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Do Momentum-Based Strategies Still Work in
Foreign Currency Markets?
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Abstract

This paper examines the peifonnance of momentum trading strategies in foreign enchange
markets. We find the well-documented profitability of momentum strategies during the
1970s and the 1980s has continued throughout the 1990s. Our ap(soach and findings
are insensitive to die specification of the trading nile and the hase currency for analysis.
Finally, we show that the peifonnance is not due to a time-vaiying risk premium hut rather
depends on the underlying autocorrelation structure of the currency returns. In sum, the
results lend fimher supprat to prior momentum studies on equities. The profitability to
momentum-based strategies holds for currencies as well.

I. Introduction

For over three decades, investors in foreign exchange maikets have disagreed
with the academic helief that price hehavior is entirely detennined hy market
fundamentals. While most would concur that over the long run exchange rates
should reflect fundamental value, many hold tbe view that short-t«m profitable
opportunities exist due to market inefficiencies. In this paper, we examine the
profitability of momentum trading strategies in foreign exchange maikets. * We
find the well-documented profitability of momentum strategies during tbe 1970s
and the 1980s has continued throughout the 1990s. Furthermore, we find that this
profitability is not due to compensation for bearing a dme-varying risk premium.

A degree of maricet inefficiency must be present in foreign exchange mar-
kets for technical trading strategies to generate positive risk-adjusted returns. If
foreign exchange markets are truly efficient, currencies must fluctuate randomly
after controlling for interest rate differentials and the release of new infonnation

* Okunev, okuDev.johnOpriiicipBlxom, Principal Global Investen, Level 11,888 7th Aveoue, New
Yoik, NY 10019: White, (Ieiekw9iiiisw.edu.au, School of Banking and Hnance, Umvenity of New
South Wales, High Street Quad Building, Kensington, NSW 2052, Australia. The autbon thank
Stephen Brawn (the editor), Maitin Martens, Cbrist(q)iier Neely, Sheridan Titman (die reEeree), and
Jian-Xin Wang fbr their helpful comments and suggestions. Any remaining enors are our own.

'We identify stroag and weak momentum cunencies through tibe use of moving average rules.
This differs from the Jpgadeesh and Titman (1993) qiproach of shnply using prior n-month letnins
to identify strong and weak momentum financial assets. We do follow the Jegadeesh and Titman
approach, however, in that our strategy ooly trades in the strongest and weakest momentum (as defined
by the moving avenge roles) cunendes.
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(Fama (196S)). However, a substantial number of studies have cast doubt on the
random walk hypothesis in foreign exchange markets. Ikylor and Allen (1992)
find statistically significant trends and a limited degree of serial correlation. A
vast literature has arisen documenting successful technical trading strat^es in
foreign exchange (Sweeney (1986), Schulmeister (1988), Surajaras and Sweeney
(1992), Levich and Thomas (1993), Tlnylor (1994), Kho (1996), Nedy, Weller,
and Dittmar (1997), LeBaron (1999), and Marsh (2000)). Taylor and AUen (1992)
document that the London foreign exchange dealers prefer to use technical rather
than fundamental analysis to determine their shoit-term, intra-day to one week,
forecasting. They find, however, that fundamental analysis progressively attains
greater prominence with an increase in the trading horizon.

Two commonly cited reasons for the presence of inefficiency in foreign ex-
change maikets are noise trading and central bank intrarention. One hypothesis is
that noise traders, who make their trading decisions based upon prior directional
movements in the currency, dominate the foreign exchange maikeL Shleifer and
Summos (1990) argue that this type of trading behavior may push asset prices be-
yond dieir true value. Moreover, even if individual traders recognize mispdcing
in foreign exchange maikets, they may be unable or unwilling to "trade against
the maiket" due to their own loss limit restrictions. In fact, individual traders may
find it in their best interest to stimulate serial correlation in cunencies if they feel
investor sentiment will remain stable in the short term. They can trade with the
market over a relatively short dme horizon and, as a result, act to drive cuirency
values further from their fundamental value (Shleifer and Summers (1990)).

Another possible reason to doubt the efficiency in foreign exchange maikets
is that central banks lack the profit motive for trade. The primaiy objective for
any central bank is not to earn trading profits, but instead to dampen foreign ex-
change volatility and to ensure that cunencies refiect politically acceptable values.
Concoted central bank intervention generates non-random exchange rate move-
ments, and a laige number of studies have examined whether profitable trading
in cunencies arises as a result (Sweeney (1997), Szakmaiy and Mathur (1997),
Neely (1998), LeBaron (1999), and Frenkel and Stadtmann (2001)). Sweeney
(1997) finds that central banks have made significant profits during interventions.
Szakmary and Mathur (1997) and LeBaron (1999) find that moving average trad-
ing rules that trade against central bank intervention generate excess returns and
suggest that central banks sufFier losses. On the other hand, Neely (1998) finds
that central bank intervention is more likely to be profitable in the long nui. The
finding that central bank intervention leads to technical trading profits is not uni-
versally held. Neely (2000) finds, using intra-day data, that techiiical trading rule
profits occur prior to central bank intervention. That is, central bank intervention
results from currency movements that have previously generated the technical
trading rule profits.

Most of the studies cited above have examined the perfonnance of trading
lules using daily foreign exchange data (Sweeney (1986), Surajaras and Sweeney
(1992), Levich and Thomas (1993), Taylor (1994), and Neely, Weller, and EUttmar
(1997)). Kho (1996), on the other hand, uses weekly data. Recent studies have
also examined the performance of technical trading rules using intra-day data (Raj
(2000) and Neely and WeUer (2001a)). With the notable exception of Kho (19%),
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the general conclusion is that technical trading rules are able to earn significant
excess retums that cannot be easily explained by bearing additional risk when
using daily or weekly data. Raj (2000) and Neely and Weller (2001a) have shown
that technical trading rules do not produce significant profits using intra-day data.

One of the problems with prior researeh is that most studies have selected
a small number of moving average strategies, basing their decisions on moving
average combinations that are commonly employed by traders. Choosing a small
number of moving average combinations may bias the results to those strategies
that have performed well ex post Nedy, Weller, and EHttmar (1997), p. 406 point
out: "these investigations have deliberately concentrated on the most common
and. widely used niles, but some doubt remains as to whether the reported excess
retums could have been eamed by a trader who had to make a choice about what
rule or combination of lules to use at the beginning of the sample period."

To overcome this criticism, we evaluate 3S4 moving average rules for eight
currencies fiom Januaiy 1980 to June 2000. Hie approach adopted is similar to
that proposed by Jegadeesh and Titman (1993), (2000) where technical indica-
tors are used to rank stocks fiom best to worst. Their strategy ranks stocks based
upon the prior n-month retum and then form decile portfolios. A long/short strat-
egy is subsequently instigated, the long portfolio consisting of those stocks with
the greatest previous n-month retum (top decile) and the short portfolio includ-
ing those stocks with the worst previous n-month retum (low decile). They find
significant excess retums both in sample and out of sample. We employ a similar
ranking procedure for currencies, but instead of using the previous n-month retum
we use various combinations of moving averages. Our objective is to identify the
most attractive and die least attractive currencies using the moving average niles.
Once the strongest and weakest momentum currencies are identified, a long/short
position is initiated by buying the strongest momentum currency and shorting the
weakest momentum currency. For example, assume a manager in Switzo-land,
using the moving average strategy, identifies the Japanese yen to be the most
unattractive currency and the Australian dollar to be the most attractive currency
relative to the Swiss fianc. The Swiss manager would sell futures contracts on
the Japanese yen and then iniy futures contracts on the Australian dollar. ^ This
approach differs from most previous studies using technical indicators on foreign
exchange markets.̂  In prior studies, long/short positions were set on each indi-
vidual currency whereas we take positions in only the most attractive and the least
attractive currencies.

We take the perspective of a long-term investor who has foreign currency
exposure in Australia, Canada, France, Gennany, Italy, Japaa, the U.K., and the
U.S. This could be a global equity manager who has purchased stocks in each
of the above-mentioned countries. Alternatively, it could be a multinational com-

^At the same time a U.S. manager, using the same strategy, might also buy the Australian dollar
but short the Swiss franc. The strategies identified in this paper all rely on moviog averages relative to
a base currency ofrefirence.

-'Surajaras and Sweeney (1992) did examine strategies that buy only the top rank currendes based
up(» "relative strengdi indices." They define a relative strength index as tiie rado of die price of a
cuirency relative to its historical average price. Many differences between their work and ours can
be identified but pertiaps the most important is that they find very weak results during the 1982-1986
period, whereas thai is a period when we find profitability to be particularly strong.
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pany tbat exports to tbose markets. Once a currency exposure is initiated it is bdd
for one montb, at wbicb time tbe foreign excbange position is reevaluated. Hie
strategy migbt require only tbree to four trades a year and would not be concerned
witb daily excbange rate volatility. Instead, tbe strategy focuses more on long-run
excbange rate movements. Wbile it is true tbat using daily data may identify
cbanges in maiket sentiment more effectively, tbis migbt also induce a bigb fre-
quency of noise trading tbat could prove to be costly in terms of transaction costs.

Wbile tbe performance of individual tecbnical trading rules may vary signif-
icantly £rom one subpeiiod to tbe next, our approacb is not sensitive to any given
moving average specification. By averaging across trading rules, our results are
remarkably consistent across subperiods and base currencies of reference. In fact,
tbe profits can be quite substantial, yielding total retums of over 6% per annum.
Tbis profitability can be explained neitber by interest rate differentials across base
currencies nor is it likely due to tbe forward premium anomaly. Furtbermore,
tbese profits most likely do not arise as compensation for bearing additional risk.
Tbe format of tbe papa is as follows. Section II describes tbe data and metbod-
ology, wbile Section m outlines tbe empirical results. Section FV concludes witb
a brief summary and discussion.

II. Data and Methodology

Tbe data set consists of tbree-montb government yields and spot excbange
rates taken from tbe Global Financial Database.^ We obtained end-of-montb data
for Australia, Canada, France, Germany, J^>an, Switzerland, tbe U.K., and tbe
U.S. from January 1975 tbrougb June 2000. In addition, we obtained MSCI cap-
italization weigbts for tbe same period from Morgan Stanley. We computed cur-
rency retums using eacb country as tbe domestic currency. Tbat is, we computed
all combinations of currency retums for tbe dgbt countries. We define this retum
series as base currency retums. Hie base currency retums ficom montb r — 1 to /
are computed as

(1) RB,, = " T ^ - l .

wbere tbe base currency retum is RB,I, tbe spot excbange rate at month f is S,, and
tbe spot excbange rate at montb r— 1 isS,-i. All excbange rates are expressed as
tbe ratio of units of domestic currency per unit of foreign currency.

In addition, we computed a sinoilBr series of currency retums adjusted for
interest rate differentials. An investor wbo uses futures to invest in currencies
or borrows in one country to invest in anotber would actually experience tbese

^Became we employ ane-montli trading strategies, we should ideally use one-monlli yields in our
dataseL However, we did not have access to tMs data for all the cuneocies for the time period of the
analysis. We do noc, however, believe thai any resnlting bias ccntiibiites to our findings. We discuss
this issue in the bootstrapping analysis later in the paper.



Okunev and White 429

returns.^ The futures price at month t - 1 is denoted as Ft-\. The interest-adjusted
returns from month r — 1 to r are computed as

(2) R,,, = Ji--\,
ri—\

where F,- i = 5,_i eap[(r - r/)* (1/12)], Ri^ is the interest-adjusted return, r is
the domestic interest rate, and r/ is the foreign interest rate. Note that

(3)

Note that we can subdivide the actual retums from investing in currency
into two components: the return due to the interest diEferential between the non-
domestic and domestic currency and the return due to pure currency appreciation.
Direct examination of equation (3) reveals the return due to the interest differential
to be

(4) ('•/-'•)

and the return due to pure currency appreciation is

(5) ^ - 1.

We can see from equations (4) and (S) that the return to investing in a rel-
atively strong currency may be mitigated by the relative interest rate differential
between the non-domestic and the domestic countries. In Section m , we will
examine the component of trading rule retums due to the interest rate differential.

Table 1 lists summary statistics for the base currency retums of each country.
Each base currency is hsted in the far left column and the reference currencies in
the subsequent columns. For example, using Australia as the domestic currency
the average monthly appreciation of the Canadian dollar has been 0.192%. l l i e
MSCIcolumngivesthe retum to a basket of currencies with the individual coimtry
allocation determined by its MSCI weight. The allocations are determined by
excluding the MSCI weight of the domestic currency. That is, if we have three
currencies, each with an MSCI weight of 33%, we would give each of the other
two currencies a weight of S0% when we determine the MSCI-weighted retum
for each base currency. Hie Equal benchmaik equally weights die other seven
currencies for computing a retum relative to a base currency.

We can easily observe from Table 1 that the Australian dollar has suffered
the greatest depreciation during the previous 20 years. The Japanese yen has
experienced the greatest appreciation. Because of the relatively large standard
deviation in monthly foreign exchange retums, most of the base currency mean
retums are insignificantly different from zero with the possible exception of the

'While the strategy we employ could, in theory, be considered zero-cost and the resulting retnnu
infini\e, we choose to fiaine the ietums in tenns of an unlevered position in currency fntnres wbere
full maigin is given for both long and shoit positions.
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TABLE 1

Descriptive StaUatlcs (BaBe Currency Retums)

Australia
Mean Ret. (%)
Median Ret (%)
Std. Dev. (%)
t-StaL
Infbr. Ratio

Canada
Mean Ret (%)
Median ReL (%)
Std Dev. (%)
r-StaL
Infer. Ratio

Ranee
Me»iReL(%)
MedanReL(%)
Std. Dev. (%)
t-Stat.
Infer. Ratio

Germany
Mean Ret (%)
Medivi Ret. (%)
Std. Dev. (%)
t-StaL
Infer. Ratio

Japan
Mean ReL (%)
Median ReL (%)
Std. Dev. (%)
t-Stat.
Infor. Rado

Swiss
Mean Ret. (%)
MedanReL(%)
Std Dev. (%)
(-StaL
Infer. Ratio

U.K.
MaanRet.(%)
MedviReL(%)
Std. Dev. (%)
t-SteL
Infor. Ratio

U S
Meen ReL (%)
Median ReL (%)
Std. Dev. (%)
r-Stat.
Infor. Rado

Australia

NA
NA
NA
NA
NA

-0.116
O031
Z731

—0.666
-0.042

0.047
0.230
3.952
O166
O012

- 0 0 9 4
- 0 1 0 7

4.111
- 0 3 5 9
-0.023

-0.492
-0.005

4.136
-1.667
-0.119

- 0 1 4 7
0.007
4279

-0.539
-0.034

—0.022
—0.066

3.767
-O090
-O006

- 0 2 0 9
-0.113

2.826
-1.159
-O074

Canada

0192
-O031

Z790
1.081
O069

NA
NA
NA
NA
NA

O177
0220
3.321
0.837
0.0S3

0.032
O190
3.409
0146
O009

- 0 3 5 8
O091
3.882

-1.526
-0.097

-0.019
O183
3.674

-0.061
-0.005

O112
0.342
3.200
0.547
0.035

-0.087
-0.059

1317
-1.038
-0.066

France

O112
- 0 2 3 0

4.044
0.434
0.028

-0.087
-O22G

3.309
-0.319
-O020

NA
NA
NA
NA
NA

-0 .145"
-0.012

0.866
-2.619
- 0 1 6 7

-0.407*
- 0 3 2 0

3.185
-2.448
-O156

-0.198
-O109

1.576
-1.952
- 0 1 2 4

-O028
- 0 2 0 8

Z604
-0.167
-0.011

- 0 1 6 5
-O100

3.241
-0.799
-0.051

Germany

0266
O107
4.229
0993
0.063

O064
- 0 1 8 9

3.408
O388
0.025

O162"
0.012
0.894
Z676
O170

NA
NA
NA
NA
NA

- 0 3 4 8
0.003
3.224

-1.694
-O108

-O052
0X133
1326

-0.611
—0.039

0123
-0.097

Z691
0717
0.046

-O014
-O114

3334
-0.066
-0.004

Japan

0.675*
0.005
4344
Z436
0.155

0.500*
-0.091

3.796
2.064
0.132

0.605"
0.321
3.288
Z885
0164

0457-
-0.003

3326
Z154
O137

NA
NA
NA
NA
NA

0396
0111
3297
1382
O120

O55S*
-O040

3.664
Z376
O151

0399
-0.066

3.675
1.702
O109

Swise

0.336
-0.007

4.428
1.192
O076

0155
- 0 1 6 3

3.896
0656
O042

0222*
O109
1.603
2.170
0138

0.069
-0.033

1.328
0.618
O052

-O288
- 0 1 1 1

3.227
-1.401
-0.089

NA
fM
NA
NA
NA

0189
-0.095

Z909
1.020
0.065

O055
- 0 1 1 5

3307
0241
0.016

U.K.

O165
0.066
3.624
0.679
O043

-0.010
- 0 3 4 1

3.193
-O046
-O003

0.096
0206
2396
0376
0.037

-0.051
O097
Z667

-0.301
-O019

- 0 4 2 5
0.040
3.493

-1.906
-O121

-O106
0.095
2.851

-0.564
-O037

NA
NA
NA
NA
NA

-O105
- 0 1 6 2

3.218
-0.510
-0.033

U.S.

0.292
O113
2.913
1.570
O100

O105
0.059
1.325
^.13B
O079

0.272
0.100
3.275
1301
O063

0.126
O114
3.349
0.566
0.037

-0267
O066
3.566

-1.174
—O075

O074
O116
3.586
0322
0.021

O209
0.152
3.233
1.012
0.065

NA
NA
NA
NA
NA

MSCI

0392-
0.021
3.086
1.991
0127

0.210
O096
1.853
1.776
Oita

0346*
0266
2.411
2260
0.144

O196
O143
2.500
1.231
0.078

-0.288
O101
3.166

-1.422
-0.091

0138
0.147
2.666
0311
O052

O304
0180
Z643
1306
0.116

0152
O001
2378
0388
O057

Equal

0291
-0.088

3.290
1390
O068

O093
- 0 1 4 9

Z331
0825
0.040

0224
0.095
1382
1.870
0.119

0.0S6
0.097
1.979
0445
O028

- 0 3 6 2 *
-O019

2388
-2.077
-0.132

-O007
0.077
Z275

-0.050
-0.003

0163
0 1 X
2354
1.083
0.069

-O016
- 0 1 4 1

2272
-O124
-0.008

The dataset comMB of monthly retuma for IndMdual currenclee fram Januaiy 1960 tfiiough Jme 2000. The period
concWi of 246 nxvTths. The baee curierK:y IB denoted on the far left and the ccturrns to the right oive the leturn stetiBtIca
of the seven cttwr currenclee wftti raepect k) the bate currencyc MSCI and Equal cunwicy ralums are calculated lelathn
to the beee CLrrBnoyL The MSCI colunn le calculated using the MSCI vnlghts excludkig the Daee cwiency The Equal
cdunncalcuiatee the currency return asaunlng en equel proportion allocaledfe the seven non-dcmestlcounenclee. "
and' M k a t e slonlflcance et the 1 % srxj 5% levels, rsepecdvelyi

Japanese yen relative to the Australian dollar, tbe Canadian dollar, tbe Frencb
franc, tbe German mark, and tbe Britisb pound. ̂

^Thioughout the paper, we assume cunency returns ere ncnnally distributed when determming
statistical significance. This assumption is incongruous with the &ct that the iecipiocals of nonnally
distributed variables have Cauchy densities with infinite variance. For the strat^es outlined later
in this paper, the boocstrq) simtilations given in THAe 8 may provide a mote acctmte measure of
statistical significance.
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Table 2 provides similar summaiy stadsdcs for the interest-adjusted cuirency
retums. These are the actual retums that an imnestar would face when trading in
the currency maikets. Of particular note, the interest-adjusted retums are much
smaller in magnitude than the base currency returns. Any trading strategy re-
lying on these retums would have a much higher hurdle to overcome to exceed
a benchmaik of simply holding the MSCI-weighted or Equal-weighted bench-
maik basket of currencies. Note that on an interest-adjusted basis the rankings
of performance differ maikedly from Ikble 1. Ilie Swiss fianc is now the worst
performing currency, even though it was one of the strongest for base cuirency re-
tums. (A high value for the MSQ-weighted and Equal-weighted benchmark with
each base cunency indicates positive retums to buying foreign currencies.) The
Australian dollar's intraest-adjusted performance is no longer quite so poor, and
the Japanese yen has an interest-adjusted retum very close to zero in magnitude.

The strategy for the paper is to simulate the performance of moving average
rules, using the base currency retums to determine the currency allocadons and
the interest-adjusted cuirency retums to compute the actual realized retums. Thus,
this strategy would mimic die retums an investor would eam through the use of
futures contracts or borrowing in one currency to invest in another. The strategy is
very simple: use the base currency retums to compute a short-mn and a long-run
moving average q)plying prior monthly retums for each currency reladve to the
domesdc base, rank the seven non-domestic currencies by the short-iun moving
average less the long-run moving average difEerence, then initiate a long posidon
in the cunency with the highest rank and short the cuneiK^ with the lowest rank.
To test the generality of our results, die strategy wiU be repeated using all eight
currencies as the base currency of reference.^

We now need to define the moving average rules. At time / the short-run
moving average and the long-run moving averages are computed as

(6) SR,, =

(7) LR., =

where SR̂ ,( is the short-nin moving average at month t using the pnarj months
of retums and LRt,r is the long-iun moving average at month t using the prior k
months of returns.̂

In the presentadon of the results, we will not focus on any one moving aver-
age rule. Instead, the strategy will detennine the currency allocadons using many
short-run/long-run moving average combinadons at each month t. llie moving
average specificadons will then be equaUy weighted to detennine a weighted al-
locadon for each currency. For example, if we use three difFerent moving average
rules and two of the three give a buy signal to the U.S. doUar and one gives a buy

''Since it is highly unlikely that« random variable and its reciprocal are identically distributed, the
analysis and resulting inference should be substantialEd acrxKS multiple base currencies. An examina-
Uon using only ooe base cuneacy simply cannot provide a sufficient statistical basis to nttapolale Ae
results.

'Return-based momentum strategies are more appropriate as tbe price momentum strategy would
tend to favor cunendes with greater price adjustments such as the yen. The largest change in piice
may not reflect the largest change in percentage terms.
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TABLE 2

De8cr1ptivB StaHstlcs (InterastnAtJ^tJSted Currency Retums)

AucMla
MesnRaL(%)
Madian Rat. (%)
Std. Dav. (%)
(-StaL
Inter. Ratio

Canada
Maan Rat. (%)
Median RaL (%)
Std. Dav. {%)
(-StaL
Inter. Ratio

MeanReL(%)
Median ReL(%)
Std. Dav. (%)
Î Stat.
Inter. Ratio

Qarmany
MaanHst.(%)
Madwi Rat. (%)
Sid. Dav. (%)
r-Stat.
Inter. Ratio

Japan
Maan Rat (%)
Madan Rat. (%)
Std. Dav. (%)
(-Stat.
Inter. Ratio

Swfes
Maan Ret. (%)
MedteiRet(%)
Std. Dev. (%)
r-StaL
Inter. Ratio

U.K.
MawiRaL(%)
Madian Rat. (%)
Std. Dav. (%)
/-StaL
Inter. Ratk)

U.S.
Maan RaL (%)
Median Rat. (%)
Std. Dev. (%)
(-StaL
Inter. Ratio

Australia

NA
NA
NA
NA
NA

0.X1
0.182
2.768
0.008
0.000

0.186
0.291
3.940
0.659
0.042

0.276
0.364
4.114
1.053
0.087

0.035
0.821
4.178
0.133
0.008

0.336
0.676
4.310
1.221
0.078

0.040
0.081
3.785
0.184
0.011

0.083
0.183
2.889
0.348
0.022

Canada

0.076
-0.162

2.800
0.428
0.027

NA
NA
NA
NA
NA

0.180
0.225
3.338
0.645
0.054

0.267
0.383
3.439
1.308
0.083

0.054
0.418
3.733
0.226
0.014

0.348
0.484
3.728
1.485
0.083

0.057
0.291
3.245
0.277
aO18

0.088
0.095
1.368
0.767
0.050

Ffance

-0.007
-0.290

4.017
-0.029
-0.002

-0.069
-0.225

3.325
-0.325
-0.020

NA
NA
NA
NA
NA

0.107*
0.136
0.856
1.985
0.126

-0.089
0.114
3.195

-0.438
-0.028

0.187
0.206
1.578
1.857
0.108

-0.086
-0.218

2.632
—0.508
-0.032

-0.012
0.132
3.288

-0.057
-0.004

Gennany

-0.104
-0.383

4.193
-0.388
-0.025

-ai89
-0.382

3.419
-a775
-0.049

-0.100
—0.135

0.876
-1.784
-0.114

NA
NA
NA
NA
NA

-0.190
0.162
3.239

-0.922
-0.059

0.080
0.134
1.340
0.696
0.045

-0.186
-0.390

2.708
-1.078
-0.069

-0.112
-0.115

3.364
-0.528
-0.033

Japan

0.145
-0.818

4.334
0.525
0.033

0.088
-0.415

3.614
0.381
0.023

ai93
-0.114

3.272
0J27
0.059

0.299
-0.152

a329
1.407
0.090

NA
NA
NA
NA
NA

0.350
0.143
3.324
1.850
0.106

0.087
-0.490

3.671
0.370
0.024

0.142
—0.270

a898
0.804
0.038

Swiss

-0.145
-0.671

4.414
-0.517
-0.033

—0.209
-0.462

3.724
-0.660
-aO56

-0.141
-0.207

1.688
- 1 3 9 7
-0.089

-0.042
-0.134

1.338
-0.489
-0.031

-0.241
-0.143

3.260
-1.158
-0.074

NA
NA
NA
NA
NA

-0.231
-0.514

Z932
-1.234
—0.079

-0.153
-0.347

3.843
-0.880
-0.042

U.K.

0.105
-0.081

3.637
0.430
0.027

0.048
-0.290

3.244
0.231
0.015

ai54
0.219
Z824
0.921
0.059

0.280
0391
2.704
1.507
0.098

0.043
0.492
3.636
0.190
0.012

0318
0.517
2.901
1.711
0.109

NA
NA
NA
NA
NA

0.107
0.024
3.274
0.515
0.033

U.S.

0.021
-0.183

Z931
0.111
0.007

-0.050
-0.095

1359
-0.572
-0.037

0.119
-0.132

3.287
0.589
0.038

0.226
0.116
3.376
1.049
0.067

-0.009
0.271
3.612

-0.039
-0.002

0.288
0348
3.839
1.233
0.079

- 0 . X 1
-0.024

3.288
-0.003
-0.000

NA
NA
NA
NA
NA

Msa

0.084
-0.242

aO85
0.428
0.027

0.016
-aO57

1.67S
ai48
0.010

0.157
-0.006

2.410
1.019
0.085

0.266
0.259
2.515
1.689
0.107

0.012
0388
3.191
0.081
aoo4

0323
0.329
2.7G9
1.869
0.119

0.035
-0.116

2.674
0.208
0.013

0.079
-0.124

Z708
a481
0.029

Equal

0.013
—0388

3.274
aO82
0.004

-aO61
-0.295

2357
-0342
-aO22

0.082
-0.023

1.887
0.866
0.044

0.202
0.239
1.961
1.598
0.102

-0.057
0.284
2.914

-0.305
—0.020

0.288
0.302
2308
1310
0.116

-0.048
-aiO6

2.362
-0.300
-0.019

0.016
-0.030

2307
aioi
0.X7

The datsset consists of Intersstadjusted monthly returns ter individual currencies from January 1980 through Jme 2000.

statistics o( the aaven ottiar cunranclas with respect tD the base currency. MSCI and Equal currency ratuma ars calculated
relatlva to tha basa cwrency. Tha MSCI cokmn Is calculatad using tha MSCI walghts sxckjdng the tnse currency. Tha
Equal cohjnn calculatse tha currancy retum assuming an equal proportion aRocated te the sevarnon-domestlc currencies
•* wid • mdlcata siv«lcanca at the 1% and 5% lavals. raspectlvely.

signal to the German maik, then two-thirds of our long portfolio will be allocated
to dollars and one-thiid to marks.

In this analysis, the short-run moving average valtjes range from one to 12
months, while the long-run moving average values range from two to 36 months.
For all combinations of short-run/long-run moving average rules, the number of
months used to compute the short-run moving average must be less than the num-
ber of months used to compute the long-run moving average. For exajDople, us-
ing a short-run moving average of one month, we determine the cunency posi-
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tions using: (SRu, - LR2,», SRi,, - LR3,,,... , SRi,, - LR36,/. Using a short-
run moving avoage of two months, we determine the cunency positions using:
SR2,, - LR3,,, SR2,, - LR4,,,... , SR2,, - LR36.f • In total, we evaluate 354 moving
average combinations.'

At the end of each month fof each individual moving average combination,
the seven non-domestic cuncncies are ranked from best to worst by using the
return-based momentum indicator, which is equal to the short-run moving aver-
age less the long-run moving average. Tbe cunency that has the largest positive
deviation is the most attractive and is defined as Rank 1, the currency that is
second most attractive is Rank 2, and so on for other rankings. The currency de-
termined to be the most unattractive is Rank 7. These rankings are determined
using each of the 3S4 moving average rules. Each short-run/long-run moving av-
erage rule will determine a Rank 1 and a Rank 7 currency. Our ̂ ^noach is to give
equal weight to each of the short-run/long-run moving average combinations, and
therefore to determine a weighted allocation for each of the non-domestic curren-
cies. Positions are then taken through futures and held for a month. On a mondily
basis, the rankings are reevaluated and new positions are taken if warranted.

We focus on four possible strat^es using the short-run/long-run moving
average combinations. First, as described above, we consider a strategy that pro-
vides equal weight to all momentum strategies where the short-run moving av-
erage rules range from one to 12 months and the long-run moving average rules
range from two to 36 months. In all cases, the number of months used to compute
the short-run moving average must be less than the number of months used to
compute the long-run moving average. Strategy one will consist of 354 equally
weighted moving average combinations. This strategy will invest in the currency
with the highest rank determined by the difference between the short-run and
long-run moving average and will short the currency with the lowest rank. Strat-
egy r<\fo will use the same moving average rules as strategy one, but instead of
investing in only the Rank I currency will give a one-third weight to each of the
top three ranks and continue to short the lowest rank. Strategy three is identi-
cal to strategy one except that it will only consider moving average combinations
with the short-run moving average months ranging from four to six, and die long-
run moving average months ranging from five to 36. In total, strategy three will
consist of 93 equally weighted moving average combinations. Strategy four is
identical to strategy two with the exception that it also will only consider moving
average combinations with short-run months ranging from four to six and long-
run months ranging from five to 36. With all the strategies, many of the individual
moving average rules will rank the currencies in exactly the same order. IMile 3
gives a stimmary of these strategies.

As specified in equations (4) and (5), the moving average rules will use
base currency returns when determining the short-run/long-run moving average

*In additional tests, we do analyze the poliiability to each of the 354 strategies in isolation, how-
ever, this ex post analysis is not the £DCIIS of Uie paper. We can state that neariy all of the 354 stnt^es
generate mean retunis greater than zero, the MSCI benchmaiic. and the Equal henchnunk. This will he
discussed below witii lUile 4. By averaging acioss mo'rang avenge specifications, we adopt a moic
conservative qiproach as some moving average rules will prove to he much more piofitahle (ex post)
thanother>i.
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TABLE 3
Deflnmon of Strategies

Moving Average Rule Range Long/Short

One [1.2H12,361 LongRarid
Short Rank7

(364 equaHy weighted MA contilnatloni) (for eeoh MA combhotion)

7WD [1,2H12,3e] LongRviki
LongRanl(2
Lcng Ranks

(354 equally weighted MA combinatkvis) (equal welgtit to lop 3 nanki)
Short Rar*7

(tor each MA combinatkxi)

T7VS8 [4.EH6.38] LongRaiAl
Short Rank 7

(93 equally weighted MA comUnatkins) (for each MA ccmbkvtkxi)

Fair [4, SH6,36] Lcng Rar* 1
LcngRanl(2
Long Ranks

(BS equally weightBd MA comblnatkina) (equal weight to top 3 rarta)
Short Flank 7

(foraachMAcomblnatkin)

Each month frorn January 1960 through Jurw 2000 each curraricy la ranked fiorni to 7 baeed 14XX1 the dHlerence b
the Bhcrt-n«i movhg average and kmg-run moving average of prior retuna uaing either S64 (stnMgy ons and ilratagy
/Hojcf 9S(Bfrafa|cytf''ggandjfr»(gflyfeij)(M9rBntcofnblnallonB. Each of the ratuns to the moving avsrage ccmblns-
tlonaareglvenaqualwalghteachmcnth, generating mcnthlyremmstcfiniiiluglaal to 4. In the above lable. the nctatkm
[1, 2] corraaponda to a ranMng dt Individual cunandes uebig the dltfarance between a ahort-rui moving average with
paramater 1 and a kng-rui moving average ushg tha parameter 2. TTie notation [1,2H1Z, 36] wouk] Imply conaidering
all short-runAong-run movkig average comblnaUcne where tha ahcrt-nn moving average parameter rangea From 1 to 12
and tha kxig-run mewing overege parameter langea trom 1 + the ahort-run moving average panmtar to 36.

ranks.'" The actual realized returns, however, will depend upon the interest-
adjusted retums. As l ^ l e 2 shows, the interest-adjusted retums are generally
markedly smaller in magnitude than the hase currency retums. The tests are re-
peated using each currency as the base currency.

III. Results

Ibble 4 presents summary measures regarding the performance of the strate-
gies considered in this paper from January 1980 through June 2000. We will ini-
tially confine our analysis to an examination of the performance of strategy one
and strategy two. We can easily observe that these two strategies perform quite
well over the entire sample period fbr all base currencies of reference. Across the
base currencies, the mean monthly retum to the moving average strategies ranges
fiom 45 to 60 basis points each month. In all cases, these mean monthly returns
are significantly difToent from zero.'' The mean retum for strategy one, [Rank
1-Rank 7], is s l i ^ y greater than that for strategy two, [Rank(l, 2, 3)-Rank 7].
However, strategy one in all cases has a higher level of risk than does strategy
two. If we evaluate the strategies using the infonnation ratio (mean retum divided
by standard deviation), we see that for all currencies strategy two outperforms

'"The tests wen tepeaSei using interest-at^usied retunu to detenniiie the cunency ranks. The
results weie nearly eocacUy identical tn those presented here.

"We did not include a transactions cost in tbe analysis. Most studies use a 10 basis point round-trip
transactions cost for trading in cunency futures maikets.
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strategy one. '̂  As a basis fbr comparison, tbe information ratios of strategy one
and strategy two far eacb base currency are sligbtly greater tban tbe Sbarpe ratios
of tbeir respective equity markets. '̂

No consensus exists regarding tbe appropriate bencbmark for risk adjusting
tbe strategies. If cunency returns are unpredictable, one migbt argue tbe appropri-
ate bencbmark is a zero expected retum. On tbe otber band, an appropriate bencb-
mark migbt be to maintain a currency exposure witb tbe same composition as a
broad international index sucb as tbe MSCI. However, using tbe MSCI-wdgbted
currency index may likewise be an in^)propriate bencbmark to use to evaluate
currency performance. Tbe MSCI bas, at times, given excessive weigbt to one
individual currency—most recently, tbe U.S. dollar. As a basis of comparison, a
benchmark tbat equally weigbts cunency exposure sbould also be relevant. Tbese

TABLE 4

Performance of Long/Short Strategies (January 19eo-^ne 2000)

strategy One
Meen RaL (%)
Median Ret. (%)
StxJ. Dev. i »
Infor. Ratio
interest DHf {%)

Prob > 0 (%)
PiDb > MSCI (%)

•almd r-teet
Wilcoxontest

Prob > Equal (%)
paired r-lest
Wilcoxontmt

Proportkjr>0{»)
Proportlor. > MSCI (%)
Ptoportlor- > Equal (%)

Mean Ret. (%)
Median Ret (%)
Std. Dev. ;v i
Infor. Ratio
lntBiestDIK.(%)

Prob > 0 ; » )
Prob > MSCI l%i

paired r-teBt
Wdcaxontest

Frob > Equal (%)
palled (-test
Wilcoxontesi

Proportion > 0 {%)
Proportion > MSCI (%)
Procortlor > Equal t%)

AuatraUa

0.601"
O808
2.934
0.205
O106

63.415
56.504

0783
2.014*

55.285
1098
0962

1X.0X
92.855
98.023

0.597*-
0.857
2.834
0.227
0107

64.634
56.098
0.803
1.749

56.504
1.134
1.496

1X.0X
91.806
97.740

Canada

0532*
0.512
3.252
0164
O096

60.163
59.756

1.302
3.156**

58.130
1.637
Z043*

1X.0X
10O0X
1X.0X

0.511**
0.526
2.7B5
0.183
0.075

61.789
58.537

1.385
2.506*

59.350
1.750
2520*

1X.0X
99.153

1X.0X

Ranee

0545*'
0.619
3.238
O168
O101

80.163
54.08B
0808
0.938

5&504
1.389
1.584

1X000
94.066
99.718

0537*-
0740
2.831
O190
0.091

62.195
53.659
0.843
0.860

58.943
1.485
2.888-

1X.0X
96.045
99.435

Qermany

0.549**
0.574
3.224
O170
0101

61.382
56.096

1.386
1.500

56.130
2.073-
1696

1X.0X
1X.0X
1X.0X

0.562-
0.615
2.789
0.196
0.097

63.415
53.252

1.532
- 0 1 9 6
62.802

2.zser
3.607**

1X.0X
99.435
99.718

Japan

0.466*
0.563
3.207
O145
0.093

57.724
52.846
2.701**

-0589
58.943
3.117*-
Z181-

100.0X
1X.0X
1X.0X

O520*-
0594
2.820
0184
0.081

63.006
54.472
3.016*-
O081

57.317
3.470-
O980

99.718
1X.0X
1X.0X

9wi8e

0.456-
0.567
3.180
O143
0.084

58.130
53.252

1.215
0.432

56.911
1.864
1.602

1X.000
98.305

100.000

0.461"
0641
2.730
0169
0.080

60.569
53.669

1.330
0.651

56.911
2.038-
1.330

1X.0X
98.870

1X.000

U.K.

0480*
O600
3.387
0142
0.065

60.569
56.504
0.636
1.999*

57.317
1.177
1.807

1X.0X
91.808
99.153

0.505*-
0.745
2.665
0169
0.076

64.634
56.1X
0.786
Z835*-

59.350
1.377
Z712**

10O0X
96.610
99.435

U.S.

0.505*
0.525
3.294
0153
0111

59.350
55.691

1.251
1.097

59.350
1.970-
2.589"

10O0X
10O0X
1X.0X

0468-
0825
2.887
0.162
0.063

61.382
54.876

1.244
0.712

81.362
2.046*
3.584"

10O0X
99.153

1X.0X

(oomkiuad on nmtpmgB)

'̂ We chose to use the infbnnarioii ratio instead of the Shaipe ratio as no consensut exists tegarding
the appropriate risk-fiee rate for a zero-con, zero expected return strategy in international cunency
markets.

-̂ If we use the average tiuee-mooth yield as the proxy for the Tiik-fiee me to each base cuneocy,
the monthly Sharpe ratios for the respective equity markets are as follows: Australia 0.089; Canada
0.098: France 0.175; Gemuny 0.1S4; Japan 0.08S; Swiss 0.168: U.K. 0.14S; and U.S. 0.177.
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TABLE 4 (continued)

Peribnnance of Long/Short Strategies (January 1 ge(Khjne 2000)

SrategyThme
Mean Ret (%)
htodwi Het. (X)
Std. Dev. (X)
Intbr. Ratio
lntera8tDlff.(X)

Piob > Q (X)
Prob>MSCI(X)

paired t-test
WflcoKon test

PiDb > Equal (X)
pakodr-tBst
WllcoxontBat

Piaportkxi > 0 (X)
Proportion > lyGCI (X)
Proix>rtion > Equal (X)

StratBgyFaur
Mean Rat. (X)
Median Ret (X)
Std. Dev. (X)
Infor. RBHO

IrrterBBtDltf.(X)

Piob > 0 (X)
Prob > MSCI (X)

pdtadf-test
WIcoxontBst

PiDb > Equal (X)
pakBdHeat
WHcoxor teet

Proportion > 0 (X)
Proportion > MSCI (X)
Proportion > Equal (X)

Australia

0.685-
0.B07
3.303
0.207
0.097

61.789
67.317

1.026
2.282*

O5>2DO
1.312
0.833

ioaox
1X.O0O
100.000

0.693"
0.858
2.952
0.235
0.109

65.041
57.317

1.101
2.144'

57317
1.397
1.705

100.000
loaooo
1X.0G0

Canada

0.597"
0.532
3.606
0.166
0.084

60.976
55.691

1.456
0.939

59.756
1.760
2.771"

100.000
1X.O0O
1X.O0O

0.589"
0.590
3.103
0.190
0.078

61.382
5a943

1.612
2.563'

61.362
1.933
3.344"

loouxn
100.000
loaooo

hranco

0.631"
0.679
3.603
0.175
0.086

60.976
55.285

1.070
1.E94

56.098
1.613
1.365

100.000
1X.0X
1X.O0O

0.806"
0.750
3.136
0.194
0.089

80.978
52.439

1.095
a i49

58.537
1.703
2.575'

100.000
100.000
100.000

Qermany

0.801"
0.623
3.593
0.167
0.066

60.566
54.878

1.486
a932

57.724
2.114'
1.826

100.000
100.000
100.000

0.801"
0.853
3.078
0.195
0.101

8Z195
53.659

1.659
0.068

60.976
2.377'
2.664"

100.000
100.000
100.000

Japan

0.505'
0.661
3.534
0.143
0.065

58.943
54.066

Z8B4"
—0.075
56.096

3.066"
0.624

100.000
1X.0OO
100.000

0.602"
0.640
3.096
0.194
0.056

6a415
54.678

3.178"
0.004

59.350
a599"
1.887

100.000
100.000
100.000

Swiu

0.52r
0.388
3.554
0.148
0.061

59.350
56.504

1.395
2.003'

58.130
ZOOS'
Z133'

100.000
m.ooo
100.000

0.516-
0.547
3.054
0.169
0.066

80.569
51.826

1.489
-0.850
54.878

Z180'
0.179

100.000
100.000
100.0X

UK.

0.538*
0.645
3.774
0.142
0.066

59.350
56.096
0.789
1.660

58.130
1.265
Z144'

1X.000
100.000
100.000

0.536*
0.700
3.326
0.161
0.079

80.589
58.096
0.863
1.737

59.350
1.419
2.750"

100.000

ioaox
100.000

U.S.

0.563'
a496
3.626
ai63
aio5

59.758
56.911

1.492
1.451

58.130
2.17^
1.659

100.000
100.000
1X.00O

0.557"
0.606
3.155
0.176
0.066

61.382
56.911

1.520
1.473

8ai83
Z289'
Z819'-

100.000
100.000
100.000

The b n e cursncy Is denoted al the lop of each ookjrm. The mean monttily retum Is dsnotsd wllti an asterisk if It
a signftantly dlfferant from zero. The InhxmaUon rado Is the ratio of mean ratum to standaid devtatlcn. The Nerast
differential details the retum dua to the htereet dWerentlal between the non-domeeUc and domeellc cunancy TheEProb
> ] rtxm ghe the percentage o( the total months that the givan strategy exceeded zsro, the MSCI benchmark, and the
Equal benchmark. The paired (-test Is uaed to test the significance d the excess rstums of the sUBleules rslallvs to the
MSCI and tha Equai benchmeik. The WIcoxon Is a ncrparsmelilc test of the excaea ratuma. The [Piaponkm > ] rcws
give the percantaga of the Indhridual MA rules for each strategy that axceede zsra tha MSCI berK^vnerk, and tha Equal
benchmark average return. " and' Indicate siviricance at the I X end 5X levels, reepectivsly

benchmaiks aie computed using the base currency returns presented in Table 1. ^*
The paired f-tests presented in Table 4 measure the statistical significance

of excess retuins for the short-nin/long-nui moving average strat^es against the
MSCI-weigjited and Equal-weighted benchmaiks. '̂  The Wilcoxon test is a non-
paiametric test of the statistical significance of the excess returns. Related to an
examination of excess returns. Table 4 also provides the percentage of months the
strategies had a positive retum, a return greater than the MSCI-weighted bench-
mark, and a retum greater than the Equal-weighted benchmaik.

>̂ An additional benchmaik not tested might be a policy of completely hedging cuneocy exponne
through the lue of futnrM contracts. In this case, the benchmaiic expected letum would be the interest
rate differentials. The avenge intetest rale difiereotial may be ralniialyid by snbtncting the mean
retum to the MSO-weightBd and Equal-wdghled cunency benchmaiks of lUile 1 from Ibble 2.
Because these diffenaces are typically Iowa in magnitnde than the base cunency letnms identified in
Table 1, any test diat shows significance relative to die base cunency letuins would likely have even
greater nignififanw. using interest rate differentials.

"This test is identical to the standard /-test for statistical significance on excess returns.
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For all base currencies, tbe sbort-run/long-run moving average strategies bad
a positive retum in about 60% of tbe montbs. Tbe probabilities tbat tbe retums
were greater tban the MSCI-weigbted and Equal-weigbted bencbmarks were also
greater tban 50% for all base currencies, and for most currencies were above
SS%. For most base currencies, eitber tbe paired r-test or tbe V^lcoxon test also
sbowed the strategies to yield statistically significant excess retums. However, tbe
statistical significance of tbe sbort-run/long-run moving average retums was, in
general, not as great witb tbe MSCI-weigbted and Equal-weigbted bencbmarks as
it was witb tbe zero bencbmark.

In addition to considering tbe retums to tbe strategies, we examine tbe pro-
portion of tbe 354 individual moving average strategies tbat bave average retums
greater tban the tbree individual bencbmarks. We see tbat for all base currencies
nearly alL, if not all, of tbe strategies ouq)erform all of tbe bencbmarks. We may
tberefore state tbat over tlw duration of tbe sample period tbe exact parameteriza-
tion of the moving average rule matters little. '̂  Tbe results we present are robust
to die tiecbnical trading rule employed. ̂ ^

The forward premium anomaly is well known in currency markets. In simple
terms, tbe fact tbat currencies with bigb relative interest rates tend to appreciate
witb respect to low interest rate currencies gives rise to tbe forward premium
anomaly.'^ We can indirectly test wbetbn our results are simply anotber mani-
festation of tbis empirical regularity by examining tbe retum due to tbe interest
differentials for each of tbe strategies. Recall from equation (4) tbat tbe interest
differential gives tbe portion of retum due to tbe spread in relative interest rates
between two currencies. A positive interest diSiBrential indicates tbat tbe strategy
tends to invest in bigber relative interest rate currencies or sbort lower interest rate
currencies.

Consistent witb tbe forward premium anomaly, every strategy in every base
currency bas a positive interest differential. However, tbe magnitude of tbe in-
terest differential is very small—typically less than 10 basis points eacb month.
In additional tests, we examined a simple approach of buying tbe currency witb
the bigbest interest rate and sborting tbe currency witb tbe lowest interest rate. In
general, we found tbat tbe risk/retum profile and tbe specific cunency composi-
tion differed substantially from tbe strategies documented in tbis paper. Because
tbe interest differentials are so small in magnitude, tbe returns to our strat^es
are primarily due to cbanges in ctirrency value. As a result of tbe relatively tiny
magnitude of tbe interest differential, we do not expect tbat tbe profitability of tbe
strategies is entirely (or even substantially) due to tbe forward premium anomaly.

In sum, tbe sbort-run/long-run moving average strategies clearly outperform
a bencbmark of zero over tbe entire sample period. Relative to tbe MSCI-weigbted
and Equal-weigbted bencbmaiks, tbe results are less conclusive but continue to

"We show in lUde 6, however, that for significandy lxMig suhperiods ceiiain specifications of
moving average rules will stroogly outperfonn alternative parametedzatioas.

'̂ In additional tests, we replicated the analysis using momentum as defined hy Jegadeesh and Ht-
man (1993) (pricr one-, three-, six-, nine-, and 12-tnomh currency tetunu) instead of tnoving avenge
rules to determine the long and ^loit currency positions. In genetal, we found the moving average
rules to woik much hetter than Jegadeesh and "ntman momentum in cunency maikeis. The table
documenting this analysis can he (sovided upon requesL

''See Frcxn and Thaler (1990) for an excellent discussion of the forward premium anomaly.
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provide evidence of outperf ormance. Clearly, if it is believed that expected interest-
adjusted currency retums are zero, the moving average strategies should provide
an excess retum of about 5%-6% per year."

While the ovnall results are insensitive to the exact specification of the mov-
ing average strategy, direct examination of the average praformance with the pa-
rametedzations does reveal some to be more reasonable than others. Tkble 5
presents summary measures for strategy one and strategy two. Examination of
die individual results revealed these strategies generally outperform alternative
parameterizations.^ In all cases, limiting the moving average rules to a tighter
range increases the perfcnmance of the strategies by five to 10 basis points per
month on average. That is, by tightening the specification, the additional retum
gained would likely cover the total transactions cost to the moving average strate-
gies.

Direct examination of the indivixhial rank retums reveals a general downtrend
in average performance as we move from Rank 1 to Rank 7 cunencies. It is
interesting to note, though, that in all cases outside the U.S. the Rank 2 currency
actually outperforms Rank 1. This, in part, was the motivation behind the tests
for strategy two and strategy four. We should also note that for many currencies
the retum to the long/short strategy may rely primarily on either the long or the
short position. For example, from Tkble 1 we clearly see that both the Japanese
yen and the Swiss franc have been the strongest performing currencies during
the previous 20 years. However, while the Japanese yen has experienced the
bulk of its retums from the short side, the Swiss firanc has generated all of its
retums through buying foreign cunencies. This result can easily be explained
by examining Table 2. Currencies with relatively low interest-adjusted retums
have generated most of their retums through buying higher yielding cunencies
while currencies with relatively high interest-adjusted retums have experienced
the greatest retums on the short side. While the J^>anese yen has histodcaUy
offered very low yields, its appreciation has been substantial enough to offset the
interest yields to investing in foreign currencies. The Swiss franc, while also
offering relatively low yields, did not iq>preciate sufficiently to offset the rewards
to investing in higher yielding currencies.

One final point can be made concerning l ^ l e S. For all base currencies, we
find a downtrend in the interest differential as we move from the Rank 1 to the
Rank 7 currency. We see that the difference is typically very small—on the order
of 10 basis points, but once again we find very limited evidence that the currencies
with the greatest appreciation tended to offer the relatively greater yields.

liible 6 provides subpenod analysis for strategy one (given in the row widi
the shoit-run moving average range from 1 to 12), strategy three (given in the row
with the short-run moving average range from 4 to 6), the MSCI-weighted cur-
rency benchmaik, the Equal-weighted currency benchmark, as well as long-short

"The tests were repeated with tbe Japanese yen excluded fiom tbe analysis. The mean retunu
to the strategies were only marginally and never significantly lower. Tbe overall results were not
materially affected.

^We should note that the specifications for strategy three and strategy four were detennined after
direct examination of die results and may not be optimal for future periods. We will examine this issue
more clx>sely when we present the results in Table 6.
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TABLE 5

Individual Rank Analysis for Stmta^es One and 7WD (January lOeO-June 2000)

AuslraSa
Mean Ret (%)
Median Ret. (%1
Std. Dev. (%)
Infor. Ratio
Interest Diff. (%)

Canada
MeanlteL(%)
Medlar FM. r%j
Std. Dev. (%)
Inlor. Raik)
Interest DM. (%]

FranoB
Meen Ret. (%)
Medtan Ret (%'i
Std. DerA {%)
Infor. Ratio
Interest DH). (%)

Qermany
Mean Ret. (%)
MedtanReL(%^
Std. Dev. (%)
Infor. Rabo
Interest Dm. 1%)

Japan
Mean Ret. (%)
Median Ret (%)
Sid. Dev. (%)
Infor Ratio
lnteraetDlff.(%;

Swiss
Mean Re:. (%)
Median Ret. (%;
Std. Dev. (%)
I'lfor. Ratio
Interest Diff. (%)

U.K.
Mean Ret. (%)
Medan Ret. (%)
Std. Dev. (%')
Infor. Ratk)
Interest Dn.!%)

Meen Rat. (%)
MedtanRet(%)
Std. Dev (%)
lofor Ratio
Interest Diff. [%)

1

0.254
0.021
3.593
0.071

-0.243

0.165
0.065
2.769
0.067

-0.087

0.316
0.091
2.765
0.113

-0.096

0.417-
0.435
2.616
0146
0.162

0.125
0.615
a509
0.035
0.366

0.474"
0.506
3.084
0.154
0.300

0.175
-0.053

Z977
0.0S9

-0.169

0.255
0.335
2.720
0.094
0 091

2

0.262
-0.126

3.426
0.077

-0.222

0.204
0.062
2.556
0.060

-0.112

0.364"
0.266
2.341
0.164

-0.113

0.474"
0.420
2.371
0.200
0.172

0.X1
0.555
3.131
0.006
0J346

0.504"
0.476
2.563
0.195
0.292

0.207
0.079
2.799
0.074

-0.171

0.203
0.057
2.546
0.060
0.073

3

0.Z34
-0.214

3.456
0.066

-0.261

0.102
-0.165

2.561
0.040

-0.144

0.216
0.204
2.407
0.091

-0.110

0.370'
0.300
2.432
0.152
0.179

0.109
0.360
3.014
0.036
0.327

0 460'*
0.469
2.705
0.170
0.296

0.219
0.031
2.570
0.065

-0.192

0.196
0.133
2594
0.077
0.028

Renk

4

0.029
- 0 . X 1

3.643
0.008

-0.269

-0.068
-0.259

2.687
-0.030
-0.140

0.156
0.017
2.402
0.065

-0.133

0.245
0.292
2.506
0.098
0.153

-0.014
0.275
3.160

-0.004
0.342

0.261
0.414
2.696
0.097
0.268

0.014
-0.204

2.629
0.005

-0.224

-0.016
-0.166

2.900
-0.006

0.020

5

-0.120
-0.476

a663
-0.032
-0.269

-0.117
-0.404

2.906
-0.040
-0.153

-0.060
-0.036

2.140
-0.023
-0.153

0.131
0.136
2.263
0.056
0.141

-0.220
-0.026

3.166
-0.069

0.310

0.177
0.339
2.526
0.070
0.275

-0.246
-0.246

Z786
-0.069
-0.213

-0.095
-0.142

2909
-0.032

0.016

6

-0.222
-0.427

3.522
-0.063
-0.314

-0.301
-0.563

2.820
-0.107
-0.176

-0.222
-0.290

2.150
-0.103
-0.196

-0.092
-0.023

2.256
-0.041

o.ioe

-0.356
0.134
3.420

-0.104
0.273

-0.032
0.050
2.567

-0.012
0.256

-0.383*
-0.376

2.679
-0.143
-0.238

-0.192
-0.224

2.731
—0.070

0.011

7

-0.347
-a724

3.673
-aO95
-0.349

-a347
-a412

3.039
-0.114
-0.193

-0.231
-0.147

Z647
-0.067
-0.197

-0.132
-0.057

2.764
-0.048

0.081

-0.342
-0.006

a444
-0.G99

0.292

0.016
0.092
3.068
0.006
0.216

-0.305
-0.330

3.193
-0.095
-0.254

-0.250
-0.333

2.990
-0.064
-0.019

Each month each ourrsncy b ranked from 1 to 7 tiasad upon tfw dfTerence bettvoen the ahort-run end bng-run moving

36]. Each of the moving average combinatlona are giver equal weight eaoh month, general^ monthly returna for ranks
1 to 7. The base cwrenoy Is denoted an the far left The meen morrthly retum to eech rank ta denoted with an asteriek
if It le significantly dffefem from zeni. The Informallon ratio Is the rallo ot the meen natum to the standard deviation. The
intereet differential details the natum due to the intBreet differential between the non-domestic and domectic currency. "
snd • irvjicatB slgnfflcance at the 1« and 5% levels, respectivelyL

Strategies that use alternative sbort-nui moving average ranges. For example, tbe
short-run moving average range row given as (1—3) uses exactly tbe same ap-
proacb as strategy three except that instead of confining the short-run moving
average range between 4 and 6, it uses the range of 1 to 3. Tbe analysis is divided
into five-year intervals across all base currencies.
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MA Range

1980-1984
(1-12)
(1-3)
(4-8)
(7-9)
(10-12)

MSCI
Equal

198S-1989
(1-12)
(1-3)
(4-8)
(7-9)
(10-12)

MSCI
Equal

1990-1994
(1-12)
(1-3)
(4-8)
(7-9)
(10-12)
MSCI

Equal

1996-2000
(1-12)
(1-3)
(4-8)
(7-9)
(10-12)

MSCI
Equal

1980-1000
(1-12)
(1-3)
(4-8)
(7-9)
(10-12)

MSCI
Equal

TABLE 6

Subperiod and Sensitlvtty Analysis (Mean Retum of Rank 1-Rank 7)

Auairalla

0.587
0.581
0.899
0.528
0.549

0.313
-0.142

0.941-
0.352
1.017*
1.285"
1.286-

0.605
0.838

0.448
0.815*
0.584
0.239
0.032
0.296

0.211

0.447
0.341
0.482
0.490
0.496

0.358
0.281

a601"
0.513"
0.686"
0.827—
0.589**

0.392*
0.291

Canada

0.507
0.633
0.824
0.380
0.471

0.023
-0.480

0.843
0.274
0.830
1.288*
1.167

0.241
0.443

0.266
0.877
0.466
0.038

-0.289
0.578*

0.522

0.513
0.547
0.490
0.532
0.474

0.019
-0.113

0.532*
0.509-
0.697-
0.663*
0.469

0.210
0.093

Ranee

0.695
0.775*
0.769
0.582
0.632

1.337**
0.980-*

0.788
0.170
0.800
1.194*
1.149*

-0.414
-0.302

0.248
0.694
0.423
0.008

- 0 3 1 7
0.124

0.000

0.463
0.496
0.549
0.501
a288
a337
0.220

0.545"
0.533*
0.631-
0.570*
0.429

0.346*
0.224

flermany

0.676
0.549
0.868
0.462
0.817

0.885*
0.467

0.856
0.246
0.847
1.273*
1.232*

- a 8 0 9
-0.605

a299
a753
0.413
0.081

-0.214
0.107

-0.017

0.472
0.625
0499
0.541
0.287

0.383
0.289

0.549**
0.518*
0.801-*
0.693**
0.478-

0.198
0.068

Japan

0.821*
0.875*"
0.828-
0.728-
0.844*

-0 .099
-0.590

0.726
0.284
0.873
1.CMe
1.085

-0.848
-0.371

-0.040
0.582
aiO6

-0.395
-0.643
-0.542

-0.538

0.368
0.422
0.423
0.383
0.231

0.108
-0.082

0.466*
0.528*
0.506*
0.433
0.371

-0.288
-0.382*

Swisa

0.370
0.320
0.423
0.292
0.458

0.880
0.244

a760
0.002
0.777
1.231*
1.241*

-0.417
-0.308

0.294
0.827
0.454
0.135

-0.179
-0.018

-0.157

0.408
0.368
0.480
0.496
0.291

0.291
0.174

0.458-
0.3X
0.52r
0.637*
0.449

0.138
-0.007

U.K.

0.402
0.422
0.420
0.352
0.408

1.017**
0.583

0.989
0.336
0.993
1.461*
1.341-

-0.097
0.062

0.162
0.541
0.262
0.010

-0.332
a350
0.214

0.378
0.420
0.457
0.388
0.211

-0.020
-0.167

0.480*
a429
0538*
0.549*
0.402

0.304
0.183

0.526
0.695
0.672
0.370
0.426

-0.441
-0.887-

0.897
0.202
0.713
1.066
0.939

0.883*
0.898

0.328
0.808
0.491
0.140

-0.045
0.379

0.151

a470
a467
0.504
0.514
0.383

-0.183
-0.214

0.505*
0.488*
0.593*
0.522*
0.425

0.152
-0.018

Table 6 ghne the mean monthly retuma (in percent) to a atrategy that hitlataa a long poaHcn In tha Rank 1 currency and
shorts the Rank 7 cmsncy where a currencyiB rank Is detenrtned by Its short-runflong^un moving average differsnoe.
Tha short-run movkig avarages used fbr
rrrvn 1 j. Itia •hnrt.^in mnutnn ounmnn rw

a given test are specified ki column 2 and the nMorlntnrI kxig-njn nMs range
iramniAr uflkM rn !Vi Prw axamnla. If tha Bhort.4ijn mnvkia avaraoe ranoe Is M-31

than all short.4urVkxig-run moving average strslBglee from [1,2] to [3,38] am evaluated and the resulting pertorrnance I*
avenued. The MSCI arid Equal rows give tha MSCHnlghted and Equekmlghted currency returns dving the appropriate
tkne perkx) fbr eeoh base omencyi The mean monthly returns are denoted wtti an aatsrtak If they are signincantly different
trom zara - axj * kvHcate Bignlfkunce at the 1 % and 5% levels, respectively.

Because of the relatively high standard deviation of the strategies and the
limited number of months in each subperiod, the results are, in general, not sta-
tistically significant With the exception of Japan from 1990-1994, strategy one
and strategy three have positive mean retums in all subperiods for all base curren-
cies. The results appear to be the strongest during the 1980s for most of the base
cunencies. The outcomes during 1990-1994 q)pear to have been the weakest

We can use Tkble 6 to evaluate the stability for specific ranges of moving
average rules. For example, using a short-run moving average range of 7 to 9
or 10 to 12 would have praformed extremely well from 1985-1989. However,
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these same rules were the worst perfonning firDm 1990-1994. It is interesting
to note that the optimal strat^jes (ex post) are highly correlated across the base
currencies no matter whether the base currency is strongly ^qncciating or rapidly
depreciating.^' We easily see from T^le 6 the dangers to selecting a single,
optimal technical trading specification ex post This was the piimary motivation
behind the ^iproach we take in this papa. While we make no claim to be able to
predict the optimal moving average specification, it does appear, however, that the
perfonnance with following a short-run moving average strategy above 7 is much
more volatile than with the lower ranges. Finally, the results are not sensitive to
the moving average rules employed. In general, the retums for strategy one and
stmtegy three exceeded the retuins of the three benchmarks in all subperiods. ^

We have found that a very simple moving average strat^y can generate pos-
itive excess retums across multiple time periods and also multiple countries. Pa-
pers such as Kho (1996) suggest that the performance of such strategies in cur-
rency niarkets could be due to a time-varying risk [semium. Kbo's paper, in
particular, tests a moving average strategy using weekly currency data.

While a time-varying risk premium could, in fact, explain the perfonnance
of technical trading strategies with intra-day, daily, or weekly data, many reasons
exist to doubt the validity of that explanation for the results in this study. First,
most of the studies test for tbe existence of time-varying risk premia through tfae
use of univariate or nmltivariate GARCH models. It is well known that monthly
retum data, in general, does not possess GARCH characteristics. Second, Kho
in particular shows his result to be due to a time-varying covariance with the
broad woild maricet index. Most long/shmt strategies have a near zero covariance
with the market.^ Finally, as we wiU show, no evidence exists that large retums
in magnitude are correlated widi future large retums in magnitude for the shcnt-
nin/long-run moving average strategies.

Teble 7 presents the autocorrelations of the monthly and squared monthly
retums to the long/short strategies. We do find evidence of weak negative auto-
correlation in the retums to the strategies—particularly at the fourth lag, however,
tests of the joint significance of the first 10 autocorrelations typically foil at the 5%
significance level. In all cases for the squared mondily retums, the autocorrela-
tions are close to zero and statistically insignificanL Large magnitude retums are
not followed by large magnitude returns for the strategies identified in this paper.
In additional tests, we used a GARCH model to test for the existence of time-
varying volatility. As expected, we found the relation between current volatility
and prior volatility to be statistically insignificant for the strategies identified in
this p^wr. We can state with a strong degree of confidence that the results of this
paper cannot be explained by a time-varying risk premium.

Since we are fairly confident that time-varying risk cannot explain the results,
we now wish to fiirdier narrow the possible explanations. Since the strategies

-'in sefanVB tests, we did find die conelatiocg to tfae strategies to be quite high across base
cunencies—typically above 0.9.

^The most notable exceptions are France. Gennany. Switzerland, and the U.K. idative to the
M S a beachmaric from 1980-1984.

^In addttimal tests, we found the conelation between the strategies identified in this paper and
the local equity maiket the MSQ-weighted equity iixicx, the Equal-weighted cunency index, and the
MSCT-wdghted cunency index to be very close to zero.
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AuHraDa

AMxomlallonsRebjm
1
2
3
4
5
6
7
6
9

10
LBF>(10)

Autacofreto
1
2
3
4
5
8
7
8
9

10
LBP(10)
p.valua

QMCH
c
1
III

"2

-0.138*
0.014

-0.036
-ai35*

0.099
-0.105

0.106
-0.071
-0.060

0.019
19.738*
(0.968)

0.034
-0.009
-0.069

0.075
-aO22
-aoi4

0.006
0.096

-0.057
-aO52

6.864
(0.262)

0.003
0.096
0.000*
0.000
0.025
0.157

TABLE 7

Autooorrelatkxi and GARCH Analysis (Stntagy One)

Canada

-0.092
-0.015
-0.007
-0.068

0.104
-0.028
-0.001

0.085
- a i 1 6
-aO23
12.039
(0.716)

/ /Mums
0.017
0.007

-0.043
-0.033
-0.030
-0.042

0.053
0.064
0.048

-0.066
4.560

(aO61)

0.006
0.009
0.001
aooo
aoi2
0.045

France

-0.125
-0.006
-0.016
-0.136*

0.103
-0.011
-0.018

0.077
-0.117
-0.008
15.963
(0.899)

0.038
0.006

—0.056
aO27

-aO48
-ao4i

0.057
0.040
0.053

-0.061
5.613

(0.189)

0.006
-0.089

aooi
0.000
0.019
0.051

Qenrany

-0.124
-0.013
-0.010
-0.140*

0.100
-0.011
-0.014

0.079
-0.119
-0.014
1&118
(0.904)

0.040
-0.002
-0.048

0.021
-0.053
-0.040

0.054
0.058
0.055

—0.076
5.833

(0.171)

0.009
-0.123

0.001
0.000
0.014
0.101

Japan

-0.050
-0.005

0.007
- a i 6 4 *

0.104
0.009

-0.051
0.125

-0.079
-0.003
16.071
(0.902)

0.034
0.080

-0.002
0.023

-0.035
aoii
0.079
0.073
0.061

-0.066
8.441

(0.223)

0.017
-0.346

0.001*
0.000
0.022
0.000

Swiss

-0.107
-0.021
-0.014
-0.135*

0.071
0.034

-0.017
0.077

-0.128
-0.039
14.799
(0.860)

0.067
-0.020
-0.043

0.033
-0.047
-0.049

0.062
0D61
0.038

-0.070
6.688

(0.282)

0.017
-0.374

0.001
0.000
0.019
0.000

U.K.

-aO99
-aO32
-0.041
-0.153*

a i i6
-0.035
-0.031

0.048
-0.062

0.006
14.890
(0.656)

0.006
0.044

—0.036
0.033

-0.027
-0.054

0.031
aO25
0.051

-0.035
3.313

(0.027)

0.018
—0.375

0.001
0.000
0.019
0.186

U.S.

-0.079
-0.009
-0.024
-ai55*

0.104
-0.003
-0.022

0.072
-0.107

0.005
14.335
(0.842)

0.015
-0.013
-0.025

0.029
-0.048
-0.028

0.042
0.056
0.022

-0.064
3.538
0.034

0.013
-0^18

0.001
0.000
0.018
0.017

Table 7 presents the autoccnelatkyn to returns and squared returm fcr stmaay ana The base currency Is dsncted at the
top of each column. ThaL|ungandBc(xaatalist)clidanc(edasLBP(10)andtsstswhathsrthe lOautoconetatlonsare
InlnHu BlmHlnanl Tho runkip fnr ths njrtmlBln is rdunn hpLnu tha 1 RPrim mv TTw OAnnH rmtel (Htkmtsri In M

T, =

whera

I, = N\p. 1]

af = -.•.i.Qiif_2 + az/(i,_

/(i,_i) = *i_i If «i_i > 0

= 0 If i,_i < 0.

Standard errore tor the GARCH paroneter esttnates are ccmputed uslno Quasi Maximum Ukallxxxi.
signlflcanca at the 1% and 5% levels, raspectlvelyL

and*lndcate

use multiple cunencies, it is possible that the performance is due to the cross-
conelations among tbe currencies. In addition, the differential mean return of the
cunencies might explain the significant moving average results. Some cunen-
cies have tended to f^ in relative value over the testing period while others have
generally appreciated. It is possible that the strat^es defined are simply taking
advantage of this general tread. Another theory, somewhat supported by the evi-
dence in Ibble 7, is that the retums to the strategies might be due to a complicated
function of the autoconelation pnx»ss underiying the interest-adjusted retum se-
ries. Finally, the perfcnmance of the moving average strategy might be explained
by the most basic reason of all: higher overall risk.
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A bootstrap methodology was employed to detenoine if the correlations
across currency returns or the differential mean retum could explain the perfor-
mance of the moving average strategy with each of it» base currencies. The boot-
strap method randomly selected with replacement a row of base currency retums
and the associated interest-adjusted retums from the 246 rows of data available. In
this way, a new data set was generated possessing all the original charactocistics
of the original data with the exception of the original autocorrelation structure.
From this new data set, the results to the short-run/long-run moving average re-
turns were generated in exactly the same fashion as in T^le 4. One completion
of this cycle constituted one simulation. This process was repeated 1,000 times
for each base currency.

Table 8 presents summary results for strategy one. Similar results were found
with the other dnee strategies. For various measures of performance. Table 8
gives the mean from the simulation and the count of the number of simulations
that were less than the actual value from Ibble 4. For example, 1,000 out of
1,000 simulations for the moving average strategy had a mean retum less than
the actual mean retum of 0.601% in Australia. For Canada, 999 of the 1,000
simulations had a mean retum to the moving average strategy less than the actual
mean retum of 0.532%. T^le 8 clearly shows that the results depend upon the
autocorrelation structure in the original interest-adjusted retums data. In addition,
it is interesting to note that the interest differential in the bootstrap tests is much
smaller in magnitude than that revealed in the actual results. The correlation
structure and the mean for the interest-adjusted currency retums do not explain
the statistical significance of the moving average retums."

Table 8 allows us to determine the extent to which risk contributes to the
performance of strategy one. First, note that for all base currencies the bootstrap
standard deviations of strategy one are slightly but not significantly lower than the
actual standard deviations given in Table 4. The risk of strategy one remains but
performance deteriorates markedly when the underlying autocorrelation process
is scrambled. Second, in the bootstrap simulations pseudo MSCI-weighted and
pseudo Equal-weighted currency indices were generated and then evaluated rel-
ative to the simulated retums to strategy one. In nearly every case, the bootstrap
performance of strategy one relative to the pseudo MSCI-weighted and pseudo
Equal-weighted cunency benchmarks was significantly less than the actual per-
formance dociunented in Table 4. We feel confident in stating that the strategies
documented in this paper have positive risk-adjusted retums. ^

The bootstrap tests also allow an indirect examination as to whether using
an incorrect proxy for the short-term interest rate can explain our results, l l i e
bootstrapped data will possess the same potential bias as the original data caused
by using the three-month interest rate instead of the one-month interest rate to
detennine the arbitrage-firee futures prices. Because the strategies identified in
the paper do not work with the bootstrapped data, we can state that any bias that

^In additional woric, we examined the autocorrelations for the interest-adjusted cunency returns
repotted in IVtble 2. Neariy all of the autoconelations were statistically insigtiificant and no clear
pattemi emeised in the autoconelation structure.

^ In tbe bootstrap tests, we also examined higher moments of the disttibution, but did not find any
evidence that skewness or kuitosis could explain our results.
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Maan Hal.
Skn. Maan (%)
Sim. Count <

Madwi Hot.
Sim. Maan (%)
Sim. Count <

SIcLDav.
Sim. Meen(%)
Skn. Count <

Mbr.flUfe
Skn. Mem (%)
Skn. Count <

ManatDSf.
Sm. Meoi (%)
Sim. Ccuit<

nab > 0 (%)
Sim. Mean (%)
Sim. Count <
Pmb>MSCI(%)
Skn. Maan (%)
Skn. Count <

Pmb> Equal(%)
Skn. Mean (%)
Skn. Coun<

Proportion >0(%)
Sim. Maan (%)
Sim. Count <

PmfXirtlon > MSCI (%)
Sbn. Maan(%)
Sim Count <

Proportion > Equal (%)
Skn.Meai(%)
Ska Count <

TABLES

Bootstrap Simulations (Strategy One)

Australia

-0.003
1000

0.010
1000

2.802
777

-0.001
998

0.018
998

50.188
1000

49.282
963

50.104
937

49.023
954

9.091
984

1&143
987

Canada

- a 0 0 3
999

0.008
995

3.020
859

-0.001
995

0.018
968

50.083
99

49.807
998

60.830
988

49.248
951

21.032
990

37.276
957

France

-0.004
999

0.007
999

3.006
B66

-0.001
996

0.016
993

50.Q94
999

47.292
965

4ai74
992

49.010
952

9.611
988

18J389
993

Qarmany

-0.003
999

0.007
999

2.988
872

-OiX)1
998

0.018
998

50.180
1000

4a671
990

50.280
992

49.005
962

22.883
984

40.889
947

Japan

0.008
988

0.009
997

2.914
939

0.002
985

0.012
999

50.128
988

49.299
850

60.316
995

60.803
944

83.519
510

91.272
379

Swiss

-0.008
992

0.002
999

2.845
948

-0.003
983

0.013
978

50.005
992

4a508
918

50.748
988

47.739
961

30:558
942

50.328
900

U.K.

-0.011
993

0.002
999

3.076
938

- a 0 0 4
988

0.018
978

50.038
1000

48.983
994

60.010
988

47.918
949

13.670
971

28.857
982

U.S.

-OJOOZ
998

a o i 3
997

3.027
886

-0.001
991

0.020
999

60.138
999

5a438
932

51.229
992

48.808
953

30L305

961

52.632
889

For aoch base cunency: eech iknulatlcn buMa a dataset consisting o( 248 monthe by randoinly selecting kitarast-acluated
monthly relurm with rsplacament tar the other seven curienclea. In the simulated detaaat tor aach beae currency each
currancy Is ranlwd from 1 to 7 baaed upon tha drITeience between tha short-run snd kng-mn movkig avacage of prior
ratims using 364 dffarent short-run/king-run moving average (MA) ccmblnallcns rangkig liom [1-2] to [12-38]. Each ct
tha MA combkiaaons are givsn equal watght aech month, generating a sknulatad seriee of mcntNy returns to the Individual
rankkigs. The sknulaHons are rapeated 1,000 tknaa for each base currency. The (Ska Msan) tfvee the avsrage o( the
Bimulated values for Ihe relevant statistic and the (Sim. Count < ) givee the count of the number of sknulatkxis that are less
than tha actual value of the statMIc ftam the original data. Each base currency la listed at tha top of each of the columna.

does exist from using an incorrect proxy for the short-tnm interest rate does not
contribute to our findings.

In addition to the autocorrelation structure, another possible reason these
strategies have continued to persist during the previous two decades is that they
are not risk free. Figure 1 presents rolling 12-month retums and excess retums
for strategy one with respect to the MSCI-weighted cuirency benchmark using
the U.S. dollar as the base currency.-^ Figure 1 reveals that strictly following the
strategy identified in this paper would lead to significant time periods when perfor-
mance could be negative or seriously underperform the MSQ-weighted currency
benchmark. Comparison of Table 1 with Tbble 4 reveals that, with the notable
exception of Australia and possibly Japan, die moving aveiage strategies have
higher standard deviations than the MSO-weighted and the Equal-weighted cur-
rency benchmaijcs. However, we should emphasize that the tests in Ihble 4 and

^'The resnits were veiy similar for all stiategiH across all base cunHicies.



Okunev and White 445

Ibble 8 showed excess retums to be, on average, significantly positive. Moreover,
the standard deviation of the strategies is typically less than the standard deviation
for individual currencies. The strategies may have higher dsk, but this alone does
not explain the higher retums to the moving average strategies.

FIGURE 1

Rolling 12-MorTth Stralggy One Returns (U.S.)

JwvW JwSB

ExcaMlollitSCI

rigura 1 displays the rollhg iZ^mixith bass arxlexcaas returns far stialsgy ona uahg the U.S. dollar OE the boss currency^
The rolling IZ^nonlh excess retuma are relallve to the U.S. MSCI-weighted curency Index.

At this stage, we have eliminated the differential mean retums across cur-
rencies, the correlation structure across currencies, and, most likely, time-varying
risk premia as possible explanations for the performance of the short-run/long-
run moving average strategies. We have also determined that the autocorrelation
stmcture in the original data is a necessary precondition to the findings of the pa-
per. Pohi^K most importantly and most basically, the strategies may also have
higher retums because they have higher risk. Greater risk, however, is not a suffi-
cient condition to our findings.

IV. Conclusion

Our results indicate that the potential exists for investors to generate excess
retums in foreign exchange markets by adopting a momentum strategy using the
moving average rules identified in this paper. It is not at all apparent that foreign
exchange markets operate in an efficient manner and that retums are determined
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entirely by fundamental information. In fact, very simple technical rules can gen-
erate quite significant retums beyond those that can be explained by transactions
costs or risk.

The strategies identified are robust to the dme period of analysis, the base
currency of reference, and the benchnuuk of comparison. Tbe long/short retums
do not possess any of the risk characterisdcs we would expect of an asset impacted
by time-varying risk premia. We have determined the results are not driven by
the long-term drift of die currencies, the cross-coneladon structure across the
currencies, or by the differentia] risk levels of the currencies. While risk may
explain a pordon of the long/short retums, it is not sufficient to generate the levels
of retums witnessed in this paper. We do know that the autocorreladon stmcture
in the underlying currency retum data is necessary to the success of die long/short
strategy and we also find very limited evidence that the results may be minimally
affected by the fmwaid cunmcy (Hemium anomaly.

Unlike many prior studies of technical trading rules in foreign exchange mar-
kets, the strategies we have idendfied do not require fireqoent trading. We have
simply applied the Jegadeesh and Htman technique to a small sample of eight
assets—the eight currencies. These strategies would be most appropriate fbr an
intemadonal fiind manager who wishes to generate addidonal retums fOT the base
portfolio. In addidon, a manager in a large nuild-nadonal might also wish to make
use of the techniques identified to more effecdvely allocate foreign exchange ex-
posures.

Beyond reiiiting the hypothesis of a dme-vaiying risk premium and deter-
mining diat the performance is due to die original structure in the data, we have
made no attempt to explain the strong results in this pq)er. Our results are largely
consistent with those in Sweeney (1986), Schulmeister (1988), Surajaras and
Sweeney (1992), Levich and Thomas (1993), Taylor (1994), Kho (1996), Neely,
Weller, and Ditdnar (1997), and LeBaron (1999). We have documented diat die
type of momentum strategy used in Jegadeesh and Titman (1993), (2000) in eq-
uity maikets is effecdve in foreign exchange maikets as weU. While central bank
intervendon might explain a portion of the results for foreign exchange, die fact
that diis strategy is profitable in equides as well forces us to examine addidonal
explanadons. Future papers nught wish to examine the economic or behavioral
radonale to the underlying stmcture of the foreign exchange data. Peihaps the
returns to the long/short strategy are due to die economic cycle. Perliaps they are
due to underreacdon or oveneacdon to the release of news. Peihaps trend chas-
ing and noise traders determine the short-term direcdon of the foreign exchange
market. What we do know is that a veiy simple momratum strategy has been
profitable fbr die previous 20 years.
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