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A Additional Tables

Table A1 provides distributional information on the risk factors examined
in the paper. Table A2 examines the carry trade exposures to the downside
risk measure of Lettau et al. (2014) but uses two alternative cutoffs for
determining downside-risk.

B Estimation of Unconditional Moments and GMM Standard Er-
rors

In all of the Tables in the paper, we use standard GMM as developed by
Hansen (1982) to estimate the parameters and their standard errors, which
are presented in parentheses or are used to construct t-statistics that are
presented in square brackets. This section describes the calculation of the
parameter estimators and their standard errors. their standard errors.

Let u denote the sample mean, o denote the standard deviation, y;
denote sample standardized skewness, and y, denote sample standardized
kurtosis. The four orthogonality conditions are

E(r)—u=0
E[(re—p?]-0%=0
E[(rt—,u)?’]
T_YBZO

PR

o4

Let 6 = (,u, 0,73, y4)/, let g+(6) denote the sample mean of the orthog-
onality conditions for a sample of size T, and let S denote an estimate of
the variance of the sample moments for which we use three Newey and
West (1987) lags. Hansen (1982) demonstrates that choosing the parame-
ter estimates to minimize g;(6)’ S;lgT(G) produces asymptotically unbi-
ased estimates of the parameters with asymptotic variance %(D}S;lDT )L,
where Dy is the gradient of g(0) with respect to 6. The Sharpe ratio is
defined to be SR = g, and the variance of SR is found by the delta method:

var(SR)==[ L % o o ]ys;'pp) ' [ 2 % o0 0]

1
o

N
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Table A2: Carry Trade Exposures to Downside Market Risk (Alternative Cutoff Values for
Downside Risk Cutoff)

Description: This table replicates Panel B of Table 8 for alternative downside risk cutoffs.
Specifically, both panels present estimated coefficients and GMM-based standard errors for
the monthly regression

Ri=a +f7 R, te€,

where R, , is the CRSP value-weighted market return minus the one-month Treasury bill
return. However, these regressions are only estimated for observations for which R, , is
below some cutoff level. In Panel A, the cutoff level is Im, the sample mean of R, ,, and in
Panel B the cutoff is zero. (Note that in Panel B of Table 8, the cutoff used is the same as in
Lettau et al. (2014): the sample mean of R,, , minus the sample standard deviation of R,,,,.)
In each panel, we also report the y2(1) statistic that tests the difference between 3~ and j3
from the full sample regression (see Panel A of Table 8), and the p-value associated with that
x?2 statistic. The sample period is 1976:02-2013:08 (451 observations). The o~ estimates
presented here are annualized, and GMM-based autocorrelation and heteroskedasticity
consistent t-statistics are given in square brackets.
Strategy:  EQ SPD EQ-RR SPD-RR OPT EQ-0$ EQ-$ EQ-D$
Panel A:R,,, < }K

a” 6.52 10.76  8.88 10.99 1.93 3.47 3.05 8.40
(3.56) (4.30) (3.58) (4.70) (2.21) (2.66) (2.36) (3.14)

B~ 0.06 0.12 0.09 0.11 0.02 0.10 -0.04 -0.02
(1.79) (2.32) (1.77) (2.47) (0.90) (3.76) (-1.43) (-0.37)

22(1) 1.11 1.60 1.92 4.62 0.04 3.75 0.34 0.05

p-value 0.29 0.21 0.17 0.03 0.83 0.05 0.56 0.82
Panel B:R,, <0

a 6.49 10.62 841 9.83 1.76 3.05 3.44 8.92
(3.33) (3.76) (3.03) (3.72) @1.77) (2.14) (237) (2.82)
B~ 0.06 0.12 0.08 0.10 0.02 0.10 -0.03 -0.02

(1.69) (2.16) (1.500) (1.95) (0.74) (3.27) (-1.14) (-0.23)
22(1) 0.92 1.22 1.13 2.29 0.00 2.22 0.09 0.00
p-value 0.34 0.27 0.29 0.13 0.95 0.14 0.76 0.95
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C The Role of Measurement Currency on Carry-Trade Returns in
Continuous Time

C.1 Motivation

Casual intuition suggests that the rate of appreciation of the measurement
currency—the currency in which carry-trade returns are measured—relative
to that of other currencies should influence the measured performance
of a given carry strategy: if all other currencies depreciate relative to a
particular measurement currency over a particular sample period, this
should cause the measured performance of the carry strategy to be lower
in that sample period.

However, slightly more sophisticated intuition would lead one to con-
clude that the measurement currency shouldn’t matter because the carry-
trade is a zero investment portfolio. Putting this in the context of a simple
example, suppose the AUD interest rate is 5%/year and the JPY interest
rate is 0%/year. To take advantage of the carry (the disparity in interest
rates), a US based investor could purchase $1 (ie., 1 USD) worth of the
Australian Dollar (AUD) which she would deposit in an Australian bank
earning 5%/year. To finance this purchase, she would borrow $1 worth
of Japanese Yen at a 0% rate of interest. If, over the space of a year, the
JPY doesn’t appreciate relative to the AUD, she would earn $0.05 (5%),
assuming the USD/JPY/AUD exchange rates all remain constant. Note also
that this profit wouldn’t be greatly affected by the relative appreciation or
depreciation of the US dollar: if the USD were to depreciate by 5% relative
to both the Yen and AUD, she would lose about $0.05 on the long position
in the AUD, but would gain the same amount from her short position in
the Yen.!

What if we instead consider a European investor who borrows and
invests € 1 instead of $1, and measures his return in Euros? Well, again
this reasoning suggests it isn’t going to make much difference. His profit is
still going to be about<€ 0.05 (i.e., a 5% return) if the AUD-JPY exchange
rate remains unchanged. So by this (specious) argument, the measurement

INote that this reasoning isn’t exact, which is exactly what leads to the result in
this section. Given the interest rate differential, if the JPY/AUD exchange rate remains
constant over the year, and the USD appreciates by 5%, the USD return would be 4.76%
(=1.05/1.05—1.00/1.05). On the other hand, if the USD depreciates by 5%, your return
will be 5.25%.(= 1.05 % 1.05 — 1.00 x 1.05). This non-linearity that leads to the result in
this section.
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currency won’t matter.

It turns out that both of these arguments are incorrect. What we show
here is that, when currency returns follow a diffusion process, the rate of
drift of the measurement currency relative to other currencies does not
play a role in the measured performance of any given carry-trade strategy.
Intuitively, the carry trade is a zero-investment (long-short) strategy, so
appreciation of the measurement currency relative to all other currencies
not only drives down the performance of the long-side of the strategy, but it
also drives up the performance of the short-side of the strategy by an equal
amount. Nevertheless, this does not mean that the choice of measurement
currency has no effect on the measured performance of the carry trade.
The covariance between carry-trade returns in a particular currency and
the return of the measurement currency relative to that particular currency
influences the measured return to the carry strategy.

C.2 Basic Assumptions

We assume that a standard stochastic process governs the evolution of the
exchange rate between any two currencies. Specifically, let S, denote the
currency i price of one unit of currency j at time t. The stochastic process
for the exchange rate is assumed to follow

s’

ij ij 10

=u/dt+oYdz/, (CDH
t

where deJ represents a standard Brownian motion. When u/ > 0, cur-
rency j appreciates on average relative to currency i.

We also assume the existence of a risk-free bond in each currency whose
value evolves according to

a8 _

_j = ltdt, (Cz)
Bt

where i/ is the continuously compounded risk-free rate in currency j.

C.3 Calculating the Strategy Returns, Measured in Currency 1:

To provide a concrete example, we assume without loss of generality that
there are four currencies: h (a high-interest-rate currency), [ (a low-interest-
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rate currency), m; (measurement currency 1), and m, (measurement cur-
rency 2). We will compare the stochastic processes governing the evolution
of the values of a carry trade implemented in the two measurement curren-
cies. In each strategy, we go long the high-interest-rate currency and short
the low-interest-rate currency. Thus, the carry trade positions are the same
for the two strategies; only the measurement currency differs. Note that
the analysis here is valid if one of the measurement currencies is the same
as the high-interest-rate or low-interest-rate currency.

For each strategy, we construct a long-short portfolio with a leverage
of 1. Specifically, at time O we invest 1 unit of capital in the risk-free asset
of the measurement currency. We also finance a long position in the high-
interest-rate currency equivalent to 1 unit of the measurement currency by
borrowing an equal value of the low-interest-rate currency. Thus, at t =0,
the value of the strategy is V" = 1. As the value of the portfolio moves up
or down over time with gains or losses on the carry trade, we continuously
rebalance the portfolio. Specifically, if the value of the portfolio at time
t is V", we trade in or out of currency h and [ so that both the amount
invested in the high-interest-rate currency and the amount borrowed in
the low-interest-rate currency are both equal to V™. Note that this ensures
that the amount invested in the measurement currency will also be V™.

Given these assumptions, over the interval from t to t + dt, the value
of the carry trade in measurement currency 1 evolves from V,"! to VZ::i .
according to

mlh Smll
my; __ ,m .m t+dt .h t+dt .1
Vt+1dt_Vfl (1+lt1dt)+SmT(1+lfdt)_F(1+lfdt) , (C3)
t t

where the three terms reflect the following: the interest earned on the
measurement currency; the interest earned on the high-interest-rate cur-
rency plus the appreciation in that currency relative to the measurement
currency; and the cost of the interest on the low-interest-rate currency
adjusted for the appreciation of that currency relative to the measurement
currency.

Applying the stochastic processes in (C1) and (C2) to equation (C3)
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gives:
v o=V [+ de) +(1 + e+ o™rdZ (1 +ifd )
—(1+pMde+omldzMha + ild t)]

Simplifying, dropping t subscripts, and eliminating o(dt) terms gives

dvm

vm = [iml + (" =i+ (umh — ,umll)] dt + c™hgzmh _ gmlgzml,
1

(C4)

C.4 The Strategy Returns in Measurement Currency 2:

If we instead implement the carry strategy in measurement currency ms,
the evolution of the strategy obeys

myh myl
v =y (1+i’tn2dt)+ﬁ(l+i?dt)—ﬁ(l+iidt) . (C5)
t t

However, by triangular arbitrage,

myh mymy ~mph

St+dt _ St+dt St+dt (C6)
mph T gM2Mi omyh

S; e S

Substituting from equation (C6) into equation (C5) gives

mymy omih momy ~myl
My __ ,My .My t+dt “t4dt -h _ Tt+dt Tttdt .1
Vt+dt =V 1+ L de) + gMami omyh 1+ ltdt) M omyl 1+ ltdt)
t S, ¢ S,

(C7)
Comparing equation (C7) with equation (C3), we see that the profits
on the long and short legs of the strategy are now each multiplied by a

mamy

factor Si@‘irﬁl .

Subtstituting the stochastic processes in (C1) and (C2) into equation
(C7) gives

Ve =V [ (1+i;2dt)
+(1+u2™Mdt + o™™mdz ™)1+ e+ o™PdzM (1 + i)
—(1+ ™M de+ o™mdZ (1 + p de+ o™ldzM (L + ik .
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Again, simplifying, dropping t subscripts, and eliminating o(dt) terms gives

+omtdzmh — gmldzm!, (c8)
where
o= \/(amlh)z + (O'mll)z —2gmihgmilp,
PO = cov(o™tdz"" —gmldzM' g mamdz ™)

ocoMmamy
That is, o¢ is the volatility of the carry trade (measured either in mea-
surement currency 1 or 2—as noted above, the volatility is the same),
and p©™2™ is the correlation of the carry trade return and the rate of
appreciation of measurement currency 1 relative to measurement currency
2.

If we first convert equations (C4) and (C8) to excess return forms
by subtracting the risk-free rates of interest, and then difference the two
equations, we obtain

(d‘;/mmz . imz) _ (d‘;/mml _ iml) — O_co_mzmlpC,MZmldt
2 1

= cov(rc,dSmlmz/Smlmz)dt.(C9)

Notice that, in both equation (C4) and (C8), the stochastic component of
the carry-trade return is c™"d ;" th_ omldz!" i This means that carry
trade returns denominated in two-different measurement currencies will be
(conditionally) perfectly correlated and have the same volatilities. This result,
of course, is only strictly true given our assumption that exchange rate
movements follow diffusion processes. The result is reflected in equation
(C9), which has no stochastic (dZ,) component. However, the drift rates for
the excess returns (i.e., the average excess returns) are different, and the
difference is equal to the covariance between the carry return and rate of
appreciation of measurement currency 1 relative to measurement currency
2. Thus, if measurement currency 1 appreciates relative to measurement
currency 2 when the carry trade strategy does well, we should observe a
higher average carry trade return when the strategy returns are measured
in measurement currency 2 rather than in measurement currency 1.
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Since the carry strategy does well when low-interest-rate currencies
depreciate, equation (C9) will be positive when m, is a low-interest-rate
currency and negative when m, is a high-interest-rate currency. Thus, the
measured mean carry trade return should be higher when measured in JPY
or CHF and lower when measured in NZD or AUD.

This is consistent with the evidence in Panel A of Table C3, which
reports summary statistics on the USD base currency carry trade of Table 1
but measured in the other currencies listed in the column heads. There are
only slight differences in the average returns and Sharpe ratios across the
different measurement currencies, but the patterns line up with the model’s
predictions. Specifically, the average return is highest when measured in
JPY, and lowest when measured in AUD. Note that the Sharpe ratios exhibit
this same pattern.

Recall that Table 2 of the paper presents summary statistics for the
returns to a set of EQ-carry strategies with different base currencies, but
to make these comparable, the returns are all measured in USD. Panel B
of Table C3 presents summary statistics for these same strategies, but the
returns are now measured in the base currency. So, for example, the NOK
column summarizes the returns that a Norwegian investors would have
received in Norwegian krone, when implementing the strategy with the
NOK as the base currency. Comparing the mean returns and the Sharpe
ratios in Panel B with those in Table 2 shows again that the measurement
currency has only a slight effect on the average returns.

Finally, Panel C examines the differences between the mean returns
presented in Table 2 (which, for convenience, are reproduced in the first row
of Panel C), and the mean returns calculated in Panel B of Table C3. Since
the only difference between the two sets of returns is the measurement
currency, we can see how well equation (C9) fits these differences. The
row labeled "model" is the annualized covariance between the monthly
exchange rate innovation and the carry-trade return, for the given base
currency EQ strategy. Comparing the model prediction with actual mean
return difference (in the row above) shows that the equation (C9) explains
the difference in the average returns almost perfectly. The differences
between the model and the average return, given in the final row of the
table, show that the differences are generally on the order of 1%. We also
note that the correlations between the monthly EQ-carry returns measured
in USD and in the base currency are high: the average correlation is 0.9982,
and the minimum is 0.9966.
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Table C3: Summary Statistics of EQ Carry Trade Returns for Alternative Measurement
Currencies and Base Currencies

Description: Panel A presents the summary statistics for the USD base currency EQ carry
strategy as in Table 1, but the returns are measured in the different currencies at the top of
each column. Panel B reports statistics for EQ strategy returns for different base currencies,
as in Table 2, but now the returns are measured in that base currency rather than in USD.
Panel C examines the differences between the mean returns in Panel B and in Table 2 (which
are also reported in the first line of Panel C) as 7,, — ygp. The row labeled "model" reports
cov(re,ds™™ /S, ...), estimated from the monthly returns. According to equation (C9),
this should be equal to (#,, — 7'ysp) if the continuous time approximation holds. Finally,
"diff (x100)" is the difference between the preceding two lines of the table: that is, it tells
us the error in the model forecast of the difference in mean returns (7, — ysp), multiplied
by 100.
Panel A: USD-based EQ Carry, by Measurement Currency

CAD EUR JPY NOK SEK CHF GBP NZD AUD USD

Mean Ret. (% p.a.) 3.89 394 4.09 387 384 398 386 384 383 396
(0.91) (0.92) (0.90) (0.92) (0.92) (0.92) (0.92) (0.91) (0.91) (0.91)

Std. Dev. 5.07 5.11 5.06 5.12 512 510 5.11 5.09 5.08 5.06
(0.28) (0.30) (0.28) (0.30) (0.30) (0.30) (0.30) (0.29) (0.28) (0.28)
Skewness -0.53 -0.59 -0.50 -0.63 -0.64 -0.59 -0.61 -0.57 -0.58 -0.49

(0.20) (0.24) (0.23) (0.24) (0.23) (0.24) (0.24) (0.20) (0.20) (0.21)
Excess Kurtosis 2.05 2,51 219 251 244 254 250 211 2.11 2.01
(0.53) (0.73) (0.64) (0.72) (0.67) (0.70) (0.71) (0.55) (0.54) (0.53)
Sharpe Ratio 0.77 0.77 081 0.76 0.75 0.78 0.76 0.76 0.75 0.78
(0.19) (0.20) (0.20) (0.20) (0.20) (0.20) (0.20) (0.20) (0.20) (0.19)

Panel B: EQ-Carry, by Base Currency, Measured in Base Currency

CAD EUR JPY NOK SEK CHF GBP NZD AUD USD

Mean Ret. (% p.a.) 3.02 269 340 267 233 3.05 3.09 392 323 396
(0.73) (0.90) (1.70) (0.84) (1.02) (1.21) (0.97) (1.50) (1.41) (0.91)

Std. Dev. 426 533 958 5.09 597 720 560 847 7.61 5.06
(0.21) (0.26) (0.61) (0.31) (0.80) (0.40) (0.37) (0.80) (0.63) (0.28)
Skewness -0.11 0.14 -0.79 -0.64 -3.77 -0.34 -0.26 -0.90 -0.97 -0.49

(0.20) (0.19) (0.38) (0.38) (0.92) (0.31) (0.45) (0.36) (0.32) (0.21)
Excess Kurtosis 1.53 143 3.68 3.71 30.24 241 441 5.57 415 201
(0.36) (0.46) (1.64) (1.24) (7.37) (0.87) (1.48) (1.58) (1.87) (0.53)
Sharpe Ratio 0.71 050 0.36 0.52 0.39 042 0.55 046 0.42 0.08
(0.18) (0.17) (0.19) (0.18) (0.21) (0.17) (0.18) (0.19) (0.20) (0.07)

Panel C: The Effect of Measurement Currency

CAD EUR JPY NOK SEK CHF GBP NZD AUD USD

Fr—ush 3.08 245 254 290 264 242 340 470 3.85 3.96
F—Frusp 0.06 -0.24 -0.86 023 031 -0.63 031 078 063 —
model 0.06 -0.24 -0.87 0.23 031 -0.64 031 0.77 062 —

diff (x100) -0.02 048 1.04 0.08 -0.10 0.88 -0.05 0.75 0.50 -
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