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1. Introduction

Carry trades denote a set of mechanical rules for exploiting cross-country
differences in interest rates by selling low-interest-rate currencies and buying high-
interest-rate currencies. Although uncovered interest parity suggests that exchange
rate changes will subsequently offset the gains from exploiting cross-country
differences in interest rates, empirical studies have documented that such trading
strategies consistently generate substantial profits (Menkhoff, Sarno, Schmeling, and
Schrimpf, 2012a), mainly because high-interest-rate currencies tend to appreciate
rather than depreciate against low-interest-rate currencies. This phenomenon is often
referred as the “forward-premium puzzle”, since it is a prima facie violation of the
simple (risk-neutral) efficient markets hypothesis (Fama, 1984). While prior studies
have proposed several ex-post explanations for such a phenomenon, such as the
presence of risk aversion,! a probably more fundamental question to ask is whether
ex-post profitable carry trade strategies can be chosen ex-ante, or whether carry trade
profitability is in fact due to luck, parameter selection, or a fortuitous choice of sample

period.

In this paper, we examine the practical profitability of carry trades by
combining out-of-sample tests of performance and reality check and stepwise tests for
the presence of data-snooping in the selection of carry trade strategies (i.e. the factor
of luck in choosing a strategy that performed well during a particular period). On the
one hand, we split the whole sample period (1983 to 2015) into sub-periods and rolling
windows and examine whether carry trades strategies’ profitability from one period
lasts into the ensuing, out-of-sample period. On the other hand, we follow the

literature (e.g. Neely, Rapach, Tu, and Zhou, 2014) and employ the reality check and

t An incomplete list of studies in this area includes Lustig and Verdelhan (2007), Brunnermeier, Nagel,
and Pedersen (2008), Burnside, Eichenbaum, Kleshchelski, and Rebelo (2011), Christiansen, Ranaldo,
and Soderlind (2011), Menkhoff et al. (2012a, 2012b), Jorda and Taylor (2012), Habib and Stracca
(2012), Jurek (2014), Lustig, Roussanov, and Verdelhan (2014), and Acharya and Steffen (2015). Most
of these studies use a monthly data set starting in the early 1980s and spanning a period of 25 years or
more. On the other hand, Doskov and Swinkels (2015) report markedly lower profitability of carry
trades from a long-term perspective using 20 currencies in the 1900-2012 period.
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stepwise tests to correct for data-snooping bias, which is an issue that has hitherto
gone unexamined in prior studies of the carry trade.2 Data snooping bias arises when
researchers apply a large number of parameter choices on a single set of historical data
series and eventually can report an individual test result of statistical significance.3
Prior studies have established the profitability of carry trades by testing the time-series
average of the returns from a high-minus-low interest rate portfolio that holds long
(short) positions in selected groups of currencies with high (low) interest rates.
However, in practice, there exist multiple possible ways of constructing such carry
trade portfolios, depending on the selection of currencies, the sorting of portfolios, and
the choice of rebalancing periods. Since theory does not specify the parameter choice
in the construction of carry trade portfolios, it is necessary to test a large set of
parameter choices. In this paper, we consider various combinations of selected
currencies, various ways of sorting currencies into high- and low-interest-rate groups,
and various rebalancing periods. To make appropriate statistical inferences on the
profitability of carry trades, we employ reality check and stepwise tests based on the

work of White (2000), Romano and Wolf (2005) and Hsu, Hsu, and Kuan (2010).4

We use monthly data on 1-, 3-, 6-, and 12-month forward and spot exchange
rates (allowing for bid and ask spreads) of 48 currencies against the U.S. dollar,
covering both emerging and developed markets, to examine the mean return and
Sharpe ratio of up to 400 carry trade strategies. We calculate the mean return and

Sharpe ratio of those strategies based on the differentials of the U.S. and foreign

2 At first sight, one may think that data-snooping bias may not a major problem for carry trades
strategies because their parameter combinations are not as many as technical trading strategies.
However, as our results show, many strategies’ profitability is found to be insignificantly profitable after
data-snooping corrections using reality check and stepwise tests. Throughout this paper, we use the
term “insignificantly profitable” to describe the carry trades strategies that generate positive returns but
do not pass the data-snooping tests, which means that these strategies’ profitability is due to luck and
selection of particular parameters.

3 This problem is also called data mining or over-fitting the data, while many label it as “data snooping”,
following Lo and MacKinlay (1990), Sullivan, Timmermann, and White (1999), White (2000), and
Schwert (2003). Data snooping is a concern in applied economics and finance (e.g. Leamer, 1978, 1983)
and there have been a number of methodological developments in econometrics over the past two
decades to deal with it.

4 The reality check test developed by White (2000) is the first formal testing method that corrects data-
snooping bias for large-scale joint test problems. This method was later improved by Hansen (2005),
Romano and Wolf (2005), and Hsu, Hsu, and Kuan (2010) to increase the power in identifying
predictive models.



interest rates and spot foreign exchange rate. Each strategy selects currencies based
on liquidity measured by the relative (i.e., percentage) bid-ask spread, builds positions
based on the forward foreign exchange discount (a proxy for interest rate differentials),
and holds a portfolio for a certain period. By considering various methods and
combinations of currency selection, forward discount sorting, and holding periods, we
construct a large number of carry trades strategies (from 100 to 400 basic strategies)

based on different rebalancing frequencies.5

We examine the out-of-sample profitability of carry trades by conducting
various tests. Firstly, in a straightforward and intuitive approach, following the classic
study of Levich and Thomas (1993), we divide the 32-year period from 1983 to 2015°
into four 8-year sub-periods and examine whether the best-performing strategies in
one sub-period (i.e., in-sample) generate significant profits in the next sub-period (i.e.,
out-of-sample), both under the reality check and stepwise tests. We find that, in
general, the best performing strategy in one period is not profitable in the next (out-
of-sample) period. For example, using the full sample of all currencies, the profitable
strategies over the period 1984-1991 are not profitable over the period 1992-1999, and
the profitable strategies over 2000-2007 are not profitable in 2008-2015. While some
profitable strategies in 1992-1999 deliver significant profits in 2000-2007, when we
consider only developed currencies, we find no strategy generating significant profits

in the ensuing, out-of-sample period.

These findings suggest the limitation for traders to exploit carry trades: when
they are under frequent performance review, it is difficult to stick to the same
strategies in all years, given the clear fact that even the best strategy cannot
persistently generate profits every year. Moreover, even if some strategy may be
profitable in the whole sample period (32 years), in practice it would probably be

terminated during the extended periods of poor performance that it undergoes and

5 Once we consider learning and stop-loss strategies, the number of carry trade strategies extends to
900 to 3600.
6 Our data end in early 2016.



that we document: in reality, most investors will not tolerate a strategy with several
years’ loss and will experience a loss of liquidity and ‘limits to arbitrage’ (Shleifer and
Vishny, 1997).7 In robustness tests, we include 1) learning strategies that allow the
traders to dynamically switch the strategies and 2) stop-loss strategies that allow
traders to close the position after a certain drop and re-enter the market after a certain
rise, but the main conclusions are robust and remain unaffected when we use the

resulting extended set of carry trade strategies (from 900 to 3600 strategies).

As described so far, our analysis amounts to taking the best performing strategy
during a specific eight-year periods (1984-1991, 1992-1999, and 2000-2007) and
testing its profitability over the ensuing eight-year period (i.e. in 1992-1999, 2000-
2007, and 2008-2015 respectively). We then extend this approach to comprehensively
investigate the out-of-sample profitability of every strategy based on the past X years
(X=1to 8 years) on the next Yyears (Y=1 to 8 years) in every year of the sample period.
Our results from this extensive analysis highlight the difficulty of learning the correct
strategy to use at an given period, and reveal that any year-to-year consistency in the
profitability of carry trades tends to concentrate in a relatively brief historical period,

2001-2005.

Next, we dig deeper and further examine the driving force behind the
significant—albeit short-lived—carry trade profitability in the 2001-2005 period. We
first look into currencies that are more often included in profitable strategies, and find
that carry trades using these currencies alone do not generate significant profits. We
then focus on some “seemingly promising” currency pairs in which the longed
currency “consistently” appreciated against the shorted currency in each year between
2001 and 2005 and the annual interest rate in the longed currency’s country exceeds
that in the shorted one’s by 3%. Among all possible combinations, only a very small

number of strategies—such as going long Hungarian forint and shorting the Japanese

7 See, for example, Hong and Stein (2007, p. 110): "A professional manager has to worry that poor
short-run performance will lead to withdrawals from his fund, causing that asset manager to become
liquidity-constrained and unable to hang on to even those positions that in the long run are likely to
be winners (Shleifer and Vishny, 1997)."



yen—provide persistent returns in 2001-2005. As a result, it is difficult for traders to
“judge” which currencies or currency pairs will work, even in the best years for carry

traders.

In addition to our contribution to the literature on the profitability of carry
trades, in this paper we argue that traders will in practice face severe limitations in
fully exploiting such profitability. Performance pressure makes it difficult for traders
to insist on strategies that may have been profitable in the past but constantly lose
money in current years, and are unlikely to choose strategies that have
underperformed in the past, even though these often turn out to be profitable
strategies going forward. Our findings thus highlight the limitation in exploiting carry
trades in practice: traders will have difficulty in remaining faithful to specific carry
trades strategies when their performance has been poor for several years, and
attempting to learn from the past and to adjust for market downturn does not reduce
this limitation. To put it another way, profitable carry trades strategies may be found

in back-tests ex-post, but they are difficult to be learned ex-ante.

The rest of the paper is organized as follows. In the next section we discuss the
dataset and provide summary statistics, while in Section 3 we provide a brief
discussion of the construction of our basic carry trades strategies. In Section 4 we
describe the reality check test methods we implement for statistical inference. In
Section 5 we examine the out-of-sample profitability of carry trades with a series of
reality check and stepwise tests. Section 6 investigates the currencies and currency

pairs that possible drive the out-of-sample profitability. Section 7 concludes.

2. Foreign Exchange Data

We use end-of-month data on spot and forward rates of 1, 3, 6, and 12 months.
We have 48 currencies’ exchanges rates against the U.S. dollar. The 16 developed

market currencies, which cover the period pre and post European Monetary Union,



are Austrian schilling, Australian dollar, Belgian franc, Canadian dollar, Danish krone,
Dutch guilder, euro, French franc, German mark, Italian lira, Japanese yen, New
Zealand dollar, Norwegian krone, Swedish krona, Swiss franc, and U.K. pound. The 32
emerging market currencies are Brazilian real, Bulgarian lev, Croatian kuna, Cypriot
pound, Czech koruna, Egyptian pound, Finnish markka, Greek drachma, Hong Kong
dollar, Hungarian forint, Icelandic krona, Indian rupee, Indonesian rupiah, Irish punt,
Israeli shekel, South Korean won, Kuwaiti dinar, Malaysian ringgit, Mexican peso,
Philippine peso, Polish zloty, Portuguese escudo, Russian ruble, Saudi riyal,
Singaporean dollar, Slovak koruna, Slovenia tolar, South African rand, Spanish peseta,
Taiwanese dollar, Thai baht, and Ukrainian hryvnia. Although some markets such as
Hong Kong and South Korea are regarded as developed in 2016, they were not in the
1980s, therefore we list them as emerging markets. Before the inception of the euro on
January 1, 1999, we use 16 developed currencies to construct portfolios. After the
inception of the euro, we use the exchange rates as their fixed exchange rates against

euro multiplied by euro exchange rates against the U.S. dollar.

The data comprise bid and ask prices of forward and spot exchange rates based
on midday quotations in the London market. In Table 1, we list the sample mean,
minimum, maximum, standard deviation, and the available sample period of monthly
forward and spot exchange rates of 48 currencies. The earliest sample periods for some
currencies start from October 11, 1983. Most of the currency data end on January 29,
2016. Some European currencies end on December 31, 1998 due to the inception of

the euro.

To better understand the average profits from currency trading, we also present
the changes in spot exchange rates (i.e., the returns from currency appreciation) and
the interest differentials measured by forward discounts (i.e., the uncovered returns
from domestic-foreign interest arbitrage) in Table 2, all in monthly frequency.
Following Filippou and Taylor (2016), the monthly returns on foreign currencies are
defined as the change in the spot exchange rates, and the monthly forward discounts

as forward rates minus spot rates scaled by spot rates. Forward discounts reflect the



interest rate differential, i.e., the interest rate of the foreign currency minus the

interest rate of the U.S. dollar.

Among the 16 developed currencies, we find that the highest average spot rate
changes occur in Swiss franc, Japanese yen, and Danish krone (0.0112%, 0.0100%,
and 0.0080% per month, respectively), suggesting that these currencies appreciate the
most against the U.S. dollar in respective sample periods. On the other hand, the
lowest average spot rate changes occur in euro, Canadian dollar, and Italian lira
(0.0001%, 0.0003%, and 0.0005% per month, respectively), suggesting that these
currencies appreciate the least against the U.S. dollar in respective sample periods.
Among the 32 emerging market currencies, Irish punt, Singaporean dollar, and Slovak
koruna appreciate the most against the U.S. dollar on average (0.0060%, 0.0058%,
and 0.0053% per month, respectively), and Russian ruble, Ukrainian hryvnia, and
South African rand depreciate the most against the U.S. dollar (-0.042%, -0.0352%,

and -0.0270% per monthly).

When we focus on forward discounts (i.e., interest differentials), Table 2 shows
that 1-month forward discounts available for trading in developed countries range
from -0.2190% per month in Japanese yen to 0.3340% in Italian lira. Forward
discounts vary greatly across emerging countries. The highest average forward
discount is 2.0500% per month in Indonesian rupiah, while the lowest average
forward rate is -0.1660% in Singaporean dollar. Similar patterns are found in the 3-,

6-, and 12-month forward discounts.

Appendix Figure A1 reveals the relation between exchange rate changes and
forward discounts (i.e., interest rate differentials). According to uncovered interest
parity (UIP), currencies with higher (lower) interest rates are expected to depreciate
(appreciate). To examine if UIP holds on average in our 48 currencies, we plot each
currency’s spot exchange rate change along the vertical axis and the currency’s 1-
month forward discount along the horizontal axis in Panel A of Figure A1. We find that

spot rate changes are negatively correlated with 1-month forward discounts. Panels B,



C, and D confirm the negative correlation based on 3-, 6- and 12-month forward

discounts, respectively.

3. Carry trades Strategies and Returns

We construct carry trade strategies in four groups according to rebalancing
horizons: 1-, 3-, 6-, and 12-month. We generate 1-month strategies as follows. We first
use the middle price between the bid and ask prices to construct the 1-month forward

discount rate in month t as

FD = log(F;) — log(Se), (€))

where F: denotes the forward exchange rate and S: denotes the spot exchange rate.
Among all currencies, we select the most liquid M currencies (with the smallest relative
bid-ask spreads in month t, defined as (ask — bid)/middle), which generates Nm
possibilities. When we use the sample of all 48 currencies, then M = 48, 46, 44, ..., 10
and Ny =20; when we use the sample of 16 developed currencies, then M = 16, 14, 12,
10 and Nu =4. We then rank these M currencies by forward discount rates from the
highest to the lowest and sort them into L portfolios (L = 2, 3, 5, [M/2]8, M) and N1 =
5. Hence, we have Nu* N1 strategies. We let K = Ny*NL, which is 100 for all currencies
and 20 for developed currencies, and let k denote each carry trades strategy (k = 1,...,K).
For each strategy, we go long every currency with equal weight in the portfolio with
the highest forward discount rates (“the highest portfolio”); and we short every
currency with equal weight in the portfolio with the lowest forward discount rates (“the
lowest portfolio”). In computing monthly return, these portfolios are rebalanced right
before the first trading day of every month. For each currency in the highest portfolio

(i.e., first borrow USD, then exchange for and hold foreign currency, then exchange

8 The function [.] denotes the integer from rounding down the number within the bracket. For
example, [2.0] =2, [2.3] = 2, [2.7] = 2,[3.1] = 3.



back to USD), the monthly return in month t+1 is

— fbid ask
Rlong —Jt — St+1> (2)

where f: denotes log(F?), st+: denotes log(St+1), bid denotes bid quote, and ask denotes
ask quote. For each currency in the lowest portfolio (i.e., first borrow foreign currency,
then exchange for and hold USD, then exchange back to foreign currency), the monthly

return in month t+1 is

— ask bid
Rshort — 7 Jt + St+1- (3)

For currencies that stay in the highest portfolio in both month t and month t+1,

we follow Menkhoff et al. (2012a) and compute the return in month t+1 as

Rlong — tbid _ Sm_iiidle . (4)
Similarly, for currencies that stay in the lowest portfolio from month ¢ to month

t+1, we calculate the return as

Roport = _ftmiddle + S?—ﬁ (5)

After computing the monthly return for each currency in the highest and the
lowest portfolios, we calculate the return of the k-th strategy in month t+1 by averaging
all the returns in the highest and the lowest portfolios in month t+1. The k-th strategy
has a time-series return in month ¢ (t = 1, ..., T). As a result, we have a return matrix of

dimension 7T x K for all 1-month strategies.

For the first part of the 3-month strategies, we adopt the same procedure as the
1-month strategies and generate K strategies. Moreover, we rebalance the portfolio
every three months and calculate the return for every three months. Therefore, we
have [T/3] periods and each period lasts three months. As a result, we have a return
matrix of order [T/3] x K. We then add the K strategies from the 1-month group to

these 3-month strategies by compounding their monthly returns into 3-month returns
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in the following way. For 1-month returns R:+1, Re+2 and Ri+3, we construct the
compounded 3-month return as (1+Rt+1)(1+Rt+2)(1+Rt+3). This way, we convert the
original return T x K matrix for all 1-month strategies into a return matrix of order
[T/3] x K. We then append this matrix to the original [T/3] x K matrix as designed
above. As a result, we have a total of 2K strategies in the 3-month group with a return
matrix of dimension [7/3] x 2K to be used in the multiple tests (to be described in the

next section).

Following the same procedure, we are able to generate the 6-month group
strategies that consist of 3K strategies with a return matrix of order [7/6] x 3K and the
12-month group strategies that consist of 4K strategies with a [T/12] x 4K return
matrix. The 6-month group strategies include all strategies formed on 1-, 3-, and 6-
month rebalancing, and the 12-month group strategies include all strategies formed

on 1-, 3-, 6-, and 12-month rebalancing.

We conduct tests in each group of carry trades strategies. When we consider all
48 currencies, there are 100, 200, 300, and 400 carry trades strategies in the 1-, 3-, 6-,
and 12-month groups. When we consider 16 developed currencies, there are 20, 40,

60, and 80 carry trades strategies in the 1-, 3-, 6-, and 12-month groups.

4. Reality Check and Stepwise Tests

Testing the possible presence of data snooping is important because, since the
construction of carry trades strategies is not theoretically restricted, there is freedom
to select currencies, sort portfolios, and rebalance frequencies and, as a result, there
in fact exist multiple alternative hypotheses for the statistical inferences we consider.
Simply put, we need to ascertain whether the profitable trading strategies chosen from
among many is not profitable by luck, and this is difficult to do within the tradition of
the classical statistical framework. Classical statistical inference is based on rejecting
the null hypothesis if the likelihood of the observed data under the null hypothesis is
low. Searching among trading strategies implicitly involves increasing the number of

hypotheses tested as underperforming models or rules are discarded. The problem of

11



multiplicity arises from the fact that as we increase the number of hypotheses being
tested (even implicitly), we also increase the likelihood of a rare event and, therefore,
the likelihood of incorrectly rejecting the null hypothesis of interest in each competing
model or trading rule (i.e., making a Type I error). In other words, good performance
detected by rejecting the individual null hypothesis may not really be statistically
significant but just based on luck, which has been maximized because of an extensive
specification search. In our case, given that we are typically searching among a large
number (up to 400) variants of carry trades strategies, a skeptic might say that he

would be surprised if we had not found any that performed well.

Applied researchers will recognize this problem as data mining, or over-fitting
the data. Concern with the problem of data mining or, as it is now more commonly
called, data snooping (because of the increased use of the former term to describe
analysis based on so-called ‘big data’), has a long history in applied economics and
finance (e.g. Leamer, 1978 and the references therein) and there have been important

recent development in this area.

More formally, let P=(P:, P-, ... Px) denote the 1xK vector in which the k-the
element Pxdenotes the mean return or Sharpe ratio of the k-th strategy for k=1,..., K.
K denotes the number of all carry trades strategies considered in each test. Data
snooping occurs when a researcher selects the maximal element of the performance
vector P, say Pj =Max(Pi, P, ... Px), and conducts testing with the null hypothesis of

this strategy generating zero profits:

HO:P]-=0 . (6)

A test of the null hypothesis (6) is regarded as an “individual test”.

As pointed out in White (2000), individual testing of this kind does not take
into account the fact that P; could be the maximal performance among K strategies
when researchers intend to report significant results. Thus, it is not based on the

correct distribution of statistics. In particular, when K is very large, the assumed

12



nominal significance of the test based on individual testing could understate the true
probability of a Type I error for the profitability of carry trades strategies, because the
strategy being tested has already been chosen as the best available. Therefore, an
individual test tends to over-reject the null hypothesis due to data snooping bias and

thus overestimate the statistical significance of the profitability of carry trades.

To account for exactly such a data-snooping issue, White (2000) proposes a
‘reality check’ test, which applies bootstrapping to construct the empirical distribution
for P so as to test a composite null hypothesis as stated in (7) based on the joint

distribution of all elements of P:
H(l)( ¢ P k < 0’ (7)

where Prdenotes the mean return or Sharpe ratio of the k-th strategy. To test the above
composite null hypothesis, we need a multiple-testing method that generates
appropriate significance levels of the profits of multiple carry trades strategies. We
thus adopt a stepwise test that is based on a series of methodologies based on White’s
reality check test, including Romano and Wolf (2005), Hansen (2005), and Hsu, Hsu,
and Kuan (2010). We first specify the alternative hypotheses for the null hypothesis (7)

as:
H%,: P, >0,for k=1,..,K. (8)

The rejection of the k-th individual null hypothesis indicates that the k-th
strategy is significantly profitable after considering all alternative hypotheses and is
thus free of data snooping bias. We specify the stepwise test with a Type I error level

Qo in a certain period (t=1,...,T) as follows:9

1. We compute the monthly return matrix R, in which each element Rj; denotes

9 Technically speaking, the error we aim to control for in such a multiple testing framework is the
family-wise error, which is defined as the probability of rejecting at least one correct null hypothesis.
For example, when we impose a 5% significance level in the testing, we would expect a 5% probability
of wrongly rejecting any alternative hypothesis (i.e., identifying any ineffective strategy as profitable
ones).

13



5.2.

the monthly return of the k-th strategy in each month (k=1,...,K, t=1,...,T).

For each strategy k, we compute its performance metric (mean return or Sharpe

ratio), P, based on R.

We resample R using the stationary bootstrap method of Politis and Romano

(1994), with pre-specified parameter set Q, for B times, and label each resample

as R,,b = 1,..,B.

For each b, compute the performance metric (P,;) for the k-th strategy based

on resampled R; and let the loop indicator i = 1.

We construct an empirical null distribution for the test statistics as follows:

For each b compute Sp; = TY?maxy—y _g[Pey — P + P 1(TY?P, <
- o [2log[log(T)]]/?)], where 1(E) denotes the indicator function of the event E

and o, denotes the standard deviation of the original monthly return series of

the k-th strategy. The bound 1(T?P, < - o, [2log[log(T)]]*/?) is proposed by

Hansen (2005) to re-center the distribution for @ to avoid the bias driven by

too many “bad” strategies.

Collect all {s,;}5=1. 5, rank them in descending order and then collect its (1 —

a,)-th quantile as q;(ay).

We compare each strategy’s T'/?P, to gq;(a,), and treat the k-th null

hypothesis as rejected at the i-th step if T/2P, > q;(a,), following Romano and

Wolf (2005). We record all information of these rejected strategies and label

them rejected at the i-th step. Then, restart from Step 5, let P, =0 and Py, =

0 for all rejected hypotheses k, and change the loop indicator from i to 7 + 1.

However, if no strategy is rejected given gq;(a,), i.e. TY?P, < q;(a,) for

remaining j, then stop and go to Step 7.

Finally, restore the original P, from R and estimate each strategy’s marginal

p-value, py, as the percentile of T'/2P, in the last {s,;},-1 .5 as an empirical

null distribution.

Compare each strategy’s p, to a,. If p, < a,, we claim that k-th strategy is

profitable in the sample period at the significance level of @,. When there exists
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at least one profitable strategy in the sample period, we claim that carry trades

are profitable at the significance level of «,.

In our empirical tests, we set a, = 0.05 and our statistical significance is

defined at the 5% level, Q = 0.9, and B = 1000, following the literature.1©

If a strategy earns positive profit but is unable to pass the data-snooping tests,

its profitability is likely due to luck and parameter selection.

5. Significance of Out-of-sample Profitability

In this section, we examine the profitability of a large set of carry trades
strategies and its significance using the reality check test and the stepwise test. In the
first and naive step, we split the whole sample period (1983-2015) into four sub-
periods and examine the in- and out-of-sample performance of carry trades strategies
in each sub-period. Next, we make a more rigorous analysis by testing a

comprehensive set of carry trades strategies applied in every year.

5.1. Profitability in 8-year Sub-periods

To use a naive approach as an introduction, we first cut the whole sample period
1983-2015 into four sub-periods of eight years, and then examine if the best-
performing carry trades strategy in one in-sample sub-period can generate profits in
the next out-of-sample sub-period.1* Specifically, we consider the following four sub-

periods: 1984-1991, 1992-1999, 2000-2007, and 2008-2015.

Table 3 reports both in-sample and out-of-sample test results using all 48

1o We have also performed a range of tests based on different «,, q, and B, and obtained similar results
to those reported in the text.

1 We also cut the whole sample period into eight sub-periods of four years and obtain consistent and
robust results. Menkhoff and Taylor (2007) review the empirical literature on technical analysis in
foreign exchange markets and suggest that technical trading rules may have become less profitable over
time.
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currencies. In Panel A, we first present the test results of 48-currency portfolios for the
in-sample period 1984-1991. The left and right panels are based on mean return and
Sharpe ratio as performance criteria, respectively. Within each panel, we have four
columns for different groups based on four different rebalancing horizons of 1-, 3-, 6-,
and 12-month forward discounts to be used in portfolio construction, and we consider
100, 200, 300, and 400 strategies, respectively, as discussed in Section 3. We focus on
two sets of indicators generated from the stepwise test: 1) performance metrics and
associated p-values of the best strategy, and 2) the number of profitable strategies that
produce significantly positive performance metrics. We use 5% as the nominal

significance level of our tests.

The upper part of the table (“Best Strategies (in-sample)”) shows that the
strategy (101, 3p, 1m) performs the best on mean return based on 1-month rebalancing
horizon. This strategy (101, 3p, 1m) uses the most liquid 10 currencies among all 48,
categorizes them into 3 parts, trades on one currency with the highest forward
discount and one with the lowest forward discount, and rebalances every one month.

In particular, this strategy generates an in-sample mean return of 4.46% per year.

To make our results comparable to prior studies, we provide the nominal p-
value generated from the simple individual test in the next row. Without considering
data snooping, the strategy strongly rejects the null hypothesis with p-values below 1%
in all columns. In the next two rows, we report the p-values based on the reality check
test and the stepwise test. The p-values remain below 1%, suggesting that the
outperformance of the best strategy is not subject to data snooping bias in the in-
sample period, which means that the in-sample profitability is significant and not due
to luck. However, the profitability of the strategy (10l, 3p, 1m) is insignificant in the
out-of-sample period,'? reflected by the nominal, reality check, and stepwise test p-

values all above 5% (0.056, 0.126, and 0.402, respectively). It indicates that the 4.31%

12 As discussed earlier, we use the term “insignificantly profitable” to describe the carry trades strategies
that generate positive returns but do not pass the data-snooping tests, which means that these strategies’
profitability is due to luck and selection of particular parameters.
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out-of-sample mean return is very likely due to luck and selection of particular
parameters, while the carry trades strategy models are generally not profitable in the

out-of-sample period.

In the columns denoted “3m”, “6m” and “12m” under “Mean Return”, the in-
sample best strategies’ p-values are all above 5%, indicating that no mean return
strategies are significantly profitable based on the 3-, 6- and 12-month rebalancing

horizons.

We then look for other strategies that are not the first best but nevertheless
provide a significantly positive mean return. To mitigate sampling bias in
bootstrapping, we conduct the data-snooping tests 500 times, and report the average,
minimum, and maximum numbers of profitable carry trades strategies among these
500 tests that are rejected by the tests. In the lower part of the table (“Out-of-sample
performance of all profitable strategies™), the average numbers of profitable strategies
are 100, 200, 223, and 105 in the 1-, 3-, 6-, and 12-month groups, respectively, and the
average percentage of profitable strategies from 500 simulations is 0%. Therefore,
none of the mean return strategies is significantly profitable in the out-of-sample

period (1992-1999) after correcting for data snooping bias.

The right panel of Table 3 Panel A presents the test results based on the Sharpe
ratio as the other criterion. Similarly, all these statistics organized similarly to the left
panel collectively support that the carry trade strategies do not produce significantly
positive Sharpe ratios after correcting for data snooping bias. Failing to pass the data-
snooping tests means that even though there exist some strategies making profits in

the out-of-sample period, their profitability is likely due to luck.

In Panel B of Table 3, we find that some significantly profitable strategies in the
in-sample period 1992-1999 do perform well in the next sub-period 2000-2007. For
example, the best strategy based on mean return in the 1-month group is the strategy
(341, 34p, 1m), which generates an average annual return of 19.48% with a nominal p-

value of 0.002 and a stepwise test p-value of 0.003 in the in-sample period. In the next
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sub-period, we find that the strategy maintains its outstanding performance as its
average annual return is 50.26%, which is significantly positive in the stepwise test.
Also, in the lower part of the first column of Table 3 Panel B, we report that there are
on average 46 strategies with significantly positive mean return in the in-sample
period, and all those strategies appear to be significantly profitable in the next sub-

period.

However, such significant out-of-sample profitability is very limited as it only
exists in the mean return criterion and in the 1- and 3-month groups of Panel B (i.e.,
the first two columns). We do not find a significantly profitable strategy in the in-
sample period for the rest of Panel B. The best performing strategies cannot reject the
null hypothesis when we consider the mean return criterion in the 6- and 12-month
groups (i.e., the third and fourth columns) or when we consider the Sharpe ratio
criterion in the 1-, 3-, 6-, and 12-month groups (i.e., the fifth to the eighth columns);

for these cases, we do not test their out-of-sample performance.

Again, we do not find out-of-sample profitability in Panel C of Table 3. For
example, the best strategy based on mean return and 1-month rebalancing horizon is
the strategy (481, 24p, 1m), which generates an average annual return of 53.05% with
a nominal p-value of 0.000 and a stepwise test p-value of 0.000 in the in-sample
period. However, we find that the strategy does not maintain its outstanding
performance in the next sub-period (2008-2015) as its average annual return is 0.62%,
which is insignificant in all tests. Moreover, despite 100 significantly profitable
strategies in the in-sample period, only an average of 8.6 strategies are profitable in

the out-of-sample period. Other columns in Panel C of Table 3 also confirm this finding.

We test for just the 16 developed currencies in Appendix Table A1. Compared
to Table 3, there are fewer profitable strategies in developed currencies, likely due to

the fierce competition among risky arbitragers in those markets.3 The out-of-sample

13 Similarly, as shown in prior studies on technical analysis, it has become very difficult if not impossible
to achieve significant predictability in developed currencies using technical analysis since the early
1990s (LeBaron, 2002; Olson, 2004; Menkhoff and Taylor, 2007; Neely, Weller, and Ulrich, 2009).
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performance of developed currencies is weaker than that of all currencies reported in
Table 3. None of the profitable strategies in 1984-1991 is profitable in 1992-1999
(Panel A), no profitable strategies exist in 1992-1999 (Panel B), and none of the

profitable strategies in 2000-2007 is profitable in 2008-2015 (Panel C).

Using the best strategies in the first columns of Panels A to C of Appendix Table
A1 as the example, we present their cumulative value from a $1 investment in Panels
A to C of Appendix Figure A2, respectively. The steady growth in the in-sample periods

does not last in the out-of-sample periods in Panels A and C.

Overall, Tables 3 and A1 show the difficulty in selecting carry trades strategies
that are profitable in out-of-sample periods, which casts doubt on whether carry trades
traders can really exploit the whole-sample best strategies throughout all years. Even
though there exist profitable strategies throughout the whole sample, currency traders
will in reality be confronted with various issues such as performance pressure. It is
therefore difficult to imagine how they would discipline themselves to stick with
certain specific strategies across all years or continue to enjoy gain management

support for doing so in the face of several years of poor performance.

A possible explanation of our findings is the unavoidable ‘self-destruction’
process proposed by Timmermann and Granger (2004) and Timmermann (2008):
profitable trading strategies will be used by more market participants, therefore the
arbitrage profits will disappear as a result.’4 A similar argument has been proposed
and empirically supported in stock markets: Schwert (2003) and McLean and Pontiff
(2016) report that seemingly profitable patterns become weaker after being

documented by academic papers.

5.1.1. Learning Strategies

We next consider traders’ learning processes. Although the profitability of carry

14 Tt is also related to Adaptive Markets Hypothesis (Lo, 2004; Neely, Weller, and Ulrich, 2009; Hsu,
Taylor, and Wang, 2016) suggesting that the profitability of trading strategies decays over time at a rate
determined by the speed with which more and more traders uncover such strategies.
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trades strategies is in general hard to replicate out-of-sample, traders may be able to
switch strategies to avoid some bad years and still make profits out of carry trades. To
examine this possibility, we design learning strategies as follows to capture traders’
realistic choices under performance pressure. The rolling-window approach is similar

to many studies including LeBaron (2000).

1. For each learning strategy, at the end of X months, it reviews the performance of
all the strategies in the past X months and applies the most profitable strategy in
the next Y months. At the end of X+Y months, it will again review the performance
of all the strategies in the past X months, and apply the most profitable one in the
next Y months from X+Y to X+2Y months.

2. The following graph illustrates the review and application of strategies. Although
the length of X appears shorter than that of Y in this illustration, the length of X
can be equal to or greater than that of Y'in our tests.

3. For 1-month strategies (i.e., the 1-month group), X =1, 2, 3, 4, 6, 12, 18, or 24, and
Y =1, 2, 3,4, 6,12, 18, or 24, and the combination generates 8*8=64 learning
strategies. For 3-month strategies, X = 3, 6, 12, 18, or 24, and Y = 3, 6, 12, 18, or
24, and the combination generates 5*5=25 learning strategies. For 6-month
strategies, X = 6, 12, 18, or 24, and Y = 6, 12, 18, or 24, and the combination
generates 4*4=16 learning strategies. For 12-month strategies, X = 12 or 24, and
Y = 12 or 24, and the combination generates 2*2=4 learning strategies.

4. When we include the learning strategies in our analyses for all 48 currencies, we
have total 100, 200, 300, and 400 basic strategies in the 1-, 3-, 6-, and 12-month
groups. When we add 64, 25, 16, and 4 learning strategies to those basic strategies,
we have 164, 225, 316, and 404 carry trades strategies to be tested in each group.

5. When we include the learning strategies in our analyses for the 16 developed
market currencies, we have total 20, 40, 60, and 80 basic strategies in the 1-, 3-,
6-, and 12-month groups. When we add 64, 25, 16, and 4 learning strategies to
those basic strategies, we have 84, 65, 76, and 84 carry trades strategies to be

tested in each group.
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Review all strategies in
the past X months and
find the most profitable
one and apply that in
the next Y months

Review all strategies in
the past X months and
find the most profitable
one in the next Y months

These learning strategies track the periodic performance of all strategies we
consider earlier (“basic strategies” henceforth), and switch to the best performing
strategy in every rebalancing month. We then add these learning strategies to the basic
strategies and examine the profitability of all carry trades strategies including both

learning and basic strategies.

We examine the profitability of learning strategies in 4 sub-periods as we did in
Section 5.1 and find the same pattern. In Panel A of Appendix Table A2, only some
profitable strategies exist in 1984-1991 (when we use the Sharpe ratio criterion in the
1-, 3-, and 12-month groups) but they are not profitable in 1992-1999. In Panel C,
almost all profitable strategies identified in 2000-2007 cannot perform well in 2008-
2015. Nevertheless, as shown in Panel B, some profitable strategies in 1992-1999 are
found to deliver significant profits in 2000-2007 (when we use the mean return
criterion in the 1- and 3-month groups). These results are largely consistent with Table
3. In Appendix Table A3, we conduct similar sub-period analyses but focus on more
liquid, developed currency markets. In accordance with the results reported in
Appendix Table A1, we find that no profitable strategy in the in-sample period or no
profitable strategy identified in in-sample periods being able to generate profits in out-

of-sample periods.
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Our results that learning strategies cannot generate significant profits in out-
of-sample periods suggest that traders are unable to improve basic carry trades

strategies by being adaptive.

5.1.2. Stop-loss Strategies

Next, we investigate whether the performance of carry trades strategies can
improve when assuming implementation of stop-loss rules. We consider a different
number of months’ performance for review (denoted as r) and two types of stop-loss
rules (denoted as a or h). In the stop-loss strategies, we assume that a trader stops an
operating strategy when the portfolio value drops by 5% (or 10%) compared to either
its portfolio value before the review period (denoted as a), or its highest historical
value within a specific review period (denoted as h), and resumes the strategy when
the portfolio value goes back up by 5% (or 10%). For example, the strategy (141, 7p, 1m,
6r, 5%a) means to select the 14 most liquid currencies, divide them into 7 parts,
rebalance every 1 month, review the past 6-month performance at the rebalance date,
and stop the strategy whenever the net worth is 5% below that 6 months ago. The first
four steps of strategy (141, 7p, 1m, 6r, 5%h) are the same, but this strategy (the last
parameter is denoted as h) stops whenever the net worth is 5% below the highest net
worth in the past 6 months and resumes when the portfolio value is higher than its

lowest value within 6 months by 5%.

The number of strategies become much larger because of the additional two
parameters (a and h). For example, for each basic 1-month strategy in the main text,
the total number of strategies = 1 (original strategy) + 2 (stop-loss threshold, 5% or
10%) * 2 (types, denoted as a or h) * 3 (number of review months, 6 or 12 or 24 months)
= 13. So the total number of strategies = 100¥13 = 1300. For each basic 12-month
strategy in the main text, the total number of strategies = 1 (original strategy) + 2 (stop-
loss threshold, 5% or 10%) * 2 (types, denoted as a or h) * 2 (number of review months,

12 or 24 months) = 9. So the total number of strategies = 400%*9 = 3600.

Table A4 and A5 confirm previous results. Profitable strategies in one 8-year
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sub-period are unlikely to continue the profitability and pass the data-snooping tests
in the next 8 years. Being unable to pass the data-snooping tests means that even there
exist some strategies making profits in the out-of-sample period, such profitability is
likely due to luck. Therefore, we conclude that stop-loss strategies cannot help a carry

trade trader time the market significantly better.
5.2. A Comprehensive Analysis of Out-of-sample Profitability

We now expand the above naive approach to comprehensively investigate the
profitability of every profitable strategy during a certain number of the past X years
(e.g. 1 year or 8 years) on the next Y'years in every year. Table 4 presents the results of
applying mean return profitable strategies in the past one year to the next N years (IV
equals from 1 to 8). The first column indicates the year of doing the out-of-sample test.
Other rows present the values for each N, and the values indicate the percentage of
profitable strategies in the past one year that continues to make profits in the next N
years and pass data-snooping tests. The values in parentheses denote the average
mean returns of all profitable strategies. For example, in the row with year 2006, the
value in the columns indicates that among all profitable carry trades strategies in 2005,
3.62% of them (Column 1) are also profitable and pass data-snooping tests in 2006,
21.28% of them (Column 2) are profitable and pass data-snooping tests from 2006 to

2007, and none (0% in Column 3) is profitable and passes tests from 2006 to 2008.

In Appendix Table A6 Panels A to G, we present the percentages of mean return
out-of-sample profitable strategies in the past 2, 3, ..., 8 years that continue to be
profitable in the next 1, 2, ..., 8 years and pass data-snooping tests. In Table A7 Panels
A to H, we present the percentages of Sharpe ratio profitable strategies in the past 1,
2, ..., 8 years that continue to be profitable in the next 1, 2, ..., 8 years and pass data-

snooping tests.

Table 5 summarizes all above out-of-sample profitability tests by presenting the
average percentages of strategies that continue to profit in Columns 1 and 5. Each

number in Column 1 indicates the average percentages of strategies that continue to
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profit from Table 4 and all panels in Table A6. For example, 5.42% in Column 1 in
2006 is the average of all values in the row 2006 in Table 4 and all panels in Table A6.
We also present out-of-sample profitable strategies’ average (Columns 2 and 6),
maximum (Columns 3 and 7) and minimum annualized returns (Columns 4 and 8). In
the years that out-of-sample profitability is obtained, the mean returns are mostly

below 1%.

Our results in Table 5 further suggest the difficulty of learning the correct
strategy to use from the past successful experience. In over 15 years between 1985 and
2000, none but two (1989 and 1998) of the previously mean return profitable
strategies is profitable in the following years, even the best strategies previously used.
Only between 2002 and 2004, over half of previously mean return profitable strategies
can profit in the following years. When the criterion is the Sharpe ratio, only in years
2002 and 2003, over half of the previously profitable strategies continue to make out-

of-sample profits.

5.2.1. Developed Currencies

In Table 6, we repeat the same calculation as in Table 5 but only focus on
currencies in developed markets. The unprofitability in the out-of-sample periods is
more obvious. Only in 8 (or 7) years, the average percentages of out-of-sample mean
return (or Sharpe ratio) profitable strategies are above zero.'5 In none of these years,
the average percentages of out-of-sample profitable strategies are above 30%, either
for mean return or Sharpe ratio profitability. The results show that in most years, using

past winner strategies in developed currencies cannot continue to profit.

The average percentages for mean return out-of-sample profitable strategies
using all currencies and developed currencies are visualized in Figure 1. The average

percentages by year for Sharpe ratio out-of-sample profitable strategies are visualized

5 The eight years for out-of-sample mean return profitable strategies include 1988-1990, 1993, 1998, and 2003-
2005. The seven years for out-of-sample Sharpe ratio profitable strategies include 1985, 1989-1990, 1998, and
2003-2005.
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in Figure 2. We observe two peaks (1988-1991 and 2001-2005) in both figures. We are
particularly interested in the 2001-2005 peak as it echoes the observation that the best
strategy in the 1992-1999 period continues to create profits in the out-of-sample
period (2000-2007), which is so far the only evidence for the out-of-sample

profitability we find.

6. Currencies that Possibly Drive the Profitability

In this section, we look into details of the chosen strategies in and around the
profitable years (we focus on the period between 2001 and 2005) and investigate the
key currency pairs that drive such profitability and, and more importantly, the reasons
behind them. To be more specific, we attempt to find currencies and currency pairs
that appear promising for carry traders and examine whether they indeed deliver

profit.

Our first approach is to identify currencies that frequently appear in either the
long side or the short side of profitable strategies. To implement this, we first find the
profitable 1-month strategies that pass the tests in each month between January 2001
and December 2005 from all 100 basic strategies and the currencies that those
strategies exploit the most in their long and short portfolios.1¢ If strategy it, balanced
in month t and i = 1, 2, ..., 100, is profitable and passes tests in the past x years and
profitable in the next y years, we denote 1(profitable);,, = 1, otherwise it equals zero.
Then we count the number of tests this strategy’s profitability passes the data-
snooping tests in the 500 tries in the next y years, and calculate the ratio. Then for the
role of each currency c in out-of-sample profitability, we calculate its net probability
that equals the probability of currency c being used in long portfolios minus the

probability of currency c being used in short portfolios. We formulate the calculation

16 We do not report learning or stop-loss strategies in this stage for the balance of different styles of carry trades;
nevertheless, the results are robust when we include them in the test.
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as follows:

1 1 Nitx .
Pet = ﬁazllg(f 23:1 2331:1% X 1(pr0ﬁtable)itxy X [1(10ng)citxy -

1(short) citxy] ,

where niny reflects how many times strategy it for the past 2 years and the next 3 years
passes data-snooping tests out of the 500 tries, 1(long);, equals one if currency c
exists in the long position of the strategy (and zero otherwise), and 1(short);,,
equals one if currency c exists in the short position of the strategy (and zero otherwise).
For example, if a strategy it is profitable in the past 2 years, its profitability in the next
3 years passes the data-snooping tests for 400 times (niny=400), and Japanese yen
(JPY) is in this strategy’s long portfolio, then JPY’s probability in month ¢ is 400/500
= 0.8 for this particular i-x-y combination. Then we average across all 100 strategies’
64 combinations of x and y to calculate the net probably of JPY being used in all 1-
month strategies. Theoretically, p.; ranges from -1 to 1. A positive number indicates
that the currency c is more likely being longed in strategies, while a negative number

indicates that the currency c is more likely being shorted in strategies.

Table 7 presents the most longed and shorted currencies. The criterion for
profitability is mean return in Panel A and Sharpe ratio in Panel B. For a better
presentation, we delete the currencies that are never used in any strategies between
2001 and 2005. The most shorted currency in both mean return and Sharpe ratio
criteria is Japanese yen and the most longed ones include Korean won and Hungarian

forint.

Are all strategies that long the most longed currencies and short the most
shorted currencies significantly profitable? In unreported tests, we examine 100
currency pairs’ profitability and data-snooping test results of the 10 most longed and
10 most shorted currencies’ combination. These currency pairs do not generate
significant profits. As a result, our analysis of Table 7 suggests that the frequencies of

particular currencies or currency pairs being included in profitable strategies do not
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explain profitability.

Our second approach is to identify currency pairs that appear promising ex-
ante. In particular, we focus on currency pairs in which the longed currency
appreciated against the shorted currency in each year between 2001 and 2005 and the
longed currency’s country has a significantly higher annual interest rate compared to
the shorted one’s by at least 3%. We choose the period between 2001 and 2005 because
the average percentages of out-of-sample profitable strategies shown in Table 5
concentrate in this period. We list all currency pairs satisfying the above requirements
in Table 8. The value in each cell represents the proportion of months between 2001
and 2005 that the currency in the vertical axis (“the longed currency”) appreciate
against the currency in the horizontal axis (“the shorted currency”) and the longed
currency’s interest rate is higher than the shorted one’s by 3%. For example, in the first
column “AUS” and the row “HUN”, the value 0.46 indicates that in 46% of months in
the 2001-2005 period, Hungarian forint appreciates against Australian dollar, and the
interest rate in Hungary exceeds that in Australia by 3%. The cells with value higher

than zero are colored. Darker color indicates higher percentage.

Do the currency pairs with values higher than zero necessarily generate
significant profit? No. Although a higher proportion of months satisfying both the
exchange rate and interest rate conditions helps, we need to examine if profitability
based on such information lasts long. We illustrate two currency pairs as follows.
Figures 3 and 4 depict the interest rates and exchange rates of two currency pairs: 1)
longing Hungarian forint and shorting Japanese yen, and 2) longing Philippine peso
and shorting Japanese yen. Figure 3 shows that interest rates of both Hungarian forint
and Philippine peso are much higher than that of Japanese yen between 2001 and
2005. In addition, as shown in Figure 4, Hungarian forint “consistently” appreciated
against Japanese yen, while the exchange rate between Philippine peso and Japanese
yen fluctuated — although it appreciated for some time, it depreciated more after. The
consequence is that while longing Hungarian forint and shorting Japanese yen

generates significant profits as Panel A of Figure 5 shows, longing Philippine peso and
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shorting Japanese yen does not (as shown in Panel B) despite that Philippine peso had

a high interest rate.

Among all possible currency pairs, only a very small number of currency pairs
like Hungarian forint and Japanese yen satisfies both the exchange rate and interest
rate conditions and produces profits for several years. Our analyses suggest that it is
difficult to predict which currency pair will satisfy both conditions in the future and
how long its profits will last; therefore, it is difficult to make profits from some

“seemingly promising” currency pairs.

As a result, by considering two approaches to identify promising currencies and
currency pairs and examining their out-of-sample profitability, we find it fairly
challenging for traders to gain from such currencies. Our findings thus cast more

doubt on the out-of-sample profitability of carry trades.

7. Conclusion

In this paper, we use a large data set of 48 currencies in developed and emerging
economies to examine the out-of-sample profitability of in-sample profitable carry
trades strategies in a 32-year period from 1983 to early 2016 with correction for data-
snooping bias. By constructing various carry trade strategies based on currency
selection, portfolio sorting and rebalancing frequency, and using advanced
econometric methods including the reality check and stepwise tests, we make
appropriate statistical inferences on the out-of-sample unprofitability of carry trade

strategies which are profitable in-sample.

The main contribution of this paper is to point out that it is difficult for traders
to choose a previously profitable carry trade strategy that will continue to perform well
in the future. In an illustrative example, when we split the whole sample period into

four 8-year sub-periods, we find that, in general, a significantly profitable strategy in
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one sub-period (in-sample period) cannot provide statistically significant profit in the
next sub-period (out-of-sample period). Including learning strategies and stop-loss

strategies does not improve the out-of-sample profitability.

We then implement a more comprehensive analysis of out-of-sample
profitability to confirm our finding by expanding the above naive approach to a large
combination of in-sample windows (1 to 8 years) and out-of-sample windows (1 to 8
years). In every year between 1985 and 2000, the majority of the previously profitable
strategies are not significantly profitable in the ensuing period. This lack of
profitability becomes even more evident when we only trade developed currencies.
Our out-of-sample analysis thus suggests that in most years, past successful strategies

do not continue to be profitable.

To better understand the driving force of significant carry trades profitability in
the out-of-sample period, we look into currencies that frequently appear in profitable
strategies but find that trading these currencies does not generate significant profits.
We then focus on promising currency pairs in which the longed currency “consistently”
appreciates against the shorted currency in each year between 2001 and 2005 and the
longed currency’s country has a significantly higher annual interest rate compared to
the shorted one’s by at least 3%. Only a very small number of strategies like longing
Hungarian forint and shorting Japanese yen provide persistent returns in 2001-2005.
As a result, it is difficult for carry trades investors to rely on currency-related

information to generate out-of-sample profitability.

Our findings thus highlight the limitation in exploiting from carry trades in
actual practice for two reasons: first, carry trade strategies that perform well in the
past are unlikely to generate out-of-sample profit. Second, even if some carry trades
strategies appear profitable in the long run, this is most probably due to luck and

parameter selection rather than a discovery of market inefficiency.

29



REFERENCES

Allen, Helen, and Mark P. Taylor. "Charts, Noise and Fundamentals in the London Foreign
Exchange Market." The Economic Journal 100, no. 400 (1990): 49-59.

Bajgrowicz, Pierre, and Olivier Scaillet. "Technical Trading Revisited: False Discoveries,
Persistence Tests, and Transaction Costs." Journal of Financial Economics 106, no. 3
(2012): 473-491.

Barras, Laurent, Olivier Scaillet, and Russ Wermers. "False Discoveries in Mutual Fund
Performance: Measuring Luck in Estimated Alphas." The Journal of Finance 65, no. 1
(2010): 179-216.

LeBaron, Blake. "Technical Trading Profitability in Foreign Exchange Markets in the 1990’s.
"Working Paper, July, 2000.

Blume, Lawrence, David Easley, and Maureen O'hara. "Market Statistics and Technical
Analysis: The Role of Volume." The Journal of Finance 49, no. 1 (1994): 153-181.
Brown, David P., and Robert H. Jennings. "On Technical Analysis." Review of Financial

Studies 2, no. 4 (1989): 527-551.

Brunnermeier, Markus K., Stefan Nagel, and Lasse H. Pedersen. "Carry Trades and Currency
Crashes." NBER Macroeconomics Annual 23, no. 1 (2008): 313-348.

Burnside, Craig, Martin Eichenbaum, and Sergio Rebelo. "The Returns to Currency
Speculation in Emerging Markets." American Economic Review 97, no. 2 (2007): 333-
338.

Doskov, Nikolay, and Laurens Swinkels. "Empirical Evidence on the Currency Carry Trade,
1900—2012." Journal of International Money and Finance 51 (2015): 370-389.

Fama, Eugene F. "Forward and Spot Exchange Rates." Journal of Monetary Economics 14,
no. 3 (1984): 319-338.

Frankel, Jeffrey A., and Kenneth Froot. "Chartists, Fundamentalists, and Trading in the
Foreign Exchange Market." NBER Working Paper R1512 (1990).

Froot, Kenneth A., and Richard H. Thaler. "Anomalies: Foreign Exchange." Journal of
Economic Perspectives 4, no. 3 (1990): 179-192.

Grossman, Sanford J., and Joseph E. Stiglitz. "On the impossibility of informationally efficient
markets." The American Economic Review 70, no. 3 (1980): 393-408.

Hansen, Peter Reinhard. "A Test for Superior Predictive Ability." Journal of Business &
Economic Statistics 23, no. 4 (2005): 365-380.

Henderson, Callum. "Currency Strategy: The Practitioner's Guide to Currency Investing,
Hedging and Forecasting. " John Wiley & Sons, 2006.

Hodrick, Robert J., and Sanjay Srivastava. "The Covariation of Risk Premiums and Expected
Future Spot Exchange Rates." Journal of International Money and Finance 5 (1986):
S5-S21.

30



Hong, Harrison and Jeremy C. Stein. "Disagreement and the Stock Market." Journal of
Economic Perspectives 21, no. 2 (2007): 109-128.

Hsu, Po-Hsuan, Yu-Chin Hsu, and Chung-Ming Kuan. "Testing the Predictive Ability of
Technical Analysis Using a New Stepwise Test Without Data Snooping Bias." Journal
of Empirical Finance 17, no. 3 (2010): 471-484.

Hsu, Po-Hsuan, and Chung-Ming Kuan. "Reexamining the Profitability of Technical Analysis
With Data Snooping Checks." Journal of Financial Econometrics 3, no. 4 (2005): 606-
628.

Hsu, Po-Hsuan, Mark P. Taylor, and Zigan Wang. "Technical Trading: Is It Still Beating the
Foreign Exchange Market?" Journal of International Economics 102 (2016): 188-208.

Jensen, Michael C., and George A. Benington. "Random Walks and Technical Theories: Some
Additional Evidence." The Journal of Finance 25, no. 2 (1970): 469-482.

Kho, Bong-Chan. "Time-varying Risk Premia, Volatility, and Technical Trading Rule Profits:
Evidence From Foreign Currency Futures Markets." Journal of Financial Economics
41, no. 2 (1996): 249-290.

Leamer, Edward E. "Specification Searches: Ad Hoc Inference With Nonexperimental Data.
Vol. 53. " John Wiley & Sons Incorporated, 1978.

Leamer, Edward E. "Let’s Take the Con Out of Econometrics." American Economic Review 73
(1983): 31-43.

LeBaron, Blake. "Technical Trading Rule Profitability and Foreign Exchange Intervention."
Journal of International Economics 49, no. 1 (1999): 125-143.

LeBaron, Blake. "Technical Trading Profitability in Foreign Exchange Markets in the 1990’s. "
Working Paper, July, 2002.

Lequeux, Pierre, and Emmanuel Acar. "A Dynamic Index for Managed Currencies Funds using
CME Currency Contracts." The European Journal of Finance 4, no. 4 (1998): 311-330.

Levich, Richard M., and Lee R. Thomas III. "The Significance of Technical Trading-Rule
Profits in the Foreign Exchange Market: A Bootstrap Approach." Journal of
International Money and Finance 12, no. 5 (1993): 451-474.

Levy, Robert A. "Relative Strength as a Criterion for Investment Selection." The Journal of
Finance 22, no. 4 (1967): 595-610.

Lo, Andrew W. "The Adaptive Markets Hypothesis: Market Efficiency from an Evolutionary
Perspective. " Journal of Portfolio Management 30 (2004): 15-29.

Lo, Andrew W., and A. Craig MacKinlay. "Data-snooping biases in tests of financial asset
pricing models." Review of Financial Studies 3, no. 3 (1990): 431-467.

Lustig, Hanno, Nikolai Roussanov, and Adrien Verdelhan. "Countercyclical Currency Risk
Premia." Journal of Financial Economics 111, no. 3 (2014): 527-553.

Lustig, Hanno, and Adrien Verdelhan. "The Cross Section of Foreign Currency Risk Premia
and Consumption Growth Risk." American Economic Review 97, no. 1 (2007): 89-117.

Lyons, Richard K. The Microstructure Approach to Exchange Rates. Vol. 333. Cambridge, MA:
MIT press, 2001.

McLean, R. David, and Jeffrey Pontiff. "Does Academic Research Destroy Stock Return
Predictability?." The Journal of Finance 71, no. 1 (2016): 5-32.

Melvin, Michael, and Mark P. Taylor. "The Crisis in the Foreign Exchange Market." Journal
of International Money and Finance 28, no. 8 (2009): 1317-1330.

Menkhoff, Lukas, and Mark P. Taylor. "The Obstinate Passion of Foreign Exchange
Professionals: Technical Analysis." Journal of Economic Literature 45, no. 4 (2007):
936-972.

Menkhoff, Lukas, Lucio Sarno, Maik Schmeling, and Andreas Schrimpf. "Carry Trades and

31



Global Foreign Exchange Volatility." The Journal of Finance 67, no. 2 (2012): 681-718.

Menkhoff, Lukas, Lucio Sarno, Maik Schmeling, and Andreas Schrimpf. "Currency
Momentum Strategies." Journal of Financial Economics 106, no. 3 (2012): 660-684.

Menkhoff, Lukas, Lucio Sarno, Maik Schmeling, and Andreas Schrimpf. "Currency
Value." Review of Financial Studies 30, no. 2 (2016): 416-441.

Neely, Christopher J. "The Temporal Pattern of Trading Rule Returns and Exchange Rate
Intervention: Intervention Does Not Generate Technical Trading Profits." Journal of
International Economics 58, no. 1 (2002): 211-232.

Neely, Christopher J., David E. Rapach, Jun Tu, and Guofu Zhou. "Forecasting the Equity Risk
Premium: The Role of Technical Indicators." Management Science 60, no. 7 (2014):
1772-1791.

Neely, Christopher J., and Paul A. Weller. "Technical Analysis and Central Bank
Intervention." Journal of International Money and Finance 20, no. 7 (2001): 949-970.

Neely, Christopher J., and Paul A. Weller. "Intraday Technical Trading in the Foreign
Exchange Market." Journal of International Money and Finance 22, no. 2 (2003): 223-
237.

Neely, Christopher J., and Paul A. Weller. "Technical Analysis in the Foreign Exchange
Market." Federal Reserve Bank of St. Louis Working Paper No (2011).

Neely, Christopher J., and Paul A. Weller. "Lessons from the Evolution of Foreign Exchange
Trading Strategies." Journal of Banking & Finance 37, no. 10 (2013): 3783-3798.
Neely, Christopher J., Paul A. Weller, and Joshua M. Ulrich. "The Adaptive Markets
Hypothesis: Evidence from the Foreign Exchange Market." Journal of Financial and

Quantitative Analysis 44, no. 2 (2009): 467-488.

Neely, Christopher J., Paul A. Weller, and Rob Dittmar. "Is Technical Analysis in the Foreign
Exchange Market Profitable? A Genetic Programming Approach." Journal of Financial
and Quantitative Analysis 32, no. 4 (1997): 405-426.

Olson, Dennis. "Have Trading Rule Profits in the Currency Markets Declined over
Time?" Journal of Banking and Finance 28, no. 1 (2004): 85-105.

Politis, Dimitris N., and Joseph P. Romano. "The Stationary Bootstrap." Journal of the
American Statistical Association 89, no. 428 (1994): 1303-1313.

Qi, Min, and Yangru Wu. "Technical Trading-rule Profitability, Data Snooping, and Reality
Check: Evidence from the Foreign Exchange Market." Journal of Money, Credit and
Banking (2006): 2135-2158.

Romano, Joseph P., and Michael Wolf. "Stepwise Multiple Testing as Formalized Data
Snooping." Econometrica 73, no. 4 (2005): 1237-1282.

Sager, Michael J., and Mark P. Taylor. "Under the Microscope: The Structure of the Foreign
Exchange Market." International Journal of Finance and Economics 11, no. 1 (2006):
81-95.

Sager, Michael J., and Mark P. Taylor. "Commercially Available Order Flow Data and
Exchange Rate Movements: Caveat Emptor." Journal of Money, Credit and
Banking 40, no. 4 (2008): 583-625.

Schwert, G. William. "Anomalies and Market Efficiency." Handbook of the Economics of
Finance 1 (2003): 939-974.

Shleifer, Andrei and Robert Vishny. "The Limits of Arbitrage." Journal of Finance 52, no. 1
(1997): 35-55.

Sharpe, William F. "Mutual Fund Performance." The Journal of Business 39, no. 1 (1966): 119-
138.

Sullivan, Ryan, Allan Timmermann, and Halbert White. "Data-snooping, Technical Trading

32



Rule Performance, and the Bootstrap." The Journal of Finance 54, no. 5 (1999): 1647-
1691.
Taylor, Mark P., and Helen Allen. "The Use of Technical Analysis in the Foreign Exchange
Market." Journal of International Money and Finance 11, no. 3 (1992): 304-314.
Timmermann, Allan. "Elusive Return Predictability." International Journal of
Forecasting 24, no. 1 (2008): 1-18.

Timmermann, Allan, and Clive WJ Granger. "Efficient Market Hypothesis and
Forecasting." International Journal of Forecasting 20, no. 1 (2004): 15-27.

White, Halbert. "A Reality Check for Data Snooping." Econometrica 68, no. 5 (2000): 1097-
1126.

33



Figure 1: Proportion of Mean Return Profitable Strategies That Are Also Profitable Out-of-sample
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Figure 2: Proportion of Sharpe Ratio Profitable Strategies That Are Also Profitable Out-of-sample
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Figure 4: Exchange Rate of Hungarian Forint and Philippine Peso Against Japanese Yen: 2001-2005
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Cumulative Return

Figure 5: Profitability of Hungarian Forint and Philippine Peso Against Japanese Yen: 2001-2005
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Panel B: Philippine Peso Against Japanese Yen

PHILIPPINEPESO (+)

— JAPANESEYEN (-)

1.20 1

1.15 1

1.10

1.00

0.95 1

0.90

T | | T |
2001’11 7_00?—‘09 2003’01 2()0 A'OB ‘2005 03
DateTime

20010

39



Table 1: Summary Statistics of the Level of Spot and Forward Rates

We list the sample mean, minimum, maximum, standard deviation, and the available sample period of end-of-month
monthly spot exchange rate, 1-month, 3-month, 6-month, and 12-month forward exchange rates of 48 currencies (against
the US dollar), including 16 currencies in developed economies (Panel A) and 32 currencies in emerging economies (Panel
B). The data are based on midday quotations in the London market. Panel A includes 16 developed market currencies, and
Panel B includes 32 emerging currencies.

Panel A: Developed Currencies

St Rete l-morthFawad Rete 3nothFovwad Ree 6-north Foward Rete 12north Fawad Rete
Men M Mn Sddv.] Men Max Mn Sddv| Men Mx Mn Sddv| Men Max Mn Sddev.| Men Mx  Mn Sddev| SopeRaiod
Awdrdia 1% 200 098 01 1% 200 Q0911 0z 1% 207 0918 0231 137 200 09® 0 139 28 0918 0231 |12141984-01/292016
ALdria n5 166 86 12| U6 166 8& 18 ne6 165 86 18 ne 165 8® 1P| U6 1B5 8B 178 |1231/1960/292016
Bdgum R7 MB7 XH2 56| A1 L6 B3 5B | Al B5 B3 55X A 83 XB5 55 | B9 B3 XB7 52 |1231/1960/292016
Caech 126 161 0917 010 1% 161 0916 010 1% 161 0916 010 127 161 0916 0168 127 162 0917 0163 |12141984-01/292016
Damak 683 124 466 118 | 65 124 467 118 | 6583 124 48 118 | 64 124 47 119 | 6% 124 473 119 (1214198401/292016
Broe 031 121 065 0137 | 084 122 066 0137 | o&4 12 067 017 | 089 12 063 01% | 087 12 0635 01% (0V0E1990/292016
Face 583 106 41 11 619 106 477 12 621 106 478 123 623 106 478 124 626 107 478 126 |10111/1983-12/31/1998
Gamay 15 3% 12 037 | 18& 34 1H 04| 18 382 13 049 | 18 31 1% 0P| 18 32 1B 042 (1011/19831231/198
Itely 157eHB 23et03 106etB 254 |15leHB 215%HB 108208 226 |152+03 217etB 11et03 25 (15303 22eHB 1122HB 24 |156eHB 224et3 115%eHB 223 |060/1984-12/31/1998
Jen i) 3 =7 7 13 » w7 XH6 13 6l w6 H4 » 3] B4 &l 10 A /1 B3 |1011/198301/292016
Netherlands 197 391 138 0438| 21 39 151 056 | 21 3® 151 08 21 3% 15 0501 | 208 38 149 04 (1011/198312/31/198
New Zedlad 164 2% 113 036 | 16 2% 114 03B | 16 37 114 031 | 167 30 115 034 | 17 36 118 0319 |1214198401/292016
Nowey 686 98B 4% 096 | 687 9B 4% 09O | 63 9 49 096 62 9AHA 5HB 09| 68 9P 51 1 |1214198401/292016
Shedn 7371 n 50 113 73 n 514 113 70 n 523 112 741 n 5% 11 144 11 557 100 |(12141984-01/292016
Shitzalad 1383 22 079 037 | 138 29 078 038 | 1B 28 076 04| 13 286 075 0P| 1B 2P 075 0347 (1011/19830/292016
UntedKingdom| 062 0% 0474 0067| 0623 094 0474 0067 | 0624 0%l 045 0086 | 0627 096 0477 0064 | 063 098 048 00647 (1011/198301/292016
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Panel B: Emerging Currencies

S Rete I-nothFowerd Rate 3north Fowerd Rete 6-north Fowerd Rete 12-nothFoward Rete
Men M Mn Sdde.| Men  Mx Mn Sdde.| Men Mx Mn Sdde.| Men  Mx Mn Sdde.| Men  Mx Mn Sddev| SopeRsiad
Brazl 200 421 086 074 | 2B 45 1 054 | 226 43 1% 0%l | 231 448 18 056 | 248 460 16 0597 |0711/200000/292016
Buggia 1% 23 12 o 15 1% 123 04 15 1% 123 012 15 184 124 019 | 151 183 126 0111 |0407/2004-0U/292016
Qodia 628 900 4= 1@ | 571 7% 453 058 | 572 7% 4% 052 | 574 7% 4% 054 | 5P 7% 466 052 |B220040/292016
Ops 0401 060 0365 00/B| 0447 056 03FB7 00B4| 0447 056 03B 003X | 047 056 030 00| 047 052 032 00Fl |F2004-0/292016
Czerh X7 P 145 667 | %6 P 145 74| X6 49 145 711 | B7 48 145 72 %8 47 146 73 |1231/19600/292016
Eogypt 518 8B 338 1% | 62 85 520 0/ | 6 92 531 085 65 982 538 0%/ | 6& 106 546 113 |BQ200401/292016
Frlad 49 yavg 372 o747 5@ 716 373 o777 52 714 374 Q7hH 501 712 35 0773 5 712 378 0767 |1231/1996-01/292016
Qexe 20 410 213 RB7 26 410 213 438 26 410 24 M4 26 48 215 42 27 48 27 444 |1231/199601/292016
HongKaog YAy 8 77 0¥ | 777 877 78O 0| 777 92 761 006 | 777 un 751 00\ | 777 103 742 00973 |1011/1983-01/292016
Hungary 210 317 D3 4,68 26 318 145 A5 27 Ul 46 348 20 35 148 2 25 3\ 151  3B8 |1027197-01/292016
lodand B8 148 55 5 (024 149 538 273 13 150 24 24 m 151 602 276 107 12 619 277 |BX2004-0/292016
Inda 457 682 34 89 | 484 &7 B2 638 | 488 07 B3 719 | ©3 W9 B3 748 | 903 73 B4 804 |1027197-01/292016
Indonesia 83eHB 166t 2103 3132H08 952+ 171et4 237eHB 211e+03) 9632+18 183+ 24e3 217eH08| 9B 22H4 243218 227e+(8) 103+04 22lev4 251eHB 25e+03| 12/31/1996-01/292016
Irdand 067 111 042 012 | 0667 0737 051 004 | 06/ 0737 052 00%67| 0688 0736 052 00B| 06/ 075 052 00%H7 |1029199612/31/1998
Igad 38 5 29 04B | 3B 473 32 0O | 3B 473 32 0| 3B 473 3B 0| 33U 44 3B 04 |BO20040/92016
Kuneit 0283 03©® 0% 0018 0283 03O 0264 004 | 02283 03O 0263 00M6( 0283 031 0261 008 | 024 0312 0%/ 00123 |1231/1960/292016
Mdaysa 34 548 244 057 | 3588 472 247 041 | 3@ 4/ 248 041 | 30 48 248 05| 3B 4% 25 0565 |12/31/1996-01/292016
Mexico 106 186 31 274 | 14 187 78 19 15 87 7% 1% 1n7 189 82 19 121 191 8& 18l |123/1996-01/292016

Fhilipaines 433 %64 284 907 | 461 %8 X3 643 | 464 55 264 65 %68 386 %6 663 | 477 07 B9 6B |1231/19601/292016

Rlad 38 471 23 0%l | 3% 4% 2B 048 ( 3Z7 431 204 048 | 30 43 206 049 | 3B 432 200 058 |@1U/2002-0/292016
Rortugel 168 2 15 5 10 22 126 %2 10 21 1% X2 10 20 127 %1 180 220 128 59 |1231/199601/292016
Rsda 281 81 4 12 3 a8 A1 106 | 33 &1 22 n B9 84 233 ns | #9 ®R2 B6 125 |BR20040/22016
Saud Ardbia 3’ 377 371 0013 3/ 377 3@ 00BB| 3B 378 36/ 00068| 3B 38 36 00107 [ 375 3% 361 0028 |1231/1996-01/292016
Srggoare 18 23 026 | 163 23 0%4 | 1e2 229 0x2 | 162 227 028 | 16l 223 119 023 |1214198401/292016
Joveda P9 R5 897 | 272 488 667 | 213 493 678 | 213 49 6B [ 274 509 192 718 (1120020292016

12 12 12 119

19 19 19 19

Jovaia 1@ X1 120 248 N2 228 120 152 e 27 1\ 151 i 27 151 149 38 2 25 03 |0B22004-01/292016

SuthAfrica 577 169 i 304 | 534 191 112 30 5% H9 113 32 614 &1 115 345 635 01 116 3% |1011/198301/292016

SuthKoea | 100eHB 1%6etB 76 174 [111et03 1578 89 10 [11let03 156et03 8% 10 [11let03 1%et3 8H 10 [111et03 151etd3 88 m (C211/2002-01/292016

i (o’ (e 16 1% 27 140 19 106 215 |12/31/1996-01/292016
A1 213 273 213 274

SEn 10 01 208 4 20 27 4 20 27 140 19
Tawen 312 H2 246 | 319 b4 1% | 318 H7 1% | 317 363 189 | 316 369 1% |1231/1996-01/292016
Trelland #A8 K5 B9 601 | B4 52 249 49 | IS5 85 X5 5B | B6 606 K7 511 [ 369 648 X1 52 |1231/199601/292016

Ukrane 744 3 363 43 845 B1 4 464 857 B4 AR 4R 871 B 473 471 74 131 491 175 |0407200401/292016
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Table 2: Summary Statistics of the Change of Spot and Forward Rates

We list the sample mean, minimum, maximum, standard deviation, and the available sample period of the change in end-
of-month spot exchange rates and the change in end-of-month 1-month forward exchange rates of 48 currencies (against
the US dollar), including 16 currencies in developed economies (Panel A) and 32 currencies in emerging economies (Panel
B). The data are based on midday quotations in the London market. Panel A includes 16 developed market currencies, and
Panel B includes 32 emerging currencies.

Panel A: Developed Currencies

1-month Farwerd Disoount 1-moth S RteChange
Memn Max Mn Sdde.| Mem Max Mn  Sddev. SarpeRyiad
Broe 000287 000808 -0012 000 | 10306 00434 002 000628 | 01/05199801/292016
Caeth 000630 000907 -0007/63 000130 | 29306 00630 00317 000457 | 1214/198401/292016
Ity 00034 0051 001 002775206 002 -0041 000642 | 03091984-12/31/198
Audrdia 0026 0057 0041 0049 | 61%06 0042 -008R 000734 | 1214198401/292016
UntedKingdom| 00010 0026 00154 00019 | 10826 0OBA  -00BA 000607 | 1011/198301/292016
Audria 000048 002 -000631 000117 | 11806 0042 00377 000618 | 01/03/194-01/292016
Bdgum 0000401 00219 00063 00017 | 13e® 0042 00377 000615 | 12/31/1996-00/292016
S 00012 0015 00191 00% | 28le6 00637 -00634 000696 | 1214198401/292016
Nowey 000141 0035 002 00%bB|28=0km 0066 -0061 00006 | 1214198401/292016
Fance 000115 0049 0062 0067|526 00% -00828 000648 | 1011/1983-12/31/198
Nethelands 000065 026 -001B 002 | 63 006/7 0B8R2 0006 | 1011/1983-12/31/1998
Gamay 0000888 0% 0017 00PB|63=km® 0068 -00@NO 0006h| 1011/1983-12/31/198
NewZedad 00611 008 0016 00145 |65e®m 0063 -00/2 000772 | 1214198401/292016
Damak 000278 00246 00136 0006l | 79%e06 00EB 0024 000647 | 12141984-01/292016
Jpen 0019 0wmP 004567 00RH|(993%:=®m 00Bhd 00D 00064 | 1011/1983-01/292016
Shitzalad 0062 00149 005 008 |(000112 013 004 00073 | 1011/1983-01/292016
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Panel B: Emerging Currencies

I-month Fowerd Disoount 1-month St ReeChange
Memn Max Mn Sdde.| Men Max Mn  Sdde. SrpeRiad
Ruda 004& 0047 -000471 00070 |-0000415 033 038 00149 | 0307/199%6-01/292016
Ukrairne 00018 02 01/ 0014 |-0000B2 0245 0317 0015 | 12(021998-01/292016
SuhAfrica 00047 08 0047 0028 |-00027 0111 012 00033 | 1012/1983-0/292016
Medoo 00B% 0038 0000887 00B |-0000268 016 0171 000877 | 0U/031994-01/292016
Indoresia 0@® 01 012 006 |-00022 05 021 001% | 0/03/194-01/292016
Bragl 000744 00151 -000189 00| -0002 0127 -0023 0006 | 0701/194-01/292016
Hugaty 0006 00141 -0000739 00X |-000149 00633 -00611 000815 | 0/03/19A-01/292016
Eoypt 00834 0086 -0000836 00112 |-000146 002FH 014 000 | 1209194-0/292016
Inda 000373 00157 -000478 000237 |-000127 00311 -003% 000%7 | 0/03/194-01/292016
ldad 00473 00155 -0002% 000191 | 9306 0141 0126 0008A | B27/19-01/292016
Fhilippines 00007 0030 -000342 00w/4|-82le®6 0124 0106 000617 | 0/0/19A-0L/292016
Rdad 00223 00088 -000307 0001 |-613x06 0068 -00649 0007% | 0/04196-01/292016
Soeia 442206 000328 -00034 00008%B| 5766 00472 00377 00060 | 0627197 01/292016
Mdaysa 00kl 00% 022 0009l |49e 0143 03 00097 | 0U/031994-01/292016
Thellad 00010 0061 -0003%4 000F8l|-43=0B 0045 -00%6 00063 | 0/0319A-0/292016
lged 000B3xB 002 -00236 000082|-3Be(6 00X 0046 006 | 0/0/19A-01/292016
Tawen 0000914 00158 00146 000227 [-35220k 022 0021 00274 | OU031994-01/292016
SuhKoea  |-0000271 000343 0001 00027 [-30e(6 0219 013 000873 | 01/03194-01/292016
Qexe 00008 0038 -00062 0002 |-21306 0042 -00M2 00062 | 0/03/19A-01/292016
Qadia 000112 001 -0067 0044 | -13e(d 00483 -008372 000643 | (B27/197-01/292016
Kunt 0000321 008 -0003H7 0000853|-16%206 0038 -0036 000166 | 01/03/194-01/292016
Sud Ardba | 36le(c 00028 -000428 0004&%G| -2208 000628 -000833 000029 (01/03/194-01/292016
Bugaia 624 000477 001233 000134 | 24e(6 00472 00877 000621 | 12002/1998-01/292016
Cpus 684, 000407 000838 00016 | 41306 00474 006 000615 | B2Z719-01V292016
Sen 0008 0027 00068 00018 | 55e06 0042 00877 000806 | 0U/031994-01/292016
HogKog 0000342 0041 00 00062 | 807206 0 00111 0000671 1012/1983-01/292016
Rortuce 0002 00231 000682 00010 | 1e(6 00472 00877 0006l | OU/031994-01/292016
Anlad 0000419 00158 000682 0007 | 2706 00472 00877 000612 | 0U/031994-01/292016
Czth 000074 0% -00008 00MP | 50e®d 0064 -00/0L 000745 | 1212/19401/292016
Sovdda 000 000831 -0024 0001 | 528206 0042 0062 00064 | (ROYIW-0Y/292016
Srggoare 000166 00324 -00M8 000|570 00414 0067 00034 | 12171984-01/292016
Irdand 0002/ 0004 02 00031 | 5%e® 00b6A 0061 00066l | 1217198401/292016
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Table 3: Out-of-sample Profitability of Profitable Strategies in Four Sub-period: All Currencies

This table presents the profitability of carry trades based on all 48 currencies in an in-sample period and the subsequent
out-of-sample period. The left and right panels are based on mean return criterion and Sharpe ratio criterion, respectively.
Within each panel, we have four columns for different groups of carry trades strategies based on 1-, 3-, 6-, and 12-month
forward discounts. We consider 100, 200, 300, and 400 carry trades strategies in the 1-, 3-, 6-, and 12-month group in each
column. In the panel titled “Best Strategies (in-sample)”, we list the description, mean return, Sharpe ratio, nominal p-value,
reality check p-value, and stepwise test p-value of the best-performing strategy in the in-sample period. In the panel titled
“Out-of-sample performance of the best strategies”, we list the mean return, Sharpe ratio, nominal p-value, reality check p-
value, and stepwise test p-value of the best-performing strategy in the out-of-sample period. In the panel titled “All
profitable strategies (in-sample)”, we list the average, minimum, and maximum number of profitable carry trades strategies
in the in-sample period from 500 stepwise tests based on 5% significance level. In the bottom row, we provide the ratio of
the average number of profitable carry trades strategies to the total number of carry trades strategies considered. In the
panel titled “Out-of-sample performance of all profitable strategies”, we list the average, minimum, and maximum number
of the in-sample profitable carry trades strategies from 500 stepwise tests in the out-of-sample based on 5% significance
level. In the bottom row, we provide the ratio of the average number of profitable carry trades strategies to the total number
of carry trades strategies considered.

44



Pad A
Insanple Pariod 1(1984.11-1991.1231)
Ou-d-sanple Paricd 2(19621.1 - 1999.1231)

PerfarmanceMdric Mean Return SharpeRatio

RebalandngHarizon Im 3m m 1om Im 3m 6m 1om
Bet Sratgges(insanple

Desription (10,3p 1M (18,%3m (18,%3m (18,% 3m (10,3, 1m) 10,3p1M (0,3 AP
Meen Reumar SapeRdio 4406% 43%% 43%% 43% 1431 138 1137 2760
Narird pvaue 0000 0065 008 0085 0000 0001 0006 0000
Redity cdhek pveue 000 0166 0219 0120 0000 0001 0006 000
Senisetes pvdue 015 01 0153 0183 0017 005 oo 000
Qut-of-sanpleperfarmenced thebest sraajes

Meen Reunar SapeReio 431% - - - 0633 050 0465 0433
Narird pveue 0086 - - - 0086 0130 028 0210
Redity cdhedk pvelue 0126 - - - 0127 0347 0513 0620
Sepnisetes pvdue 0402 - - - 050 074 0854 0872
Al prdfitabledrateges(insanple

Avaaernurba fron50tests 00 - - - 10 10 00 210
Avaagerunbe of pofitedrateyes/ & % - - - 100% 0% 0% 524
draejes

Out-d-snplepefameced dl prdfitabledraeges

Avaagernurbe franS0tests 0 - - - 0 0 0 0
Avera‘_)emrberd pditdledraeges/ dl % i ) ) % % % 0%
dratejes
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Pand B
Insample Pariod 2(1992:1.1 - 1969.12.31)
Qu-d-sarple: Pariad 3(2000.1.1- 2007.1231)

RarfarmenceMetric Meen Return SharpeRetio

RebalandngHarizon Im 3m 6m 12m Im am 6m 12m
Bet Sratgyes(insample

Desription GA.3%pIm  AFHpIM A AHFHpIm (A.3%pIm A3 FA3p3m (A3p3
Mean Retumar SepeRdio 1948% 1948% 1948% 1948% 115 0918 0685 0713
Narird pvaue 0100 oo 0141 010 (0002 0014 0072 0083
Redity cdhek pveue 008 010 032 0472 008 006 029 029
Sepnisetes pvdue 003 0033 003 0034 00% 030 0623 0638
Out-a-senplepafarmenced thebest drateges

Meen Retunar SepeRio 0D26% 026% - - 451 2257 - -
Narird pvaue 0000 0000 - - 0000 000 - -
Redity ek pveue 0000 0000 - - 0000 000 - -
Sepnisetes pvdue 0000 0000 - - 0000 0000 - -
Al prdfitabledrateges(insanple

Avaaernurba fron50tests 463 80 - - 10 10 - -
Avaagemrberd pditedesraeges/ dl 1659 400% ) ) 100% 050% ) i
drateges

Out-d-sanplepafameced dl prdfitablesraeges

Avaaernurba fran50tests 463 80 - - 0 0 - -
Averagerumsrd prdfitedledrateges/ dl 1629 400% ) ) % % ) i
draeges
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Pad C
Insanple Pariod 3(2000:11- 2007.1231)
Ou-d-sanple Paricd 4(20081.1- 0151231)

PerfarmenceMdric Mean Return SharpeRatio

RebdandngHarizon Im 3m m 1om Im 3n 6m 12m
Bet Sratgges(insanple

Destription @8,2pIm (@ 2plm @2 Im  (@@.2pim (38,3 1M (12,5 1m (4,5 Im  (18,53m
Mean Retunor SepeRdio 5308% 5308% 5308% 5308% 49%7 324 2781 3307
Norrird pveue 000 0000 000 oo 000 000 000 000
Redlity check pvaue 000 0000 000 000 000 000 000 000
Sepnisetes pvde 000 0000 000 000 000 000 0000 000
Out-a-senplepearfarmenced thebes drateges

Mean Retunmor SapeRdio 062 0626 0626 062 0812 054 0337 01%
Norrird pveue 0747 074 072 0761 004 0148 03% 0674
Redlity dheck pvaue 0839 083 0912 0876 0097 039 Q7% 080
Sepnisetes pvdle orsul 087 08% 07% 0610 0863 096 0%8L
Al prdfitabledrateges(insanple

Avaagenunbe fromS0teds 100 200 3300 4000 100 2000 3000 400
g‘f;?’;“"bgd profitedlerateyes/ dl 100% 100% 100% 100% 100% 100% 100% 100%
Out-d-senplepafameced dl prdfitablesrateges

Avaagenurbe from80tess 86 69 13 00 00 00 00 08
g":;’;”‘md prdfitedlesrateyes/ dl 8576 34% 040% % ) % % 02%
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Table 4: Applying Mean Return Profitable Strategies in Past 1 Year to Next N Years

This table lists the results of applying mean return profitable strategies in the past one year to the out-of-sample next N
years where N equals from 1 to 8. The first column indicates the year of doing the out-of-sample test. Other rows present
the values for each N, and the values indicate the percentage of profitable strategies in the past one year that continues to
make profit in the next N years and pass data-snooping tests. The values in parentheses denote the average mean returns of
all profitable strategies.

Past 1 year profitable strategies applied to next N years

N 1 2 3 4 5 6 7 8
1985 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1986 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1987 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1988 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1989 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1990 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1991 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1992 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1993 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1994 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1995 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1996 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1997 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1998 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
1999 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
2000 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
2001 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
2002 85.71% (2.50%) 85.71% (3.01%) 85.71% (2.45%)  100.00% (2.19%)  98.57% (1.91%)  100.00% (1.74%)  82.14% (1.26%) 82.14% (1.18%)
2003 68.46% (2.50%) 95.87% (1.73%)  100.00% (1.57%)  100.00% (1.24%)  100.00% (1.17%)  45.45% (0.76%) 46.28% (0.75%) 55.37% (0.70%)
2004 70.30% (1.23%)  100.00% (1.22%)  100.00% (1.02%)  100.00% (0.96%)  27.27% (0.51%) 29.09% (0.55%) 40.00% (0.53%) 72.73% (0.54%)
2005 100.00% (1.47%)  100.00% (1.21%)  100.00% (1.12%) 0.00% (0.00%) 0.00% (0.00%) 15.38% (0.20%) 50.55% (0.56%) 53.26% (0.57%)
2006 3.62% (0.28%) 21.28% (0.36%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 2.98% (0.07%) 9.57% (0.18%)
2007 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 41.18% (0.10%) 0.00% (0.00%)
2008 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)
2009 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)

2010 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)

2011 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)

2012 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)

2013 0.00% (0.00%) 0.00% (0.00%) 0.00% (0.00%)

2014 0.00% (0.00%) 66.67% (0.80%)

2015 0.00% (0.00%)
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Table 5: Out-of-sample Profitability of Profitable Strategies: All Currencies

This table summarizes all out-of-sample profitability tests by presenting the average
percentages of strategies that continue to profit (Columns 1 and 5) and their average
(Columns 2 and 6), maximum (Columns 3 and 7) and minimum annualized returns
(Columns 4 and 8). For example, the numbers in Column 1 are the averages of Table 4
and all panels in Table A6; the numbers in Column 1 are the averages of all panels in Table
A7. Each year’s number indicates the average success rate of all past years’ strategies in
the future years. Columns 1-4 use mean return as the profitability criterion and Columns
5-8 use Sharpe ratio.

(1) (2) (3) (4) (5) (6) (7) (8)
Mean Return as Profitability Criterion Sharpe Ratio as Profitability Criterion
Average Mean Max Min Average Mean Max Min
Proﬁta}ble Return  Return  Return Proﬁte.lble Return  Return  Return
Strategies % Strategies %

1985 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1986 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1987 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1988 0.00% 0.00% 0.00% 0.00% 15.63% 0.06% 0.55% 0.00%
1989 2.50% 0.01% 0.20% 0.00% 3.06% 0.02% 0.32% 0.00%
1990 0.00% 0.00% 0.00% 0.00% 11.04% 0.05% 0.59% 0.00%
1991 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1992 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1993 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1994 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1995 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1996 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1997 0.00% 0.00% 0.00% 0.00% 5.48% 0.02% 0.34% 0.00%
1998 6.25% 0.01% 0.24% 0.00% 7.03% 0.02% 0.28% 0.00%
1999 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2000 0.00% 0.00% 0.00% 0.00% 10.94% 0.02% 0.31% 0.00%
2001 12.40% 0.24% 2.64% 0.00% 21.88% 0.05% 0.44% 0.00%
2002 93.28% 2.09% 3.67% 0.91% 59.10% 0.63% 2.95% 0.00%
2003 83.05% 1.64% 4.08% 0.70% 59.70% 0.98% 2.67% 0.48%
2004 51.29% 0.66% 1.23% 0.28% 26.11% 0.29% 0.90% 0.00%
2005 37.71% 0.42% 1.47% 0.00% 18.10% 0.23% 0.91% 0.00%
2006 5.42% 0.13% 0.54% 0.00% 0.23% 0.06% 0.46% 0.00%
2007 1.06% 0.02% 0.48% 0.00% 0.00% 0.00% 0.00% 0.00%
2008 1.74% 0.02% 0.35% 0.00% 0.00% 0.00% 0.00% 0.00%
2009 27.06% 0.21% 0.85% 0.00% 16.70% 0.17% 0.83% 0.00%
2010 21.97% 0.19% 0.88% 0.00% 12.95% 0.11% 0.89% 0.00%
2011 16.05% 0.15% 0.97% 0.00% 5.96% 0.06% 0.79% 0.00%
2012 25.15% 0.18% 0.94% 0.00% 0.00% 0.00% 0.00% 0.00%
2013 37.68% 0.32% 0.91% 0.00% 0.00% 0.00% 0.00% 0.00%
2014 4.17% 0.05% 0.80% 0.00% 0.00% 0.00% 0.00% 0.00%
2015 49.17% 0.97% 2.17% 0.00% 3.79% 0.07% 0.57% 0.00%
Average 15.35% 0.24% 0.72% 0.06% 8.96% 0.09% 0.45% 0.02%
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Table 6: Out-of-sample Profitability of Profitable Strategies: Developed
Currencies

This table summarizes all out-of-sample profitability tests by presenting the average
percentages of strategies using only developed currencies that continue to profit
(Columns 1 and 5) and their average (Columns 2 and 6), maximum (Columns 3 and 7)
and minimum annualized returns (Columns 4 and 8). Each year’s number indicates the
average success rate of all past years’ strategies in the future years. Columns 1-4 use mean
return as the profitability criterion and Columns 5-8 use Sharpe ratio.

(1) (2) (3) (4) (5) (6) (7) (8)
Mean Return as Profitability Criterion Sharpe Ratio as Profitability Criterion
Average Mean Max Min Average Mean Max Min
Proﬁtz:lble Return Return  Return Proﬁte.lble Return Return  Return
Strategies % Strategies %

1985 0.00% 0.00% 0.00% 0.00% 24.81% 0.15% 0.64% 0.00%
1986 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1987 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1988 12.50% 0.09% 0.80% 0.00% 0.00% 0.00% 0.00% 0.00%
1989 26.29% 0.14% 0.74% 0.00% 8.86% 0.03% 0.41% 0.00%
1990 19.66% 0.14% 1.08% 0.00% 8.10% 0.04% 0.52% 0.00%
1991 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1992 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1993 2.20% 0.01% 0.33% 0.00% 0.00% 0.00% 0.00% 0.00%
1994 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1995 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1996 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1997 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
1998 4.27% 0.01% 0.24% 0.00% 6.25% 0.01% 0.23% 0.00%
1999 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2001 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2002 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2003 29.40% 0.11% 0.54% 0.00% 9.73% 0.05% 0.46% 0.00%
2004 16.76% 0.10% 0.41% 0.00% 4.91% 0.02% 0.34% 0.00%
2005 6.11% 0.07% 0.55% 0.00% 0.01% 0.00% 0.02% 0.00%
2006 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2007 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2008 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2009 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2010 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2011 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2012 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2013 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2014 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
2015 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Average 3.78% 0.02% 0.15% 0.00% 2.02% 0.01% 0.08% 0.00%
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Table 7: Mostly Longed and Shorted Currencies in Strategies: 2001-2005

This table presents the most often longed and shorted currencies. The criterion for profitability is mean return in Panel A and Sharpe
ratio in Panel B. For better presentation, we delete the currencies that are never used in any strategies between 2001 and 2005. To
implement this, we first find the profitable 1-month strategies that pass the tests in each month between January 2001 and December
2005 from all 100 strategies (not including learning or stop-loss strategies, but the results are robust when including them). If strategy it,
balanced in month t and i = 1, 2, ..., 100, is profitable and passes tests in the past x years and profitable in the next y years, we denote
1(profitable);;, = 1, otherwise it equals zero. Then we count the number of tests this strategy’s profitability passes the data-snooping
tests in the 500 tries in the next y years, and calculate the ratio. Then for each currency c in each significantly profitable strategy it’s long
and short portfolios, we calculate the average probability of this currency being used in all strategies’ long and short portfolios. More
particularly, we calculate the net probability that equals the probability of being used in long portfolios minus the probability of being
used in short portfolios, and present the probability in each cell.

Panel A: Mean Return
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Table 8: Currency Pairs Satisfying Exchange Rate and Interest Rate Conditions: 2001-2005

In this table, the value in each cell represents the proportion of months between 2001 and 2005 that the currency in the
vertical axis (“the longed currency”) appreciate against the currency in the horizontal axis (“the shorted currency”) and the
longed currency’s interest rate is higher than the shorted one’s by 3%.

Currency Long-Short Pairs

AUS 0.00 0.04 0.00 0.06 0.00 0.02 0.04 0.00 0.00 0.02 0.04 0.02 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 012 unuﬂuao 0.00 0.00 0.00
AUT 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0,04 0.00 0.00 0.00 0.00 0.00 0.00 0.5
BEL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7
BGR 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.00
BRA u.uumquu ] u.uu-u.ou
CAN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CHE 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0,00 000 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0,00 0,00 0.00 0,00 0.00 0.00 0,00 000 0.00 0.00 0.06 0,00 0.00 0.00 0.00 0.00 0,00 000 0.00 0.00 0.00 0,00 000 0.00 0.00 0,00 0.00 0.00 0.00
CYP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
CZE 000 000 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 onnEo.co 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n.numo.oo 0.00 0.00 0.00 0.00 0.00
DEU 0.00 0.00 0.00 0.00 0D.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00 D00 0.00 0.02 0.00 0.00 0.00 0.00 000 0.00 0.00 010 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 004 0.00 0.00 D00 0.00 0.00 0.00
DNK 000 000 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 012 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.4
ESP 000 000 0.00 0.00 000 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 002 000 0.00 0.00 0.00 000 0.00 0.00 010 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 000 0.00 0.00 0.00
EUR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.02 0.00 0.00 0.00 .00 0.00 0.00 0.00 010 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
FIN 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
FRA 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0,00 0.00 0.00 010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,04 0.00 0.00 000 0.00 0.00 0.00
GBR uuum 0.00
GRC 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
HKG ©0.00 000 0.00 0.00 0.00 0.00 0.00 D.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 008 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0,02 0.00 0.00 0.00 0.00 0.00 0.00
HRV 0.02 0.04 0.00 0.02 0.00 0.04
HUN 010 0.00 o.oum 0.00 03
IDN 0.06 0.00 0.00
IND 0.00 0.00 0.00
JRL  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
ISL 000 000 0.00 0.00 0.00 0.00 0.00 D.00 000 0.00 0.00 0.00 0,00 0,00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0,00 0,00 0.00 0.00 000 0.00 0.00 0.00
ISR 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
[TA 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 012 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
JPN 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
KOR 0.00 0.00 0.00 0.02 0.00 0.00 017 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.08 0.02 0.00 0.00 0.00 0.00 0,00 0.00 onnuuun 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 BERN 0.00 0.00 0.00 0.00 015 0.00 0.2
MEX 000 000 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00 0,00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 000 0.00 0.00 0,00 0.00 0.00 0.00 000 0.00 0.00 0.00 0,00 0,00 0.00 0.00 000 0.00 0.00 0.00
MYS 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 G.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NLD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
NOR 0.02 0.00 0.00 ouoﬂo.uo 0.00 (017 0.00 uooﬂmo 0.00
NZL 015 0.00 0.00 0.00 010 0.00 0.00 0.00 0.00 0.00 0.08 0.08 0.00
PHL 012 0.00 0.00 .27 B 027 0.00 012 0.00 004 0.10 000 0.00 0.06
FOL 0.10 0.06 0.06 050 ouoﬁo.au 012 017 0.10 0.00
PRT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
RUS 008 0.06 0.00 0.02 0.00 0.08 015 0.00 004 0.06 0.06 0.06 0.06 0.06 0.06 0.06 006 0.02 B.15 0.04 0.02 0.00 0.00 0.00 0.02 0.08 004 0.02 0.06 0.00 0.00 0,10 0.06 0.04 0.06 0.00 0.10 0.00 - 01
SAU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SGP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SVK 008 010 0.00 006 ouuoou 015 012 012 012 012 012 0.12 008 010 0.00 0.00 012 0.00 0.00 017 ouo-uuu 000 0.00 0.00 0.00 012 015 0.12 0.00 uuu-
SVN 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00
SWE 0.00 010 0.00 0.06 onamnon 0.08 0.06 0.06 0.04 0.06 0.06 0.06 0.00 nmﬂum 0.00 0.00 0.00 0.068 0.00 D.00 0.02 0.00 (0,18 0.00 0.00 0.00 0.00 0.00 0.06 0.10 0.06 0.00 unn-non
THA 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TWN 000 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZAF 0.00 0.00 0.00 0.00 D.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 0.00 0.00
- 0.0
AUS AUT BEL BGR BRA CAN CHE CYP CZE DEUDNK ESP EUR FIN FRA GBR GRC HKG HRVHUN IDN IND IRL ISL ISR ITA JPN KOR MEX MYS NLD NOR NZL PHL POL PRT RUS SAU SGP SVK SVN SWE THATWN ZAF
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