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I Introduction

The currency carry trade, which goes long (short) currencies with high (low) yields continues to attract
much research attention, as it has been shown to earn high Sharpe ratios, while its returns are largely un-
correlated with standard systematic risks (e.g., Burnside, Eichenbaum, Kleshchelski, and Rebelo (2011),
Lustig, Roussanov, and Verdelhan (2011)). Prototypical carry currencies among the liquid G-10 curren-
cies are the Swiss franc (CHF) and Japanese yen (JPY), which almost always exhibit the lowest yields
and hence a typical G-10 carry trade would short them, and the New Zealand dollar (NZD) and Australian
dollar (AUD), which typically have the highest yields and would be held long. These four currencies
feature prominently in extant explanations of the returns of the carry trade. One such explanation invokes
crash risk (e.g. Brunnermeier, Nagel, and Pedersen (2009)) and thus relies implicitly on the fact that JPY
and AUD provide the most ”skewed” return perspectives from the view point of a US investor. Another is
based on the differential exposure to global productivity shocks of producers of final goods, such as Japan
and Switzerland, versus commodity producers, such as Australia and New Zealand (Ready, Roussanov,
and Ward (2017)).

While the prior literature takes for granted that the prototypical carry currencie drive carry trade
profitability, we document the existence of “good” and “bad” currency carry trades. We consider an
investor who sequentially tests whether reducing the set of G-10 currencies improves the historical Sharpe
ratio, and then implements equally weighted carry trades with fewer currencies. We find that such trades
improve the return profile (in terms of both Sharpe ratio and skewness) relative to the carry trade which
employs all G-10 currencies, and denote them as ”good” carry trades. Most surprisingly, these good trades

almost never include the AUD and JPY, or the NOK - another commodity currency. Next, we construct

"To clarify terminology, we note that a key component of the return of a carry trade is the interest rate (or forward) dif-
ferential between the investment and funding currencies that are long and short in the trade, respectively. This component is
often, even if perhaps confusingly, referred to as carry”, and we also follow this tradition, for brevity. For the same reason we

also sometimes refer to “carry currencies”, “carry profitability”, ”carry returns”, etc., instead of ’carry trade currencies”, carry
trade profitability” and “carry trade returns”. The context is clear in all these cases, and should allow no ambiguity.



carry trades using fixed subsets of the G-10 currencies over the full sample, and find that trades involving
only the prototypical currencies have lower Sharpe ratios and more negatively skewed returns. We denote
them as ’bad” carry trades. The trades using the remaining currencies preserve the desirable features of
”good” carry trades.

Providing a first glimpse on the issue, Figure [1| contrasts the return properties of carry trades that in-
volve various subsets of the G-10 currencies. In particular, the figure plots (with black dots) the skewness
versus Sharpe ratio for all carry trades constructed from five currencies that use three of the prototypical
currencies (AUD, CHF and JPY), together with any possible pair from the remaining seven currencies.
The currencies enter each trade with equal weights, as is common in the literature and finance industry.
Strikingly, these 21 trades show worse Sharpe ratios, and also substantially lower skewness than the strat-
egy that uses all G-10 currencies (denoted with the horizontal and vertical lines in the graph). Therefore,
trades constructed predominantly from the prototypical carry currencies appear to be ”bad” carry trades.
We subsequently refer to the trade from all G-10 currencies as “standard carry” and denote it as SC.

Probing further, Figure [I] also displays (with unfilled circles) the skewness versus Sharpe ratio of the
complements of the previous 21 carry trades, which are constructed with the remaining five currencies in
each case, again with equal weights. It is noteworthy that 14 out of the 21 complement trades feature higher
Sharpe ratios than that of the standard carry (SC) trade (in one case almost double that ratio), and 16 show
higher (less negative or positive) skewness. Furthermore, half of the complement trades improve both on
the skewness and Sharpe ratio of the SC trade, qualifying them as “good” carry trades. These findings
cast doubt on efforts to explain carry trade returns by focusing on properties of the prototypical carry
currencies, and undermine the practice of associating the carry trade predominantly with such currencies.

In Section [[V|we investigate the ability of good carry trades to function as risk factors for certain cross

sections of currency returns (see, e.g. Lustig, Roussanov, and Verdelhan (2011) and Menkhoff, Sarno,



Schmeling, and Schrimpf (2012)). We find that good carry trades perform at least as well as previously
suggested currency market risk factors, and sometimes drive out such factors in a horse race. We also
re-examine the predictability findings in Bakshi and Panayotov (2013) and Ready et al. (2017), and find
that previously identified carry return predictors strongly predict the returns of bad, but not of good carry
trades. In Section|V|we revisit several interpretations of carry returns that have been advanced in the recent
literature, including the explanatory ability of factor models with equity market risk factors, a crash risk
explanation of their returns as in Brunnermeier et al. (2009), and the peso problem hypothesis of Burnside
etal. (2011). Almost invariably, the results differ greatly across good versus bad carry trades.

In Section we further explore the properties of good and bad carry trades to kindle research on
economic models that may explain the strong differences between the two types of trades. We show, for
example, that the returns of bad (good) trades derive mostly from the gain that comes from investing at
the higher interest rate while borrowing at the lower interest rate, which is partially offset (reinforced)
by exchange rate changes. We also examine the relationship between good carry trades and the dollar
carry” trade introduced in Lustig, Roussanov, and Verdelhan (2014), which goes long (short) all currencies
relative to the US dollar when the average foreign interest rate differential relative to the dollar is positive
(negative). Because our good carry trades always involve the dollar, they do show substantial return
correlation with dollar carry, but we demonstrate that they clearly present a distinct currency and economic
risk.

Before introducing ”good” and ’bad” carry trades in Section 3, we describe the data in Section 2
and discuss some important concepts regarding the design of carry trades. The remainder of the article

demonstrates how the good-bad trade distinction fundamentally alters our thinking about carry trades.



II Data and carry trade design

Following previous work, we employ currency spot and forward contract quotes to construct carry
trade returns. Using one-month forward quotes on the last trading day of each month in the sample, and
spot quotes on the last day of the following month, we calculate one-month carry trade returns over the
sample period from 12/1984 till 06/2014 (354 monthly observations). The return calculations take into
account transaction costs, exploiting the availability of bid and ask quotes. The data comes from Barclays
Bank, as available on Datastream, and have been used in Burnside et al. (2011) and Lustig at al. (2011,
2014), among many others.

Our results are reported for percentage returns and equal (absolute) weights of the currencies entering
a trade. On two occasions we report instead results with logarithmic returns or weights proportional to
forward differentials, to facilitate comparability with previous studies.

Let Si (F) denote the spot (forward) exchange rate of currency i at time ¢, quoted as foreign currency
units per U.S. dollar. That is, the U.S. dollar is the benchmark currency and all trades are implemented
relative to the dollar. Then, with ¢ indicating the end of a given month, the percentage excess one-month

return at 7 + 1 of one dollar invested at ¢ in a long (short) forward foreign currency contract is:

ilong  pibid ; qiask i,short i,ask ; oi,bid
o)) R 1" =F7"/S —1 and Rxpy =1-F""/S1Y,

whereby bid and ask quotes are denoted in the superscript

We employ the G-10 currencies, which are the New Zealand dollar (NZD), Australian dollar (AUD),
British pound (GBP), Norwegian krone (NOK), Swedish krona (SEK), Canadian dollar (CAD), US dollar
(USD), Euro (EUR), Swiss franc (CHF) and Japanese yen (JPY), whereby prior to 1999 the German mark
(DEM) is used instead of the Euro. These currencies represent the most liquid traded currencies, and are

most often used both in the academic literature and professional practice to construct carry trades.

“These can also be seen as the payoffs to forward contracts in the foreign currency per “forward” dollar.
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As indicated above, the carry trades that we consider go long and short an equal number of currencies
relative to the USD, with equal weights. Various alternative weighting schemes are possible, mostly based
on the magnitude of the interest rate differentials (see Table[I] for concrete examples from practice and the
academic literature), but we prefer to keep the trade as simple as possible. Moreover, the total investment
each period is one dollar, that is, the sum of all long and short positions (in absolute value) equals one.
Specifically, when the trade uses all G-10 currencies, the five currencies with the lowest interest rates at
the end of each month are shorted, and the remaining five are held long. In practice, we rank the currencies
based on their forward differentials relative to the U.S. dollar, defined as FD; = F;/S; — 1 at time ¢ and
calculated using mid-quotes. The weight of currency i held long (short) is ® = % (0 = —%). The

percentage excess return of this trade from ¢ to # + 1 is:

10

carry __ ) i ilong 4 i i,short
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where 1 is an indicator function.

When a subset of N currencies is used to construct a carry trade and N is even, we set ®) = ]%, or —%
in (2) and substitute N for 10. If N is odd, the currency with the median forward differential is dropped
from the trade, and we use N — 1 instead of N in the definition of ®' and the summation in .

We consider carry trades that are symmetric, in that they have an equal number of short and long
positions, with equal total weights on the long and short side. Currencies are ranked according to their
interest rates, and only the rank determines whether the position taken is short or long, while the signs
of the interest rate differentials are irrelevant for the trade design, as these change with the currency per-
spective (see also Clarida, Davis, and Pedersen (2009)). Importantly, our carry trade design also ensures

(approximate) numeraire independence, as we do not give a special role to the benchmark currency, and

hence the positions taken in the various participating currencies are the same, regardless of the bench-



mark. Numeraire independence is an attractive property, and implies that only one currency trade must
be defined for the world at large. Moreover, the returns on such a trade are very similar from any cur-
rency perspective, because the translation from one currency to another simply introduces cross-currency
risk on currency returns, which is a second-order effect. In fact, the logarithmic returns of our strategies
are exactly the same from any perspective, by triangular arbitrage (see Maurer, T0, and Tran (2018) for
further discussion). The major commercial investable carry products delivered by the major players in
the foreign exchange market, such as Deutsche Bank or Citibank, described in Table (I} are symmetric
and numeraire-independent as per our definition. They do not all assign equal weights to all positions
however, e.g. the well-known tradeable Deutsche Bank carry strategy takes only the three highest- and
lowest-yielding currencies among the G-10 currencies.

Non-symmetric trade designs are also possible, and have been considered, for example in a recent well-
recognized article by Burnside et al. (2011), where all currencies with interest rates that are higher (lower)
than the US dollar interest rate are bought (sold) in equal proportions. Such a strategy is obviously not
symmetric, and also may deliver very different results depending on the benchmark currency (see Daniel,
Hodrick, and Lu (2017) for further discussion). Another example of a non-symmetric trade is the ’dollar
carry” trade, studied in Lustig et al. (2014). These trades are also ’dollar-neutral”, excluding positions
in the benchmark currency (which would generate zero excess returns). In contrast, our symmetric trades

are not dollar-neutral: positions in the benchmark currency are explicitly included.

III Good and bad carry trades from the G-10 currencies
In this section we first outline a disciplined approach to create historically attractive symmetric carry
trades from subsets of the G-10 currencies, exploiting all available foreign exchange history at each point

in time. It evaluates on each trading date whether excluding currencies can improve on the standard carry



trade (SC) that uses all G-10 currencies, and if so, which currencies should be excluded. Because of its
dynamic implementation, the procedure yields out-of-sample results. Next, we exploit the information
garnered in his exercise to create fixed subsets of ”good” and ’bad” currencies that do not change over

time, and use them to construct carry trades over the full sample period.

A Enhancing the currency carry trade

Imagine an investor starting to trade at the end of December 1994 (+ = T7). On this date, and at the end
of each month going forward till May 2014 (¢ = T5), he uses all available return information for the period
since December 1984 (r = Tp) and first calculates the Sharpe ratio (denoted “benchmark Sharpe ratio”) of
the standard carry trade (SC) that employs all G-10 currencies. The trade ranks these currencies according
to their forward differentials at the end of each month between Ty and ¢t — 1, for ¢t = T1,...,T>, and goes
long (short) over the following month the five currencies with the highest (lowest) forward differentials,
all with equal weights.

To create an enhanced carry trade with nine currencies, on date ¢ the investor excludes one by one
each of the G-10 currencies, and computes the Sharpe ratios over Ty to ¢ of the ten possible trades that
involve only nine currencies. These trades exclude the currency with the median forward differential at the
end of each month between 7y and ¢ — 1 and go long (short) the four currencies with the highest (lowest)
differentials. If the highest of the ten Sharpe ratios obtained in this way exceeds the benchmark Sharpe
ratio, an enhanced trade is implemented over the following month (¢ to # + 1) using the nine currencies
corresponding to this highest Sharpe ratio, while the one currency left out of the trade is the first to be
excluded on date ¢. If, on the other hand, all ten Sharpe ratios are lower than the benchmark ratio, then no
currency is excluded and the enhanced trade for this date has the return of the standard trade.

Note that the dynamic and real-time nature of this enhanced trade could, in principle, result in a

substantially different currency mix used at different points of time. Further, our enhancement rule is



intentionally simple and uses an easily understood and popular performance measure, whereas a wide
range of sophisticated optimization rules could be applied in this context as well (see, e.g., Barroso and
Santa-Clara (2014)). Mimicking the construction of the enhanced trade that uses nine currencies, we
construct analogous enhanced trades that exclude more than one of the G-10 currencies. In particular,
on date ¢+ when one currency has been excluded, we use the remaining nine currencies to find the highest
Sharpe ratio across the nine possible trades that involve only eight currencies. Again, if this highest ratio
exceeds the benchmark Sharpe ratio, the currency that was omitted to achieve it is the second currency
to be excluded for this date, whereas if all Sharpe ratios are lower than the benchmark one, no further
currency is excluded and the enhanced trade that uses eight currencies has the return of the standard trade
for that date. Similarly, we attempt to exclude up to seven of the G-10 currencies on this date 7, and thus
obtain seven enhanced trades, which use a decreasing number of currencies. Importantly, we record the
exact order in which currencies have been excluded. The above procedure is repeated on each date in the
sample to obtain time series of returns of the seven enhanced carry trades.

For completeness of the search algorithm, we have postulated that if no improvement on the bench-
mark Sharpe ratio can be achieved for a certain date and number of excluded currencies, then no further
currencies are excluded on this date, and all enhanced trades with fewer currencies have the return of the

standard trade. In practice, however, this choice is inconsequential (see below).

B Return patterns for enhanced trades

Table 2] presents results for the enhanced carry trades that allow excluding from one to as much as
seven currencies on each trading date, and, for comparability, for the standard carry trade. Returns are
computed as described in Section [II with equal currency weights and in percent. Panel A of Table
reports the annualized average returns, annualized Sharpe ratios, and return skewness for each carry trade,

with interest in skewness justified given its important role in certain explanations for the carry trade returns



(e.g., Brunnermeier et al. (2009), Jurek (2014)). Also reported are p-values for the hypothesis that the
respective Sharpe ratio or skewness does not exceed that for the standard trade SC. Because carry returns
tend to be negatively skewed, we cannot rely on standard tests for the difference between Sharpe ratios,
as for example in Jobson and Korkie (1981) or Memmel (2003), that apply to Gaussian distributions.
Therefore, we resort to the bootstrap tests, described in Ledoit and Wolf (2008) for Sharpe ratios, and
Annaert, Van Osselaer, and Verstraete (2009) for skewness (see Appendix for details). Our p-
values use one-sided bootstrap confidence intervals, as the enhanced carry trades are designed with the
goal to improve on SC.

The SC trade has an annualized Sharpe ratio of 0.32, and return skewness of -0.33. The benchmark
Sharpe ratio is thus close, for example, to the value of 0.31 for the HML trade reported in Lustig et al.
(2014) for their set of developed countries, over a similar sample period and using equal weighting and
bid and ask quotes. When one currency is excluded from the carry trade on each trading day, practically
no change is observed, but when two currencies are excluded, the Sharpe ratio increases to 0.41, while
skewness drops to -0.57. When three to six currencies are excluded, the Sharpe ratios remain somewhat
higher than the benchmark ratio (between 0.41 and 0.46), with the differences not statistically significant.
However, skewness improves sharply in three out of these four cases and turns positive on two occasions
(and as high as 0.21 on one), whereby two of the associated p-values are below 5% and another one
equals 10%. These findings indicate a possible two-dimensional beneficial effect of excluding three or
more of the G-10 currencies, given that both the Sharpe ratio and skewness improve, albeit not always in
a statistically significant way. This effect is further confirmed by the enhanced trade that excludes seven
currencies: the Sharpe ratio is now 0.61, while skewness is positive, and both are marginally significantly
different from the benchmark values.

Our findings echo previous results, where significant improvements in skewness are obtained without



a substantial change in the Sharpe ratio (for example, the option-hedged carry trades in Burnside et al.
(2011). However, what is surprising in our case is that the improvement of the return profile is (i) in both
dimensions, and (ii) achieved simply by excluding currencies from the symmetric carry trade. Addition-
ally, the two-dimensional improvement is achieved by a procedure that maximizes the Sharpe ratios alone,

without considering the skewness of the returns so obtained.

C Identity of the excluded currencies

While on each trading date the enhanced trade re-considers the available return history and thus can
potentially deliver a different set of currencies to be excluded, we consistently observe the same currencies
to be excluded. Panel B of Table[2]shows the number of months that each G-10 currency is excluded by the
enhancement rule from Section |A|over the 234-month sample period of enhanced trading. In particular, it
shows how many times the respective currency is the first, or among the first two, or among the first three,
etc., to be excluded from the carry trade.

The consistency is observed most clearly with respect to the first three currencies excluded. Specifi-
cally, AUD is the first to be excluded on 135 out of the 234 trading dates in the sample. Furthermore, it
is among the first three currencies to be excluded on a total of 192 dates. Similarly, NOK is among the
first three excluded on 219 occasions, and JPY is among them on 214 occasions. These three currencies
appear to be by far the most detrimental to carry trade Sharpe ratios - no other currency is ever excluded
first, and only the EUR has been excluded second or third more than a handful of times.

The next currencies to be the most often excluded are the EUR, NZD, CAD and CHF, and while the
order of their exclusion is somewhat ambiguous, these are the obvious further candidates for exclusion
by the enhancement rule. The remaining three currencies are clearly found valuable by the rule: GBP
and SEK are among the first seven to be excluded only on about 60 occasions each, and in fact are never

among the first four excluded. Most conspicuously, however, the USD is never among even the first seven
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excluded currencies, reminiscent of previous studies discussing the special role of the USD in the carry
trade (e.g., Lustig et al. (2014), Daniel et al. (2017)) from various perspectives.

These findings are surprising, as the enhancement rule consistently excludes from the carry trade pre-
cisely the prototypical carry trade currencies, like the JPY and AUD, which have been perpetually among
the lowest- or highest-yielding G-10 currencies, and feature commonly as examples in various carry trade
discussions. Because the consistency refers to the entire period since 1994, the recent financial crisis,
which witnessed drastic valuation changes in those currencies, cannot be solely responsible. Likewise, the
enhancement rule also tends to exclude the NZD and CHF, which have also been among the few highest-
or lowest-yielding currencies over our sample period.

The design of the enhancement procedure, as described in Section |A} leaves open the possibility that
on some date no improvement of the Sharpe ratio can be achieved after certain number of exclusions,
whereby no further currencies are excluded and the respective enhanced trades are assigned the SC return
for the next trading period. This possibility is of some concern, as it could blur the distinction between
enhanced trades that exclude a different number of currencies. However, Panel B in Table 2] reveals that
this has never happened in our sample, as evidenced by the fact that the sum of the numbers in the first
row equals 234, the sum of those on the second row equals 234 x 2, and so on. Therefore, on each date in
the sample period the enhancement rule has identified seven currencies to be sequentially excluded, and
hence seven distinct enhanced trades to be implemented.

In sum, Table [2] shows that the enhancement rule consistently excludes the same few currencies from
the carry trade, among which are those epitomizing the essential concept underlying carry trades that low
(high) yield currencies should be sold (bought). The surprising evidence presented in Table [2] thus calls

for a re-consideration of this concept and/or its implementation.

11



D Good and bad carry trades from fixed subsets of the G-10 currencies

Prompted by the finding that the dynamic enhancement rule excludes the same currencies over and
over, we now examine carry trades constructed with fixed subsets of the G-10 currencies. While staying
close to the spirit of the enhanced trades, the fixed subsets allow for better comparison with previous carry
trade results, which are similarly obtained using fixed sets of currencies over fixed sample periods. Our
choice of the fixed subsets is informed by the order of exclusion implied by Panel B of Table 2] which
shows that (i) the three currencies that are the least often excluded by the enhancement rule are the GBP,
SEK and USD, (ii) the next three least often excluded are the CAD, NZD and CHF, whereas (iii) the AUD,
NOK and JPY are the most often excluded currencies.

In particular, we construct five carry trades from fixed subsets, which (i) exclude only the AUD, NOK
and JPY, (ii) include the GBP, SEK and USD, together with any of the three possible pairs from the CAD,
NZD and CHF, and (iii) keep only the GBP, SEK and USD. These carry trades are designed to illustrate
the properties of enhanced carry trades, and we denote them by G1 to G5, a notation we shall clarify
shortly. The first column of Table [3] displays the codes of the currencies included in each of these five
trades. We also consider the trades complementary to G1-GS5, which include the currencies that are left
out of each of these trades, and denote these complements by B1 to BS, respectively, with currency codes
again displayed in the first column of Table[3] For example, only the three most often excluded currencies
(AUD, NOK and JPY) enter the B1 carry trade.

In addition, we consider a larger set of trades which can represent more broadly the enhanced carry
trades: it consists of 18 trades from five currencies each, and is denoted by GC, whereby each trade
includes the three least often excluded currencies (GBP, SEK and USD), together with any possible pair
from the remaining currencies which has none or only one of the three most often excluded currencies

(AUD, NOK and JPY). This choice yields a reasonably large cross section of trades which maintains the

12



predominant presence of currencies that are preferred by the enhancement rule. Again, we also consider
the 18 complementary trades, and denote them by BC. Despite creating many carry trades from only five
currencies, the average correlation among the returns of the 18 good trades is 0.66, and thus lower, for
example, than the average correlation among the 25 value-weighted Fama-French portfolios sorted on size
and book-to-market for the same period, which is 0.80.

Table @ presents results for the SC trade, the G1-G5 and B1-B5 trades, and the GC and BC trades
described above, using the entire sample period from 12/1984 till 6/2014. Shown are annualized average
returns, return standard deviations and Sharpe ratios, as well as skewness. For the GC and BC trades we
show averages of these quantities. Also reported are p-values for tests of differences between the Sharpe
ratios and skewness coefficients, similar to those in Table[2] In the last two lines, the first (second) number
in parentheses shows how many of the 18 corresponding individual estimates for the GC or BC trades
are significant at the 5% (10%) level. Where p-values are (not) in square brackets, the null hypothesis is
that the Sharpe ratio or skewness of a G1-G5 trade or GC trade does not exceed that of the corresponding
B1-B5 trade or BC trade (SC trade). Note that over the full sample period the benchmark Sharpe ratio and
skewness remain close to those reported in Panel A of Table [2 for the shorter period since 1994.

The G1-GS5 trades exhibit invariably higher average returns than the SC trade. In addition, their average
returns and return standard deviations tend to increase as the number of currencies in a trade decreases.
The Sharpe ratios of the G1-G5 trades all exceed the benchmark Sharpe ratio (in two cases by a factor of
about two), with the difference statistically significant at the 5% significance level in three cases out of
five. Skewness increases in three cases for the G1-G5 trades, even though this increase is significant only
for G1. Overall, these five trades reproduce the features that characterize the enhanced trades in Table [2]

In contrast, the complementary trades B1-B5 fare much worse. The average returns are often two to

three times lower than those of the SC trade, whereas the standard deviations are on average twice higher,
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leading to much lower annualized Sharpe ratios, which are between 0.04 and 0.18. In addition, the return
skewness is markedly more negative for these complementary trades, averaging -0.77 (versus -0.11 for the
G1-GS5 trades). Furthermore, the p-values shown in square brackets, pertaining to tests of the differences
in Sharpe ratios and skewness between the corresponding G1-G5 and B1-B5 trades are below 0.02 for
four out of five Sharpe ratios, and show three (one) rejections at the 5% (10%) level for skewness.

The relatively high Sharpe ratios and slightly negative or positive skewness of the G1 to G5 trades earn
them the label ”good” carry trades ("G’ for good). Analogously, we refer to the B1 to BS trades with low
Sharpe ratios and strongly negative skewness as ’bad” carry trades ("B” for bad), from now on.

Turning to the larger sets of GC and BC trades, each constructed from five currencies, the GC average
returns (Sharpe ratios) are on average three (three and a half) times higher than those for the BC ones, and
the GC skewness is on average twice lower (in absolute terms), whereby the differences are statistically
significant in about half the cases. The Sharpe ratios for the GC trades are significantly higher than those
for the SC trade in one third of the cases, in line with what was observed for the comparable G2 to G4
trades.

To further illustrate the properties of the GC and BC carry trades, Figure [2| plots their Sharpe ratios
versus skewness, similar to Figure [T} with unfilled circles and black dots, respectively. The distinction
is sharp and clear in the Sharpe ratio dimension, where, with no exception, the GC trades dominate the
BC trades, thus justifying their classification as good trades. On the other hand, a few GC (BC) trades
display low (relatively high) skewness, hence the distinction is not as clear in this dimension, even though
on average the skewness of the BC trades is still twice lower, consistent with the bad trades classiﬁcationE]

In sum, eliminating some typical carry trade currencies, such as the AUD, JPY and NOK, from the

3In unreported results we find that when trades from five currencies involve the three least often excluded currencies (GBP,
SEK, USD) in each case, but are now combined with any other pair that excludes the JPY, the good and corresponding bad
trades deliver striking separation in both the Sharpe ratio and skewness dimension.
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currency set leads to good carry trades, with Sharpe ratios and skewness mostly higher than those of the
SC trade, and the complementary bad carry trades that involve the typical carry trade currencies. Also,
with the exception of the G1 and B1 trades, the correlations between the various trades and SC are always

higher for the bad trades (on average 0.80, versus 0.67 for the good trades).

E Statistical significance of the distinction between good and bad carry trades

Table [3] shows that the distinction between good and bad carry trades is economically and statisti-
cally important. However, the statistical evidence must be interpreted with caution. In particular, the
reported p-values rely on the block bootstrap procedure under the alternative, developed by Ledoit and
Wolf (2008) (see Appendix [OA-II). While this procedure accounts for certain finite-sample properties of
the distribution of currency returns, it does not reflect two aspects of our good carry trades. First, they are
constructed using information from the enhancement procedure, as reported in Panel B of Table [2] and
thus the procedure suffers from look-back bias. Second, the enhancement procedure applied to a finite
sample is bound to lead to improved Sharpe ratios, even if in population all 10 currencies are necessary to
attain optimal results. Therefore, a modified test is needed to assess the statistical contribution as fairly as
possible. We emphasize, however, that the results in Table [3|need not be statistically significant to impact
carry research: the finding that the prototypical carry trade currencies, if anything, worsen or certainly do
not provide a positive contribution to carry returns, suffices.

With respect to the look-back bias, starting the sample in 1994, rather than 1984 weakens the statistical
significance somewhat, but we still retain significance at the 10% level for the majority of the trades (not
reported). A full correction for this bias would require a much longer sample where we actually let the
procedure choose which currencies to exclude ex-ante, before we record trading results.

Incorporating the selection procedure into a test of statistical significance is harder, because it requires

creating a benchmark world in which carry trades still have realistic attractive returns, but somehow the
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identity of the currencies contributing to these returns is randomized. Appendix describes in de-
tail a procedure creating entirely randomized individual currency returns which nonetheless reproduces
exactly the returns of standard carry (SC) in each randomized sample. We then apply our enhancement
strategy to 1000 such randomized samples, finding that the selection procedure biases the Sharpe ratios of
the good trades upwards by about 0.15 and that only the G5 (at the 5% level) and G3 (at the 10% level)
deliver statistically significant improvements in Sharpe ratios, using proper t-statistics.

Thus, there is no overall strong statistical evidence that the enhancement procedure delivers signifi-
cantly higher Sharpe ratios. However, it remains the case that the prototypical, “skewed” carry currencies

can be removed from the trade without worsening performance.

IV  Good carry trades as currency market risk factors

Lustig et al. (2011) suggest as a key currency market risk factor the return of a trading strategy
that each month goes long (short) a portfolio with the highest (lowest) forward differentials. This is
obviously a symmetric carry trade strategy and is denoted here as "HMLX” (to be distinguished from the
Fama-French HML factor used in Section [V)). Creating test portfolios by ranking currencies on forward
differentials, they find that the covariation with HML/X largely explains the difference in average returns
between these portfolios. Furthermore, they propose HMLX as a proxy for a global risk factor in a no-
arbitrage model explaining the results, and show that it is also related to a measure of aggregate stock
market volatility. Menkhoff et al. (2012) conduct a similar exercise using a global exchange rate volatility
factor as a proxy for the global risk factor. We now revisit these findings by considering the good carry
trades as risk factors and comparing their performance with that of the previously used currency market

factors.
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A Test assets and risk factors

The test assets in our pricing tests are five portfolios of currencies of developed countries (denoted
“Developed”), and six portfolios which also include emerging market currencies (denoted ”All”), created
by sorting the respective set of currencies on forward differentials, and taken from Adrien Verdelhan’s
website for the period ending in 12/2013. We consider these 11 portfolios together in our tests, and not
the ”All” and “Developed” separately, as Lustig et al. (2011) do. The larger cross section poses a higher
hurdle to the various risk factors that are examined and Comparedﬂ Our versions of the 11 portfolios
account for transaction costs.

Moving to the risk factors, first we use HMLX (”All” version) as in Lustig et al. (2011) (and available
at Verdelhan’s website). Next, we use a mimicking portfolio for the innovations in foreign exchange
volatility (denoted "FXVol”) as in Menkhoff et al. (2012). Finally, we also consider as risk factors the good
carry trades G1-G5 to contrast their performance, particularly with HML?X. Because the correlations
between the G1-G5 trades and HML/X (FXVol) are on average 0.39 (-0.29), and do not exceed 0.55
in magnitude multi-collinearity concerns do not arise. The respective correlations for the B1-BS5 trades
average 0.64 (-0.71), suggesting a closer relation between the previously considered currency market

factors and our bad carry trades.

B Design of asset pricing tests

We adopt a standard asset pricing framework, following Cochrane (2005, Chapters 12 and 13), and

consider linear factor models, both in their beta representation and stochastic discount factor (SDF) form,

“While using some currencies twice in each test, the average correlation between the six ”All” portfolios and five *Devel-
oped” portfolios is only 0.74, which is just slightly higher than the average correlation among the "Developed” (0.72) or the
”All” portfolios (0.68). Moreover, we have verified that the relative performance of the risk factors separately on the ”All” and
“Developed” portfolios remains largely the same.
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assuming SDF’s specified as:

3) mp1 =1 — b (fiy1 —E[f]).

In (3) fi+1 is a K x 1 vector of risk factors and b is a conformable constant vector of SDF coefficients.
Without loss of generality, we set E (m,1) = 1, given that excess returns of test assets are used.

The SDF form of a pricing model is E [rxg 1Mi1] = 0, where rxﬁ 1 are the excess percentage returns
of the test assets, indexed by i. The beta representation of the pricing model is E[rx’ =V Bi, with
systematic risk exposures for asset i given by the vector B/, and A a vector of factor risk prices. The vectors
B! are estimated by GMM from time-series regressions of returns rx;' .1 on the factors, and A is estimated
from a cross-sectional regression (without a constant) of average returns on the B’s. We report the SDF

coefficients b and factor risk prices A with corresponding p-values, as well as p-values for the 7 statistic

testing if the pricing errors are jointly equal to zero (see, e.g., Cochrane (2005, page 237))E|

C Good carry trades in competition with other currency market risk factors

Table @ shows the results of tests which compare the performance of HMLX and the good carry trades
as risk factors. As in Lustig et al. (2011), each test also includes the dollar factor, denoted RX, which
is the average excess return of their basket of currencies held long against the USD. In each of the two
panels of the table, the first line refers to a model with the RX and HMLFX factors alone, the next five

lines to models with RX and each of the good carry trades G1-G5, and the remaining five lines to models

SDenoting by Rx; | the N x 1 vector of the rx’, ,’s, the moment conditions we use are:

t+1

E[th+1mt+1] ]

. _ | E[Rxi41 — R (fiy — E[f1])D)]
E[fis1 = E[fi+1]]

“) - { E[fre1 = E[fr1]] ] '

d 0
0 I } , where d = E[Rx; 1] — R 1 E[f]]].

Further, if u = 1/TY" | f, and Rx = 1 /T YL | Rx,, where T is the length of the return time series, then the GMM estimates
of b are (d'd)~'d’'Rx, and that of E[f,] is u. The standard errors of the b estimates are obtained from the covariance matrix

1/T(d'd)"'d'Sd(d'd)~", where S is an estimator of Y7 wEluuyy ;) and uy = { Rjﬁtﬂmt;l
+1—

The weighting matrix defining which moments are set to zero is a = [

}. As in Lustig et al.

(2011), we use one Newey-West lag throughout to estimate S.
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combining RX, HMLX and each of the G1-GS5 trades. The top panel summarizes results from time-series
regressions of each of the test assets, and reports average coefficient estimates and (in parentheses) the
number of respective estimates that are significant at the 5 or 10% confidence levels. (The regression
results for each individual test asset are shown in the Online Appendix, Table [OA-6) The bottom panel
reports both the prices of risk A and the SDF coefficient estimates b. The latter are key in evaluating
the relative importance of alternative factors for pricing a given cross section (see, e.g., Cochrane (2005,
Chapter 13.4)).

The top panel of the table does not reveal important differences between HMLX

and the good carry
trades: the slope coefficients B in the time-series regressions are similarly significant; the R? related to
HML/X is slightly higher, but so are the respective intercepts o.. When entering the regression jointly,

the two factors also show similar significance, with the HML/X

coefficients remaining negative on aver-
age, but the coefficients on the good trades turning all positive on average. The RX factor always has a
statistically significant slope coefficient of around 1.1. In the bottom panel of Table 4 all two-factor mod-
els (RX with either HML!X or a good carry trade) show significant prices of risk A for HMLX and the
good trades (at the 5% level), but not for the RX factor. However, in the three-factor models the p-values
increase somewhat for HML/X | and in three cases become significant only at the 10% level, while the
significance remains unaffected for the A’s of the good trades.

An essential difference, however, is observed with respect to the SDF coefficients b. In the two-factor
models, the b-coefficient for HML/X is significant at the 10% level only, but at the 5% level for all
good trades. However, in the three-factor models the b coefficients turn highly insignificant for HMLX
whereas for the good carry trades they remain significant at the 5% level in three of the five cases, and at

the 10% level in one case. Moreover, the test for the pricing errors being jointly equal to zero rejects in

this sample for the two-factor model with RX and HML/X with a p-value of zero, while the corresponding
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p-values for the models with RX and a good trade are all above 0.10, except for G3 where the p-value is
0.09. The test fails to reject the three-factor models at the 5% level for all specifications. In addition, the
b coefficients appear similar across different specifications for the good trades, but not for the HML/X
factor, where the sign switches across specifications. The results in the bottom panel of Table [] clearly

favor the good carry trades over HML/X

as risk factors explaining the returns of the interest rate-sorted
currency portfolios.
Table in the Online Appendix shows results from analogous tests, but with the currency volatility

factor FX Vol replacing HMLX. The conclusions remain robust: the good carry trades again win the horse

race, with p-values for all their SDF coefficients equal to 0.01 or lower, while these p-values are never

below 15% for FXVol.

D  Return predictability of good and bad carry trades

The cross-sectional tests we have conducted follow the extant literature and assume constant prices of
risk and betas. It is surely conceivable that these assumptions are violated and thus that additional factors
may affect the unconditional cross section of currency returns (see e.g. Jagannathan and Wang (1996)).
There is, in fact, evidence of carry return predictability. Bakshi and Panayotov (2013) document that
commodity index returns and exchange rate volatility strongly predict carry trade returns. Further, Ready
et al. (2017) find time-series predictive ability of an index of shipping costs, the Baltic Dry Index (BDI),
for carry trade returns. They primarily investigate an unconditional carry strategy that is always long
the currencies of commodity exporters (commodity-producing countries) and short those of commodity
importers (countries producing final goods), which is a key component of their model.

In Table [5] we reconsider the evidence for time-series predictability from the perspective of good and
bad carry trades. To follow closely the empirical design in the two studies cited above, we use log returns

of equally-weighted good and bad carry trades. The commodity index predictor is defined as the three-
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month log change in the CRB index. Exchange rate volatility, 6; ¢, is the cross-sectional average of
the annualized standard deviation of the daily log changes over each month ¢ for each of the G-10 spot

exchange rates against the USD. The volatility predictor at the end of month ¢ (and used to predict the

avg
t—3

return for month 7 + 1) is then the three-month log change In (Gtmg /G ) The shipping cost predictor is
the three-month log change in the BDI. As in Bakshi and Panayotov (2013), we show in-sample predictive
slope coefficients B and their p-values, using Hodrick (1992) standard errors, adjusted R’s, and p-values
for the MSPE-adjusted statistic of Clark and West (2007)@ In addition, we show an (out-of-sample)
measure of the economic significance of the predictability, using the following strategy: if the predicted
carry return for month ¢ 4 1 is positive (negative), the strategy enters a carry trade at the end of month ¢
(no position is taken and the strategy’s return for month ¢ 4- 1 is zero). The reported measure ”A SR” of
economic significance equals the difference between the Sharpe ratio of the trading strategy, implemented
with the respective subset of G-10 currencies, and the corresponding carry trade as shown in the first
column. The predictive regressions use an expanding window with initial length of 120 months.

Table [5|shows clear differences between the return predictability results for good and bad carry trades.
Out of 15 possible combinations with the three predictors, the G1-G5 trades show a significant predictive
slope on three occasions, whereas the B1-B5 trades record 13 occasions with p-values not higher than 0.05
and another one with a p-value below 0.10. The average predictive R? is 0.7% for the G1-G5 trades and
2.2% for the B1-B5 trades. The MSPE statistics show significant out-of-sample predictability in one case
(out of 15) for the G1-GS5 trades and in 13 cases for the B1-B5 trades. Finally, exploiting the predictability

in dynamic trading does not materially impact the Sharpe ratio for the G1-GS5 trades (the average change

is -0.005), while it mostly improves the Sharpe ratio for the B1-B5 trades, on average by 0.10. The

®MSPE stands for "mean squared prediction error”. The statistic is obtained using f; 1 = (Vio1 —tr1)> — [(yre1 —Hrs1)? —
(1 — U1 )2], where g, | is the prediction for month ¢ + 1 from a predictive regression y, | = a+bx; + €1, and ;1| is the
historical average of y. Both g;, and y; | are estimated using data up to month z. The null hypothesis is that z;; does not
improve on the forecast which uses y;4+ as the predictor. The test statistic is the ¢-statistic from the regression of f;1| on a
constant, for which we report one-sided p-values.
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improvement is economically large , because the Sharpe ratios for bad carry trades are often below 0.10
(see Table [3). The above patterns are confirmed by the results from the GC and BC trades, where again
the GC trades show insignificant predictive slopes for two of the predictors, twice smaller predictive R”’s,
rarely significant out-of-sample predictability, and on average a reduction in Sharpe ratios from exploiting
predictability by 0.01, in contrast to the BC trades which exhibit an increase by 0.09 in Sharpe ratios on
average.

Our predictability results echo some findings in Ready et al. (2017). The CRB commodity index most
strongly predicts the returns of the factor that they denote IMX, which is long AUD, NZD and NOK, and
short JPY and CHEF, as often true for our bad trades[] Therefore, our Table|5|confirms the predictive ability
of the CRB and BDI for a "commodity focused” carry trade as implied by their commodity trade model.
Our contribution here, however, is to highlight the similarity between the commodity-based trade and our
bad carry trades, and the fact that a commodity-based interpretation of carry trade returns reflects mostly
features of bad carry trades.

Our results therefore qualify the prevailing carry return predictability story. A carry trade that focuses
on the prototypical carry currencies is rather unattractive, but its return properties can be enhanced by ex-
ploiting return predictability. In contrast, our good carry trades have attractive properties which, however,
cannot be enhanced by the predictors previously identified in Bakshi and Panayotov (2013). It remains, of

course, conceivable they are predictable by other variables.

V Good and bad carry trades and previous carry interpretations

This section reconsiders previous studies of carry trades from the good-bad carry trade perspective.

"They also show that a complement to the IMX trade (denoted CHML) is not predictable at all by the CRB or BDI, and also
has practically zero skewness, similar to some of our good trades. However, the Sharpe ratio of CHML is still below that of their
version of the standard carry trade (0.85 vs. 0.95 in their sample and without transaction costs), hence their orthogonalization
procedure fails to identify a good carry trade.
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A Explaining carry trade returns with equity market risk factors

We start by re-examining a key result in the literature stating that standard (linear) equity market
factor models cannot explain the time variation in carry returns, which appear uncorrelated with these
risk factors in normal times, but correlate highly with them in crisis times (e.g., Melvin and Taylor (2009),
Christiansen, Ranaldo, and Soderlind (2011)). We examine three models: (i) the Fama-French three-factor
model, following Burnside et al. (2011), (ii) a three-factor model with the market factor, the global equity
volatility factor used in Lustig et al. (2011), and their product, and (iii) a model with two factors which
explicitly distinguish the down- and up-moves of the equity market, in the spirit of Lettau, Maggiori,
and Weber (2015). The latter two models effectively exhibit a non-linearity that may capture the time-
variation in the correlation mentioned above. To conserve space, we relegate detailed results to the Online
Appendix, summarizing the key results here.

Let’s start with the model featuring a market factor (denoted MKT), proxied by the total return of
the MSCI-World equity index, in excess of the risk-free rate and expressed in USD, an equity volatility
factor (EqVol) constructed as in Lustig et al. (2011), and the interaction term (the product of MKT and
EqVol). Table shows that in time-series regressions of carry trade returns on the three risk factors
the main difference between good and bad trades is in their loadings on the product factor. These are
typically negative, albeit rarely significant, for the good trades, while they are positive, much larger in
magnitude, and almost always significant at the 5% significance level for the bad trades. Given that
increases in volatility tend to coincide with market downturns, the market exposure of the bad trades
increases substantially in bad times, making them under-perform in times of crisis.

We also perform GMM-based cross-sectional tests on the GC and BC return cross sections. For the
GC trades, the risk price for the MKT factor is significant at the 5% level, while for the BC trades no risk

price is significant, although the model is not rejected for either of the two cross sections. When we run a
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simple OLS regression of actual average returns on a constant and the model-based expected returns, we
obtain an R? of 0.67 for the GC trades, and 0.29 for the BC trades. The combined evidence suggests that
this three-factor model does not adequately describe the returns of the bad carry trades, but still saliently
reveals the high exposure of these trades to the equity market during high-volatility periods. In contrast, a
significant price of risk for the market factor and tighter link between model expected returns and average
returns show the promise of the model to provide a risk-based interpretation of good carry trades.

The Online Appendix further shows quite similar results for the model with an Up- and Down-market
factors. Table [OA-3]shows that good (bad) carry trades load primarily on the Up (Down)-market factor,
with beta exposures being economically and statistically very different across the two types of trades.
In the cross-sectional tests, the prices of risk for both factors are significant; the pricing errors are not
statistically different from zero and the model generates expected returns highly (weakly) correlated with
good (bad) carry trades.

The Online Appendix and Table (OA-4| report analogous results for the Fama-French three-factor
model. Here the time-series regressions reveal that good carry trades do not load much on any of the
three factors, and retain significant alphas relative to the model. In contrast, the bad carry trades feature
significantly higher regression slope coefficients on all three factors and it is striking that their SMB and
HML exposures are positive and economically meaningful (often even above 0.10). However, the Fama-
French model fails to fit expected returns cross-sectionally, with all prices of risk being insignificantly
different from zero for both good and bad carry trades.

In sum, the evidence from Tables [OA-2| to (OA-4| provides (weak) support for the ability of risk fac-

tors from the equity market to explain the returns of the good carry trades. Our results are not directly

comparable to studies analysing numeraire-dependent carry trades, such as Daniel et al. (2017).
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B Currency crashes as an explanation for the carry return puzzle

One established explanation for the carry trade’s profitability is that it reflects compensation for the
negative return skewness or crash risk, inherent to these trades. For example, Brunnermeier et al. (2009)
argue that “investment currencies are subject to crash risk, that is, positive interest rate differentials are
associated with negative conditional skewness of exchange rate movements.... The skewness cannot easily
be diversified away, suggesting that currency crashes are correlated across different countries .... This
correlation could be driven by exposure to common, crash-risk factors”. If agents exhibit a preference for
positive skewness, an equilibrium model may generate negatively skewed returns and high Sharpe ratios
for the carry trade.

However, the crash risk hypothesis is not consistent with our findings from good and bad carry trades
(see Figure [I] and Table [3): good carry trades have relatively high Sharpe ratios and slightly negative
(or even positive) skewness. The assertion in Brunnermeier et al. (2009) that the negative skewness in
carry trade returns cannot be diversified away must also be qualified. We have demonstrated that, in fact,
skewness can be dramatically improved by judiciously removing currencies from the carry trade, without
impairing profitability. Studies relying on option market data (e.g., Burnside et al. (2011), Jurek (2014))
have criticized the crash-risk hypothesis before, because options can essentially hedge away the crash risk

without undermining much the carry trade’s profitability.

VI Further exploration of good and bad carry trades

In this section we embark on a more detailed examination of the good and bad carry trades, trying to
set the stage for future work that will hopefully clarify fully the economic interpretation of our findings.
First, we reflect on the return components of various carry trades and how they contribute to the differential

performance of the good and bad trades. Second, the good carry trades always include the USD (it is never
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excluded in our selection procedure). There is a burgeoning literature stressing the special nature of the
USD in international financial markets: Adrian, Etula, and Shin (2015) associate increased global dollar
funding with expected currency depreciations; Hassan (2013) argues that economies representing a larger
share of world wealth have low interest rates and low risk premiums, whereas Maggiori (2013) ascribes
a low premium to holding the USD to its role as a reserve currency. Lustig et al. (2014) explore a new
trade, denoted “dollar carry”, which goes long (short) in all foreign currencies against the USD with equal
weights when their average interest rate differential relative to the USD is positive (negative). The dollar
carry trade has a very attractive Sharpe ratio, substantially higher than that of SC, raising the issue that
we may have simply repackaged dollar carry into our good carry trades. We show that this is not the case,

and these two types of trades, while correlated, are economically distinct.

A The sources of good and bad carry returns

In Table [6] we decompose carry trade returns into an interest rate (or forward differential) component,
and an exchange rate change component. SC derives more than 100% of its returns from the interest rate
component, i.e., the investment currencies do depreciate and/or the funding currencies do appreciate, but
the exchange rate component is sufficiently small relative to the “carry” to leave an attractive return on the
table. Bad carry trades have higher carry return components, both in absolute terms (and the difference is
statistically significant) and in relative terms, but even more negative exchange rate components, so that
lower returns than those for standard carry are obtained. In contrast, good carry trades derive their returns
both from the carry and exchange rate components. Their carry component is on average about 20 basis
points lower than that of SC in three cases (and statistically significant at the 5% level for the G4 trade),
while it is significantly higher for the G3 trade (even if still lower than the carry of any bad trade).

The contrast between the carry contributions to the returns of bad and good trades is illustrated in

Figure [3| The graph plots total average return on the horizontal axis, and the ratio of carry to total return
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on the vertical axis for all trades considered in this paper (18 GC trades, 18 BC trades, as well as the G1
and G5, and B1 and BS5 trades). The graph also includes the standard and dollar carry trades. Bad carry
trades have lower returns and much higher carry-to-return ratios; good carry trades have higher returns,
and derive between 50 and 100% of their returns from carry (the G5 trade being the only exception).

These results suggest that the unbiasedness hypothesis may not be strongly rejected for bad carry
currencies, which include the prototypical carry currencies. Recall that a necessary condition for a carry
trade to deliver excess returns is that the unbiasedness hypothesis does not hold, at least for some period
of time (see Bekaert, Wei, and Xing (2007) for recent tests of the hypothesis). However, when examining
standard regressions testing the unbiasedness hypothesis for the four pairs containing prototypical carry
currencies, AUD/JPY, NZD/JPY, AUD/CHF and NZD/CHF (see Table , we find no strong rejections
of the hypothesis. In particular, we regress future exchange rate changes onto a constant and the current
forward differential, and the null hypothesis is that the constant is zero and the slope coefficient is one.
The constants (slope coefficients) in all four regressions are insignificantly different from zero (one).
Most saliently, the slope coefficient for the AUD/JPY regression is 0.92, and thus remarkably close to one.
However, our analysis reveals the NOK also to be a ”bad” currency, more so than the CHF and the NZD.
Interestingly, Table [/| shows that the slope coefficient in unbiasedness regressions of the NOK relative
to the CHF and JPY is either not significantly different from one, or exceeds one by a large amount,
indicating an expected depreciation of the NOK relative to the JPY when the NOK interest rate exceeds
the JPY one. This is partially counteracted by a positive and significant constant.

The decomposition and the regression results above also suggest that the good carry trades are likely to
be more “active” than the bad or standard carry trades, i.e., they likely involve more frequent re-balancing.
The insightful paper by Hassan and Mano (2015) decomposes the carry trade into a static” trade (which

goes long (short) currencies with unconditionally low (high) forward differentials) and a dynamic trade,
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which also helps explain deviations from unbiasedness. Such deviations, driven by the slope coefficient
in the unbiasedness regressions being different from one, lead to dynamic trades when forward premiums
are high or low relative to their unconditional means. However, carry trades can also be profitable simply
through non-zero constants in the unbiasedness regressions (see Bekaert and Hodrick (2012, Chapter 7)).

Table 8| provides some evidence on the dynamic nature of the various carry trades. We create a dummy
variable that records the proportion of currencies that change position (from long to short or vice versa) at
each point of time. For example, for a completely static trade this proportion is zero, whereas a trade where
half the currencies switch positions at each point of time would record 50% on this measure. Furthermore,
since the dynamic nature may be related to the number of currencies in the trade, it is important to take
sampling error into account. The table shows the sample averages of these proportions, together with 95%
confidence intervals, computed using the bootstrapped carry trade returns employed in Section

Clearly, the good carry trades are more “dynamic” than the bad trades and the SC trade. Note that the
average proportions for good trades are invariably above the confidence interval for SC (and vice versa for
the bad trades). Yet, the proportions for the good carries and SC are relatively highly correlated in the time
series (ranging between 49% and 82%), suggesting that these trades switch currency positions at roughly
similar times. For bad carry trades the proportion of switches is typically within the confidence interval of
SC, except for the B3 trade.

The last three columns in Table [§| report the ratios between the average returns of various static carry
trades (which are never re-balanced), and the returns of the corresponding good or bad carry trade, mim-
icking the Hassan and Mano (2015) methodologyﬂ The trades are constructed with all G-10 currencies,
as well as with the currencies entering the G1-G5 and B1-B5 trades. The various “static trades” use as

weights the average forward differentials over the 12/1984-12/1994 period (the first 120 months of our

8We use log returns and currency weights equal to the demeaned and normalized forward differentials at each trading date
over 1/1995-6/2014.
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sample), demeaned and normalized to have absolute values that sum to one. The weights are kept fixed
for the entire sample period 1/1995-6/2014, without ever re-balancing.

Hassan and Mano (2015) find that static trade returns account for about 70% of carry trade returns
(but the standard error on that estimate is substantial), whereas according to Lustig et al. (2011) this
proportion is between one third and one half. Analogously, the average return of the static SC trade in
Table [§]is about half of that of the original SC trade. Importantly, there is a clear distinction between the
relative performance of the static versions of the good and bad carry trades, with the ratios between the
corresponding average returns never exceeding 0.30 (and sometimes going negative) for the good trades,
but ranging between 0.60 and 1.2 for the bad trades. The distinction is even clearer in terms of Sharpe
ratios (see the last two columns), which for the good static trades rarely exceed 0.15, much worse than
their re-balanced counterparts. In contrast, the Sharpe ratios of the re-balanced and static ”bad” trades are
close to one another.

Hence, good carry represents a dimension of standard carry that is not well explained by its static
component. This is intuitive, because good carry trades tend to exclude currencies with either the highest
or lowest forward differentials, and thus do not have stable short and long positions. In contrast, and as
shown above, the currencies involved in bad carry trades typically switch less often from long to short
positions and vice versa. Our results thus confirm the Hassan and Mano (2015) decomposition for ’bad
carry trades”, but not for ”good carry trades”. Hassan and Mano (2015) split up carry trades in the
static carry trade we studied above and a “dynamic” trade, which essentially exploits time-variation in
the relative ranking of currencies in terms of their forward differentials, relative to their unconditional
counterparts. This dynamic trade must necessarily be relatively more important for good trades, which
feature currencies with less extreme interest rate differentials relative to the dollar, and for which the

unbiasedness hypothesis does not hold. The dynamic trade therefore also contributes positively to the
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trade exploiting deviations from unbiasedness (what they called the “forward premium trade”). Do note
that our results are not entirely comparable to Hassan and Mano (2015) because they do not impose

symmetry on their carry trade, while we do.

B Good carry versus dollar carry

In this section, we characterize the differences and similarities between the dollar carry trade and our
good carry trades. First, note that dollar carry (hereafter DC for short) does not satisfy the standard condi-
tions for a carry trade as discussed in Section [lI} Carry trades go long (short) high (low) yield currencies,
whereas DC combines high and low yield currencies on one side of the trade. Going back to Table[6] the
last column reports the carry (i.e., interest rate) and exchange rate change components for DC, and the last
row of the table reports p-values for a test of equality between the carry components of the trade in the re-
spective column and DC. The DC trade derives most of its substantial returns from currency appreciation,
and only 22% from interest rate differentials. This proportion is significantly lower than that of any other
carry trade. Perhaps not surprisingly, the G5 trade, only featuring three currencies which include the USD
comes closest to DC. In Figure[3] the DC trade also represents somewhat of an outlier. Furthermore, when
constructing versions of DC from ”good” and ”bad” currencies separately, we find that their Sharpe ratios
are very similar.

Second, DC is much less dynamic than the good trades: the last row of Table [§|shows that it switches
positions more rarely (despite any switch involving all currencies). The switching proportions are also not
very correlated with those for the good trades (at most 39%) or the SC trade (47%). Furthermore, Table§]
(column “days w/o switch”) shows that while the typical proportion of days when no currency switches
position from long to short or vice versa ranges between 0.60 and 0.80 in carry trades, it is 0.93 for DC.

Third, because good carry trades eliminate some non-dollar exposure, they should be more correlated

with DC than SC or the bad carries are. Table [9] confirms this intuition, showing in Panel A that DC has
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the highest correlation with good trades. However, for the G1, G2 and G3 trades the correlation is less
than 50%, and it does not exceed 70% for the G5 trade. Moreover, the correlations between the good
trades (except G5) and SC are higher than those for DC. Good carries thus preserve their close link with
the SC trade, and remain distinct from DC.

In Panel B of Table[9| we report on regressions which have the returns of SC, DC or good carries either
as dependent or independent variables. Both SC and good carries have explanatory power for the DC
trade, but SC is insignificant in two specifications. The R*’s are relatively low, being less than 40% in
all but one case. The DC trade mostly delivers significant alphas relative to these two factors, which is
not surprising, given its very attractive return profile. Next, both SC and DC have explanatory power for
good carry trades, with almost all slope coefficients featuring p-values below 1% and R*’s ranging from
43 to 75%. The coefficients on SC, however, are typically much larger than the coefficients on DC. The
G2, G3 and G5 trades still show significant alphas with respect to these two factors. Finally, the return of
SC is explained with R?s between 18 and 75% and all intercepts are insignificantly different from zero.
The explanatory power in this case comes predominantly from the good carries, as evidenced by the small
coefficients and some high p-values on DC.

Table 9] shows that neither good carries, nor DC can be perfectly spanned by other trades, despite
being correlated with them. In contrast, SC is spanned, and this is mostly due to the good carry trades.
Being proper carry trades, the good carries should therefore be viewed, unlike DC, as better versions
of SCﬂ We also investigate the explanatory power of three economic factors for various carry trades,
including DC, namely, the global equity market volatility, global industrial production growth, proxied by

the OECD total growtkm, and the residual from regressing the US industrial production growth onto the

“For further validation of this claim, in unreported results we consider creating a mean-variance efficient portfolio from DC,
SC and one of the G1-G5 portfolios. When we do so, the good carries invariably get a large positive weight, always exceeding
that of DC, sometimes by factor of two or three, and SC is always shorted (except if paired with the G5 trade, when its weight
is close to zero). In other words, good carries dominate DC and SC is pushed out.

10From stats.oecd.org, Monthly economic indicators, Production of total industry excluding construction, growth rate over
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global growth variable (see Online Appendix Table [OA-5|for the results). We find that, the various carry
trades are similarly related to the macro factors considered, but that DC appears to have no significant link
to these factors. Hence, an economic interpretation of the carry trade returns remains elusive.

Finally, DC and good carry trades both exhibit little skewness, but use very different mechanisms to
eliminate the impact of bad carry currencies in this respect. While the good trades simply remove the
currencies, DC puts such naturally ”long” and “short” currencies on the same side of the trade. To see
this more clearly, consider the small table underneath, which shows average forward differentials against
the USD for the remaining G-10 currencies over our full sample period 12/1984 to 6/2014 (together with
the first three moments of the percentage returns of long positions in each currency against the USD, not

adjusted for transaction costs). All numbers are annualized and in percent, except for skewness. The bad

NZD AUD NOK GBP SEK CAD EUR CHF JPY
avg. forw. differ.  4.40 3.26 1.98 2.19 1.63 0.83 -041 -1.58 -2.51

avg. return 7.23 4.42 3.82 4.11 3.27 1.81 285 276 121
stand. dev. 12.40 11.88 10.24 10.83 11.31 7.10 1092 11.82 11.46
skewness -0.137 -0.585 -0.374 -0.048 -0.321 -0.331 -0.139 0.109 0.497

carry currencies (JPY, AUD and NOK) do not only have among the highest forward differentials, they also
are the most skewed. The good carry trades essentially remove these currencies and thereby do not worsen
and mostly improve the return-risk properties of the trade. Therefore, this skewness must be idiosyncratic
and not priced, or it must be endogenously generated by carry traders. Why this is the case remains an
important open question for further research, but it surely undermines any explanation of attractive carry

returns based on priced “crash” risk.

C Revisiting the factor pricing of currency returns

We now compare the performance of DC and good carries as pricing factors for the interest rate-sorted

portfolios, discussed in Section |C|above. Table |10|reports results from pricing tests, which juxtapose DC

the previous month, seasonally adjusted
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with the G1-G5 trades, but do not include the RX factor (which only shorts the USD and has correlation
of 0.53 with DC)E] The top panel summarizes, as in previous tables, results from time-series regressions
on individual portfolios, while the bottom panel presents results from cross-sectional tests. (The first-pass
regression results for each individual test asset are shown in the Online Appendix, Table [OA-7])

DC alone explains reasonably well the time-series behavior of the test assets - none of the intercepts
and all slope coefficients are significant, even at the 5% confidence level, with a relatively high R? of 21%.
The performance of the good trades alone is similar with respect to the intercepts, while the slopes are
not always significant and the R*’s are much lower in three out of five cases. Moving to the cross-section,
however, we observe that the price of risk for DC is significant only with a p-value of 0.07, while three of
the good trades show significance at the 5% level. In addition, the test for the pricing errors being jointly
equal to zero rejects with a p-value of 0.03 for DC, but never rejects for individual good carries, even at
the 10% confidence level.

We also perform cross-sectional tests which include both DC and a good trade, as reported at the
bottom of Table[10} The price of risk A is now statistically significant for DC at the 5% level in only two out
of five cases, whereas four out of the five p-values for the good carries are at 2% or below. The p-values for
the SDF coefficients b, which provide the proper horse race test, are all above 0.20 for DC. In contrast, four
of these p-values for the good trades are below or equal to 0.10. The relatively high correlation between
DC and the G5 trade may be the source of insignificant coefficients in this specification. Also note that
the b-coefficients for the good trades are quite stable (see also Table d]), whereas the b-coefficients for DC
switch sign across specifications. While the statistical significance in favor of good trades is borderline,

the conjecture that good trades may be simply reflecting features of DC is thus not supported here.

"DC is short the dollar about 70% of the time in our sample, and its profitability is entirely driven by these short dollar
positions. Note that this is not true for the good carry trades, which gain both when the dollar is short and long.
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VII Conclusion

This paper introduces “good” and ’bad” carry trades, which are all constructed from subsets of the
G-10 currencies, but exhibit markedly different return properties, in terms of Sharpe ratios and skewness.
Surprisingly, trades that just exclude some of the typical carry trade currencies do perform better than
the benchmark SC trade, while trades that only include the typical carry currencies have inferior return
profiles. These findings challenge the conventional wisdom on the construction of carry trades from an
investor’s view point. Furthermore, the trades from subsets also challenge some of the available conceptual
interpretations of the carry trade. We document that several of these interpretations appear to be mostly
consistent with the bad carry trades, but are less applicable to good trades.

We find that good carry trades can serve as risk factors, able to explain a cross section of currency
portfolio returns, and in this role can drive out previously suggested risk factors, such as the HML/™X
factor of Lustig et al. (2011). Further, the returns of good carry trades can be explained to a certain extent
with risk factors from the global equity market. While good carry trades are more strongly correlated
with the “dollar carry” trade of Lustig et al. (2014) than is the standard carry trade, good trades remain
symmetric carry trades, deriving the bulk of their returns from carry (i.e., interest rate differentials), and
offer a distinct return profile.

The results in this paper, even though largely focused on the statistical properties of carry trade returns,
should impact the study of carry trades in various directions. First, exploring crash risk or differentiating
fundamental risks of commodity producers versus exporters are unlikely fruitful avenues of research.
Second, our reported asset pricing tests can inform further risk-based interpretations of carry trade returns.
Finally, it can be promising to explore, in the spirit of Koijen, Moskowitz, Pedersen, and Vrugt (2015),

the notion of good and bad carry trades from financial assets other than currencies.

34



References

Adrian, T., Etula, E., Shin, H. S., 2015. Risk appetite and exchange rates. Staff reports. Federal Reserve
Bank of New York.

Ang, A., Chen, J., 2010. Yield curve predictors of foreign exchange returns. Working paper. Columbia
University.

Ang, A., Chen, J., Xing, Y., 2006. Downside risk. Review of Financial Studies 19, 1191-12309.

Annaert, J., Van Osselaer, S., Verstraete, B., 2009. Performance evaluation of portfolio insurance strategies
using stochastic dominance criteria. Journal of Banking and Finance 33, 272-280.

Bakshi, G., Panayotov, G., 2013. Predictability of currency carry trades and asset pricing implications.
Journal of Financial Economics 110, 139-163.

Barroso, P., Santa-Clara, P., 2014. Beyond the carry trade: Optimal currency portfolios. Journal of Finan-
cial and Quantitative Analysis 50, 1037-1056.

Bekaert, G., Hodrick, R., 2012. International Financial Management. Prentice Hall.

Bekaert, G., Wei, M., Xing, Y., 2007. Uncovered interest rate parity and the term structure. Journal of
International Money and Finance 26, 1038—1069.

Brunnermeier, M., Nagel, S., Pedersen, L., 2009. Carry trades and currency crashes. NBER Macroeco-
nomics Annual 23, 313-347.

Bruno, V., Shin, H. S., 2015b. Capital flows and the risk-taking channel of monetary policy. Journal of
Monetary Economics 71, 119-132.

Burnside, C., Eichenbaum, M., Kleshchelski, I., Rebelo, S., 2011. Do peso problems explain the returns
to the carry trade?. Review of Financial Studies 24, 853-891.

Christiansen, C., Ranaldo, A., Soderlind, P., 2011. The time-varying systematic risk of carry trade strate-

gies. Journal of Financial and Quantitative Analysis 46, 1107-1125.

35



Clarida, R., Davis, J., Pedersen, N., 2009. Currency carry trade regimes: Beyond the Fama regression.
Journal of International Money and Finance 28, 1375-13809.

Clark, T., West, K., 2007. Approximately normal tests for equal predictive accuracy in nested models.
Journal of Econometrics 138, 291-311.

Cochrane, J., 2005. Asset Pricing. Princeton University Press, Princeton, NJ.

Daniel, K., Hodrick, R., Lu, Z., 2017. The carry trade: Risks and drawdowns. Critical Finance Review 6,
211-262.

DeMiguel, V., Nogales, F., Uppal, R., 2014. Stock return serial dependence and out-of-sample portfolio
performance. Review of Financial Studies 27, 1031-1073.

Hassan, T., 2013. Country size, currency unions, and international asset returns. Journal of Finance 68,
2269-2308.

Hassan, T., Mano, R., 2015. Forward and spot exchange rates in a multi-currency world. Working paper.
University of Chicago.

Hodrick, R., 1992. Dividend yields and expected stock returns: Alternative procedures for inference and
measurement. Review of Financial Studies 5, 357-386.

Jagannathan, R., Wang, Z., 1996. The conditional CAPM and the cross-section of expected returns. The
Journal of Finance 51, 3-53.

Jobson, J. D., Korkie, B. M., 1981. Performance hypothesis testing with the Sharpe and Treynor measures.
Journal of Finance 36, 889-908.

Jord4, O., Taylor, A., 2012. The carry trade and fundamentals: Nothing to fear but FEER itself. Journal of
International Economics 88, 74-90.

Jurek, J., 2014. Crash-neutral currency carry trades. Journal of Financial Economics 113, 325-347.

Koijen, R., Moskowitz, T., Pedersen, L., Vrugt, E., 2015. Carry. Unpublished working paper. London

36



Business School.

Ledoit, O., Wolf, M., 2008. Robust performance hypothesis testing with the Sharpe ratio. Journal of
Empirical Finance 15, 850-859.

Lettau, M., Maggiori, M., Weber, M., 2015. Conditional risk premia in currency markets and other asset
classes. Journal of Financial Economics 114, 197-225.

Lustig, H., Roussanov, N., Verdelhan, A., 2011. Common risk factors in currency markets. Review of
Financial Studies 24, 3731-3777.

Lustig, H., Roussanov, N., Verdelhan, A., 2014. Countercyclical currency risk premia. Journal of Financial
Economics 111, 527-553.

Maggiori, M., 2013. The U.S. Dollar safety premium. Unpublished working paper. Harvard University.

Maurer, T., T6, T.-D., Tran, N.-K., 2018. Pricing risks across currency denominations. Management Sci-
ence (forthcoming).

Melvin, M., Taylor, M., 2009. The crisis in the foreign exchange market. Journal of International Money
and Finance 28, 1317-1330.

Memmel, C., 2003. Performance hypothesis testing with the Sharpe ratio. Finance Letters 1, 21-23.

Menkhoff, L., Sarno, L., Schmeling, M., Schrimpf, A., 2012. Carry trades and global foreign exchange
volatility. Journal of Finance 67, 681-718.

Ready, R., Roussanov, N., Ward, C., 2017. Commodity trade and the carry trade: A tale of two countries.

Journal of Finance 72, 2629-2684.

37



(omer wimeI-ysu oy ozrundo 03 Yyuow

Sk [ora pa1o9)as sired Inoj) ou pue sok 01-O Y Jowoou] :ue3Io df
Sk (SuIplo14-159MO0][ PUE -1SaYSIY 991Y)) SoA 01-D  XOpuJ 1SoAIRH ([-D ueq ayosina(
soo1puy A1re)) pastundQ
NTA (uoneziumdo orjopiod) ou 81-D pue 0[-D Sur[oy :9ssIng IIpaI)
(sared spqeopen pmbiy
Sk JSOUW ¢ JO G Sasn) sak 01-D a3uer [e1og :dnoi3niH
Xopuy A11e))
Sk (uonrezrumndo orjojirod) ou 01-D juagiauy :reade)) sAejoreg
:SOXapUI 9pe} A1IBD J[QBISIAUI SUWIOS
(ueow I19Y) WOIJ STENUSISIP

Sok pPIemIo] JO SUOIBIASD PI[eds [0A) OU padofaaap /7 ($107) eIR[D-BIUELS pUE OSoLRYg

ou pue sok (sowayos SunySrom SnOLIBA) OU pue Sak 01-9 #107) YoIn[
ou pue sok (sowayos Suny3rom SnOLIBA) OU pue SaK 01-D (L102) Te 1@ [otueq

(ueow J19Y) WOIJ S[RNUAIILIP padojoaap G Jo Josqns

sak pIemio] Jo suoneraop) ou  Jaqrews e snyd ‘g¢ 01 auIu (S107) OuRA pue uesseq

SOk sok 01-D (€£107) A010ARUER] pUE IySYeq

Sk sok padofeasp G| (€£102) Te 10 Apeay

Sak S9k JO 19sqns (2T1027) Te 3° JOPUaN

ou sok Io[ews e snjd #1027 ‘e 10 Susng

Sok S9k ‘¢ 01 ouIu (1102 'Te 30 Susn

ou Sk padoraaap (g (1102) ‘T8 10 opisuing

Sk sok ayo ¢1 snd 91-D (0102) uay) pue Suy

ou sak SAS X2 01-D (6007) 1o]A®], pue epiof

sok sok 01-D (6002) 'Te 32 epLIeD

Sk sok 01-D (6007) ‘Te 1° JerouLouuUNIg

,[enba 1oys pue Suo (1renba s1ySrop {,SIOUALIND YOIYA

38

((800T ‘92 oM X :90IN0S) S9XOpUI 9peI) A1Ied 9[qBISIAUL [RISASS UO S[Tejop Je[ruis sapraoid apqe) oy jo 1ed wonoq sy, Tenba
9Ie 9pel) 9y} JO SIPIS 10YS pue Suol oy Jo SIYSToM [£10) o) JoyIoym pue ‘(saweyos SunyStom 1oyio Suoure A[qrssod) s1ySrom [enba uoAI sorouarmo
oIe ‘open} Ay} Ul paAo[duwa aIe SOIOUALIND YOIYM SMOUS I] SAPNIS Judal Ul paydope Se ‘SUOIONIISU0d Jpel} A1Ied JO s10dse 9a1y) sozurewwins d[qe) SIy [,

uonONIISU0I Iper) A11ed 0) saydeordde juadaa swog
[ SI98L



€T VST PET 0 GLI 8¢ €9 YT  veT  TL1 01°0 Y00 010 190 L1°E L
ver € 0€T 0 GLI 8¢ 9¢ veT  veT  1L1 €60 S€0- 6T0 PPO L1 9
vz 61 0€T 0 z8 Iy 0 v€T  vTT 901 01°0 100- TE0  0¥0 9¢'1 S
0cz 01 zs1 0 z8 0 0 veT YT 1 10°0 120 120 9%0 vel v
v1T ¢ YL 0 0 0 0 61T 61 0 €00 100 STO0 1+0 STl ¢
0S 0 Sl 0 0 0 0 61T  ¥8I 0 L80 LSO~ TTO0 I¥0 €T'1 z
6t 0 0 0 0 0 0 0S cel 0 ¥2Z0  9C0- 1S0 TE0 SO'1 I
€€0- €0 001 OS

Adf dHD ¥dnd dSN dAvD JMAS d99 ON dnv  dzN ea-d  moys  ea-d S 101 °3Ae

Goﬂmsﬁoxo wo .HDU.HO ﬁsm %o:oﬁ@o.ﬂm .m mmoﬁawxm “moﬂm.ﬁ o&wam nm:.:zou owmhu>< .<

*039 ‘(7. YN 3unieis molr)
popnioxa om1 1s1y 9y} Suowe 10 ‘(. ., YIm SUIlIe)s moI) papn[oxa aq 0} 1SIY Y} ‘MOl 1SIY AU} Ul pIAR[dSIP 9pod IIM ASUALIND B SBM ‘S S ISoy3Iy oyl
I0J YOIBdS oM [OIYM UL SYIUOW €7 9} JO INO ‘SYIUOW AUBUI MOV SMOUS g [UBd Ul UWN[OD YorH "SYIUOW ()Z] ST PIPN[OXd 9q P[NOYS SIIOULIND YOIYm
OPIO9p 0] Pasn are Jey S, }S SUNB[NO[ed J0J MOPUIM [BIIUL AU} PUB ‘(Spuoll +6¢) +102/9 03 $#861/¢1 St pouad oidwes ayJ, “(J[-yO| x1puaddy 23s) ouo
NTBWYOU] A} PAIIX JOU S0P SSAUMIYS IO YS 2A1n0adsax ay) Jey) s1sayiodAy ay) J0J S[eAIdIUI duapyuod densjooq Sursn paurelqo e  Jea-d,, pajousp
SUWN[OD Y], "POPN[OXS UIAQ ALY SAIOUALIND AUBWI MOY SMOUS J[qe) Y} JO UWN[OI ISIY Y, "(, MIS,, PIIOUIP) SSOUMIYS SB [[om Sk ‘(PIzI[enuue [joq)
s.JS pue (yueorad ur ue pazijenuue ‘11 ‘SAe,, pejoudp) soSeroAe oy suodar v [oued [y uonoog ur paurerdxo se ‘SATOUAIIND 953y} JO UdAdS 0) dn ouo
3urpn[oxa 10 ‘SAMOUALIND ()-D) [[B FUISn JOYIIS SIPRI} ALIED JONISUOD M ISAY) YIIA [ — ’S/ %] St S[eNUAIAPIP PIEMIOJ 2JB[NO[LD OM ‘WEBANSLIR(] WOL)
(6661 210J9q INAA Ym paords oing) SN oY IsUrese sArULINd ()T-0) Y} JO sajel 93ueyoxa (*7) pIemIo} yiuow-auo pue (’s) jods 10J sajonb-prua Sursn

SANUALIND ()[-9) SUIPNIXI A[[enuanbas Aq pajonaysuod sapeay L)
[4EICLAR

39



(A9 990-  [T/®l €10 ere 990 od

(0/0) €€0- (L/9) LY'0 8% 96°1 DD
[L1°0] €9°0- (100l €10 99y 19°0 Adl AHD ¥9Nd ‘avd SION ‘dNV ‘dzZN  sd
[+0°0] L8°0- (200l 900 961 8C0 Adl HHD “¥9Nd SION ‘dNV 4
[+0°0] G8°0- (100l 00 16'% 120 Adl ¥Nd ‘v SION ‘dny €9
[90°0] 09°0- [L00] 81°0 $S°G 860 Adl ¥Nd ION ‘dnNVv ‘azN 74
(100l 6°0- (100l 600 0S'L 890 Adl SION ‘dny 19
0S°0 €T0- €00 690 IL'S L6'E asn Jdas dgdo <o
61°0 10°0- 10 IS0 6€Y (e dasn ‘avo JMdsS dgo ‘dzZzN D
80 120" 100 19°0 60t 6v'C JHD ‘dsSN MdS d9D ‘dZN €D
R70) LT°0- €10 6¥°0 LY'€ oLl JHD ‘dSN ‘avD S ddD 7O
200 LO0 200 IS0 6C°¢ L9'1 JHD “¥4N4d ‘dSN ‘avd MdS ddO ‘dzN 1D

0" 1€°0 0¢°¢ 01 oS
rea-d MIYS ea-d NS "AIP’IS 191 "SAe

(spuou £6¢) £10T/9 03 #861/C1 st potred ojdures ay, -open D 10 open ¢g-1¢ Surpuodsariod

9 JO 1) PAIXA JOU S0P Ipen) DI 10 9peI) GO-TD B JO SSAUMIYS IO S Y} 18y) SI [[NU 9 ‘s3o3oeIq a1enbs ur are sanfea-d a19ypy "open DS 9y} Jo auo
9} PI90XA 10U SAOP SSAUMIYS JO YS 9A10adsar ay) ey St sisaypodAy [[nu o ‘syoxoriq o1enbs ur jou are sanfea-d QIOUYA\ [9AS] OUAPYUOD (9%0T) %S
oY} J& JUBOYIUTIS AJB SAJBWIS [enpIAlpul SUIpuodsariod g1 ay) Jo Auewl Moy smoys sasaypuared ur requinu (puodas) 181y YL, ([[-vO| xrpuaddy 2os)
S[eAIIUT 0UdpYuod dexsiooq Sursn paure}qo sanjea-d moys , Jea-d,, pojousp suwinjod Y], ‘SIpes) A1ed Q1 9A109dSAI YY) SSOIOB SSOUMINS PUB SOIIRI
adreyg ‘suonerAop pIepuels ‘SuIN}ax ASBIIAL A} JO 234240 MOUS SIpeN) D pue D) Y3 03 SUIPUOdsaIIod SMOI JYJ, "D Ul Sapen) g Y} JO quo JO no
1J9[ SOIOUALIND AAY I} SUISN OB ‘sopen) A1red A1ejuowd[dwod g1 JO 19s oyl sAoudp . Dd.. (AL PUB YON ‘dV) SOIOUILIND PIpN[oXd UJJO ISOW 1Y)
) JO 2uo KJuo 10 2uoU SUTEIUOD JBY) SAIOUALIND ()[-H) Sururewrar oy} Jo Jred o[qissod Aue yirm pauriquiod ‘(S Pue 49O ‘dS[)) SOIOUALIND PIpN[OXd
UQ]JO 1SBI[ 91} Y} WO PAJONNSUOD OB ‘SIPeI} AIIed Q1 JO 39S AU} SAOUIP DD, SOPeI) GOH-TH Y} JO U0 JO INO JJI[ U2aq ALY ey} SAIOUALIND Y}
Sursn yoes ‘sopen Areyuowrardwos ay) a1e ¢g 03 g [g/91qu, pue[y] uonoog ur passnosIp o[nI JUSWAOULRYUD 3} Aq PAPNIIXI UIJO SSI] 2T JBY) SAIOULIND
Jo suoneurquiod Juasaidal pue ‘sopod paAe[dSIp oY) YIIm SAIOUALIND JY) SUISN PIJONIISUOD AIB SIPRI} GO) 0] [D) Y, "SSIOUALIND ()]-D [[B YIIM PIIONISU0D
ope1 A11ed pIepue)s ayj sAJouap ,DS.. SIYIom [enba yim [[e ‘sopel) A1Ied [RISAdS JO SUINJAI SSAOXQ A[UIUoW 9y} I0J (, MIYS,, PAIOUIP) SSAUMIYS SB
[[oM se ‘pazifenuue [[e ‘(.. YS..) sonel adreys pue (Juaorad ur ¢, 'A9p-1s,,) sUONBIAID piepuels ‘(Juadrad ur ¢ -Ja1 "SAe, pojoudp) SOSBISAR SMOUS J[qe) SIYJ,
SAUALIND ()T-5) Y} JO SIISYNS PIXY YIIM PIJINIISUOD SIpeI) A1Ie)

€ A[qEL

40



L60 100 ¢0°0¢C S0 99°C 0¢0 LS Y- 10°0 819 Y00 88°¢ 01°0 el'e 93

¥T°0 200 97°0C 09°0 1¢°1 0S°0 68T 000  ¥L'€ LO0 1€°¢ 110 60'C 1%9)
SO0 90°0 S A 98°0 GS0- £9°0 61’1 100  €0°¢ LO0 67°¢ 110 I1'C €D
LT0 10 01'81 1.0 Il LTO vTe SO0  9¥T 500 89°¢ 01°0 L1T (49)
LT0 €00 €081 86°0 80°0- ST0 we 100 0I'C 800 €TE 110 €1'e 1D
LY0 10°0 €8°6C €10 ¥S'8- 100  +9'8 €10 66'1 SO
0 200 86'1C Se0 8¢ - 100 6Tt 1o €0'C 1%9)
60°0 €00 16°G1 6S°0 oL'1 200 16C 01°0 e €D
0S°0 ¥0°0 LY'TT 0€°0 80°¢ €00 06T 01°0 €1'e (49)
L1°0 €00 08'LI ¥T0 €h'e 00 60T 01°0 €1'e 1D
000 900 SLY 81°0 €0'v €00 Yoy 800 60T
iﬁwx rea-d Poong [ea-d  xs1WHq ea-d Xdg rea-d oDy qea-d  xsTWHy  ea-d Xy
9’18 (L/L) €00 (8/8) S0°0- T/ 111 0/0) €10 SO
128 9/9) 90°0 (8/8) S0°0- (T1/11) I'1 (1700 S1°0 1%9)
T8 (S/9) LO0 (8/L) 90°0- (T/1D 111 (100 210 €D
618  (01/01) SO0 (8/8) S0°0- (/1D Tt (1700 910 (49)
0'¢8 (8/9) 80°0 9/9) 90°0- (Tt ozt (/00 S10 |£9)
0vL (L/L) 200 T/ 111 (€/0)  100- SO
€SL (6/8) 200 T/ 111 (/D) 100 1%49)
€LL (6/6) 10°0- T/ Tl (1700~ 900 €D
6'SL 01/6) 10°0- i 11t (/1) 900 43}
¢'sL  (01/01)  10°0- Tt 11 (/D 900 1D
1’18 (8/8) S0°0- T/ Tl (T/m) 120 F/©) €T
A rea-d poodd rea-d x/TWH( rea-d x¥g rea-d 0 ea-d 101 ‘Sae

"UWIN[09 18I 9Y) Ul UMOYS SB ‘GH-[D) SALLIED Po03 Y} 0 J9Jal P2%Dq
pue P°Dy ‘P2o0q -juadrad ur pue pazifenuue pajrodar dIe S,y PUE .10 ‘SUINJAI 93ISAY 0197 0) [enbe Apyurof axe s1011e Surorid oy yeyy Sunsd) onsnes X
oy} J0J son[eA-d se [[om se ‘sonfeA-d (iim g SIUSIOYJI0D JS PUB 'y SIOLId YSLI J0JOR] ‘S[OpPOW SWes Y] J0J ‘Smoys [dued wo10q Y], [9AJ] dOUIPYUOD
(%01) %6 2y e JueOYIUSIS a1k sajew)sd Surpuodsariod |1 Y} Jo Auetwl Moy smoys sasaypuared ur roquunu (puodas) 11y oy, “Se[ 1S9p-£omaN auo I0J
JUNOJJE pue NJAD YIM PIJRWNSS Ik SI0LIS prepue)§ “(Juddiad ur) s, -y paisnlpe pue SJUSIIYFI09 UOISSAITT SALIIS-OWN) ‘SUINJAI SFLISAE PIZI[ENUUE | |
oy} jo sa8p4aap syrodar [dued doy oy, "yi0q I0 ‘(UWN[OD ISIY Y} UT PAJRIIPUL SB) IpeI) ALIEd POOS © I0 | TINH Y} JOYIIS pue I03oe) Xy Y} dpnjour
s[opowt [Ty [g]91qeL, ul se a1e g0-10) sopexn A1Ied poos oy, "9ISqoM S UBY[PIIA UBLIPY 1B A[qe[leA opewl A[pury pue ‘(110g) ‘Te 10 Snusn ur se aIe (Jou
‘UOISIOA [[V..) SI0308] (., TINH.. PIOUSP) TINH Aouarmd pue (Fe[[op) X oY) pue ((swmnjax 3ou) sorojiiod Aouaind pajios ayel-1sardur  padofaas(,,

OAl] pUR [V, XIS) $J3sSe 159} [] QUL "€T10T/CT ) #861/C1 10A0 [A]| UONOAS UT PaqLIdSAP St ‘JAJAD IM PAeWnsd e sjopow Suroud 10)oey [eI10AS
s103oe) SunLId ja3Iew AOUILIND Sk SIPea) ALIRd P00 *SA TINH AdUd1In))

¥ SIqEL

41



LO0  (S1/21) 6T (PI/CT) 80070 LTO0  (81/L1) 8T (LI/ST)  LOOO- €00  (6/1) L1 (b1/L) €00 D4

00 (o 80 (¢ 2000 000 /) +v'1 GI/ID)  S000- ¥00- (0/0) <0 (g0 0100 DD
90°0 100 8T 200 L00°0 ¥1°0 100 61 100 9000~ 100- TI'0 +¥1 SO0 6200 <9
60°0 SO0 €T 900 L000 €20 00 61 7000 L00°0- Z1I'0 900 ST €00 0F0O0  tvd
SI'0- €10 0T S1°0 £00°0 €0 100 €T 100  L000- 72000 010 91 $00 TE00 €9
60°0 100 T¥ 100 010°0 €10 100 17T 100  800°0- SI'0 900 €T $00 €00 ¢4
Y10 +v00 €T SO0 010°0 T0 100 L1 7200  010°0- 620 W00 €€ 100 6900 14
S00- L6010 890  T000- €00 090 0 S€0 €000 000 ¥60 00 T80 S000- SO
10°0- IL0O +v0  8¥0 2000 €0°0- 120 61 Y00 900°0- €00- 880 €0 TS0 TIOO ¥D
600 00 €T 700 S00°0 S00- €10 91 SO0  S000- 100 280 10 0SS0 8000 €O
000 6L0 €0  6£0 72000 000 0€0 90 [T0 €000 S00- S80 SO 610 €100 7O
01°0 IZ0 60 910 €000 Y00 TCT0 80 TI'0 €000 Y00 660 10 €50 9000 1D
800 810 01 S1°0 €000 01°0 100 +T7 000  S000- ¥0'0- S¥0 80 CI'0  SI00 OS
SV SIN N [ead d SV SIN N [ead d SV SN ¥ Iead g
1ag ur a3uey)d KJT[IRIOA 9181 93UBYOX UI dFUry)) SuINjaI A)Ipowuio))

$102/9 01 $#861/21 St pouad ojdures oy, JoAS[ 20UapYU0D (%0]) %S AU} Je JuedyIuSIs a6 Sa1ewnsa fenpialpur Suipuodsaliod §1 oyl

Jo Auewr Moy smoys sasayjudred ur rquinu (puodss) sy Ay, soner adieys ur saSueyd pue ‘s, .y paasnlpe ‘g s)uaroyaoo adofs dandIpard g1 2An0adsax
oY) JO SOSBIOA® SMOUS 9[qR) AU} SApeI) DY pue DO Y} 1o “(sypuowt (g Jo YISud[ [eniur yiim mopuim Surpuedxa ue Suisn) aper) ALed [eUOnIpuodun
Surpuodsa1100 9y} pue ‘SarouALIND ()[-5) JO 313sqns 2A130adsar oy Yim pajuswadwr ‘A393e1)s paseq-uonoipald ayy Jo onel adieys Ay U2MI9q SOUAIIJJIP
oy} srenba ainseawr oy ‘A[[eoy10adg *(0I9Z SI [ + 7 JIUOW JOJ UINJAI apen) A1Ied 9y ‘pajorpald s1 urnjal aAne3au e J1) aanisod st [ + 7 yyuow Joj pajorpaxd
uInjal s, apes) Ayl JiI A[UO 7 JIUOW JO pu Yy} Je apel) ALIed & 0JUI SI9UQ YOIym ‘A3a1ens Jurpen) paseq-uondrpaid e uo paseq ‘Aifiqeiorpaid jo aoueoyrugis
OTIIOU0? Y} JO dImseawl & 110daI S V., PAIOUIP SUWNOI Y, "SYIUOW (OZ JO YISu[ [entur yim mopuim Surpuedxe ue yim paureiqo ‘(g ajomoog
os[e 338 ‘(L00T) IS9M Pue Ie[D)) onsness pasnlpe-gdSIN oy 10§ (. SIA.. PAIouap) sonjea-d popls-ouo umoys d1e 1XN “(udoxad ur) s, .y paysnlpe pue
‘JOJRWITISO XIIJBW AOUBLIBAOD g (7661) JOMPOH AU} U0 paseq ‘sanfea-d papis-om) ‘g sjuaroyjaod adofs aanorpaid oy jo sajewnsa ydwes-ur oy sAefdsip
o1qe oy, (] uonoag osfe 9os) sarpmys asoyy ur se pauSisop are pue ‘(O dqeL ‘L107) PIEA\ PUB ‘Aouessnoy ‘Apeay pue (g 9[qeL, ‘€10T) AOloKeued
pue 1ysyeq ur suInjax oper) K1red 101paid 0} punoj uedq 9ABY d[qe) AY) JO MOI ISIY Y} UI UMOYSs sI0d1pard 2ary ay], [¢] 9[qe], ur paquosap se sopen
Dd pue DO 2y} pue ‘sopen ¢g-1g Pue ¢H-1D 2y} ‘Open DS Yl Jo suinal S0[ Y J0J SuoIssaI3ar 9AnoIpald 9JeLIBAIUN WOIJ SI[NSAT SMOYS J[qe] SIY],
LA1qeydrpaad uinjaa L))

¢ 91qeL

42



01°0 e €00 L00°0

60 60 LSO 000

6v°0 €90 Sv0 €000

rea-d d rea-d 0
Adl

LTO evo L0 100°0- AON
0€0 Sro 80 ¢00°0- anv
€0 910 L0 100°0 dzZN
rea-d d rea-d 0

dHOD

‘wreanseje( BlA Yueq sAe[oIeg SI 90In0S BIBP Y} PUB ‘4 107/9 - #861/¢1 St porrad ojdwes oy, 1 = ¢ pue

0 = 0 sosayjodAy [[nu 9y} J0jJ ‘I0JeW)SO XINEW dDUBLIEA0D ] (766]) JOUPOH 2y} U0 paseq ‘sonfea-d popIs-om) s I9UJa30) ‘UMOYs dIe
d pue 0 jo sayewmnsy 13+ (Yg/4)urgd +0 = (‘s/11H¢)ur :(sajonb-pru [[e) s[enuaIopIp premioy Surpuodsariod oY) Jsurese passaIdar are
sojex jods ur sagueyd 3o Apuow XJ[/SION pue XAd(/ANV ‘AdI/AZN AHD/SION HAHD/ANY AHD/AZN sired Aouarmd X1s dyj Jo Yoes 10

SANUALIND Ipea) A1aed [ed1dL)0joad jo sared 10J SUOISSAIZIX SISAY)odAY ssoupaseiqu)

L 298],

{100t {00} {ooor {voo} {roo} {ooo} {ooo} {ooo} {ooo} {000} DA Jo ey 01

{roo} {zeo} {voo} {ooo} {soo} {c90} {ooo} {ooo} {ooo} {ooo} {ooo} DS Jo Jey) 0}
(sonpea-d) syjusuodwod A1red Jurredwod
0 0€°0 60 89°0 0L0 #8°0 80°¢ 96'9 9t'8 LTT 86°¢ 9¢'] "Jo1 [2)0) 0) A1IED
60 0’1 0’1 oL'1 0’1 o'l 881 W61 8L'1 €T 0LCT 8¢'1 A11eo “3Ae
LT€E 9LC 101 8L°0 0S°0 920 8T'1- S9'1- 8G'1- ST'1- 0T LEO- *001dop “3ae
61t L6'E we 61'C 0L'1 L1 19°0 870 120 86°0 89°0 201 "Jo1 [e)0) “SAR

od 3) D €D 149 D cd vd cd cd 1d 0S

"(sSe[ 7] s

‘SIOLIQ PIEpUR]S ISIA -AIMAN)) Sapen) D pue DS a3 Jo jey) 03 Juauodwod A1red 93eIdAe dA130adsar oy Jo Ajenba 10j 1$9) ® woly sanjea-d
sj[orIq A[IND UT QI8 UMOYS OS] “Juad1ad UT pue pazIfenuue umoys I san[eA dA10adsar oy [, [g]uonoag ur [1ejop 210 UL JOPISUOD dM YOTYM
‘($107) UBY[OPISA PuB ‘Aouessnoy ‘3nsn jo (D) open A1red IB[[Op Ay} PuUe ‘Gg 01 [ g pue GO 0) [0 Sopen) A1ed peq pue poos ay} ‘Oper)
(DS) prepuess oy} J0J ‘sa3ueyd )eI AFUBYIXS PUB AIIRD 0) 9NP SUINIAI ISAY} JO sjuauodwod Ay} pue ‘SuInjal 9FLIAR JY) SMOYS J[qe} SIY],

SWIN)AI Ipea) Arred ut sjuduoduwod L1ae)
9 QIqeL

43



Table 8

Dynamic nature of carry trades

The table characterizes the dynamic behavior of the the standard carry trade (SC), the G1 to G5 and B1
to B5 trades, and, in the last row, the dollar carry trade (DC) of Lustig et al. (2014), which we consider
in more detail in Section Bl The first column of the table shows, for each trade, the time-series average
of the proportion of currencies that change (switch) position, from long to short or vice versa, at each
point of time. The average proportion is given in percent. The next two columns show bootstrapped 95%
confidence intervals for these average proportions. The column denoted “days w/o switch” shows the
proportion of dates in the sample when not a single currency changed position from short to long or vice
versa. Next the table shows the correlation between the proportions for the G1 to G5 and B1 to BS trades,
and those for standard carry (SC). The last three columns aim to compare static and dynamic versions
of our various trades. Static trades have been defined in Hassan and Mano (2015), and, to keep close to
their setup, we use as weights the average forward differentials of the respective currencies over 12/1984-
12/1994, demeaned and normalized to have absolute values that sum to one. These weights are kept fixed
for the rest of the sample period for the static trades, without ever re-balancing. Dynamic trades are the
usual (dynamically re-balanced) trades, as considered throughout this paper, but with weights again equal
to the cross-sectionally demeaned forward differentials, normalized to have absolute values that sum to
one. Shown are the ratios between the average returns of the respective static and dynamic carry trade, and
the corresponding Sharpe ratios. Average returns and Sharpe ratios are calculated for the period 12/1994
to 6/2014.

switch (%)  95% conf. int.  days w/o correl. ratio of static to Sharpe ratios:

switch with SC dynamic avg. ret. dynamic static
SC 8.22 [5.72  11.05] 0.68 0.45 0.41 0.21
Gl 12.75 [9.27 16.47] 0.66 0.82 0.23 0.51 0.14
G2 12.97 [9.35 16.88] 0.73 0.75 -0.23 0.34 -0.10
G3 11.90 [8.73  15.18] 0.75 0.59 0.24 0.55 0.14
G4 17.22 [13.20 21.25] 0.63 0.63 0.28 0.50 0.13
G5 16.34 [11.99 20.96] 0.78 0.49 -0.01 0.69 -0.01
Bl 9.82 [5.67 14.64] 0.86 0.53 1.07 0.21 0.23
B2 9.97 [6.35 13.94] 0.78 0.56 1.16 0.22 0.29
B3 12.18 [8.44  16.60] 0.73 0.59 0.75 0.25 0.22
B4 10.14 [7.25 13.20] 0.78 0.50 0.61 0.24 0.16
BS5 10.12 [6.92 13.60] 0.71 0.65 0.82 0.27 0.24
DC 6.80 [3.40 11.05] 0.93 0.47
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Figure 1: Good and bad carry trades from sets of five G-10 currencies

Large black dots plot skewness versus Sharpe ratio of all possible 21 carry trades constructed from five G-
10 currencies, which include the AUD, CHF and JPY, together with any possible pair from the remaining
seven currencies. Circles with no fill plot similarly skewness versus Sharpe ratio for the complementary
trades, each including the five currencies left out of one of the previous 21 trades. For each trade, curren-
cies are sorted on their forward differentials (against the USD) at the end of each month over the period
12/1984 to 6/2014, and the two currencies with highest differentials are held long over the next month,
while the two with the lowest premiums are shorted, all with equal weights. A vertical and horizontal
lines indicate the Sharpe ratio and return skewness of the standard carry trade (denoted SC), constructed
with all G-10 currencies. Percentage carry trade returns are calculated with spot and forward quotes from
Barclays Bank, available via Datastream, and with transaction costs taken into account.
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Figure 2: Sharpe ratios versus skewness for the GC and BC sets of 18 carry trades

Circles with no fill plot skewness versus Sharpe ratio for 18 carry trades, each constructed from five of the
G-10 currencies, with equal weights. Each of these trades uses the three currencies (GBP, SEK and USD)
which are least often excluded by the enhancement rule in Section |A|and Table 2| These three currencies
are combined with any possible pair of the remaining G-10 currencies, which contains none or only one
of the three most often excluded currencies (AUD, NOK and JPY). Large black dots plot similarly the
skewness versus Sharpe ratio for the complementary carry trades, which use the five currencies left out
of one of the previous 18 trades. These two sets of 18 trades are denoted in Section [D] and Table [3] and
others as GC and BC. Shown also is the standard carry trade (SC), denoted by a star. The sample period
is 12/1984 to 6/2014.
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Figure 3: Decomposing carry trade returns

For all trades considered in this paper (18 GC trades, 18 BC trades, as well as G1 and G5, and B1 and
B5) the figure plots total average returns (horizontal axis) versus the ratios of average carry to total return
(vertical axis). As previously, white (black) dots correspond to good (bad) trades. For visual clarity,
four outlier points (all referring to bad carry trades) are not shown on this plot, but their coordinates
are displayed in the top left corner. Also plotted are the standard and dollar carry trades (SC and DC).
Horizontal lines correspond to carry-to-return ratio of one (all average return comes from carry alone),
and one half (return comes equally from carry and exchange rate changes).
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Good Carry, Bad Carry

Online Appendix: Not for Publication




OA-I Symmetry and numeraire neutrality of currency trades

This Appendix explains in detail the distinction between several designs of carry trades. Start with
a set of N currencies, e.g. the G-10 currencies in our case. A currency trading strategy is a mapping
between signals at time ¢ and currency positions taken at this time, whereby positions are defined in terms
of the weights of individual currencies. A trading strategy is formulated relative to a benchmark currency,
i.e. positions are taken relative to a certain currency in the forward market. From this perspective, two

properties seem important:

1. Symmetry: the number of short and long positions and their total weights are equal. A stronger

version of symmetry would also require equal weights of the individual short or long positionsm

2. Numeraire independence: the positions taken in the various currencies are the same, regardless of
which benchmark currency is considered. As a result, only one currency strategy must be defined

for the world at large.

Symmetry and numeraire independence are well-established features of carry trades, and have been both
adopted by recent academic studies, and implemented in investable products (see Table([I). Together, these
properties imply that the trade’s returns will be very similar from any currency perspective. This invariance
follows from the fact that the translation of returns from one currency to another simply introduces cross-
currency risk on currency returns, which is a second order effect. Conversely, if the ranking of a currency
or the signal depends in any way on the identity of the benchmark currency, then defining the same strategy
from another currency perspective will yield different currency positions and different currency weights,
and this can result in quite different returns. A well-known example is the asymmetric carry strategy in

Burnside, Eichenbaum, Kleshchelski, and Rebelo (2011), which has been shown in Daniel, Hodrick, and

THowever, if weights are defined relative to a benchmark currency (e.g., based on forward differentials), they may differ on
the long and short end, creating weight asymmetry. This would cause the trade to be numeraire-dependent.



Lu (2017) to produce very different (and worse) returns from other, non-USD currency perspectives. In
fact, the USD-based version of this strategy is successful (at least partly) due to is its implicit exposure to
a dollar-centric currency strategy, the “dollar carry” trade of Lustig, Roussanov, and Verdelhan (2014)E|
We now formally show that symmetric, numeraire-independent strategies have largely equivalent re-
turns across the world. Suppose first that the USD is the benchmark currency and define the weight of
currency i as w;. Spot and forward exchange rates are quoted here as USD per one unit of a foreign cur-
rency (reversing the notation from Section [l above), and denoted as S! and F;'. The return of a US-based

currency trading strategy over the interval 7 to t + 1 is:
(OA-1) rUSP = Zwi[sjﬂ/F,i —1].
=1

If the strategy is numeraire independent, the weights w; are identical for all currency perspectives. For
example, if the trading strategy is based on interest rate signals, these signals should be independent of the
benchmark currency.

Defining such a strategy relative, say, to the Japanese yen, with yen exchange rates denoted by 3; and

fﬁ (JPY per one unit of currency i), its return (in yen) is:

=

I
—_

(OA-2) JPY

‘ . N . N
wilSip1/Fr =1 =Y wiS /F, = Y wi
=1 i=1

With symmetric strategies the weights sum to zero, hence the last term cancels, and we are left with

’}, = Z Wi St 11 /F F By triangular arbitrage and symmetry, we can further derive:
PY USD USD /=USD _ USD  1nJPY | GJPY
(OA-3) ’}I—H = [rir + Z wil %S /F; o xS

>The dollar carry weights are 1/(N-1) and are all either positive or negative depending on the average interest rate of the
USD relative to other currencies. The weight on the USD itself is zero. The strategy is thus very asymmetric and yields entirely
different results for other currency perspectives. That is, a ”British pound carry” or ”Swiss franc carry” need not be anything
like dollar carry. Of course, dollar-centric strategies are of interest because of the importance of the dollar in international
finance.



Cross-currency risk could drive, in principle, a wedge between the two currency perspectives, but in
practice the returns and their properties will be rather similar (barring significant differences in transaction
costs), because the forward to spot ratio in (OA-3)) is close to one, and applies to returns. We have verified
that standard carry strategies (as per our definition in Section yield very similar returns from any
currency perspective.

It is instructive to repeat the previous calculation, but for log returns. In this case:

JPY c i ' & i 1 gUle
< 1 Ot
i o= Zw,-log <SI+I/F,> :Zwilog FT =USD
i=1 i=1 r F,

N N
; i <sUSD ,—=USD
= Y wilog(S,1/F)) + Y wilog(S5.5 /F,)
i=1 i=1

N N
. <USD —USD
=Y wilog(S,1/F) +1og(Spsy /F, ) Y wi
i=1 =

N
(OA-4) = Y wilog(Si,1/F)+0=r/P,

i=1
and therefore the log returns of symmetric, numeraire-independent trades are identical from any perspec-
tive; the differences between their percentage returns from different perspectives are of second order.

In sum, a symmetric carry trade, for any benchmark currency has similar returns for investors across
the world. However, symmetry is not a sufficient condition for numeraire independence. It is important to
emphasize this point, because a number of recent articles have considered “currency-neutral” symmetric
strategies, where no position is taken with respect the benchmark currency itself, or in other words, the
weight assigned to the benchmark currency is always zero (this is implicitly true also for dollar carry).
Let’s examine, following Daniel, Hodrick, and Lu (2017), a “dollar-neutral” carry trade with weights
w; = 1/(N — 1) if the interest rate of currency i is in top half of the interest rates of the given set of
currencies, and w; = —1/(N — 1) otherwise (if N-1 is odd, the currency with the median interest rate is left

out of the trade). This strategy is clearly symmetric. However, it is not numeraire independent because if



we define it relative to another benchmark currency, say the yen, the weight function of this ’yen-neutral”
trade will change, with now non-zero weights on the USD and zero weights on the JPY. Therefore, such
“currency-neutral” trades will produce different returns for different benchmark currencies, going beyond
the differences induced by cross-currency risk.

We recognize that some numeraire-dependent strategies are of obvious interest, but care must be taken
to define them in an international context. For example, the HML factor, introduced by Lustig, Roussanov,
and Verdelhan (2011, 2014) is a carry trade which is symmetric, but not numeraire-independent as it goes
long (short) an extreme portfolio based on an interest rate ranking (as the DB strategy does), but excludes
the USD from any portfolio. This dollar neutrality makes the trade numeraire-dependent. Of course,
when such a trade is defined for benchmark currencies with non-extreme interest rates, it should often
yield similar returns across the different country perspectives.

Our preference for using symmetric, numeraire-independent carry trades is consistent with the best
known investable indices, such as the Deutsche Bank (DB) Harvest Indexes. The DB strategy goes long
(short) the G-10 currencies with the three highest (lowest) interest rates. Importantly, when the USD
interest rate is among the top or bottom three, part of the trade automatically gets a zero return, because a
position in the benchmark currency itself is taken, and hence the trade is not dollar-neutral. However, it is
symmetric and numeraire-independent, which is an advantage for a global currency trading strategy, and
may also be an advantage for a global risk pricing factor. In the trades that we consider, all participating
currencies are given a non-zero weight, including the benchmark currency, which by design yields a zero
return, whether it is held long or short.

Another way to see the fundamental difference between asymmetric, numeraire-dependent trades on
the one hand, and numeraire-independent strategies on the other is to examine what would happen if, say, a

yen-based investor would try to mimic, for example, dollar carry by taking exactly the same positions, but



relative to the yen. That is, she will go long or short in all the currencies (including the yen) as dollar carry
does, thus keeping the same weight function as in the original dollar trade, but for a different benchmark
currency. This strategy would yield quite different returns as it would face full cross-currency risk, and
not just profit and loss currency risk.

USD —=USD

With the previous notation: /F7 = [yUSP —I-va:lwi] 1 /F;

pik| o vazl w;. Since for dollar carry

these weights add up to one, and not zero as in a symmetric trade, the yen-based return is now:

JPY USD USD —=USD USD -JPY /JPY JPY ;| cJPY
(OA-5) 41 = [r rit1 + 1] % St JF; " —1=r, rer B /S +[F, /St+1 —1],

which, compared to the expression in (OA-3)), adds a second return term that can well be of similar or

even larger magnitude than the first term.

OA-II Tests for differences in Sharpe ratios and return skewness

Sharpe ratios

The statistical significance of the differences between the Sharpe ratio or skewness of the SC trade
and those of trades from subsets is evaluated using bootstrap tests that follow Ledoit and Wolf (2008) or
Annaert, Van Osselaer, and Verstraete (2009). Skewness difference can be tested in a “direct” bootstrap
that resamples from a distribution which respects the null hypothesis of no difference. In the case of
Sharpe ratios, their difference does not easily admit such a distribution, hence the approach followed is
“indirect” and resamples from the observed data. A version of this approach to comparing Sharpe ratios
has been applied recently, among others, in DeMiguel, Nogales, and Uppal (2014).

In implementing the test for a difference between Sharpe ratios, we depart in two minor ways from
Ledoit and Wolf (2008). First, we only consider the i.i.d. case (their Section 3.2.1). We have verified
that our carry trade return series have insignificant autocorrelations for lags up to 10. Furthermore, the

suggested block size selection procedure (their Algorithm 3.1) results consistently in a selected block



length of one, when using our data. Second, we consider one-sided bootstrap confidence intervals and
p-values, since our null hypothesis is that carry trades obtained with the enhancement rule do not improve
on the Sharpe ratio of the SC trade. We modify accordingly their equation (7).

Following the notation in Ledoit and Wolf (2008), let us and up denote the sample average returns of
a carry trade from some subset of the G-10 currencies and the SC trade, respectively, while ¥s and Yp are
the sample second moments (uncentered) of the returns of these trades. Let also v = (s, g, Ys,Y¥s), and
assume that /7 (v —v) 4 (0,¥), where v is the population counterpart, 7' is sample length and ¥ is some
symmetric positive-definite matrix. The latter assumption holds under mild conditions. For the sample
difference A between the Sharpe ratios of the carry trade from a subset of the G-10 currencies and the SC

trade, and the deviation of this sample difference from the population value A, one can write

(OA-6) A=f(P) = s Hg . and VT(A—A) % 0,V F(0)PV (1)),
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where V'f((a,b,c,d)) = ( and (a, b, c, d) represent the ele-
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ments in ¥, If ¥ is a consistent estimator of ¥, then the standard error of A is given by

oA B \/ ZIGEIG)

To test the null hypothesis A < 0, we bootstrap the returns of the two carry trades that are compared,

>)

A*—

and consider the studentized random variable L = S where A* is a difference in Sharpe ratios computed

~—|

with bootstrapped returns, and s(A*) is the corresponding standard error. Even though we bootstrap under
the alternative”, this procedure generates meaningful sampling variation under the null of no difference
between Sharpe ratios. Given the lack of autocorrelation in the carry trade return series, as noted above,
we use an 1.1.d. bootstrap (5000 samples, with replacement and pairwise, to preserve a possible cross-

sectional correlation between the returns of the two carry trades). A p-value for the null is calculated as



the proportion of bootstrapped series for which:

(OA-8) A—L=A+

similar to equation (7) in Ledoit and Wolf (2008). These p-values are reported in Tables[2]and [3]

Skewness

To test for a difference in skewness, Annaert, Van Osselaer, and Verstraete (2009, page 277) first ’sym-
metrize” the compared return series, by appending to them the mirror images of the original observations
in terms of distance to the average return. The skewness (as well as any odd central moment) of these
modified returns is thus zero, and a bootstrap that resamples from them conforms to the null of no differ-
ence in skewness. Given that autocorrelation does not seem to be an issue in our series, we draw pairwise
from the modified series of the compared returns, and compute the p-value as the percentage of draws that
yield higher improvement on the benchmark skewness than that observed in the data. All bootstraps are

performed with 5000 draws.

OA-III Differences in Sharpe ratios - accommodating the selection
The enhancement procedure described in Section [[IIintroduces a possible selection bias, which is not

accounted for by the bootstrap-based test described above, following Ledoit and Wolf (2008). To address

this issue, we suggest an alternative approach, and instead of bootstrapping the actual carry returns, we

adopt the following randomization procedure:

e at the end of month ¢ keep the interest rate differentials as in the data, but assign to each of them ar

random any of the ten returns for the following month 7 4 1.

e to each of these ten returns for month 7 4 1 add the same constant ¢;4;. We call the returns obtained

in this way “randomized” returns.



e the constant ¢; | can be positive or negative, and is chosen so that a carry trade that uses all ten
“randomized” returns would have exactly the same return as the actual SC trade for month 7 4 1.
Such a carry trade would choose the currencies to be long or short exactly as the SC trade, based on

sorting the same interest rate differentials.

e do this for all months in the sample, and repeat 1000 times, to obtain 1000 sets of ten “random-
ized” return series, that correspond to the actual interest rate differentials. Given the large number

permutations of ten numbers, we do not bootstrap in addition the interest rate differentials.

e note that the constants ¢, are different for different months, and that each “randomized” return
corresponding to a particular interest rate differential is potentially very different from the actual
one. This approach may associate, for example, the JPY returns predominantly with the highest
interest rates in some randomization trials. However, the returns for each month, and hence the
Sharpe ratios of the carry trades with ten currencies (all 1000 with “randomized” returns and the

actual SC trade) are exactly the same.

e on each of the 1000 sets of 10 time series reproduce the enhancement procedure described in Section
Based on the order of exclusion obtained from this procedure, identify for each of the 1000 sets

the currencies that would enter “good” and ’bad” carry trades.

e in the full sample period construct trades with the least excluded three, five or seven currencies,
corresponding to our G1-GS5 trades, and similarly with the most often excluded three, five or seven

currencies, corresponding to our B1-B5 trades.

For each of 1000 sets of 10 series of randomized carry trade returns, A* denotes the difference between
the annualized Sharpe ratio of a good carry trade (from three, five or seven currencies), constructed from

this set following the enhancement procedure, and the SC trade or the corresponding bad trade. As in



Appendix [OA-II} A denotes the sample difference between the annualized Sharpe ratio of a good carry
trade and the SC trade or the corresponding bad trade. We now show A for each good carry trade, the
average of the 1000 A*’s for trades from as many currencies as the good trade on the same line, and the

proportion of such A*’s exceeding A.

Good trades vs. SC Good vs. bad trades

A avg. A* %A >A A avg. A* %A >A
Gl 0.20 0.14 0.21 042 042 0.50
G2 0.18 0.16 0.43 0.31 041 0.71
G3 0.30 0.16 0.09 0.57 0.41 0.19
G4 0.20 0.16 0.37 045 041 0.41
G5 0.39 0.14 0.02 0.56 032 0.05

There is substantial bias in the comparison between the G1-G5 carry trades with the SC trade, with
the selection procedure adding 14% (for G1 and GS5) or 16% (for G2 to G4) to the annualized Sharpe
ratio. Yet, in every case the observed increases in the Sharpe ratio (denoted by Z) are even higher, and for
two out of the five good trades the observed Sharpe ratio is in the 10% right tail of the distribution of the
Sharpe ratios obtained under the selection procedure using the randomized (scrambled) currency returns.
When comparing the G1-GS5 carry trades to the corresponding B1-B5 trades, the bias is relatively more
important, and in fact at least as large as the observed difference in Sharpe ratios for the G1 and G2 trades.
Only the G5 versus B5 comparison yields a Sharpe ratio of a good trade in the right tail (5.3%) of the
corresponding distribution under scrambled currency returns.

Of course, these observations alone do not constitute a proper test, since the randomization procedure
also can change the variability of the returns, and proper testing requires the use of a pivotal test statis-

tic, such as a t-statistic. To create a proper test statistic, we modify the procedure in Ledoit and Wolf



(2008) by bias-correcting our sample Sharpe ratios, and using t-statistics from the empirical distribution
as in Appendix |OA-1Il The results, which also reproduce the relevant portion from Table (3] to facilitate

comparison are as follows:

Good trades vs. SC Good vs. bad trades

avoret std. SR bstrp. rand. avoret std. SR bstrp. rand.
SC 1.02 3.30 0.31
Gl 1.67 329 051 0.02 0.18 B1 0.68 7.50 0.09 [0.01] [0.50]
G2 1.70 347 049 0.13 044 B2 098 554 0.18 [0.07] [0.72]
G3 249 409 061 0.01 0.06 B3 021 491 0.04 [0.01] [0.16]
G4 222 439 051 012 0.39 B4 028 496 0.06 [0.02] [0.42]
G5 397 571 0.69 0.03 0.04 B5S 061 4.66 0.13 [0.01] [0.09]

Let’s first focus on the G1 trade. The t-statistic for its Sharpe ratio (0.51) being different from the
benchmark Sharpe ratio (0.31) has a p-value of 0.02. When we do the test using the randomized samples,
correcting for selection bias, the p-value increases to 0.18, and the difference is no longer statistically
significant. The p-values invariably increase for all carry trades, but remain significant at the 5% level
for G5, and at the 10% level for G3. For the good vs. bad carry trade comparison, the p-values increase

dramatically and only the G5 trade has a significantly higher Sharpe ratio than B5 (at the 10% level).

OA-IV Factor models explaining good and bad carry trades

Tables [OA-2] to [DA-4] present the results separately for the standard carry trade (SC), the G1-G5 and
B1-B5 trades, and the GC and BC trades on average. The first column in Table also shows the
respective average returns that are to be explained. For the G1-GS5 trades these range between 1.7 and 4%

(annualized), and are all significantly different from zero at the 1% confidence level (with GMM standard
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errors); for the GC trades they are on average 2%, and all but two out of 18 are significant at the 5% level.
In contrast, the average returns for the bad carry trades never exceed 1%, and are never significant, even
at the 10% level.

A. Model with equity volatility

The market factor (denoted MKT) in the model is proxied by the total return of the MSCI-World equity
index, in excess of the risk-free rate and expressed in USD. The equity volatility factor (EqVol) reflects
innovations in global equity volatilities, as constructed in Lustig, Roussanov, and Verdelhan (2011), and
is taken from Verdelhan’s website (data until 12/2013). The interaction term (product of MKT and EqVol)
is denoted “prod”, and exhibits highly negative skewness (-7.6).

The top panel of Table [OA-2| reports results from time-series regressions of carry trade returns on
the three risk factors. The market betas are significant for both good and bad trades, and of comparable
magnitudes. However, the slope coefficient estimates on the product factor are typically negative, albeit
rarely significant for good trades, while they are positive, mostly much larger in magnitude, and almost
always significant at the 5% significance level for the bad trades. The F-test for no difference between
the average slope coefficients across the GC and BC trades rejects only for 3,,,,4. Given the high negative
skewness of the product factor, the large positive value of f3,,,4 implies that the market risk exposure of
the bad trades increases substantially in highly volatile times, helping to explain the negative skewness of
the bad trades as shown in Table 31

From the perspective of a time-varying market beta, the large 8,4 implies, for example, that the
effective market beta for bad carry trades ranges between 0.025 and 0.083 for the 10-th and 90-th percentile
observations of EqVol (which are -0.67 and 0.59, respectively). This regime dependence is much weaker
for good carry trades, due to their smaller f3,,,,4 estimates. The SC trade resembles the bad trades in this

respect, with a 3,4 that is positive and marginally significant (at the 10% level). Given that increases in
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volatility tend to characterize periods of market downturns (the correlation between MKT and EqVol is
-0.24 in our sample), our findings attribute the under-performance in times of crisis mostly to bad carry
trades, while good trades are less affected.

The alpha’s obtained in the time-series regressions are difficult to interpret in the presence of non-
traded factors. Therefore, we also perform GMM-based cross-sectional tests on the GC and BC return
cross sections, and show the results in the last two rows of the table. For the GC trades, the risk price for
the MKT factor is significant at the 5% level, while for the BC trades no risk price is significant. However,
the joint test does not reject for either of the two cross sections, delivering large p-values.

For further clarification, Panels A and B in Figure | plot model-predicted vs. actual average returns for
the GC and BC trades, where we see practically no relation for the BC trades, but a much better fit for the
GC trades, albeit with a few outliers. When we run a simple OLS regression of actual average returns on
a constant and the model-based expected returns, we obtain an R? of 0.67 for the GC trades, and 0.29 for
the BC trades. The combined evidence suggests that this three-factor model does not adequately describe
the returns of the bad carry trades, but still saliently reveals the high exposure of these trades to the equity
market during high-volatility periods. In contrast, a significant price of risk for the market factor and

Figure ] show the promise of the model to provide a risk-based interpretation of good carry trades.

B. Model with Up and Down equity market factors

Our interest in such a model is motivated both by the asymmetric patterns in carry trade returns docu-
mented above, and the recent work of Lettau, Maggiori, and Weber (2015), who find support for a similar
model pricing the joint cross section of several asset classes, including the returns of interest-rate-sorted
currency portfolios. Note that their model employs the market factor itself, together with a separate down-
market factor, whereas we use uncorrelated down- and up-market factors, which help sharpen the focus
on the asymmetric return behavior across good and bad carry trades (see also Ang, Chen, and Xing (2006,
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Table 2)). Keeping the notation MKT for the total return of the MSCI-World equity index, in excess of
the risk-free rate and expressed in USD, the Down factor is taken to be min(MKT,0), and the Up factor is
max(MKT,0).

Table[OA-3|shows that in the time-series regressions the slope coefficient estimates on the Down factor
are not statistically significant for about 70% of the good carry trades, but are significant for all but one
of the bad carry trades. The pattern is reversed for the Up factor, where the estimates are significant for
most of the good trades, but are in fact never significant for the bad trades, even at the 10% confidence
level. The magnitudes of the respective slope coefficients for good versus bad trades also differ largely, by
a factor of three or four, and these differences are highly significant, as evidenced by the reported p-values
from GMM tests for the equality of the average Bpow, or By, across the 18 GC and BC trades. Additional
joint tests for pairwise equality between the corresponding coefficients for the GC and BC trades reject
with even smaller p-values. As above, the SC trade exhibits mixed features, with both slope coefficients
being significant.

The cross-sectional test results resemble those from Table in that both risk prices Apoy, and Ay P
are statistically significant for good trades, and highly insignificant for bad trades, while the tests for the
pricing errors being jointly equal to zero fail to reject, with high p-values. Moreover, the plots of model-
based versus actual average returns, similar to those in Figure ) again reveal a reasonable fit for good
trades, but no apparent relation for bad trades, indicating that the model with down- and up-market factors
more adequately describes the returns of good carry trades. The important additional insight from this
model, however, is the striking dichotomy between the returns of good carry trades, which have relatively
high Up-market betas but decouple in bad times, and the returns of bad carry trades, which have relatively

high Down-market betas.

C. Fama-French three-factor model
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Similar to Table @ and in the same format, Table @ illustrates the ability of the Fama-French
three-factor model to explain the returns of good and bad carry trades, and the main finding is that the
model does not perform well with respect to good carry trades.

The top panel of this table refers to time-series tests, and shows that the betas on the market factor
are economically small for these trades (0.05 on average), albeit often significant, while those on the
other two factors typically are not significantly different from zero. The adjusted R?’s in the time-series
regressions are relatively low, even sometimes negative, whereas the alphas are only about 5 to 30% lower
than the unconditional average carry trade returns, and still statistically significant for all G1-G5 trades
and 14 of the GC trades. On the other hand, for bad carry trades the betas on all three factors are higher and
statistically significant in most cases, and the R>’s are on average 0.12. A test for no difference between the
average slope coefficients across the 18 GC and BC trades rejects for By/x7 and Bsap, at the 5% confidence
level. Interestingly, the model renders all alphas much lower than the respective average returns for the
bad carry trades, so that these trades can be qualified as “negative alpha trades”, from the perspective
of this model. The model also explains a large part of the SC trade’s average returns, with statistically
significant factor loadings and a high R%. The time-series tests therefore suggest that the good carry trades
pose a problem for this model, whereas the SC trade and the bad trades at least are meaningfully exposed
to standard risk factors. In addition, a test for alphas being jointly equal to zero does not reject for both
the GC and BC sets of carry trades, with p-values above 0.30.

The last two lines of the table show results from GMM-based cross-sectional tests, using the GC and
BC trades as test assets. The estimates of the risk prices A are all statistically insignificant, except for
Ak for the GC trades, while the tests for the pricing errors being jointly equal to zero exhibit p-values
above 0.70. The results for the risk prices thus cast doubt on the explanatory power of the Fama-French

three-factor model for the BC trades as well, whereas the joint test results may reflect power issues.
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Table OA-6: Detailed version of the top panel of Table@

Good  port. avg.ret. p-val o p-val Brx p-val  Byprrx p-val  Bgooa  p-val R?
1 -1.63 0.25 -1.74  0.00 1.02  0.00 -0.39 0.00 90.3
2 -0.19 0.88 -1.15 0.08 088 0.00 -0.13 0.00 75.8
3 0.79 0.54 -0.28  0.65 0.95 0.00 -0.13 0.00 78.4
4 2.80 0.05 1.12 0.10 1.01 0.00 0.00 0.94 78.4
5 3.68 0.02 1.62 0.03 1.11 0.00 0.05 0.11 80.0
6 4.65 0.01 0.43 0.35 1.03  0.00 0.61 0.00 93.8
7 -0.18 0.92 -0.38  0.67 1.24  0.00 -0.46 0.00 80.5
8 1.04 0.57 -0.14  0.87 1.27  0.00 -0.23 0.00 77.6
9 2.76 0.12 1.16 0.14 1.28  0.00 -0.14 0.00 81.7
10 2.77 0.14 0.39 0.66 1.28  0.00 0.05 0.19 79.7
11 4.79 0.02 1.55 0.13 1.27  0.00 0.27 0.00 75.2

Gl 1 -227 0.00 099 0.00 -0.61 0.00 76.5
2 -0.85 0.15 0.89  0.00 -0.50 0.00 78.8
3 -029  0.63 0.94  0.00 -0.30 0.00 777
4 0.87 0.18 1.00  0.00 0.16 0.03 789
5 1.15 0.10 1.10  0.00 0.41 0.00 823
6 1.40 0.16 1.08  0.00 0.85 0.00 71.0
7 -0.97  0.38 1.21 0.00 -0.75 0.00 69.4
8 0.34 0.66 1.28  0.00 -0.87 0.00 81.7
9 0.71 0.38 1.26  0.00 -0.05 0.62 80.1
10 -0.06 094 1.27  0.00 0.41 0.00 814
11 0.78 0.36 1.25 0.00 1.14 0.00 824

G2 1 -234  0.00 099 0.00 -0.56 0.00 76.0
2 -1.10 0.08 0.88 0.00 -0.34 0.00 76.0
3 -0.57 037 093 0.00 -0.13 0.08 762
4 0.72 0.25 0.99  0.00 0.24 0.00 79.6
5 1.34 0.06 1.10  0.00 0.28 0.00 81.1
6 1.94 0.07 1.10  0.00 0.50 0.00 65.9
7 -1.09 0.33 1.20  0.00 -0.66 0.00 68.6
8 -0.31 0.73 1.25  0.00 -0.45 0.00 75.6
9 0.59 0.47 1.26  0.00 0.03 0.74 80.1
10 -0.09  0.92 1.27  0.00 0.42 0.00 81.7
11 1.67 0.12 1.28  0.00 0.56 0.00 73.5

G3 1 -2.14  0.00 1.04  0.00 -0.50 0.00 76.2
2 -0.88 0.16 092  0.00 -0.34 0.00 76.9
3 -0.35 0.57 096  0.00 -0.19 0.00 76.9
4 0.97 0.14 099  0.00 0.06 0.30 78.5
5 1.21 0.09 1.07  0.00 0.27 0.00 814
6 1.19 0.23 1.01 0.00 0.70 0.00 70.8
7 -0.80  0.47 1.27  0.00 -0.61 0.00 69.2
8 0.11 0.89 1.31 0.00 -0.52 0.00 77.5
9 0.87 0.28 1.28  0.00 -0.11 0.16 80.3
10 -0.02 098 1.24  0.00 0.28 0.00 80.7
11 0.59 0.52 1.16  0.00 0.90 0.00 81.2

G4 1 -2.80  0.00 1.05  0.00 -0.26 0.00 714
2 -1.10  0.09 098  0.00 -0.33 0.00 76.3
3 -0.48 044 099  0.00 -0.18 0.00 76.7
4 0.91 0.17 096  0.00 0.13 0.04  78.8
5 1.35 0.05 1.03  0.00 0.27 0.00 812
6 2.12 0.06 1.00  0.00 0.38 0.00 64.8
7 -1.83 0.10 1.23  0.00 -0.19 0.19  63.8
8 -0.23 0.80 1.39  0.00 -0.49 0.00 76.6
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Table OA-7: Detailed version of the top panel of Table
Good  port. avg. ret.  p-val o p-val Boc  p-val  Bgooa  p-val R?
1 -1.63 025  -3.23 0.02 0.38 0.00 12.6
2 -0.19  0.88  -1.37 0.27 0.28 0.00 8.7
3 0.79 054  -0.98 0.41 0.42 0.00 17.6
4 2.80 0.05 0.18 0.88 0.63 0.00 343
5 3.68 0.02 0.81 0.54 0.69 0.00 33.8
6 4.65 0.01 2.27 0.18 0.57 0.00 17.7
7 -0.18 092  -2.64 0.12 0.59 0.00 18.1
8 1.04 057 -1.24 0.45 0.54 0.00 16.1
9 2.76 0.12 0.17 0.91 0.62 0.00 21.7
10 2.77 0.14  -0.18 0.91 0.70 0.00 26.5
11 4.79 0.02 1.53 0.35 0.78 0.00 27.5
Gl 1 -1.63 025  -1.02 0.48 -0.36 0.04 2.1
2 -0.19  0.88 0.28 0.83 -0.28 0.04 1.6
3 0.79 0.54 0.90 0.50 -0.07 0.66 -0.2
4 2.80 0.05 2.13 0.15 0.40 0.01 2.7
5 3.68 0.02 2.54 0.11 0.69 0.00 6.8
6 4.65 0.01 2.77 0.12 1.12 0.00 14.4
7 -0.18  0.92 0.56 0.76 -0.45 0.03 1.9
8 1.04 0.57 1.96 0.30 -0.55 0.00 3.2
9 2.76 0.12 2.31 0.20 0.27 0.26 0.6
10 2.77 0.14 1.55 0.41 0.73 0.00 5.7
11 4.79 0.02 2.36 0.20 1.45 0.00 20.0
G2 1 -1.63 025  -1.07 0.46 -0.33 0.02 1.9
2 -0.19  0.88 0.04 0.98 -0.13 0.33 0.2
3 0.79 0.54 0.64 0.63 0.09 0.51 -0.1
4 2.80 0.05 2.00 0.17 0.47 0.00 4.3
5 3.68 0.02 2.76 0.08 0.54 0.00 4.6
6 4.65 0.01 3.36 0.07 0.76 0.00 7.2
7 -0.18  0.92 0.46 0.80 -0.38 0.05 1.5
8 1.04 0.57 1.31 0.49 -0.16 0.41 0.0
9 2.76 0.12 2.21 0.22 0.32 0.11 1.1
10 2.77 0.14 1.54 0.39 0.72 0.00 6.2
11 4.79 0.02 3.32 0.09 0.86 0.00 7.7
G3 1 -1.63 025  -1.61 0.28 -0.01 0.95 -0.3
2 -0.19  0.88  -0.41 0.76 0.09 0.37 0.0
3 0.79 0.54 0.14 0.92 0.26 0.02 2.0
4 2.80 0.05 1.48 0.31 0.53 0.00 7.7
5 3.68 0.02 1.76 0.26 0.77 0.00 13.7
6 4.65 0.01 1.71 0.29 1.18 0.00 24.7
7 -0.18 092  -0.15 0.94 -0.01 0.93 -0.3
8 1.04 0.57 0.79 0.68 0.10 0.50 -0.1
9 2.76 0.12 1.52 0.40 0.50 0.00 4.3
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Figure 4: Average vs. model-based expected returns

Circles with no fill (large black dots) plot model-based expected monthly returns versus average monthly
returns (annualized and in percent) for the GC (BC) set of 18 carry trades, as described in Table 3| The
model based returns refer to the three-factor model with a market factor (MKT), an equity volatility factor
(EqVol) and the product of MKT and EqVol, and are estimated, for each trade, as the product of its time-
series slope estimates (3) with respect to the factors in the model, and the corresponding estimates of the
factor risk prices A, as shown in Table The bottom right corner of each plot shows the R? obtained
in regressing average returns on model-based returns (with a constant). The sample period is 12/1984 to
12/2013.
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