -- the regression coefficient of currency i.

Therefore, if o is zero the mean of the long run distribution
is zero. Note from tables 4.19, 4.20, and 4.21 the intercept term,
o is never significantly different from zero. Thus, the mean of
the long run distribution of returns in the éurrency futu?es markets
examined in this study is not different from zero. The variance
of this distribution is given by

(5) VR = BVRY) + V(e

which is equal to ‘ . 3

: V(e.)
6) VQR,) = —____+
1 2
1- Bi
where

V(Ri) -- the variance of the return in currency futures market i.
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V(ei) —-- the square of the standard error of the estimate for
currency 1. '
2 Lo .
Bi —— the square of the regression coefficient for currency i.

After the mean and variance of the long run distribution is,cai— _

culated the probability of observing a particular return is calculated

in this manner. First,
%

(7) Ri - E(Ri) -7
=75
VR,
where
%
R, —- the return in currency futures market i necessary to
predict an $x return.
E(R,) -- the expected long run return in currency futures
market i: : which, based upon the results of tables-
4.19, 4.20, and 4.21, is not different from zero.
V(R.)l/2 —- the standard deviation of the return to currency
* futures market 1.
Z —— a measure of how many standard deviations from the mean
*
Ri lies.

Note that the distribution of long run returns has now been trans-
formed into a standard normal distribution having a mean of zero

%
and a unit variance. After a Z is computed for an Ri the probability

of observing a value that exceeds this Z value is shown by Figure 5-1.
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-Z (o] =
Figure 5-1. Standard Normal Distribution

The probability of observing a Z less than some -Z or of
observing a Z greater than some Z is shown by the shaded area in
Figure 5-1.

Note that this prediction model can be used by the participant
to open either a long or short position. If the previous return
was negative and of a certain magnitude, a negative return is
predicted for the next time period. The participant would then sell
short. If the previous return was positive and of a certain magni-
tude, a positive return is predicted for the next time period. The
participant would then buy, i.e. open a long position. The above
strategy holds for a positive value of the estimated coefficient: a
negative value of the estimated coefficient would use a strategy
opposite of the positive coefficient strategy.

The decision rule used to invest is: 1If the price of the
currency is between any two values on the tables and if the previous

time period's return exceeds the return necessary to predict a gross
P b
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gain of a certain amount, a position will be opened. For example,
if the price of British pounds is'between $2.00 and $2.01 the
investor will open a long position if the previous period's feturn
was greater than .0032 and will open a short position if the pre-
vious period's return was less than —.0032. It is poséible to
construct many different str;tegies¢from the tabie based upon how
much of a gross gain the investor wants and fhe value of the return
necessary to open a position. In the following example, two

different strategies will be used. The first will open a position

if the previous period's return falls within the values corresponding

to the gross gain column of $50 or if the previous period's return
exceeds the largest value. The position is assumed to be closéd out
at the start of the next £ime period. The second will open a
position based upon the values in the $100 column and close it in the
same manner at tﬁe $50 gain strategy. Note that these strategies
are similar to filter rules in that a miﬁimum price movement must
occur before a position is opened. 'HoweVer, these strategies assume
that the position is closed the negt trading day regardless of. how
the pricelmoves; whereas a filter rule spécifies the price must move
a specified amount before the positibn is closed. Both strateéies
will be compared to a buy and hold and ; sell and hold sffategy for

control purposes. The data used is March 1979 futures prices in the

Ll
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various currencies from December 19, 1978 to March 19, 1979: a timé
period that lies outside of the sample time period used for the esti:
matién of regression coefficients. The resﬁlts are presented in
gables 5.8 to 5.13. Table:5.14 shows the comppsite results of the
various strategies. |

During the time period the prediction models were tested, it
appears that prices iﬁ these markets were falling. This is shown by
the success of the sell~and-hold strategy and py the failure of the
buy-and-hold strategy. The sell—an&—hold strategy netted the
greatest return, the buy-and-hold strategy netted the smallest
return, and the two prediction strategies were in between. The
commission charge ($50 a round tprn), or tfansactions cost, was
sufficient to make the $50 gain strategy a negative ﬂet strategy.
It must be noted that these transactions costs could be reduced if
the contract posipiontwas held longer than the assumed one time
periQd. However, as previously state&, there are many different
strategies that could be construcfed: with the two tesped being
conservative strategies ﬁith respect to exposure.

The opportunity cost of capital figure did not affect the out-
comes of the $50 gaiﬁ and $100 gain strategles as much as the
transactions costs did. The buy—aﬁd—hold and sell-and-hold strategies

were affected more by the opportunity costs 6f‘capita1 than by

110




Table 5.8
British Pounds -- Twenty Day Hold

Number ﬁ L Trades Trades Dollar - Dollar Com-  Opp. Net re-
of % 2 Resulting Resulting Amount Amount mis- Cost of sult of
Strategy Trades s g in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold 1 O 0 0 300.00 -0~ 20" *-35.63 214,37
Sell and
Hold 1 1ted0) 0 i —-0- 300.900 SU =35 563 (385.63)
$50 Gain 1 i 5540 0 1 -0~ 62.50 50 1292 (120.52
$100 Gain 1 T&0 0 | ~0~ 62.50 50 7.92

(120.52)

66




Table 5.9
German Marks -- One Day Hold

Number g L Trades Trades Dollar - Dollar Com- Opp. Net re-
of % R Resulting Resulting Amount Amount mis- Cost of sult of

Strategy Trades s & in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold ¥ 0 it 0 X ~0- 2362, 50550 47.50 (2460,00)
Sell and
Hold 1 h 0 1 0 2362.50 -0~ 50 47.50 2265,00
$50 Gain 2 i 1 2 0 437.50 -0- 100 <93 336.97
$100 Gain 0 0 0 0 0 -0- -0- 0 -0~ -0-

00T




Table 5.10
German Marks -- Six Day Hold

Number g & Trades Trades Dollar - Dollar Com- Opp. Net re-
of % o Resulting Resulting Amount Amount mis- Cost of sult of
Strategy Trades s & in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold 1 0 1 -0- 236250 .50 47.50 (2460.00)
Sell and
Hold 1 1 0 2362.50 -0- 50 47.50 2265.00
$50 Gain 8 2 6 2912.50  4300,00 400 25,23 (1812,73)
$100 Gain 7 2 5 291250, 2987 :50.% 350 22317

(447.17)

T0T




Table 5.11

Japanese Yen -- One Day Hold

Number 5 g Trades Trades Dollar - Dollar Com- Opp. Net re-
of I 1 Resulting Resulting Amount Amount mis- Cost of sult of
Strategy Trades s g in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold 1 0 e ! 0 1 -0- 6062,50 505 47,30 (6160.00)
Sell and
Hold 1 1 2e0 1 0 6062.50 ~0- 50 47,50 5965.00
$50 Gain 27 8519 13 15 3200:005:3687,50° L 13500 = 14525 (1851.75)

$100 Gain 11 3 8 6 5 2487.50 1475.00 550 5.81 456.69

0T




Table 5.12
Japanese Yen -- Six Day Hold

Number ﬁ & Trades Trades Dollar - Dollar Com- Opp. Net re-
of % a Resulting Resulting Amount Amount mis- Cost of sult of
Strategy Trades s & in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold 1 Q 1 -0- 6062.50 50 47,50 (6160.,00)
Sell and
Hold )} 1 0 6062.50 -0- 50 « 47,50 5965.,00
$50 Gain 10 6 z 553720 2450.00 500 31.67 (2555.83)
$100 Gain 8 4 3 3250,00 245000+ 500°°25.33 274,67

€0T




Table 5.13
Swiss Francs — One Day Hold
Number E L Trades Trades Dollar - Dollar Com~- Opp. Net re-
of % R Resulting Resulting Amount Amount mis- Cost of sult of

Strategy Trades s & in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold 1 0 0 a ~0- 4387.50 50 71.25 (4508,75)
Sell and
Hold 1 1 1 0 ol - 50 71.25  _4266.25
$50 Gain 20 12 9 9 3087.50 3537.00 1000 15.83 (1465.53)
$100 Gain 8 5 6 2 1312.50 325.00 400 6.33

581.17

701




Summary of Strategies

Table 5.14

Number ﬁ L Trades Trades Dollar - Dollar Com- Opp. Net re-
of % 2 Resulting Resulting Amount Amount mis- Cost of sult of
Strategy Trades s g in Gains in Losses Gained Lost sion Capital Strategy
Buy and
Hold 6 0 6 1 5 300,00 21237.50 300 296,88 (21534,38)
Sell and
Hold 6 6 0 D 1 28237550 300.00 300 296.88 20340.62
$50 Gain 68 3533 30 34 16562,00 14037.30 3400 95.43 (1970.63)
$100 Gain 35 205615 18 16 9962.50 7300,00

1750 67,56 844,94

SOT
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trgnsactions costs. This can be explained by the nature of the two
groups pf strategies; with one group trading very often and the
other group being expo%ed by a long period of time.

The opportunity cost of capital was COmpuﬁed in this manner:
The required margins used were the margin requirements set by the
Chicago Mercantile Exchange. This figure varies for different
currencies, (contract sizes in parentheses): British pounds (25,000
BP) and Caﬁadian dollars (100,000 CD), $1500; German marks (125,600
DM) and Japanese yen (12,500,000 JY), $2000; and Swiss francs
(125,000 SF), $3000. Tﬁe required margin was multiplied by an
assumed intereét rate of 9-1/2 percent -- giving an annual interest'
figure. This yearly interest was then alloca;ed to the amount of
time the margin was cémmitted. For example, a buy—and—hold strgtegy
during the prediction period would use the margin money for three
months. Therefore, the interest foregoﬂe by investing in the futures
market is given by the margip times the i@térést rate times the
amount of time the margin'was committed.

‘The margin requirements set by the Chicago Mercantile Exchange
are the minimum amount that can be charged by a brokerage house.
An individual speculator wéuld have to pay a much higher margin-;f
$5000 versus the $1500 a large firm would have to pay in the British

pound market, for example. A large firm trading many contracts has
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another option available to it. The purpose of margin is to act as
a performance Bond. It is permissable to degosit Treasury Bills’
instead of cash. The interest"paid on theselTreasury Bills accrues to
the original holder of the T-Bill -- the firm in this case. In this
instance, the opportunity cost.of papital figure is negligible because
the firm is posting no cash for margiﬁ but instead an interest—beéring
note. The opportunity cost of capital figure becomes meaningful if
the firm can post.no Treasury Bills and has to pay cash f&f margin;
Also, from an individual speculator's point pf view the opportunity -
’cost of his margin is higher'than.shown in tpe tables;-simply.becaﬁse
a broker generally requires more margin frgm individﬁal speculators

than from firms.

The Multimarket Model

One other extension of the model which was not fully developed
in this paper was the idea.of multimarket models. In the pfeviods
modéls, the theory stated that all werldly eﬁents were accounted for
by the market and the price of the currencies reflected these‘events;
That is, ;nflation in West Germény‘would already be accounted for
in the price of Japanese yen. The mpltimérket model tries to
estimate the percentage change in the price of currency j from
lagged values of the percentage change in thé pride of currency j

and from lagged percentage changes in the price of other currencies.
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Since events in the world offset all currenciés these events are no

" longer assigned to be picked up by the error term but by other

regressors.
This model was then estimated for each currency:
5

3) R, =o + IR, . n,
¢ ) Jst aJ j=1 J’t-],- nj’t-"l

' This model was run for all three holding periods, with the results

in tables 5.15, 5.16, and 5.17 ﬁith the ratio of the independeﬁt
variéble to its'sfandard error in parentheses.

Note that the estimates, unlike fhe previously estimated
coefficients in the single market test, are efficient. The éfficiency
of the estimators in the siﬁgle market eéuations is '"questionable"
because each equation was estimated separately and indeﬁendently.

This is because the mutual correlation of the disturbance te?ms is
disregarded. It is reasonable to expect that the disturbance te?ms
could be correlated because of the following: There are events
téking plaée in the world of economy that could affect the pricés;
and thereby the returns, of the currencies in question and since
these events could affect all the currencies simultaneously the
disturbance terms across equating could be correlated. This problem
could be eliminated by estimating these equations simultaneously.
Also, the "questionableness" of the efficiency of these estimators

is reduced if the sample size is “1arge". A special case of

(R}

ol )




Table 5.16

Estimated Multimarket Model
Holding Period —— Six Days

N = 260

Dependent British Canadian German Japanese Swiss 2

(Mean) Intercept Pounds Dollars Marks Yen Francs R

British

Pounds

(.000300) -.0001306 -.04728 -.2657 .1006 .1045 .01667 .05572
(-.0123) (-.7158) 1.937) CESL9T) (1.499) (.2602)

Canadian

Dollars

(-.0004919) -.0004278 -.0006874 .06519 -.001456 .01998 ' -,02891 .01086
(-.0403) (-.02253) (1.029) (-.3747) (.6204) (-.0768)

German Marks

(.001140) .0005766 -.02405 -.2790 21117 .2144 -.01060 .06832
(.0542) (-.2935) (-1.640) 1:071) (2.478)** (-.1334)

Japanese Yen

(.001469) .0009908 .1390 -.1118 -.08034 42156 .03372 .1033
(.0932) (2.002)* (-.7760) (-.9090) (3.761)** (.5008)

Swiss Franks

(.002136) .001734 .1095 -.2506 1442 (.2862) -.1544 .05993
(.1625) (1.067) (-1.177) (1.104) (2.643) ***(-.,1552)

* Significant at the .05 level

*% Significant at the .02 level

*%k%

Significant at the .01 level

Joint Test F

Fys5,230

255230

= 9.6044

ECritical =>1.52

60T




Table 5.15

Estimated Multimarket Model
Holding Period -- One Day

N = 1609

Dependent British Canadian German Japanese Swiss 2

(Mean) Intercept Pounds Dollars Marks Yen Francs R

British

Pounds

(.0005606) .00005336 .03644 -.05565 .01709 -.01215 -.01011 .002498
(.0250) (1.343 (-.9930) (.5410) (-.7688) (-.3799)

Canadian

Dollars

(-.0000821) -.00008765 .002899 -.01606 .01192 .004310 .001304 .002124
(-.0412) (.2398) (-.6434) (.8474) (.6122) (.1100)

German Marks

(.0002181) .0002032 .07001 .09658 -.01255 .02706 .04275 .01066
(.0953) (2.230) % (1.490) (-.3435) (1.480) (1.389)

Japanese Yen

(.0003871) .0003093 .05556 -.03118 .1187 -.2754 .07097 - .07838
(.1448) (1.307) (-.3551) (2.399) ** (-11.12)*** (1.702)

Swiss Francs

(.0003603) .0003149 .08288 .08753 .1488 057 2% ,007431 .03854
(.1476) (2.315)* (1.184) (3.573)%*%* (2,744)%%% €<211.7)

* Significant at the .05 level
*#% Significant at the .02 level Joint Test
*%% Sjgnificant at the .0l level

= 65.94

F25,1579
Critical:= 1:52

F25,1579

OTT




Table 5,17

Estimated Multimarket Model

Holding Period - Twenty Days

N = 76

Dependent British Canadian German Japanese Swiss 2

(Mean) Intercept Pounds Dollars Marks Yen Frants SR

British

Pounds

(.001446) .001322 .3510 -.1877 -.08403 .0007676 -.002049 s 1222
(.0308) (2.732)***% (-,8368) (-.5454) (.006810) (-.1513)

Canadian

Dollars

(-.001613) -.001859 -.1303 -.08593 -.03375 .01055 -.002816 .05334 e
(-.0536) (-1.911) (-.7220) (.4128) (.1763) (-.3918) =

German Marks :

(.003972) .004602 e -.07375 03152 .0005474 -.1293 .04923
(:.1320) (1.768) (-.2127) {.1324) (.003142) (-.6179)

Japanese Yen

(.004545) .004865 4661 -.003377 -.3614 -.05514 .1491 .1045
(-1397) (2.534(** (-.01051) (-1.638) (-.3416) (.7685)

Swiss Francs

(.007563) .007786 .4209 .2103 -.4375 -.08063 .2611 .06644
(.2229) (1.806) (+5167) (-1.565) (=.3942) (1.062)

* Significant at the .05 level

*% GSignificant at the .02 level Joint Test F25 S 1.9936

*%% Significant at the .01 level : —

€ritical ="1.79

Fa5,46
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simultaneous equation estimation arises when all gf the independent
variables are the same in eéch questipn. This is thé'case wiéh (3).
In this special case the estimates from a simultaneous gstiﬁation
are the same as the ordinary leést squares estimates frbm-estimating
each equétion separately and independentl&. |

The results in the ﬁultimarket tests were similar to those in
the single market tests. The same pattern of time beriod sigﬁificance
was observed with six variables beiﬁg significant in the one day |
hold, four in the six.day hold, and two in the twénty day hold. The
R2 was "low" in these tests, with one beiﬁg over .125,

It is interesting to contrast two of the currencies in the
multimarket tests. The Canadian dollar did not have a single
significant variable whén it -was an independént variable trying to
explain the ﬁariance of some other currency. Further, no other
currency, in any of thé time periods, could éxplain any vériance'in

the returns to Canadian Dollars. The Japanese yen was significant

8

a total of five times as an independent variable -- half of the total
number of significaﬁt variables. 1In.three other cases, other

currencies were able to explain some of the variance in Japanese yen.

‘This has the pdssible implication of using the Japanese yen to predict

other currency movements.




. Chapter 6.

SUMMARY, CONCLUSIONS, AND HEDGING IMPLICATIONS

Summari.

| A firm in the United States thﬁt does business internationally
must realize the exchange rates between the dollar and other
currencies are constanfly Ehanging. This has at least one clear
implication ~- the results realized from forward contracts to
putchase goods or services from foreign countries may differ from
their intended purpose. This is'illﬁstrated iﬁ Chapter 2, The“
reason the realized result of the forward contracf differed from.
the intended result of thé forward contract was a change in the
exchaﬁge rate. The process by which the exchange‘fate is deterﬁined
and how it changes is-thén described in Chapter 2.

The firm can reduce the risk of advgrse‘price fluctuations via

a market where futgre foreign exchange rates are bought and sold
-~ a futures market. The futureg market in international currencies
is the International Monetary Market of thé Chicago Mercantile
Exchange.. As in other futures markets, a firm can "lock-in" a price
(an exchange rate) by purchasing the exchange rate today. This

process is known as a long hedge. The extent to which the hedge can

reduce risk depends upon the variation in the basis versus variation

in the spot price of the currency.
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" Suppose a firm places a hedge and ;he price (exchange rate) did_
not move such that the firm was protecte& by the ‘hedge, but in fact
would have been better of financially if -it had not placed the hedge.

Could the firm have predicted this price movement? This, then, is

the objective of the study. Can the firm predict short run exchange -

. rate movements so as to place hedges at the most favotrable time?

Being able to place hedges at the most f;vorable time is pre-
dicted upon the ability to forecast short run exchange rate movements.
As in the case of most auction markets, the futures market in foreign'
currencies is thoughtyto be an efficient market. In short, Fhis is
"generally" understood to mean that "all available" information
concerning a price in the future is "fully reflected" in the price
quoted at any time for the price in éhe future. The statemeﬁt that
thé current priée of a futures contract "fully reflects" all market
information implies successive price changes, or sﬁccéssive returns,
are 1independent. Many differeng opinions on why a firm sﬁould Hedge
as well as the predictability of futures markét.prices were examined.

Tests of efficient markets concern themselves with testing how
information affects the markgt. Thi; test of information is broken
down into three types: weak~form.§ests, semi-strong form tgsts,‘and
strong form tests. The test used in-this study is the weak .form

test -- where the information set is the series of past prices.
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The weak form test says that markets are efficient enough to makegtheA

research of past prices a worthless way of trying to determine future’

prices.

Further, tests of market efficiency are concerned with a general
equilibrium market model. It is against this model that alternative
modelg of the market are tested.

The general.equilibrium mafket model can take many specific
forms, however, there are‘fbur general specifications of the general
equilibrium market models. All of these concern themselves with the
returns to a market. The first form says that the returns in the
market afe some coﬁstant rate, the second states that retufns are
zero, the third says returns cpnform to the Sharpe—Litner model, and
the.fourth says the returns conform to some othef risk-retutn rela-
tionship. The general equilibrium market model tested against in
this sfudy is the one that says,returﬁs in the market are constant.

There are many different alternative models that could be con-
structed to test the maintained model that returns are constant. The
model used is an ;ﬁtoregressive’model that is tested for three
different tiﬁe periods - one day, six day, and.twenty day. Thaf is
the returns over one day are calculated and regressed on previoué
returns over one day. Similar runs Wére made for six day and twenty

day holding periods.
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The results of the various runs are presented in Chaptef 4,
Also, two different model specificatlons were tested énd the reéuits
of each model are presented. Both models:showed the same basic
results, but the percentage change fetqrn model ﬁaé'deemed superior

to the first-difference model.

Conclusions

The resqlts of the moaels tested showed two things; First, there
was more statistical dependénce in the sﬁofter time pe?iod,than iﬁ
the longer time periods. The return from last time period expléined
more of the variance in this time period if the~time period was
short. Twenty day time periods, with one exception, did nét show
much statistical relatiomship. There was more in the six day periods
and there was. the most in the one day time'éeriods, Secondly, the
higher the order of the lag the less it'explained the additiqﬁél
variance of the dependent variable.‘.The légs from ﬁany iime periqu
ago were not significaﬂt, in géneral. However, lags that were first
or second order appeared significant. These lags did explain some of
the variance in the dependent variable. However, thevR2 in the
varioué runs was never higher than .33'and in most cases the Rz
ranged from .02 to .20. Even though ;omé of theée lagé had signifi-
cant t-values they did not explain much of the variance of the

dependent variable.
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The fact that some statistical dependence exists contradicts
the theory that there should be no stétistical‘dependence. The
value of this dependence to a market participant was the subject of
Chaﬁter 5. In this chapter some prediction models wefe used to try
to exploit the statistical dependence. Thé ?esults of this were
negative. The étatistical dependence'could not be ﬁsed tb contrucf
prediction models that would yield significapt're;urns. ‘Also,,é
multimarket model was specified and tested. The rgsults of this
model were consistant with the single:ﬁarket model results in that
there was more statis;icai dependence in the one day hold that
in the six day hold and more in the'six day hold than in the fwenty
day hold.

It must be kept in mind that many different strategies could be
constructed from the prediction models and even more could be con-
structed from the data used in this study. After trying many
different prédibtion modéléQ al least one would be foﬁnd that wéuid :
yield significant profits.

In some sense, the general model of market equiiibrium that °
states returns through time are zero in thé currency futures market
must be rejecéed. This model impliés.that no étrategy could'cénsis—
tently yield positive returns. However, the $100 gain prédiction

model did just that. But; in‘another‘éense,'the general model of -
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market equilbrium that étates returﬁs through time are zero in tﬁe
currency futures mgrket must not be rejected,

In the strict sense, the $100 gain model did not yield positfﬁe
returns across every currency tested in this study. Also, the $50-
gain strategy did not yield consistent gaiﬁs across currencies aﬁd
looking at the sum total of the $50 gain strategy it netted a negative
amount.

In order to not reject the maintained hypothesis that returns

are zero in the currency futures market, models of many variations

must be tested. In order to reject this model, - a strategy must be
found that will consistently yield positive returns. In this study,
neither of these conditions were met. Certainly an infinite number
of strategies were not tested, and, of the ones tested, there was not
one that consistently yielded positive returns. The concrete
concluéion is that some statistical dependence was found in the series
of past returns in the varioﬁs currency futures markets tested. This
statistical dependénce was found using aytocqfrelation coefficients,
that is, laggec values of some variable. ;n-this'case the lagged
variable-was the percentage change in the price of a curfeﬁcf futufes
market from tiﬁe't—l to time t. 'The majority of the dependegce was
found in the first or second lag and invthe one day holdiﬁg period.

Whether or not this statistical dependence can be exploited into
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positive returns is the unresolved question arising from this -

research.

Implications to Hedging Stratégies

Gruen (1960) pointed out that if a futues market is to be
useful there must be a relationship between the futures price and
cash price. In order to determine if a hque'can be useful; the
degree of basis éhange must be compared to the degree qf cash price
change. Usually, this is done in this method:

(A) Measure the variability of the price of the cash'commpditf“

over a peridd of time;
(B) Measure the variability of the basis over the same pé:iod

of time; and

(C) 1If the variability of the basis is less than the variability »

of the cash price, an effective hedge can be placed in.

that commodity.
Tables 6.1 - 6.5 present these calculations for twenty-six contracts
in five currencies. These calculations were made during the lést
three months of the contract. The contracts marked by én astérisk (*)
have basis variabiiity greater than spoé price variability. Tﬁe
cases numbered thirteen, or ten percent of the total cases. \In.

these instances, a hedge would not have reduced.the risk of price

variability because the basis variability wds greater. Note, however, -




120
Table 6.1
British Pounds -~ Standard Deviation of Basis and Spot Prices
Contract Basis Spot N
Sept 1972 .0105 .0349 64
Dec 1972 .0060 .0367 62
Mar 1973 .0128 .0542 61
June 1973 .0089 .0412 63
Sept 1973 .0073 .0550 63
Dec 1973 .0091 0434 64
Mar 1974 .0161 .0487 61
June 1974 .0184 .0338 63
Sept 1974 .0374 .0523 63
Dec 1974 .0066 .0094 63
Mar 1975 .0185 .0320 62
June 1975 QLD 0414 63
Sept 1975 .0083 .0548 63
Dec 1975 .0065 ,0200 64
Mar 1976 .0256 .0390 61
June 1976 .0081 .0555 63
Sept 1976 U112 .0123 63
Dec 1976 .0145 0371 63
Mar 1977 .0132 .0138 62
*June 1977 .0072 .0038 63
Sept 1977 .0060 .0113 68
Dec 1977 .0034 .0364 63
Mar 1978 .0044 .0224 57
June 1978 .0042 ,0308 69
Sept 1978 .0039 20379 63
Dec 1978 .0074 .0349 62

* Basis standard deviation exceeds spot standard deviation
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Table 6,2
Canadian Dollars =-- Standard Deviation of Basis and Spot Prices
Contract Basis Spot N
Sept 1972 .0007 0024 64
Dec 1972 .0005 .0067 62
Mar 1973 .0013 .0042 61
*June 1973 .0106 .0103 63
Sept 1973 .0138 <0151 63
Dec 1973 .0023 .0047 64
Mar 1974 .0018 .0107 61
June 1974 .0017 .0055 63
Sept 1974 .0018 .0064 63
Dec 1974 .0022 .0035 63
Mar 1975 .0018 .0051 62
June 1975 .0023 .0109 63
Sept 1975 .0012 .0040 63
Dec 1975 .0024 .0064 64
Mar 1976 .0030 .0110 61
*June 1976 .0038 .0036 63
Sept 1976 .0025 .0075 63
Dec 1976 .0052 .0210 63
Mar 1977 .0028 .0146 62
June 1977 .0024 .0036 63
Sept 1977 .0018 .0068 68
Dec 1977 .0008 .0013 63
Mar 1978 .0009 .0082 i,
June 1978 .0013 .0088 69
Sept 1978 .0040 .0108 63
Dec 1978 .0009 .0049 62

* Basis standard deviation exceeds spot standard deviation
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Table 6,3

German Marks -~ Standard Deviation of Basis and Spot Prices
Contract Basis Spot N
Sept 1972 .0012 ,0018 64
*Dec 1972 .0010 .0009 62
Mar 1973 .0030 .0190 61
June 1973 .0028 «0118 63
Sept 1973 .0038 s 0132 63
Dec 1973 .0022 .0163 64
Mar 1974 .0016 .0096 61
June 1974 ,0020 ,0082 63
Sept 1974 ,0016 .0074 63
Dec 1974 ,0012 0104 63
Mar 1975 .0014 ,0084 62
June 1975 .0010 .0045 63
Sept 1975 .0027 ,0149 63
Dec 1975 .0013 .0049 64
Mar 1976 .0009 .0039 61
June 1976 ,0126 .0131 63
Sept 1976 .0004 .0043 63
Dec 1976 .0007 .0047 63
Mar 1977 .0004 .0039 62
June 1977 .0004 .0029 63
Sept 1977 .0367 .0379 68
Dec 1977 .0014 .0119 63
Mar 1978 .0025 .0101 57
June 1978 .0038 .0098 69
Sept 1978 .0028 .0099 63
Dec 1978 .0046 ,0162 62

* Basis standard deviation exceeds spot standard deviation
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Table 6.4
Japanese Yen -~ Standard Deviation of Basis and Spot Prices
Contract Basis Spot N
*Sept 1972 .000047 .000012 64
*Dec 1972 .000041 .000005 62
Mar 1973 .000041 .000239 61
*June 1973 .000037 .000017 63
*Sept 1973 .000078 .000013 63
Dec 1973 .000032 .000091 64
Mar 1974 .000069 .000095 61
*June 1974 .000074 .000031 63
Sept 1974 .000010 .000086 63
Dec 1974 .000011 .000016 63
Mar 1975 .000017 .000071 62
June 1975 .000007 .000019 63
Sept 1975 ,000005 .000017 63
*Dec 1975 .000021 .000020 64
Mar 1976 .000009 .000023 61
*June 1976 .000017 .000011 63
Sept 1976 .000005 .000046 63
Dec 1976 .000004 .000044 63
Mar 1977 .000006 .000056 62
June 1977 .000013 .000034 63
Sept 1977 .000014 .000035 68
Dec 1977 .000014 .000138 63
Mar 1978 .000018 ,000038 53
June 1978 .000025 .000093 69
Sept 1978 .000051 .000194 63
Dec 1978 .000387 .000407 62

* Basis standard deviation exceeds spot standard deviation
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Table 6,5

Swiss Francs -— Standard Deviation of Basis and Spot Prices
Contract Basis Spot N
Sept 1972 .00076 .00113 64
*Dec 1972 .00091 .00070 62
Mar 1973 .06451 .06936 61
June 1973 .00154 .00748 63
Sept 1973 .00367 .01194 63
Dec 1973 .00158 .00871 64
Mar 1974 .00169 .01047 61
June 1974 .00156 .00734 63
Sept 1974 .00135 .00352 63
Dec 1974 .00267 .01549 63
Mar 1975 .00281 .00875 62
June 1975 .00093 .00556 63
Sept 1975 .00083 UL 63
*Dec 1975 .05306 .05276 64
Mar 1976 .00238 .00319 61
June 1976 .00123 .00582 63
Sept 1976 .00180 .00214 63
Dec 1976 .00139 .00241 63
Mar 1977 .00124 .00627 62
June 1977 .00265 .00393 63
Sept 1977 .00099 .00581 68
Dec 1977 .00194 01792 63
Mar 1978 . 00404 .01824 537
June 1978 .00318 .01820 69
Sept 1978 .00618 03271 63
Dec 1978 .00812 .00349 62

* Basis standard deviation exceeds spot standard deviation




125
that most of these instances occur during the early years of the

IMM when volume was very low. This low volume resulted in a véry

stable futures price —- hence, a small variance.

Another implication fo hedging in the currenc& futures market
also has to do with the basis.

Table 6.6 shows the average basis near the end of a currency
contract. Assuﬁe that a firm, such as Nafional Blivit Compaﬁy,
has agreed to import some goods sometime in the delivery.month but -
before the expiration date of the contract. If the firm has decided
to hedge the‘currenpy, the pfice‘the firmAhas "locked in" is the _
futures price on the day the hedge was placed minﬁs the expected
basis. If, at any time the firm can contract a price in‘the 6ésh_
market that is 'better" than the "lockin-in" price, the firm could
close its future position and fake‘a cash position. .For example,
assume that National Blivit Company is going to imporf some goods
from West Germany sometiﬁe during the first week of June. ‘At the
time the agreemeﬁt was madg, assume that the June futures price
is .5400. The expected basis is .0005; thérefére the firm has
"lockéd-in" a price of .5395. Note that in this example the "lock-in"
price is a price the firm can buy D-marks. If the firm sees the cash
and futures price for D-marks fall below'this "locked-in" price, it

could close its futures position. If the cash price rises agéin?to
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Table 6,6

Average Basis During Delivery Month -~ 1972-1978

Month
Currency March June September December
British Pound -.0052 -,0023 . 0034 -.0011
Canadian Dollar -.00003 -.0040 ,0001 -.0002
German Mark .00002 .0005 -,0001 -,00001
Japanese Yen .00004 -,000001 .0000 .0000

Swiss Franc .0007 .0004 . 00004 .0003
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some level the firm sets, a futues position can again be opened.
However, when the firm has closed its futures position, it again
becomes a speculator in the purrenc&_market. Also, the firm might
watch the forward contrac£ market ifiéﬁe,firmiis more cohse:vatiye.
1f the price in £he forwara market reaéheS'a "favorable" 1e§e1,lghen
the f;rm can close its futues ﬁdsition'and bu§ its exchange rate on.
the forward market. However, this leads to less flexiBility for
the firm than by dealing in thé futues market and watching ﬁaéis
movements, which is a more risk—takigg position., The important
thing is that once a hdge .is placed it.should not bé completely
ignored. That is, conditions change in the market that would makel
it undesirable to be hedged. For example, if pricés‘are falling,
the firm that has a long position in the futures market might bé
better off unhedged. But, this againfintrodﬁces some sort df specula-.
tion or risk taking. An importing firm can successfully redgce thg
risk of adVerse price movements via.the futures market. .Wﬂen a .\“
firm sees a price for a foreign currency in the futures market that
allows the firm a profit on the international transactioh, thé firm
‘can hedge that price. When the firm starts lifting and plaéing
hedges to take advantage of price movements, itlmust réaliie'that-

it is taking more risk and speculating on future price movements.
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Suggestions for Further Research

The object of this study was to determine if futures prices in
currency futures markets are predicfaﬂle. The conclusion was that,
in general, they were not. The implications to hedgers are: (1)
trying to place hedges based upon the ability to predict futures
prices will not work, and (2) successful hedges can still be placed
even though futues prices are not‘predicfable.

- This research used the information set of past prices té{try to

predict future prices in the futures market. Perhaps other infor-

mation sets could be tested. For example, in this study such economic

‘variables as relative inflation rates, trade balances, and rates of

money supply changes were assumed to be reflected in.the futureé.
price. Perhaﬁs these economic variables could be tested as ind;pen—
dent variables that determine futures prices. Furfhér, this study -
looked at relatively short run futures price_changes. A longer

time horizon could be tested, for example; £he length of the contract
for one year or longer.

" A model using lagged returns of several currencies to predict
returns of a specific currency could be developed. Clearly, many
different types of models could be tespéd using different data seté,.
independent variables, assumptions and functional forms.,

Céftainly, one polnt above could be gxpanded.‘ This is the fact

that successful hedges can still be placed despité the fact that
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futures market prices are, in general, unpredictable. Basis movements
in currency futures markets could be modeled. From basis movemeﬁts
heding strategles can. be constructed and simulafed. Further, the
concept of using.a comBination of futures markets and forﬁard markefs

in a hedging strategy could be examined.
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Summary of Contract Specifications

Table I-1

Currency
British Canadian German Japanese Swiss

Specification Pounds Dollars Marks Yen Francs
Ticker Symbol BP CD DM JY SF
Contract Size 25,000 BP 100,000 CD 125,000 DM 12,500,000 JY 125,000 SF
Approx. U.S. :
Dollars $51, 5002 $86,000% $65,000% $57,000% $73,0002
Minimum
Fluctuation . 0005 .0001 .0001 .000001 .0001

($12.50) ($10) ($12.50) ($12.50) ($12.50)
Daily Limit
(Normal) .0500 .0075 . 0060 . 000060 .0060

($1,250) ($750) ($750) ($750) ($750)
Commissions * * * * %
Margins * * * * *

All currency contracts' delivery months are:

March, June,

September, December

a8 As of May 30, 1979

* Consult your broker

Source:

International Monetary Market Yearbook 1977-1978.

—




Volume of British Pound Futures Market
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Table I-2

Number of Contracts Traded

Month 1978 1977 1976 1975 1974 1973 1972
Janauary 15,576 23239 599 1,218 3,900 5,441 e
February 11,360 205155 434 313 978 2,728 -
March 17,360 25561 12,143 508 698 1,087 -—
April 22,667 1,058 2,679 789 391 981 -
May 22,983 1,283 w25187 1,094 476 2,143 15271
June 21,956 1,851 525686 2,456 775 6,385 15655
July - 3409981 155279 15778 442 15774 2,710
August -— 6,059 984 1,690 970 490 1,104
September « ——- 7,997 4,986 1,864 1,692 579 1,876
October - ] 20/ L2670 063 1,274 362 1,026 1,948
November -— 7808 455513 660 15358 368 911
December —_— 1898708035910 15371 2:s291 8,410 35312

TOTAL 111,902 785 1013354650 155015 [ elag033 7 i35 412 S8y 14 787
Source: International Monetary Market Yearbook 1977-1978
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Table I-3
Volume of Canadian Dollar Futures Market

Number of Contracts Traded

Month 1978 1977 1976 1975 1974 1973 1972
Janauary Tl9 11,769 297 1,568 831 8,529 -
February 75,083 WET8 946 248 16 314 25,565 -—
March 8,984 34,170 381 10 238 45155 ——=
April 175470 10,584 492 113 202 832 -
May 145511 35248 145499 106 25 25621 7,074
June - 135424 315001 93 539 5,398 9,672
July - 8,528 607 73 745 4,707 3,334
August - 11,447 837 42 49 15322 4,450
September « ——- 6,449 1,032 Tl 188 688 1,306
October -— 1954660 «01:5243 92 250 11 919
November e 9,167 3,333 186 372 26 3,462
December -—- 13,941 7,098 301 718 15327 8,587
TOTAL 554839 'll61 51397175068 25677 35699 29,161 = 38,804

Source: International Monetary Market Yearbook 1977-1978.
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Table I-4
Volume of German Mark Futures Market

Number of Contracts Traded

Month 1978 1977 1976 1975 1974 1973 1972
Janauary 12,864 9,646 25921 7,470 12,839 4,680: -—
February 14,410 L3075 135522 3,628 676 2,488 ——
March 22,901 6,764 4,481 5,306 1,010 3,195 i
April 2835721 9,008 £:2:31% 4,172 1,547 1,494 ——
May 32,464 8,691 3,070 3,143 2,892 2,258 2,906
June 24,707 6,001 2,451 2,425 2,667 175055 35785
July e 18,441 1,495 4,292 2,398 989 15237
August - 1Ly 4l 655353173 339527 3,808 2,149 25299
September - —--—- 8,097 4,269 45330 2,300 5,234 1,004
October — 14,922 ' 8,304 D5 20D 35028 1,384 1,114
November — 16,434 35705 D302 2,804 24,388 1,094
December —— Ll 2369979 Diyi8a 3t IS8 275510 D879

TOTAL 136,067 134,368 44,887 54,793 49,447 7142685 4195318

Source: International Monetary Market Yearbook 1977-1978.




135

Table I-5
Volume of Japanese Yen Futures Market

Number of Contracts Traded

Month 1978 1977 1976 1975 1974 1973 1972
Janauary 11,634 216 14 629 1,951 17,196 /- ===
February 18,751 443 198 153 172 8,410 ===
March 35,098 3,107 38 174 173 20,487 ==
April 22,242 4,149 165 82 238 9,463 Fami
May 25,479 1,142 22 27 84 5,377 486
June 38,290 5,006 75 40 842 21 767 = 1,093
July ——— 4,757 109 12 668 6,499 147
August — 34378 . v 158 70 491 12,035 3,900
September  ——- 5,470 ° 1157 258 gop It > 3,993 Tkt 813
October -— 28,387 138 228 80 15,050 4,063
November  ——- 13,921 157 28 353 3,422 4 9,571
December  ——- 12,285 218 89 1,287 1,954 22,736
TOTAL 151,494 82,261 1,449 1,790 7,239 125,653 42,989

Source: International Monetary Market Yearbook 1977-1978.
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Table I-6
Volume of Swiss Francs

Number of Contracts Traded

Month 1978 1977 1976 1975 1974 1973 1972

Janauary 185992 35 30L 2459172 8,474 3,309 4,152 =t

February 23,486 4,864 25223 3,482 2,181 949 ——
March 23598574 285733 3,467 5,686 3,018 3,729 -
April 225242 %.:8/,057 2337 5,462 3,661 762 -—
May 275776 45160 4,099 7,443 5,978 2,920 984
June 24,603 L 143457 5,607 3,656 3,686 1,686 2,641
July - 5,845 3,519 9,086 45133 767 2,010
August - 8,939 2,411 6,254 1,881 1,080 35275
September e 9,629 2,582 6,617 1S5 37 315 4,409
October -— 14,992 3,514 6,758 25973 1,444 s S72
November - 135215 2,104 S BT 3,664 3,316 1,458
December ——— 20,776 25371 3,836 7,084 893 35372
TOTAL 141,084 106,968 37,246 69,933 42,505 225013 72

Source: International Monetary Market Yearbook 1977-1978.




Table I-7
Volume of All Futures Markets -- CME and AMM

Month

Number of Contracts Traded

1978

1977

1976

1975

1974

1973

January

February
March

April

May

June

July

August

September
October
November

December

583,327

699,337

461,105

391,485

545,667

652,306
617,824
585,198
482,667
502,380

426,765

453,310

470,600

472,257

521,782
409,231
461,650
536,745
481,508

526,983

470,518

400,270
413,438

505,354

429,055

400,761

TOTAL 1,282,664 6,061,565 5,557,295

446,630
348,098
379,634

445,883

523,336

573,378

550,351

477,258

525,828

563,267

439,046

486,252

5,758,761

454,319
384,202
448,720
442,672
500,440
379,724
464,971
397,494
330,591
458,355
360,269
3555835

4977 ,612

561,918
539,925
642,770
447,543
435,446
407,001
457,249
564,167
337,165
463,294
405,720
361,094

93623,292

357,953

- 413,907

336,416
391,084
384,118
371,008

360,464

457,176

3,072,116

Source:

Chicago Mercantile Exchange Yearbook 1977-1978.

LET




Table I-8
Volume of All Futures Markets -- IMM

Number of Contracts Traded

Month 1978 1977 1976 1975 1974 1973 1972
January 298,311 85,302 53,804 89,161 63,820 42,914 -
February 246,453 895529 46,446 393301 15873 18,656 ——
March 327,468 164,016 44,492 46,329 9,679 29,981 g
April 324,223 124,103 41,478 43,951 12,919 16,308 —-——
May 316,571 94,566 44,190 50,477 15,399 18,684 125799
June 351,437 99 225 48,207 40,259 18,948 43,817 19,124
July e 108,831 45,831 56,561 14,475 153545 9:953
August =T 117,458 43,751 58,150 17,149 18,848 13,421
September ——- 128,849 60,465 62,025 22,018 13,968 10,417
October S 289,565 575015 56,798 42,257 30,654 9,750
November = 272,698 82,212 51,656 28,869 5ili3 378 21,020
December i 242,540 76,029 48,451 62,864 129,651 48,844
TOTAL 1,909,463 1,816,682 664,370 643,195 316,268 436,374 144,928

Source: International Monetary Market Yearbook 1977-1978.

8T
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Table I-9
IMM Volum As A Percent of CME and AMM Volume

Year Percent
1978 N.A.

1977 <2997
1976 .1160
1975 « 1117
1974 .0635
1973 .0776

1972 .0472
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Table II-1
Return Specification -- Percentage Change
HO: 81.1 - 812 - o - 815 =0
Holding Period

1-Day 6-Day 20-Day
Currency F Calc., FiCrit, FiCalc, F, Crit. F Calc. FCrdts
British 0/ 2o 2L .34 221 «39 2.45
Pounds
Canadian e23 25 24 1509 2ol 15322 2.45
Dollars
German 48 2l 2 221 «41 2.45
Marks
Japanese 30 2521 1.40 2520 .86 2.45
Yen
Swiss o) 221 «29 22l 21 2.45

Francs
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Table II-2
Return Specification -- First Difference
HO: 811 = 812 e = 815 =0
Holding Period
1-Day 6-Day 20-Day

Currency F Calc. E Crit. F Calc. . Crit, F Calc. F: CELt,

British 1502 221 N 2 o2 .43 2045
Pounds

Canadian .49 2:21 1wt bic 2210, 1522 2 el
Dollars

German .20 2521 .16 22 gl 2545
Marks

Japanese .40 221 2.88%* 2:21 .98 2045
Yen

Swiss 1%o8 252 .60 2021 gLl 2445
Francs

* Reject H
o
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Table II-3
Return Specification -- Percentage Change
HO: 88 - 89 e el ™ 815 =0
Holding Period
1-Day 6-Day 20-Day
Currency F Calc. F Crico" 7 Calecs Fro ORIt F Calc. FiCrit.
British L33 1.94 .32 1.94 287 2 aliS
Pounds
Canadian 3 ) 1.94 «79 1.94 e 23 208
Dollars
German 2.35% 1.94 .23 1.94 42 2.18
Marks
Japanese s 17 1.94 132 1.94 2.2 2918
Yen
Swiss 1.05 1.94 sl 1.94 022 2.18
Francs
*

Reject Ho
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Table II-4
Return Specification -- First Difference
Hyt " Bg mBgrm i,y 815 =0
Holding Period
1-Day 6-Day 20-Day

Currency F Calc. Y Crit, F Calc. Fs Crits F Calc. F'Crit.

British 1.66 1.94 .39 1.94 .89 218
Pounds

Canadian 47 1.94 .93 1.94 320 2.18
Dollars

German 1785 1.94 ol 1.94 AL 1 2418
Marks

Japanese S 1.94 2.45% 1.94 .63 2,18
Yen

Swiss 1.89 1.94 97 1.94 «19 2.18
Francs

* Reject HO
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Table II-5
Return Specification -- Percentage Change
H: By = 83 = .. = 815 =.0

Holding Period

1-Day 6-Day 20-Day
Currency F Calc. F Crit., F Calc. F, Crit. F Calc. F Crit.
British .88 1467 1.16 1567 .64 1.92
Pounds
Canadian 2518% 1567 + il 1.67 +97 1592
Dollars
German 231% 1.67 098 15667 1562 1592
Marks
Japanese 2.06%* 1.67 .81 i1 6/, {98 192
Yen
Swiss 1362 1.67 L5225 Lah./ 45 7 1692
Francs

* Reject H
o
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Table II-6
Return Specification -- First Difference
HO: 82 = 83 e e 815 =0
Holding Period
1-Day 6-Day 20-Day

Currency F Calc. F Crit., F Calc. LG g e F Calc. ) 0 =3 ) o

British 1.08 1567 1.09 1567 o o 1.92
Pounds

Canadian 2.06% 1567 .96 1567 .99 15592
Dollars

German 1.93% 1v67 s ol 1.67 126 1492
Marks

Japanese 1.65 1.67 1.98% .67 .84 1.92
Yen

Swiss 3.03% 5167 3.10% 167 8D/ 1.92
Francs

* Reject H
o
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Table II-7
Return Specification -- Percentage Change
H:Bl=82=...=815
Holding Period
1-Day 6-Day 20-Day
Currency I Cales ¥ Crit, F Calc. e O S F Calc. B Crit.
British 9L L.67 1.98 1.67 1.34 1.92
Pounds
Canadian 2.05% 17567 .90 1467 « 91 1,92
Dollars
German 2.48% 1.67 1.10 1367 bl 1.92
Marks
Japanese 8.76% 1,67 2.24% 167 o, 1.92
Yen
Swiss 3.9 1% 1 67 122 1.67 .54 1592
Francs

* Reject Ho
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Table II-8
Return Specification -- First Difference
HOJ 81 = 82 B e = 815 =0
Holding Period
1-Day 6-Day 20-Day
Currency F Calc. F Crit, F Calc. ¥, 'Crit, F Calc. FECriE,:
British 1.06 b7 180 e 1767 09 1392
Pounds
Canadian 1.95% 1.67 97 1467 «93 1.92
Dollars
German 2i.33% 167 .87 1467 119 1592
Marks
Japanese 6.78% 6 2.36% L6/ 81 1:92
Yen
Swiss 5.81% 1567 2.90%* 1,67 .54 1592
Francs

* Reject H
o
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Table II-9
HO: o = Bl =, . . = 815 =0
Return Specification -- Percentage Change

Currency 1 6 20
British Pounds

Mean .00009116 .0005687 .001402

(8sD3) (.004818) (.01220) (.02204)

£ .0189 . 0466 .0636
Canadian Dollars

Mean -.0005077 -.001366

(8.D%D) (.005594 .01193

v -.0908 -.1145
German Marks

Mean .001311 .001613

(82D ) (.01546) (.02813)

t .0848 573
Japanese Yen

Mean .005071

(SD5) (.02830)

t 1792
Swiss Franc

Mean .002341 .006481

GBe D) (.01927) (.03584)

& «1215 .1808
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Table II-10
HO: o = Bl =, . = 815 =0
Return Specification -- First Differences

Currency 1 6 20
British Pounds

Mean .0001485 .0009508 .001831

(s.D.) (.009878) (.02508) (.04505)

t S OL50 .0379 .0406
Canadian Dollars

Mean -.0004931 -.001305

(S.D:) (.005423) (.01159)

= -.0909 -.1126
German Marks

Mean .0004829 .0006532

(8D ) (.006674) (.01228)

t 0724 <0532
Japanese Yen

Mean .00001935

(S:D.) (.0001212)

L N )7
Swiss Franc

Mean .002647

(SeDs ) C.OL727)

t

.0533
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Table II-1ll.a

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD —-- TWENTY DAYS

British Pounds

1 2 3 4 5
3721 0 =.08622 -.1256 -.07248  .09373
.1457 .1586 .1621 .1639 .1661

2.555%%  -,3569 -.7750 L4423 L5644
6 7 8 9 10
-.1690 . 06039 .1935 -.2731 .2602
.1636 .1658 .1681 .1681 .1666
-1.033 .3692 1.151 -1.625  1.561
AN 12 13 14 15
.08280 -.06249 .01935 04419  -.1834
1694  .1699 .1704 L1649 L1413
4886  -.3678 .1136 .2679 -1.298

* Significant at the .05 level
%% Significant at the .02 level
*%% GSignificant at the .0l level

N = 62
R2 = ,2453
Mean of the Dependent Variable: .001402

Intercept: .0005518
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Table II-11.b

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- TWENTY DAYS

Canadian Dollars

1 2 3 4 5
.09749 .01640 s 1267 .1548 .05800
.1468 31451 +1396 .1460 G522
-.6643 -.1130 .9080 1.060 .3810
6 7 8 9 220
-.08601 -.08560 + 01751, -.1760 2312
s L1581, .1554 o 1:571. + 1691 .1634
-.5619 -.5510 L1114 -1.087 1.411
1% 12 13 14 15
.02373 -.05701 -.3194 -.2250 .01447
1647 .1683 .1629 .1770 .1788
-.1440 -.3388 -1.967% -1.272 .08096
* Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level
N = 62
R2 = ,2297
Mean of the Dependent Variable: -.001932

Intercept:

-.,001932
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Table II-1ll.c

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- TWENTY DAYS

German Marks

LAG 1 2 3 4 5
8 .003773 .03057 .1312 -.4006 ~. 04442
3 .1483 .1549 .1420 1414 .1597
. .02558 .1973 .9244 ~2.833%%% - 2781
LAG o 7 8 9 10
B ~.4139 .2717 .05252 1.1513 -.1528
g .1582 .1654 .1733 .1701 .1516
t ~2.616%%% 1,642 .3030 .8898  -1.008
LAG e L 12 13 14 15
8 .03858 ~.1340 .09976 .07452 .02672
g .1533 1472 1444 .1405 .1334
¢ .2516 -.9108 .6907 .5304 -.2004
* Significant at the .05 level

*% Significant
*%%  Significant
N = 62

R? = .3302

at the .02 level
at the .01 level

Mean of the Dependent Variable:

Intercept: .002855

.001613
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Table II-11.d

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- TWENTY DAYS

JAPANESE YEN

LAG 1 2 3 4 5
8 ~.04332 .05234 -, 1139 -;1381 ' =,1503
s .1501 (.1570 .1602 .1681 .1729
¢ -.2886 ,3334 ~.7109 <8533 " SiRe0H
LAG 6 5l 8 9 10
8 -.03263 .08979 .08578 .04328  .07307
S5 1774 .1752 .1480 .1643 .1557
. ~.1840 .5126 .5795 .2634 4693
LAG 11 12 13 14 15
8 .06696 .1580 .09425 .2651 .09718
83 .1547 .1527 .1537 .1624 .1662
. 4327 1.035 6131 1.632 5847

* Significant at the .05 level
%% Significant at the .02 level

*%% Significant at the .01 level
N = 62

R2 = .1516

Mean of the Dependent Variable: .005071
Intercept: . 003550
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Table II-1ll.e

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --

PERCENTAGE CHANGE HOLDING PERIOD -- TWENTY DAYS

SWISS FRANCS

i 2 3 X 4 D
.07246 1527 -.1085 -.1710 .03627
.1463 1615 1646 .1663 L1919
.4954 . 9451 -.6590 -1.028 .1890
6 7 8 9 10
-.09183 .1394 . 02448 - 1112 .05993
.1896 .1934 <2101 s 222l .1982
-.4843 TR .1165 - .5009 .3024
kil 12 13 14 15
-.1703 .03033 .01300 .01198 It
.1998 VL9893 .1904 J1.853 .1820
-.8526 +1596 .06829 .06468 .5608
* Significant at the .05 level
*%  Significant at the .02 level
*kk Significant at the .0l level
N = 62
R2 = .1490
Mean of the Dependent Variable: .006481

Intercept: .009250
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Table II-12.a

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD --TWENTY DAYS

British Pounds

LAG 1 2 3 4 5
8 .3687 ~.04164 ~ke1s .03905 .1413
55 .1453 .1575 .1609 .1617 .1634
¢ 2.538%* -. 2644 Hiek L2414 .8649

LAG 6 7 8 9 10
8 -.2467 .04146 2111 -.2872 L2417
85 .1620 .1666 .1680 .1659 .1620
. -1.523 . 2489 1.256 iy 1.492

LAG 11 12 13 14 15
B .09093 ~. 04441 -.02162 .08186 -.1780
s3 .1641 .1647 .1651 .1575 .1309
¢ . 5540 -.2697 =.1310 .5198 ~1.360

* Significant at the .05 level

%% GSignificant at the .02 level

*%% Significant at the .01 level
N = 62

R = .2626

Mean of the Dependent Variable: .001831

Intercept: .0003256
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| Table II-12.b

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD --TWENTY DAYS

Canadian Dollars

LAG 1. 2 3 4 5
8 -.09899 -.008083 .1448 .1560 .01842
Sé 1466 o145 . 1401 .1463 a0 17
t -.6751 -05569 15033 1.066 1214
LAG 6 7 8 9 10
8 -.09752 -.08818 .04213 -.1641 .2078
S§ + 1521 <1545 “1555 .1599 .1609
£ ~-.6410 -.5708 .2709 -1.027 Li29])
LAG 1l 12 13 14 19
8 -.04822 -.07354 -.2981 -.2167 .01376
Sé o «1639 .1586 ol 41 B | .1728
t -.2993 -.4487 -1.880 -1.266 .07963
* GSignificant at the .05 level
%% Significant at the .02 level
*%%* Significant at the .01 level

= 62

2w 2334

Mean of the Dependent

Intercept:

-.001902

Variable:

-.001305
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Table II-12.c

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION
FIRST DIFFERENCE HOLDING PERIOD --TWENTY DAYS

German Marks

LAG 1 2 3 4 5
8 -.07183 .06911 .1468 -.3713 -.08708
s3 1478 .1556 .1488 .1486 .1679
t -.4859 4442 .9863 -2.499%%  -,5185
LAG 6 7 # 9 10
8 -.3756 .2707 -.03980 .1859 -.1588
S .1666 Wl721 .1838 .1852 .1672
t -2.254%% 1.573 -.2165 1.004 -.9496
LAG 11 12 13 14 15
8 .04640 -.1351 .09056 .07889  -.008324
s .1706 .1631 .1593 .1558 .1511
t .2719 -.8283 .5685 .5062 -.05509
* Significant at the .05 level
%% Significant at the .02 level
*%% Gignificant at the .01 level
N = 62
RZ = ,2796

Mean of the Dependent Variable: .0006532

Intercept: .001002
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Table II-12.d
ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD --TWENTY DAYS
Japanese Yen
LAG 1 2 3 4 5
B -.1416 .01842 -.1668 =.01252 =3280
Sé 21237 .1663 «1671 .1689 s1837
t -.9216 .1107 -.9984 =.07410 ' =1.764
LAG 6 7 8 9 10
B .1089 .1530 =, 06219 .1999 .008746
Sé 1959 .1936 « 1791 «2073 .1992
t +2961 .7903 -.3473 . 9646 .04391
LAG Ll 12 d.3 14 il
B .08606 .2300 .2160 .1491 .2516
Sé .1986 .2023 . 2014 .2091 .2065
t .4334 1.136 1.073 .7128 1.218

* Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 62

R2 = ,2100

Mean of the Dependent Variable: .00001935

Intercept: .00001386
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Table II-12.e

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD --TWENTY DAYS

Swiss Francs

LAG 1 2 3 4 5
8 .02503 .1812 550759 ~.1077 .09169
S5 L1465 .1669 1752 .1805 .2138
t .1609 1.086 L2577 -.5968 .4289
LAG b 7 8 9 10
8 .09757 .1768 -.01541 -.1518 -.1015
S5 .2120 .2158 .2543 .2760 .2526
. .4603 .8195 -.06060 -.5498 -.4018
LAG 11 12 13 14 15
B -.1379 -.002717 .01680 -.06273  -.08518
83 .2578 .2508 .2483 .2458 L2464
¢ L. 5351 -.01084 .06766 ~.2552 ~. 3457

* GSignificant at the .05 level
*% GSignificant at the .02 level
*%% GSignificant at the .01 level
N = 62
RZ = .1490
Mean of the Dependent Variable: .002647

Intercept: .003669
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Table II-13.a

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --

PERCENTAGE CHANGE HOLDING PERIOD -- SIX DAYS

BRITISH POUNDS

LAG 1 2 3 4 5,
é -.002496 .06909 1577 .04902 .03286
Sé .06577 .06574 .06594 .06751 .07057
t -.03795 14051 2.392%% 7261 4656
LAG 6 7 8 ) 10
8 .05321  -.1348 ~.04636  .04215 .01574
Sé $ Q7125 .07179 .07224 .07198 207195
. L7467 -1.877 -.6418 . 5856 .2187
LAG 11 12 13 14 i
é .01162 -.06406 -.05547 .04234 .001352
Sé .07208 .07199 +07116 .06989 .06898
t S LOIL2 -.8899 -.7795 .6058 .01960
* Significant at the .05 level
% Significant at the .02 level
L Significant at the .0l level
N = 246
R2 = .06627
Mean of the Dependent Variable: .0005687

Intercept: .0005094
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Table II-13.b

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION ~-
PERCENTAGE CHANGE HOLDING PERIOD -- SIX DAYS

CANADIAN DOLLARS

LAG 1 2 < 4 5
B .06361 .07048 -.07007 .001540 -.09817
Sé .06587 .06600 .06595 .06612 .06628
t . 9658 1.068 -1.062 .02329 -1.481
LAG 6 7 8 9 16
é .07666 -.01778 - .002633 -.0003867 .06929
Sé .06811 .06830 .06838 .06838 .06844
t LeL26 -.2603 -.03850 -.005655 15002
LAG 1l 12 13 14 15
é 5099325 :¢7=1 01757 .09078 -.01578 .05652
Sé .06838 .06885 .06884 .06880 .06884
t 1.453 -.2552 15319 -.2294 +8210
* Significant at the .05 level
%k Significant at the .02 level
Kk Significant at the .01 level
N = 246
R2 = .05554
Mean of the Dependent Variable: -.0005077
Intercept: -.0003493
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Table II-13.c

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION —-
PERCENTAGE CHANGE HOLDING PERIOD -- SIX DAYS

GERMAN MARKS

1. 2 3 4 5
.1641 . 1497 -.02501 -.03812 ~-,07418
.06595 .06689 .06754 .06794 .07204

2.488%% 2.239% =.3703 -.5612 -1.030
6 7 8 9 10
.03647 -.005604 -.03272 .02497 -.05017
.07348 .07413 .07400 .07399 .07409
4964 -.07560 -.4421 v3375 -.6772
1| 12 i3 14 15
.03033 01795 -.07545 -.004640 .02362
.07406 .07438 .07471 .07363 .07377
.4095 .2413 -1.010 -.06301 .3202

* Significant at the .05 level
*% Significant at the .02 level

*%%  Significant at the .01 level

N = 246
R2 = ,06692
Mean of the Dependent Variable: .001311

Intercept: .001143
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Table II-13.d

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- SIX DAYS

JAPANESE YEN H

LAG it 2 3 4 5

é «30L7 .001476 .009426 -.02043 .03062

Sé .06558 .06830 .06824 .06861 .07005

t 4.600%** .02162 .1381 -+2978 4372
LAG 6 7 8 9 10

B -.004178 -.03371 - =-.09814 .1064 -.005758

Sé .07028 .07047 .07014 .07034 .07077

t -.05944 -.4784  -1.399 15513 -.08136
LAG k2l 12 13 14 15

é .004908 -.1344 .01584 .1049 -.09624

Sé .07075 .07070 .07163 .07194 .06895

t .06938 -1.901 02211 1.459 -=1.396

* Significant at the .05 leyel
*% Gignificant at the .02 level

*%% Significant at the .0l level
N = 246

R2 = .1275

Mean of the Dependent Variable: .001638
Intercept: .001371
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Table II-13.e

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION
PERCENTAGE CHANGE HOLDING PERIOD -- SIX DAYS

SWISS FRANCS
LAG 1 2 3 4 5
B .08612 .1248 -.1317 .6143 -.05302
Sé .06598 .06623 .06673 .06843 207133
t 18405 1.884 -1.973% 2.401%% - ,7433
LAG 6 7 8 9 10
g - .09081 .02062 -.01914 .06228 -.02850
Sé .07160 .07186 .07214 .07339 .07429
t -1.268 .2870 -.2652 .8486 -.3838
LAG Akt 12 1.3 14 15
é =0003278 -.07919 .01103 .008026 -.009522
Sé .07428 .07499 .07578 «07557 .07506
t -.4413 -1.056 .1455 .1062 -.1269
* Significant at the .05 level

*% Significant at the .02 level
Kk Significant at the .01 level
N = 246

R2 = ,07356

Mean of the Dependent Variable: .002341
Intercept: .002281




ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION
FIRST DIFFERENCE HOLDING PERIOD -~ SIX DAYS
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Table II-1l4.a

BRITISH POUNDS

1 2 3 4 5
01133 .07004 .1388 .07587 .01959
.06566 .06555 .06578 .06699 +07.017
s 725 1.069 2,110% <133 .2791

6. 7 8 9 10
.05129 - .1351 -.05468 .04127 -.007251
.07082 .07126 .07168 .07143 07139
.7242 -1.896 -.7629 /78 -.1016
el 12 13 14 15
«03337 - .06503 -.06939 .03778 -.003848
.07139 .07121 .07072 .06923 .06768
.4673 -.9133 -.9813 . 5457 -.05686

* Significant at the .05 level

*% Significant at the .02 level
kK Significant at the .01 level

N = 246

R2 = .06322

Mean of the Dependent Variable:
.0008618

Intercept:

.0009508
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Table II-14.b

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --

FIRST DIFFERENCE HOLDING PERIOD -- SIX DAYS

CANADIAN DOLLARS

LAG 1l 2 3 4 5
é .06903 «07361 = =, 0J0L3 -.01162 -.08411
Sé .06589 .06604 .06588 .06604 .06615
t 1.048 L35 -1.065 -.1759 12272
LAG 6 7 8 9 10
é .08771 - .02115 - .004724 -.002651 .08458
Sé .06741 .06766 .06773 .06772 .06766
t 1y 301 - .3126 - .06974 -.03914 13250
LAG 1t 1.2 1:3 14 15
é <09362. = 01865 . 1097 .01707 .04798
Sé .06772 .06811 .06807 .06816 .06815
t 12385 - .2738 L6111 . 2504 . 7040
* Significant at the .05 leyel
*% Significant at the .02 level
Fkk Significant at the .01 level
N = 246
R2 = .05976
Mean of the Dependent Variable: -.0004931

Intercept: =-.0003262
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Table II-1l4.c

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION —--
FIRST DIFFERENCE HOLDING PERIOD -- SIX DAYS

‘ GERMAN MARKS
‘ LAG 1 2 3 4 5
B .1508 .08794  -.02448  -.03616  -.09668
Sé .06598 .06681 .06702 .06756 07467
t: 2.286%%% 136 -.3653 -.5352 -1.295
LAG 6 7 8 9 10
8 .03717 ~.01448  -.004388  .06940 - .1066
Sé NO7LD .07823 .07814 .07807 .07832
(s L4817 -.1851 -.05616 .8889 -1.361
LAG Ll 114 13 14 15
é .02874 .007846 -.06416 -.005969 - .001314
Sé .07850 .07916 .07954 .07897 .07958
t .3661 .09911 -.8066 -.07558 - .01651
* Significant at the .05 level
k% Significant at the .02 level
Kk Significant at the .0l level
N = 246
R2 = ,05391
Mean of the Dependent Variable: .0004829
Intercept: .0004781
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Table II-14.d

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD -- SIX DAYS

JAPANESE YEN

LAG 1 2 3e0 4 5
B .1581 .05310 -.01595 .04032 .06879
Sg .06625 .06720 .06697 .06666 .06897
¢ 2.387%% .7901 =.2382 .6049 .9975

LAG 6 7 8 9 10
B - .01230 -.9435 -.06073 .1094 .09207
sg . 06934 .06966 .06985  .06995 .07095
t = 1779 -1.354 -.8695 1.564 1.298

LAG 11 12 13 14 15
B -.04981 =4 2473 .09904 .05685 .01138
Sg .07128 .07082 .07309 .07348 .07231
t -.6987 -3.492%%% 1,355 .7736 .1574

* Significant at the .05 level

*% Significant at the .02 level
Kk Significant at the .0l level
N = 246

R2 = ,1343

Mean of the Dependent Variable: .000008943

Intercept: .000006916
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Table II-14.e

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --

FIRST DIFFERENCE HOLDING PERIOD -- SIX DAYS

Swiss Francs

LAG 1 2 3 4 5
8 .06010 L1121 <2134 .3107 -.03641
S3 .06617 .06629 .06675 .07074 .07778
. .9083 1.691 -3.196%%%  4,392%%%x  — 4681
LAG b 7 8 9 10
B -.1359 .01865 -.06901 .1133 -.1073
s .07778 .07837 .07906 .08109 .08368
. =1.747 .2379 -.8730 1.397 -1.282
LAG 11 12 13 14 15
8 -.04942 -.1260 ~.006069 .01024  -.03642
S5 .08403 .08578 .08736 .08755 .08694
¢ -.5881 -1.469 -.06947 .1169 -.4189

% Significant at the .05 level
*% Significant at the .02 level
**% Significant at the .01 level

N = 246

R? = ,1589

Mean of the Dependent Variable: .0008512

Intercept: .001003
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Table II-15.a

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- ONE DAY

British Pounds

LAG 1 2 3 4 5
8 .02496 .0009458  -.01800 -.02442 .01107
# .02524 .02524 .02523 .02524 .02524
t .9891 .03747 57135 ~.9676 .4385
LAG 6 7 8 9 10
8 -.009425  -.0009739 .01460 .02023 .06169
54 .02521 .02520 .02519 .02518 .02518
t 0.3739 ~.03864 .5795 .8032 2.450%%
LAG 11 12 13 14 15
8 .02616 -.001719 .01379 01747 .03066
54 .02522 .02522 .02521 .02521 .02519
t 1.037 0.06818 .5470 .6931 1,217

*# Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 1595
R? = .008605
Mean of the Dependent Variable: .00009116

Intercept: 00008406




LAG

LAG

™>

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --

L2

Table II-15.b

PERCENTAGE CHANGE HOLDING PERIOD -- ONE DAY

Canadian Dollars

1 2 3 4 5
-.02156 -.06255 . 05504 .03904 .04801
«02517 .02518 202522 02525 . 02526
-.8566 -2.485%% 2.183% .546 .900
6 7 8 9 10
-.01300 .07549 .02364 .02121 .0008888
02529 + 02529 «02533 .02526 +02527
0.5139 2,985%%% .9332 .8395 .03518
11 12 13 14 15
.006251 -.006467 .02829 .008724 .02501
.02526 « 02522 202521 «02516 .02515
«2475 -.2565 15122 .3468 . 9947
* Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level
N = 1595
R% = 01906
Mean of the Dependent Variable: =.00008163

Intercept: -.00006950




LAG

wW>
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Table II-15.c

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION =--
PERCENTAGE CHANGE HOLDING PERIOD -- ONE DAY

*%k
kkk

N =
2

G

erman Marks

1 2 3 4 5
.03815 .04746 -.001732 .004408 -.01535
.02524 «02525 02527 202527 .02527
15l 1879 -.06853 1744 -.6074
6 7 8 ) 10
.04109 .04334 .04093 505125 207226
.02522 02521 «02521 .02521 .02522
1.629 1.719 1.624 2.033* 2.865%%%
Ll 12 13 14 15
.0009880 -.007457 .03207 0.2044 -.003362
.02529 .02530 .02530 .02528 .02527
.03906 -.2948 1.268 .8083 -.1330
Significant at the .05 level
Significant at the .02 level
Significant at the .01 level

1595
= ,02276

Mean of the Dependent

Intercept: .0001414

Variable: .0002138
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Table II-15.d

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- ONE DAY

Japanese Yen

LAG 1 2 3 4 5
8 -.2682 ~.06388 ~.05507 ~.01167 .05160
82 .02518 .02607 .02611 .02614 .02612
v ~10.65%%%  —2.450%% -2.109% - . 4466 1.975%
LAG 6 7 8 9 10
8 .07082 .03690 .04635 .07354 .06088
S .02612 .02611 .02610 .02610 .02608
L 2.711 1.413 1.776 2.817 2.335
LAG 11 12 13 14 15
B .02202 .007766 -.01883 -.002724 -.007656
53 .02609 .02609 .02608 .02604 .02519
. .8440 .2977 8.29%) -.1046 -.3040

* Significant at the .05 level
*% Significant at the .02 level
*%% GSignificant at the .01 level

N = 1595
R? = .07686

Mean of the Dependent Variable: .0002649
Intercept: .0002768
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Table II-15.e
ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
PERCENTAGE CHANGE HOLDING PERIOD -- ONE DAY

Swiss Francs

LAG 1 2 3 4 5
é «1250 .02569 .04375 =402717 -.03521
53 02522 .02541 .02544 .02547 .02546
t 4.,956%%% 150L1 L5720 -1.067 -1.383
LAG 6 7 8 9 10
B .004400 .06428 .01034 .03071 .05052
Sé .02545 .02544 .02549 .02544 .02545
e oL 729 2.526%% . 4054 1.207 1.985%
LAG gd 42 €13 14 15
é -.02733 -.0007392 .02052 .01386 .01384
Sé .02549 .02548 .02547 .02548 .02528
t ot 740 7 -.02901 .8058 .5439 .5473

* GSignificant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 1595
R? = ,03228
Mean of the Dependent Variable: .0003569

Intercept: .0002504
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Table II-16.a

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD -- ONE DAY

British Pounds

LAG 1 2 3 4 5
8 .02014 .001016 -.008683  -.02345 .01798
i .02523 .02523 .02521 .02521 .02521
. .7982 .04025 LIk 0.9302 L7132
LAG 6 7 8 9 10
8 -.01396 ~.0006660 .01194 .01716 .06705
s .02517 .02516 .02514 .02513 .02512
. 0.5546 02647 4749 .6828 2. 669k
LAG 11 12 13 14 15
8 .01688 -.01275 .03664 .01972 .03108
P .02516 .02515 .02514 .02515 .02512
¢ .6709 5074 1,457 .7843 1.237

* Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 1595
R? = .009995

Mean of the Dependent Variable: .0001485

Intercept: .0001411
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Table II-16.b

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD -- ONE DAY

Canadian Dollars

LAG 1 2 3 4 5
8 -.02118 -.05235 .04964 .03975 .05095
54 .02517 .02517 .02520 .02523 .02523
t A1k ~2.080% 1.970% 1.576 2.019%
LAG 6 7 8 9 10
8 -.01223 . 08046 .02410 .01670  -.001292
S5 .02527 .02527 .02532 .02523 .02524
£ 4842 3.185%k* .9518 .6619 -.05120
LAG 11 12 13 14
8 007479  —-.004993 .02698 40081291 s
e .02522 .02518 .02516 .02513
. .2966 ~.1983 1.072 -.3235 &

% Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 1595
RZ = .01822
Mean of the Dependent Variable: =-.00007774

Intercept: =.00006517
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Table II-16.c

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD -- ONE DAY

German Marks

LAG 1 2 3 4 5
é 05727 .05945 -.004515 -.01579 -.02086
Sé .02528 « 02532 .02536 .02536 «02537
t 2.265%%% 2.348%% -.1780 £.6226 -.8222
LAG 6 7 8 9 10
é .04213 .02487 .04642 .05402 09322
Sé .02535 .02534 .02532 .02534 .02536
t 1.662 . 9815 1.833 2ed:32% 2.099%
LAG 11 12 13 14 15
é -.0003811 -.01292 .01424 .01637 =.007537
Sg . 02541 .02541 .02542 .02538 .02534
i -.01500 -.5083 .5600 . 6450 =.2975

% Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 1595
R® = ,02162
Mean of the Dependent Variable: .00008295

Intercept: .00006002
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Table II-16.d

ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION --
FIRST DIFFERENCE HOLDING PERIOD -- ONE DAY

Japanese Yen

LAG 1 & 3 4 5
é =.2307 =2 03925 =+U5930 -.04071 -.006017
Sé .02523 .02588 .02509 .02594 .02596
t =9.142%%% 2 LS 7 =229 3%k ati=] 0569 ~a2318
LAG 6 7 8 9 10
é .009415 -.01047 .009420 .05431 .08866
Sé .02587 .02583 . 02584 202593 .02597
t 23639 -.4054 . 3646 2.094%* 3.414%%%
LAG bl 12 13 14 15
é .01807 .006619 .005444 .03565 .01896
Sé .02610 .02615 .02610 .02609 .02546
t .6924 s 2231 .2086 1.366 . 7448

* Significant at the .05 level
*% GSignificant at the .02 level
*%% Significant at the .01 level

N = 1595
R2 = ,06077
Mean of the Dependent Variable: .0000006897

Intercept: .0000007643
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Table II-16.e
ESTIMATED AUTOCORRELATION FUNCTION RETURN SPECIFICATION -—-
FIRST DIFFERENCE HOLDING PERIOD -- ONE DAY

Swiss Francs

LAG 1 2 3 4 5
3 37 04224 .06823 -.06116 -.05556
Sé s 02527 « 02557 .02564 .02570 .02569
t 6.242%%% 1652 2.661%*%x -2, 379%% -2 ,162%
LAG 6 i 8 9 10
g -.007206 .05708 -.0078328 .05487 .04309
Sé .02571 .02569 .02573 .02569 02573
7 -.2803 2.222% -.3043 2.136% 13675
LAG 11 15 33 14 35
é -.06447 -.02734 -.005390 .03124 -.008366
Sé s 02573 s 02575 «02572 <02573 .02542
i =2.504%% 1.061 =.2096 1.214 -.3291

* Significant at the .05 level
*% Significant at the .02 level
*%% Significant at the .01 level

N = 1595
R%Z = 05235
Mean of the Dependent Variable: .0001374

Intercept: .0001024




Table II-17

Testing the Intercept

H: a=0 H: a=0
o ]
& 2 ~%2 oy *
= + =
Uj a B(Pj,t—l) 5 VJ’[ Uj,: - B(P',t—l + Vj.t
Hold
Currency 1 6 20 1 o 20
BP
;: .00007864 . 0004633 -.0003496 .000005595 .00004792 .0006456
S;; (.000025394) (.000308866) (.001168110) (.000006296) (.000073988) (.0002797)
£ 3.0968% 1.5000 =.2993 .8886 L6477 2.3082%
()
a: .00001698 .00003005 -.000001475 -.00001358 -.000007631 .0001662
5o (.000002937) (.000076446) (.000323144) (.0000029) (.00006835) (.000293179)
£z 5.7814* . 3931 -.0046 -4.6833% -.1116 .5669
DM
;: -.00001066 -.0001193 -.0002128 .0000653 .0004105 .001996
Sq® (.000001664) (.000039985) (.000158944) (.000008147) (.00018379) (.000961349)
(- -6.4063% -2.9836% -1.3388 8.0152% 2.2335% 2.0762%
JY
a: -.000000001803 -.000000007284 -.00000003557 .0001896 .0005586 .003668
Sg: (.000060001) (.000000001) (.00000008) (.000015073) (.000023109) (.000128034)
£ -2.5463% -5.2264%* -4.3315*% 12.5788%* 24.1724% 28.6486%
SF
a: -.00001607 -.0002277 -.0006774 .00007709 .0006745 .003126
Sa: (.000001604) (.000038764) (.000193661) (.111116156) (.000191201) (.0009151)
{ 24 -10.0203* -5.8740% -3.4979%* 12.5227% 3.5277% 3.4160%

Reject Ho

8T




Table II-18

Choosing the Return Specification

ﬁ; Lmot s(Pg’t_l) +vy . ﬁ?*t -a + B(Pj,:-1)_2 + v;'t
H: 8 =0 H: B=0
B SR> 0 B ot B> 0
Hold = -
Currency 1 6 20 | S 20
BP
8: .000004215 .00003502 .005341 .00007265 .0004082 -.0008372
Sg (.000005493) (.00006784) (.0002717) (.00002502) (.0002902) (.001056)
t: L7673% .5162% 1.966 2.904 1.407* -.7925%
cDp
8: .00001239 -.00000938 .0001411 .00001717 .00003639 -.00002481
s5: (.000003077) (.0000799) (.0003398) (.000002719) (.00006391) (.0002722)
t: 4.354 -.01174% L4151% 6.314 .5694% -.0191%
DM
B: .00009671 .0009426 .002052 -.000005426 -.00002891 -. 0002166
S3: (.000009452) (.0002258) (.0008680) (.000001264) (.00002992) (.0001634)
t: 10.25 4.175 2.364 -4.294% -.9963% -1.326%
JY
8: .0001944 .0007117 .003536 -.000000001719  -,000000005245  -.00000003761
53 (.00004807) (.00009386) (.0005519) (.0000000009243) (.000000001409)  (.000000007621)
t: 4.054 7.583 6.407 -1.860% -3.722% -4.935%
SF
8: .000155 .001854 .005498 -.000004864 -.00004356 -.0002889
55 (.000008829) (.0002099) (.001007) (.000000777) (.0000255) (.0001353)
e 17.55 8.833 5.461 -6.261% -1.709% -2.136*

* Reject H_

Z8T1
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lFama, Fugene, "Efficient Capital Markets: A review of Theory and

Empirical Work," Journal of Finance, May 1970, pp. 469-482,

2
Exchange Rate Practices of IMF Members (as of June 30, 1975)

Exchange Rate Regime Number of Countries Percentate of
World Trade

 Floating 18? o 69.6.
Pegged . 104 30.4
Total 122 100.0

a . . . . . s
Includes seven European nations participating in a joint float.

Source: Ingram, James C,, International Economic Prohlems,inhn
Wiley and Sons, New York, New York, 1978, p, 90.

3Ingram, James C., International Economic Problems, John Wiley and

Sons, New York, New York, 1978, p. 90.

4Federal Republic of Germany (Bundes Republik Deutschland) i.e, West

Germany, hereafter Germany or West Germany,

5Teweles, Richard J.; Harlow, Charles J.; and Stone, Herbert L.,

The Commodity Futures Game, Who Wins? Who Loses?, McGraw-Hill
Book Company, New York, New York, 1974, p. 39.

6"Commodity Traders Play_with Currency." Business  Week, April 12,

1972,

7"Understanding Futures in Foreigh Exchange,'" Public Relations

Department, International Monetary Market of the Chicago
Mercantile Exchange, Inc., Chicago, IL, 1974.

8Dufey, G,, "Corporate Finance and Exchange Rate Variations,"

Financial Management, Vol. 1, No. 2, (Summer, 1972).

9Shapiro,.A. C., "Exchange Rate Changes, Inflation, and the Value of

the Multinational Corporation,'" Journal of Finance, Vol. 30,
No. 2, (May, 1975).

10Granger, C. W, J., and Morgenstern, 0., 'Spectral Analysis of New

York Stock Market Prices," KyKlos, Vol. 16, (1963).
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. A
Brogan, A,, "Simulation of Moving Average Hedging Strategies for

12

13

Winter Wheat,' Unpublished M,S, Thesis, Montana State Univerlsty,
Bozeman, MT, June, 1977, p, 12,

This discussion presented can be found in greater detail in Fama,
E.F., Foundations of Finance, Basic Books, Inc., New York, New
York, 1976, pp. 133-137.

Fama, E.F., Foundations of Flnance, Basic Books, Inc,, New York,
New York 1976. :

14Fama, op. cit,, 1976.

15Fama, op, cit., 1976.

16A more detailed presentation is made in Fama, E,F., Founddtions of

Finance, Basic Books, Inc., New York, New York, 1976, pp. 137~
166 and pp. 320-382.

7For a more detailed list, see Boudreaux, Kenneth J., and Long,

Hugh W., The Basic Theory of Corporate Finance, Prentlce—Hall
Inc., Englewood Cliffs, New Jersey, 1977, p. 56,
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