NBER WORKING PAPER SERIES

EMERGING MARKET CURRENCY EXCESS RETURNS

Stephen Gilmore
Fumio Hayashi

Working Paper 14528
http://www.nber.org/papers/w14528

NATIONAL BUREAU OF ECONOMIC RESEARCH
1050 Massachusetts Avenue
Cambridge, MA 02138
December 2008

Stephen Gilmore is an employee of Banque AIG. Fumio Hayashi works from time to time as a paid
consultant for Banque AIG. We thank Geert Rouwenhorst and Makoto Saito for helpful comments.
The views expressed herein are those of the author(s) and do not necessarily reflect the views of the
National Bureau of Economic Research.

NBER working papers are circulated for discussion and comment purposes. They have not been peer-
reviewed or been subject to the review by the NBER Board of Directors that accompanies official
NBER publications.

© 2008 by Stephen Gilmore and Fumio Hayashi. All rights reserved. Short sections of text, not to
exceed two paragraphs, may be quoted without explicit permission provided that full credit, including
© notice, is given to the source.



Emerging Market Currency Excess Returns
Stephen Gilmore and Fumio Hayashi
NBER Working Paper No. 14528
December 2008

JEL No. F31,G11,G15

ABSTRACT

We discuss the foreign currency forward premium puzzle in the context of 20 internationally tradable
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currencies has provided significant equity-like excess returns against a number of major market currencies,
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1. Introduction

This paper examines the excess return (the difference between the forward exchange rate and the spot rate
at maturity) from taking long positionsin 20 internationally tradable EM (emerging market) currencies.
We find that since the late 1990s the basket of those EM currencies has provided equity-like excess
returnsin USD (U.S. Dallars) but with far less volatility and with Sharpe ratios well above unity. Thisis
not just aUSD story. The basket has aso provided excess returnsin EUR (the Euro) and JPY (the
Japanese Y en), although with lower Sharpe ratios given the higher volatility of those currencies against
EM currencies. By comparison, the excess return available from a basket of major currenciesis, while
positive, far lower in the mean and the Sharpe ratio. We also find that the forward premium, which equals
the interest-rate differential or what is commonly called the carry by foreign exchange traders, is
significant in predicting the excess return. Additionally, we note that the transactions cost due to bid/offer
spreads is much lower than commonly supposed in the academic literature.

Our paper has two broad contributions. Firgt, it contributes to the vast literature on the failure of
Uncovered Interest Rate Parity (Ul P)ﬂby providing corroborating results and some new ones for EM
currencies. There aretwo classes of tests of UIP. One, sometimes called the unconditional test, examines
whether the mean excess return is significantly different from zero. The other, the conditional test, has
attracted alot more attention. The test can be performed by regressing the excess return on the carry or,
equivalently, by regressing the rate of change of the spot exchange rate on the carry. This|atter time-
seriesregression is known as the Fama (1984) regression. The extensive literature reports that, while it
survives the unconditional test, UIP fails spectacularly on the latter test, with the carry coefficient in the
excess return regression far above the value of zero implied by UIP and often above two (or, equivalently,
the carry coefficient in the Fama regression far |ess than the theoretical value of unity and often negative).
This phenomenon is known as the forward premium puzze --- at short time horizons higher yielding
currencies tend to appreciate rather than depreciate asimplied by UIP.

Those results found in the literature are mostly for major currencies. We find that the results of
the unconditional test for EM currencies are very different: for many of the 20 EM currencies the mean
excess return in USD is significantly different from zero. We aso test for joint significance by asking
whether the excess return from a portfolio of passive investmentsin currencies, consisting of equally-
weighted long positions in forward contracts, is positive. For an investor seeking exposure to EM
currencies as an asset class, thisis the most relevant question. As already mentioned, the excess return

from this asset class has historically generated an equity-like excess return in the mean.

L UIP states that the forward exchange rate is an unbiased predictor of the future spot rate at maturity. See
Engel (1997) for an exhaustive survey. Lustig, Roussanov, and Verdelhan (2008) contain a concise survey of
very recent empirical studieson UIP.



Our results on the conditional test for EM currencies, too, are different from those for mgjors.
The effect of the carry on the excess return for EM currenciesisweak in two respects. First, for each EM
currency, the carry coefficient in the excess return regression is small, typically between 0 and 1. Second,
and thisiswhat we think is new, we find that the excess return from EM currencies as awhole (as
measured by the return from the passive portfolio) is better explained by the carry for major currencies
than by the EM currency carry. However, the portfolio-based conditional test gives a different picture.
That is, for EM currencies, the excess return from an actively-managed portfolio of currencies that takes
long positions only in those relatively high-yielding currencies (for which the carry is more positive than
others) is substantially higher than that from the passive portfolio (which itself is comparableto U.S.
equity excess returns in the mean) with a Sharperatio that is well above unity. We argue that one way to
possibly reconcile these apparently conflicting results about the effect of the carry for EM currenciesisto
assume that the excess returns from individual currencies share a common factor related to the world real
interest rate.

Very recently, several papers have examined EM currencies. Frankel and Poonawala (2006)
confirm an earlier result in Bansal and Darlquist (2000) that the carry coefficient in the Famaregression is
(still less than unity but) above zero for EM currencies. Burnside, Eichenbaum, and Rebelo (2007) show
that high Sharpe ratios for the excess return can be obtained from carry-based, actively-managed
portfolios of alarge number of currencies. de Zwart, Markwat, Swinkels, and van Dijk (2008) report that
various active strategies including the carry-based and chartist strategies generate Sharpe ratios above
unity for EM currencies but not for currencies of developed countries. The exchange rates data used by
these studies are quotes assembled by Reuters and disseminated by Datastream.EI Besides providing the
new evidence discussed above, our contribution relative to these studies isthat we use a propriety dataset,
which we deem is more reliable, covering longer time periods for EM currencies. We aso examine
passive portfolios which, curiously, these studies ignored.

The second broad contribution of our paper liesin its careful calculation of the excessreturn. To
calculate the excess return, which isthe difference between the forward rate and the spot rate at maturity,
one needs to take into account the lag (zero, one, or two days depending on the currency) between the
date when the spot rate is observed and the settlement date. Perhaps surprisingly, compared to the usual
practice of matching the 1-month forward rate observed at the end of the month with the spot rate at the
end of the following month, aligning dates correctly makes some difference especially for EM currencies

(the mean absolute value difference in the excess return is 46 basis points if averaged over the EM

2 Except possibly for Bansal and Darlquist (2000), which merely indicates that the data were obtained from
Datastream. The Burnside €. al. study uses the WM/Reuters data available from Datastream. The de Zwart
et. al. study states that their exchange rates correspond to Reuters 7am GMT mid rate fixings.



currencies). We explain, in an appendix, how to identify the observation date for the spot contract so that
the forward rate and spot rate that go into the excess return calculation have the same settlement date.
The alignment issue also has an implication for the date for observing the carry asasignal in
implementing the active carry-based strategy. A casual choice of the signal observation date, such as
equating the date with the observation date used for the excess return calculation, leads to an
overstatement of the return from the strategy by several tens of basis points per annum.

We have a so been careful when incorporating transactions costs due to bid/offer spreadsin our
excess return calculations. For aforward contract of, say, 1 month, a number of previous academic
studies we are aware of assume that the investor opens a forward position and then closes or unwinds it
one month later and repeats this operation during the investment period.EI The transactions cost calcul ated
thisway islarge: more than 100 basis points per annum for developed countries (see, e.g., Table 1 of
Lustig, Roussanov, and Verdelhan (2008)) and large enough to turn a positive Sharpe ratio negative for
EM currencies (see Burnside, Eichenbaum, and Rebelo (2007)). But in practice it isfar cheaper to
maintain, or “roll”, the position, viaforeign exchange swaps. Our calculation indicates that even for EM
currencies the annual transactions cost due to bid/offer spreads has historically been well below 100 basis
points, perhaps just several tens of basis points, per annum.EI We extend this currency-by-currency
calculation to encompass passively or actively managed portfolios in which the allocation of positions
between currencies needs to be adjusted monthly by newly opening a position of a suitable size,
unwinding another, and rolling the rest of the existing positions. The calculation, detailed in an appendix,
indicates that even for actively-managed portfolios of EM currencies, the transactions costs would likely
have higtorically been less than 100 basis points per annum.

The plan of the paper isas follows. By way of establishing our notation, Section 2 restates UIP
and describes the two classes of tests (unconditiona and conditional) of UIP. Section 3 describes the
dataset and explains our method for calculating the excess return that takes into account the data
alignment issue mentioned above and also bid/offer spreads. Section 4 reports our results of the

unconditional tests for individual currencies and for passive portfolios. Our results of the conditional

3 An exception is Burnside, Eichenbaum, Kleshchelski, and Rebelo (2008) who note that maintaining along
position in aforward contract is equivalent to investing in the underlying asset (a foreign short term bond) on
an uncovered basis and paying bid/offer spreads upon entry and exit. However, they do not provide an explicit
calculation of transactions costs from this investment strategy. Furthermore, unlike maintaining a forward
position, this strategy involves credit risk on the full notional amount which may be important for EM
currencies.

* Our estimate of the transactions cost, assuming that the bid/offer spreads available from the WM-Reuters data are
representative, is about 30 basis points per annum for the EM currencies and less than 10 for mgjors. Asthe global
financial system crisis has deepened during the fall of 2008, bid/offer spreads have widened dramatically, doubling
our estimate of the transactions cost for EM currencies and tripling that for mgjors. It remainstoo early to make
definitive statements on whether or not spreads will return to the average level s seen during recent years.



tests, one in the form of the excess return regression and the other in terms of actively-managed portfolios,

arein Section 5. Section 6 briefly summarizes our main results.

2. Testsof UIP (Uncovered Interest Rate Parity)

A. Notation and Statement of UIP
By way of establishing the notation, we start with arestatement of UIP (Uncovered Interest-rate Parity).
We express the exchange rates in units of the domestic currency (USD (the U.S. dollar) for the most part

of our paper) per unit of the foreign currency in questi on.EI Solet S bethe USD price of aunit of the
foreign currency in question at the end of month t, and F, be the associated 1-month forward rate for

delivery in the next month. UIP can be stated as

UIP: E,(S,)=F, (1
where E, isthe conditional expectations operator conditional on information available at timet. We
define the excess return from along position in the forward contract at time t, ER,;, asEI

_Shl_':t _St+1
ER,,=——=—"-1. (2
Ra F F 2

Thisisthe return when the investor longs the currency and shorts USD. Thereturn is an excess return
because it accrues to an investment strategy that requires zero cost. Since F; isknown at timet, UIP can

be stated equivalently as:

UIP restated: E,(ER,,)=0. (3)

® Exchange rates for most currencies against USD are usually quoted in foreign currency units per USD (e.g.,
108 Yen to the U.S. dollar). Our notation, which instead refersto 1 Yen being /108 USD, does not follow
this convention because the exposition of UIP in terms of the excess return (to be defined in a moment) is more
transparent when the exchange rate is stated as aprice in USD. See, e.g., Burnside et. al. (2008, Section 2) for
a statement of UIP using the notation the same as ours. However, later on when we report some calculations to
incorporate bid/offer spreads, the formulas for calculations (to be displayed in Appendix 2.1) will adhere to the
usual convention of stating the exchange rate in foreign currency units.

® More often, researchers state UIP and the excess return in terms of logs: E, (I0g(S,.,)) =log(F,) and
ER,; =100(S.;) —l0g(F,). Becausethe log difference approximately equals the percentage difference

(i.e, log(x) —log(y) = ﬂ), all the results to be reported in the paper are virtually identical with the log
y

version. We chose to use the non-log version because the exact expression for the excess return that the
investor receivesis (2) in the text, not the log difference.



The left hand side of this egquation is the (conditional) risk premium. So UIP states that the risk premium

iszerofor all dates. Asiswell known, if the time t information includes past excessreturns ( ERg for

s<t), the excessreturn series should exhibit no seria correlation under UIP.

We define the forward premium to be the percentage difference between the spot and forward
rates. Under CIP (covered interest rate parity), the forward premium equals what is called the carry,
whichistheinterest rate differential between the two currencies (the interest rate in the foreign currency
minus the domestic currency (USD) interest rate). In this paper we use the term “forward premium” and

“carry” interchangeably. Thus,

3RS

carr
% Ft Ft

From the definition of the excess return and the carry, it follows thaI

L= Sa S ER[H:ST_+carryt, ®)

That is, the excess return can be decomposed into the spot return and the carry.

We note two points here. First, by CIP, the excess return equals the return from a carry trade in
which the investor borrows at the dollar short-term interest rate, invests the borrowed amount in the
foreign currency, and then converts the return and the principal into USD, thus bearing the foreign
exchange risk.EI Second, even when the currency is pegged to USD (so the USD spot return is zero), the
excess return may not be zero because the carry may not necessarily be zero. For example, if market
participants anticipate an imminent devaluation (as occurred to Argentine Peso in weeks leading up to the
eventual devaluation in Jaunary 2002), the carry (and hence the excess return prior to devaluation) is

positive.

" The derivation of (5) isasfollows.1+ ER 41 =(1+ SHlSt_ > ](1+ > =
t

F
‘J. Theright hand side is

approximately equal to 1+ 3“13[_ S F_ Pt if the second-order term (SHlS[_ = J[S[ F_ P j isignored.
t t

If the excess return is defined as the log difference as in the previous footnote and if we define the carry as
carry, =log(§) —log(F,) , then the decomposition (5) becomes exact:

10g(S +1) ~log(Ft) =[109(S+1) ~109(S)] +[10g(S ) ~log(F)]
® The return from the carry tradeis (1+1,,,)S.,,/ S —(L+T,,,) , where 1., isthe foreign currency interest
ratefromdate t to t +1 and r,,, isthe USD interest rate. CIP statesthat S/ F, = (1+7,,,)/(1+T1,,,) .

Eliminating § from these two equations, we obtain (1+1,,,)S.,, /S —(1+r.;) = (@1+1.,,)(S../F —1).
So the carry-trade return is proportional to the excess return defined in equation (2) of the text.



B. Tests of UIP
The null hypothesisin the unconditional test of UIPis

the null in the unconditional test: E(ER ;) =0, (6)

whichisimplied by UIP by taking the unconditiona expectation of both sides of (3). We will test the
null hypothesisin two ways. First, we will conduct the usud t test for each currency. Second, to test for
the risk premium for a group of currencies, we will examine the index excess return, defined as the excess
return from a portfolio of currencies that is passively managed.

The conditional test examines whether the excess return fromt to t+1 can be predicted by some
variable whose valueis known at time t. The variable most likely to be informative about the future

excess return isthe carry. Consider the excess-return regression
ER.,=a+yarry, +u. (7)

Under UIP, both a and y are zero. Asiswell known (see, e.g., Hayashi (2000, Chapter 6)), UIP implies

that those conditions under which the OLS (ordinary least squares) estimator is consistent (except the one
requiring that the variables be ergodic stationary, which we assume here) are satisfied. We will also
conduct a portfolio-based test of the predictive ability of the carry by examining the return from a
portfolio that is actively managed based on the carry as the signal.

C. Relation to the Fama Regression
The more popular, and nearly equivalent, form of the conditional test in the literature is the “ Fama

regression” in Fama (1984):
log(S;,) —109(§) =a + Blog(F ) ~10g(S)) +u;. (8)

Since under UIP the forward premium is an optimal predictor (in the sense of minimizing the mean

squared error) of the actual rate of change of the spot rate, we have a =0 and S =1. The well-known

forward premium puzzeisthat the OLS estimate of £ isfar lessthan unity, often negative and more like

0 Su—F S-F
—1than 0.° Since ERME% =log(S,,) —log(F,) and carry, = = L =log(S)-log(F,), the

t t

excess-return regression (7) can be written approximately as
l0g(S.4) —log(F) = a + y Wlog(§) —log(R)) +u,. (9)

Subtracting 109(§) —log(F;) from both sides of this equation, we obtain

° Froot and Thaler (1990) carried out a survey of 75 such studies, finding that the carry coefficient was on
average -0.9.



log(S.,,) —10g(S) = a + (1-y) Wlog(F,) —log(§)) +u;,  (10)

whichisthe Famaregression. Thatis, the a in the Famaregression is approximately equal tothe a in
the excess-return regression, and

y=1-g. (11)
Therefore, the forward premium puzzle in terms of the excess-return regression isthat the OL S estimate

of the carry coefficient y isgreater than unity, often above 2.

3. TheData

A. The Baskets of Currencies

We obtained daily data on over-the-counter spot and forward rates against USD (the U. S. dollar) asthe
base currency for 20 EM (emerging market) currencies and 9 major currencies. The 20 EM currencies (to
bereferred to as“EM20"), listed in Table 1A, are: ARS (Argentine Peso), BRL (Brazilian Real), CLP
(Chilean Peso), CNY (Chinese Y uan), COP (Colombian Peso), CZK (Czech Koruna), HUF (Hungarian
Forint), IDR (Indonesian Rupiah), ILS (Israeli Shekel), INR (Indian Rupee), KRW (Korean Won), MXN
(Mexican Peso), PHP (Philippine Peso), PLN (Polish Zloty), RUB (Russian Ruble), SKK (Slovak
Koruna), THB (Thai Baht), TRY (Turkish Lira), TWD (Taiwan Dallar), and ZAR (South African Rand).
The 9 mgjor currencies (to be referred to as“G9"), listed in Table 1B, are: AUD (Australian Dollar),
CAD (Canadian Dallar), JPY (Japanese Yen), NZD (New Zealand Dallar) , NOK (Norwegian Krona),
SEK (Swedish Krona) , CHF (Swiss Franc) , GBP (British Pound), and EUR (Euro). We will also use
data on three EUR legacy currencies, DEM (Deutsche Mark), FRF (French Franc), and ITL (Italian Lira),
that the Euro replaced.

Themain criteriafor choosing EM currencies for our study are the following. Thefirstis
existence of sufficient historical data on spot and forward rates, reflecting what could potentially have
been traded by international counterparties. The second isliquidity. The assessment of this criterion is by
necessity somewhat subjective, but the above set of currencies (plus exceptions noted bel ow)
approximates, but is not identical to, those identified by the BIS Triennial Survey as having the highest
daily turnover. Third, some currencies that are occasionally classed as emerging market currencies have
been deliberately excluded. The most notable are the Singapore Dollar and the Hong Kong Dollar. In both
cases high per capitaincomes and levels of development suggest they cannot comfortably be classified as
emerging market currencies. Fourth, we excluded those currencies that were sustainably pegged to a
major currency over the entire sample period of from the late 1990s to 2008. Perhaps the most prominent
in this category is the Saudi Arabian Riyal.



ARS (Argentine Peso) and CNY (Chinese Y uan), two of our 20 EM currencies, were pegged to
USD for only part of the sample period. ARS was pegged to the USD until January 4, 2002. For CNY,
the authorities intervened to maintain the spot rate within a very narrow range until July 20, 2005. We
will include those periods with (near) constant exchange rates in our excess return cal culation because the
excess return, which equalsthe carry (i.e., the forward premium) when the spot rate is constant (see (5)),

fluctuated in anticipation of potential future moves in the spot rate.

B. Data Source
The dataset for EM 20 was prepared by AIG-FP (AIG Financial Products International, Incorporated)
using its own proprietary database. For some emerging market currencies, the series on the spot and
forward rates start as early as May 1996. Where gaps or deficiencies existed, a combination of additional
sources was used with the aim of preparing a dataset that represented prices that were tradable by
international or offshore market participants. Asaresult, where significant capital controls or other
restrictions exist in a particular country, rates observed in non-deliverable forward (NDF) markets have
been used.EI AlG-FP has used this proprietary datato construct afamily of investible emerging market
indexes (called the AIG-EMFX I3V family) in away similar to --- but not identical to --- our EM 20 index
to be explained later in Section 4B. We have taken some comfort in the knowledge that the series derived
from the underlying spot and forward observations in the A1G-FP dataset correspond closely to those
derived independently by JP Morgan in its short-dated local currency emerging market index (the ELMI+
index). We have not attempted to access the underlying spot and forward rate data used by JP Morgan.
We dso examined the data compiled by WM/Reuters and by Barclays Bank, both publicly
available from Datastream. WM/Reuters spot rates, covering alarge number of currenciesincluding

]

they have compiled intraday spot rates and also forward rates. Their forward rate series start from

EM20 and G9, are widely used by fund managers, custodians and index compilers.*~1n more recent years
December 31, 1996, for some currencies and later (from 2004) for most others. For EM 20, comparing
AlIG-FP with WM/Reuters (as available via Datastream), we judge that the former is a superior data
source, because for most EM currencies the series starts earlier in AIG-FP (with al the six East Asian
currencies starting earlier than the East Asian currency crisis of mid 1997 to January 1998)E|and because

WM/Reuters (as avail able via Datastream) contains a couple of currencies (IDR and TRY'), for which

10 A's at June 2008 data on eleven of the 20 EM currencies comes from the NDF market which is cash settled.
They are: KRW, IDR, PHP, CNY, TWD, INR, BRL, CLP, COP, ARS and RUB. International market
participants actively trade RUB in both non-deliverable and deliverable markets.

" For details, see a WM/Reuters document entitled Spot & Forward Rates Guide available from the web.

2 For example for KRW, the daily forward rate data are available from November 29, 1996 in AlIG-FP and
from February 11, 2002 in WM/Reuters.



there were significant missing or repeated observations. As shown in Appendix Table 1, however, both
data sources when available provide similar numbers. On the other hand, A1G-FP provides only mid rates
(the arithmetic average of bid and offer rates) while WM/Reuters has both bid and offer rates. Thisis not
aproblem for the AlG-FP data because for the most part our excess return cal culation uses mid rates (for
agood reason to be mentioned shortly). The Barclays Bank data, whose forward rate series cover longer
time periods, include only a very small subset of EM20. For these reasons, we decided not to use those
publicly available datasets for EM 20.

For G9, our data source is the G9 component of the WM/Reuters data. The G9 component of the
Barclays Bank series start as early as October 1983 for some currencies, but the data seem far lessreliable
than WM/Reuters. For example, for JPY, the carry (forward premium) at the end of June 1998 implied
by the spot and 1-month forward rate is 2.26% (or 27.1% per annum) and for NOK, there are repeated
observations of forward rates for late August 1998. We did not attempt to ascertain whether thiswas
simply a problem with the data downloaded to Datastream or with the underlying dataset.

C. Calculation of Excess Returns

There are two practical issues related to the calculation of the excess return from daily data that seem to
have been ignored in most previous academic studies. Thefirgt is about a date alignment needed to take
account of the lag, which exists even for spot contracts, between the observation date (the date when the
contract is traded and the exchange rate is observed) and the settlement date. Aswewill note later, a
one or two day difference can make a difference to average excess returns for EM currencies. The second
issue is treatment of transactions costsin the form of bid/offer spreads. To calculate the average excess
return over an extended period of time, many of the previous studies assume that the investor opensthe
foreign exchange position and then unwinds it every month, thus paying the bid/offer spread on the
forward outright repeatedly. In practice, it is customary to maintain (or “roll”) the position much more
cheaply by the use of foreign exchange swaps. For this reason, when the investment period is long
enough, the excess return we calculate using mid rates (and thus ignoring transactions costs bid/offer
spreads) is a better approximation to the excess return that the investor in the real world could enjoy,
provided that the mean excess return islarge relative to theroll cost. These two issues are discussed in
detail in Appendixes 1 and 2. Herein the text we provide a summary focusing on the case of 1-month

forward over-the-counter transactions.

C.1. Date Alignment

B Thelag is zero or one business day for TRY, one business day for CAD, PHP, and RUB and two business
days for other currencies.
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We define the 1-month excess return to be the return on 1-month forward contracts whose settlement date

isthe end (the last business day) of the month. This meansthat both the forward rate F; and the
corresponding spot rate S, that go into the excess return formula (2) are for the same settlement date of
the last business day of month t+1, and we need to identify the observation date for F, in month t and the

observation datefor S,; inmonth t +1. For example for JPY, the 1-month forward rate for settlement

on Monday, June 30, 2008 is observed on Wednesday, May 28, 2008, to be about 104.6 yen to the dollar.
The spot rate for the June 30 settlement is observed on Thursday, June 26 and is 107.2 yen to the dollar.
The USD excess return on JPY 1-month forwards from May to June 2008 is calculated as (1/107.2 —
1/104.6)/(1/104.6). The monthly return series thus calculated is non-overlapping in that the observation

date for § needed to calculate ER, (the excess return from month t-1 to t) is also the observation date
for the 1-month forward rate F, for settlement on the last business day of month t +1.
An obvious alternative in defining the monthly excessreturn istake the F, in (2) to be the

forward rate observed at the end of month t (the last business day of the month) and the S;,; to bethe

spot rate observed at the end of month t+1. The problemis the discrepancy in the settlement date. For
example for JPY, the settlement date for the 1-month forward contract traded on Friday, May 30, 2008 is
Thursday, July 3, while the settlement day for the spot contract traded on June 30 is July 2. Our
calculation shows that the difference in the settlement day makes some difference for the mean excess
return and that the discrepancy in the settlement day between the spot and forward contracts raises the

b

volatility of the excess return for high volatility currencies.™ This example a so shows that the same
problem arises in a magnified way if the last Friday of each month is sampled. The last Friday of June

2008 is June 27, which is four business days prior to the settlement date of July 3.

C.2. Transactions Costs
Consider an investor who, instead of opening a new position and unwinding the old one every month,
opens along position viaa 1-month forward outright contract in month 0, maintains the position for n

successive months via foreign exchange swaps, and then unwinds in month n. Relative to the excess

4 This problem makes fairly big differences for high volatility currencies. The mean of the absolute value of
the difference in the excess return per annum between the values calculated by our procedure (shown in Table
1) and those calculated from end-of-month record is about 46 basis pointsif averaged over EM20. The
absolute-value difference is 306 basis points for IDR and 190 for ARS. For G9, the average absolute-value
difference is about 32 basis points. These numbers are substantially smaller for G9 if the third quarter of 2008
is not included (the EM 20 average is about 46 basis points and the G9 average is 9 if the sample ends in June
2008). For the annualized volatility, the mean absolute value difference is 84 basis points for EM 20 (the
maximum is 815 basis points for IDR) and 25 basis points for G9.

11



return without transactions costs calculated from mid rates throughout, the investor pays the difference
between the bid and mid rates (which equals half times the bid/offer spread) when opening the positionin
month 0, the difference between the offer and mid rates when unwinding the position in month n, and a
monthly “roll cost” in between. Theroll cost is the difference between the bid and mid of the foreign
exchange forward points of foreign exchange swaps. Thiswill be less than the difference between the bid
and mid of the forward outright rate.

To be more succinct, in this paragraph, we temporarily adopt the convention of stating the

exchange rate in units of the foreign currency per domestic currency (USD). Let S be the spot mid rate
at theend of month t (e.g., 108 JPY =1 USD), F; the (outright) forward mid rate, and Ftb the forward
bid rate. We have F, > Ftb. Appendix 2.1 showsthat the forward rate applicable when the positionis
being rolled, denoted IEt ,isgiven by (A2.3). Thelow roll cost means that IEt is much closer to the mid

rate F than to the bid rate Ftb . Thecumulative gross (i.e., 1 plus) excess return from continuous

exposure to the currency between dates 0 and n, derived in Appendix 2.1 as (A2.3), is

F_(Pxix... —Fn_ —_—, (12)
S 4 S

U

It isthen easy to see that the transactions cost per annum, defined as the difference in the mean

where S isthe spot offer rate for USD.

excess return per annum over n successive months with and without bid/offer spreads, is approximately

equal to
12{ 1 (forward bid/offer spread + spot bid/offer Spreadﬂ +12x%. where
n 2
n-1 ; _ i
= il th, % = forward bid/offer spread2 spot bid/offer spread inmontht, (13)
n —

where the bid/offer spread is relative to the mid rate. (The exact expression for the transactions cost is

(A2.6).) Thevariable X; istheroll cost that hasto beincurred every month. The expression in the

51 the NDF (non-deliverable forward) market is used, the applicable spot rate when unwinding is not the
offer spot rate but the mid rate. So for NDFs (those currencies whose exchange rate data are taken from the

NDF market) mentioned in footnote 10, the offer spot rateS,? should be replaced by the mid rate S;,, and the
term labeled “ spot bid/offer spread” in (13) below should be set to zero.
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bracketsisthe entry and exit costs. Itisdivided by n because the investor incurs these costs only once.
Obvioudly, if n issufficiently large, the spot bid/offer spreads are insignificant and the annual

transactions cost is about 12X (the annualized average roll cost).

How big are those components of the transactions cost? Appendix Table 2 has the spot and
forward bid/offer spread and the annualized roll cost calculated from the WM/Reuters data. Judged from
the WM/Reuters data and al so the Barclays Bank data, the bid/offer spreads for spot and forward
contracts have been declining slowly but steadily over recent severa years, until the onset in 2007 of the
global financial crisis. The table shows averages only since March 2004, because (as can be surmised
from Appendix Table 1) the coverage of EM currencies by WM/Reuters becomes comprehensible only
since then. The table shows that transactions costs are far higher for EM currencies, and within EM
currenciesthereisagresat deal of heterogeneity. Nevertheless, if we focus on averages, the annualized
roll cost --- excluding the entry and exit costs --- was about 30 basis points per annum during the four and
half year period to September 2008. For G9, it was amost negligible, about 5 basis points. However, as
the global financial crisis deepened during September and October 2008, the number of active market
participants and the willingness of those participants to transact with one another declined. Asaresult
bid/offer spreads widened and roll costsincreased. Appendix Figure graphs daily values of the
annualized roll cost for EM20 and G9. In September and early October 2008, the roll cost more than
doubled for EM20 and more than quadrupled for G9.

If (as most previous academic studies assume) the investor repeats the operation of opening a new
position and unwinding the old one, the annualized transactions cost does not depend on the length of the

investment period and is approximately equal to

L 2x[forward bid/offer spread2 + spot bid/offer spreadj NGY)

If the averages shown in Appendix Table 2 are to be used, the approximate annualized transaction cost
equals about 160 basis points for EM 20 and about 60 basis points for G9.

We hasten to add, though, that these historical transactions cost estimates should be viewed as
providing only indicative orders of magnitude for the marginal cost faced by entities that have direct
access to the over-the-counter interbank foreign exchange market. In practice there are several reasons
why the actual costs faced by a market participant might be different from these estimates, although we
expect that on average the differences between the costs we derive from WM/Reuters data and the costs
actually faced by a market participant would berelatively small. First, the reported bid/offer spreads
might not be accessible for a specific market participant. This can occur for instance when a market

participant does not have available credit lines or a dealing relationship with the bank making the quote to
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abroker (or WM/Reuters) --- something that is likely to be more of an issue for emerging market
currencies where the bank making the quote might be located in one of the EM countries. Second, even if
prices are accessible they may only be accessible in relatively small volumes --- again afactor that is
likely to be more relevant for EM than the major markets. (Thisislikely to beless of aproblem when
rolling positions than with spot transactions, though.) Third, market participants may not necessarily face
the full bid/offer. Fourth, bid/offer costs will vary with market liquidity and the time of the day. For
instance the bid/offer spread will be wider on Latin American currenciesin Asian hours or in European
hours prior to the opening of the US markets. Our conversation with foreign exchange traders leads us to
suspect that the roll costs calculated from the WM/Reuters data (shown in Appendix Table 2) have
historically appeared too low for some currencies, e.g., IDR, COP, ARS, INR, PHP and CLP and too high
for otherse.g., TRY, KRW, HUF and ILS.

4. Unconditional Testsof UIP

A. Smple Statistics of the Excess Return, the Carry, and the Soot Return

Having shown that the transactions cost due to bid/offer spreadsis much smaller than commonly assumed
in the academic literature, we present our calculations using mid rates. Simple statistics for non-
overlapping monthly excess return are reported in Table 1 along with those for the carry (i.e., the forward
premium) and the spot return. Panel A of the table has EM 20 (the 20 emerging market currencies)

ordered by the time of data availability. Panel B has G9 (the 9 mgors). The following are noteworthy.IEI

» For EM20, asindicated by itst-value, the mean excess return is significantly different from zero at
the 5% level for half the currencies. In sharp contrast, no G9 currency exhibits a mean excess return
that is significant, even at 10%.EI That is, the null hypothesis (6) can be rejected for a number of EM

currencies but not for mgjors.

» Thevolatility of the excess return for EM 20, ranging from 1% for CNY to nearly 40% for IDR, ison
average not much higher than that for G9.

1® The mean excess returns and the volatilities reported in de Zwart et. al. (2008) are similar, although the
sample periods are somewhat different. It isnot possible to judge from their tables whether the mean excess
return is significantly different from zero or not.

Y Thist-value is based on the standard error that is conventionally calculated ignoring serial correlation. As
can be surmised from the low seria correlation coefficients, incorporating serial correlation doesn’t change the
standard error substantially. The t-values that incorporate serial correlation for monthly non-overlapping series
(aswell as for weekly and daily overlapping series) are reported in Appendix Table 5.
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» Consistent with UIP, thereis no strong evidence for seria correlation, both for EM20 and G9.EI

» The average cross-currency correlation shows that the excess returns are correlated less among EM20

than among G9.

* Turning to the carry, except for CNY and TWD, it has on average been positive and generally much
higher for EM 20 than for G9. The range of variation, too, isfar wider for EM20 than for G9.

» Looking across currencies, we note that the mean excess return is positively associated with the mean
carry (a point we come back to in the next section). Volatility has no clear association with the mean

excess return.

These points about EM currencies emerge more strongly if the sample period excludes the 1997
East Asian crisis (as seen in Appendix Table 3). They hold trueif the 3-month forward rate is used to
calculate the excess return, as shown in Appendix Table 4. Ditto when the sampling interval isfiner: in
Appendix Table 5, we calculate the excess return using the 1-month forward rate, but the sampling
interval is either daily or weekly. Again, the conclusion --- that the premium for USD investorsis

significantly different from zero for EM 20 but not for G9 (mgjors) --- remains true.

B. The Unconditional Test on Passive Portfolios

It isof interest to seeif therisk premium is positive for EM20 as awhole. We could calculate the t-value
for a pooled sample of the 20 currencies. However, to investors seeking exposure to emerging market
currencies as an asset class, afar more interesting way to test for joint significanceisto look at the return
from a portfolio of those currencies. For this purpose, we created excess return indexes, one for EM20
and the other for mgjors. The index takes along position in an equally-weighted basket of 1-month
forward contracts versus USD. The trading rule used to form the portfolio istherefore passive. At the

end of each month, the portfolio is rebalanced. To be more precise, let Y," be theindex value at the end

of month t, withi =1 for EM20 and i = 2 for G9. Then calculate the index values as a cumulative excess

returns by the formula

AU _Y(i) 1
== NER,,, i=1for EM20andi=2for G9, (15)
Yt(l) #B(i,t) By

'8 The high first-order serial correlation coefficient of 0.31 for KRW drops to 0.05 if the sample excludes the
East Asian crisisand starts in Junel998 (see Appendix Table 3). CNY shows a significant positive serial
correlation because, with the spot rate moving very slowly, the excess return is mostly the carry. The negative
serial correlation for ARS is partly due to large swings in the spot rate during months after the peg was
terminated. For INR and RUB, the serial correlation coefficient is smaller if the third quarter of 2008 is not
included in the sample: 0.19** for INR and 0.14 for RUB.
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where ER,; ,,; isthe USD excessreturn fromtime t to t+1 for currency j, B(i,t) isthe basket of
constituent currencies for which dataon ER, ., are available, and #B(i,t) isthe cardinality (the number

of constituent currencies) of B(i,t).
The basket B(i,t) for EM20 can be read off from Table 1A for each month t. We have, for
example,
B(EM20, June 96) = { TWD, THB, ZAR, TRY},
B(EM 20, January 97) = { TWD, THB, ZAR, TRY, PHP, KRW, CNY, IDR},
B(EM20, May 97) = {TWD, THB, ZAR, TRY, PHP, KRW, CNY, IDR, PLN, CZK, CLP, MXN},
B(EM 20, June 98) = {20 EM currencies except ILS and RUB} .

Therefore, during the East Asian currency crisis of the second half of 1997, there were twelve
constituent currenciesin the EM basket and as many as half of them were East Asian currencies. Asa
result the basket is not as diversified as for later periods and so may not be as reflective of emerging
market foreign exchange as an asset class. Indeed, it would be reasonable to assume that given that the
basket includes a high exposure to currencies that were directly affected by the crisisit might be a
negatively biased sample. It also goes almost without saying that there will have been severe liquidity
constraints during the crisisitself, again with a potential impact on the quality of the data.

For G9, for the pre-Euro period, we use DEM, FRF, and ITL asthe legacy currencies that EUR
replaced, so the “ G9” actually consists of eleven currencies before the introduction of the Euro:

B(G9, t) = {AUD, CAD, JPY, NZD, NOK, SEK, CHF, GBP, DEM, FRF, ITL} for t < January 1999,

B(G9, t) = {AUD, CAD, JPY, NZD, NOK, SEK, CHF, GBP, EUR} for t = January 1999.
Therefore, for example, the last observation of the DEM excess return used for the G9 index is from the
end of December 1998 to the end of January 1999, and the first EUR excess return observation isfrom
January to February 1999.

As can be surmised from Table 1, the return from the G9 excess return index would be
substantialy lower than that from EM20. We can also expect that the two excess returns are positively
correlated, because a USD appreciation (depreciation) works to depress (raise) the excess return for each
currency. Therefore, it is of interest to consider a portfolio in which the investor goeslongin EM
currencies (therefore shorting USD) and shorts G9 currencies (hence going long USD), thus mitigating

the impact of USD fluctuations by using low risk-premium currencies as a hedge. Thislong-short index,

denoted Y, | is calculated as

3 3 1 () 2 (2
Ytil) _Yt( ) _lYtil) _Yt 1Yt5—1) _Yt

YO 2 y® 2 Y@
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1 1 1
=5 #B(LY) jmg(f)Rj,tﬂ T#BRY) jDBZ(:ZE)Rj,Hl : (16)
The size of the bet is $1 because the sum of the absolute values of the weightsis unity, asin the passive
long-only strategies considered above. Thisisa“genuine’ long-short index in that the weights add up to
zero. By construction, 2 times the sample mean equals the difference in the mean excess return between
EM20 and G9. A USD appreciation or depreciation uniform against al currenciesis completely offset.

Figure 1 plots the three indexes thus defined --- the passive long-only EM 20, the passive long-
only G9, and the long-EM 20/short-G9 index defined by (16) --- all normalized to 100 at June 1998. The
EM20 excess return index shows a sharp drop from November 1997 to January 1998 (the monthly excess
return is about -5% from November to December 97 and -7% from December 97 to January 98) followed
by arebound in February and March 1998. This swing took place when the basket sizeis13to 16
currencies. It isinteresting to note that the G9 index declined almost in parallel to EM 20 during 1997,
underscoring the common USD factor. The Brazilian devaluation of early 1999, the Turkish devaluation
of early 2001 and the Argentine crisis of early 2002 hardly affect the performance of EM 20, thanksin
part to the increased basket size. The sharp deterioration of the global financia crisisin September and
October 2008, which depressed the value of almost all currencies against USD, did affect both EM 20 and
G9 indexes. On the other hand, the LS (long EM 20, short G9) index shows steady movements even
during the global financial crisis.

Table 2 displays summary statistics of the three indexes. We examine three subsamples differing
in the starting date. Although the index for EM 20 can be cal culated from June 1996, the earliest starting
date is taken to be January 1997, because over several months from June 1996 the index covers just four
currencies, (TWD, THB, ZAR, TRY) and also because it isthe earliest starting date for the G9 index
using WM/Reuters data. The next starting date is June 1998 because by then a more diversified 18
currency basket that we think is more representative of the asset class was available (the next EM
currency, ILS, isnot available until September 2000). As an aside, the effects of the East Asian crisis
were declining by mid-1998 with the losses in the second half of 1997 being partially reversed in the first
half of 1998 (if we started in January 1998, without BRL, rather than June 1998, the mean excess return
would be higher). Thethird subsample is determined by the introduction of EUR in January 1999. The

following are noteworthy features of the table.

» The mean excess return is positive for both the EM20 and G9 indexes, although it is statistically
significant only for the EM20. That is, USD investors would have earned a positive risk premium
from both EM currencies and majors, but only the EM risk premium is large relative to the volatility.
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» The EM20index exhibits less volatility than G9. Consequently, the Sharpe ratio is much higher for
EM20. The constituents are larger in number for EM currencies, but still this finding should be
surprising to many. The low volatility is duein part to the relative lack of co-movementsin the
individual excess returns among E20 (shown in Table 1). The EM currencies benefit from
diversification across regions. EM volatility is also likely to have been lower because a number of

EM central banks have intervened actively to smoothen currency movements against USD.

» For both long-only and long-short indexes, there is little evidence of non-normality in skewness or
kurtosis, asindicated by the Jarque-Bera statistic, except when the sample period includes the East
Asian crisisof 1997. A plot of empirical density (not shown) indicates that the high value of kurtosis
isdueto fat tails at both ends of the distribution.

» Asexpected, going long EM20 and shorting G9 reduces volatility. (The correlation between the
EM20 and G9 indexesis about 0.6.) The mean excess return for the long EM20/short G9 index (16)
of about 2% means that the extra risk premium of EM 20 over and above the G9 risk premium (which
too is positive) is about 4% per annum. The t-value indicates that the difference is statistically
significant.

These conclusions aso hold true if the sample ends in June 2008, rather than September 2008,
thus excluding the sharp deterioration of the global financial crisisin the fall of 2008. Thisis shownin
Appendix Table 6. We aso calculated the indexes with annual rebalancing to equal weights rather than
the monthly rebalancing discussed above. The simple statisticsin Appendix Table 7, which assumes
rebalancing in every January, shows that less frequent rebalancing generally raises the mean excess return
dightly (a sign of weak but positive momentum in returns), raises volatility dightly, and makes the
departure from normality slightly more pronounced.

In Table 3, we calculate the index excess returns (with monthly rebalancing to equal weightsasin
Table 2) when the base currency is EUR and JPY.EI To make the sample period uniform across the base
currency, the sample period starts in January 1999. Asthe table shows, the mean excess return from the
EM20 index has been positive and generally statistically significant in both JPY and EUR. Itsvolatility is

higher when the base currency is EUR or JPY rather than USD. A possible reason isthat, as was

19 To change the base currency from USD to, say, EUR, we perform two operations. First, for each currency in the

basket, the USD gross (1 plus) excess return frommonth t to t +1 ismultiplied by S:J,l/ Ft* , Where S:ﬂ is
the spot rate, stated in USD per unit of EUR, on the observation date for settlement on the last business day of

month t +1 and Ft* isthe forward rate on the observation date for settlement on the last business day of
month t. Second, for the G9 index, which includes EUR when the base currency is USD, EUR isreplaced by

USD. For USD in the G9 basket, the EUR gross excessreturn is §+1/ Ft* :
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mentioned above, most EM currencies trade against USD and a number of EM central banks have

actively intervened to smooth currency volatility against USD.

C. Transactions Costs
We argued above in the context of individual foreign currencies that the transactions cost is modest
because to long-term investors the entry and exit costs become small relative to the roll cost which itself
islow. Here, the indexes being considered assume monthly rebalancing to equal weights, which requires
opening additional long positions or unwinding a portion of existing positions every month. Theinvestor
has to pay bid/offer spreads for those monthly transactions. Although those incremental costs due to
rebalancing over and above the roll cost should be modest compared to the level of excessreturns, it is
nevertheless of interest to verify that.

More fundamentally, with transactions costs, we have to be clear about what is meant by equal
weights. Without transactions costs, the equal weight (in USD) strategy is equivalent to requiring that the
long position in the currency be proportional to the forward rate stated in the units of the currency per

USD. With transactions costs, we define the equal weight strategy to be one in which the position is

proportional to the applicable forward rate when the position is being rolled (namely, IEt in formula (12)

above), except that for the initial month the position isrequired to be proportional to the bid rate ( Fob in

(12)) which iswhat the investor has to pay when opening a new long position.

Table 4 displays our calculations of excess returns under this definition of equal weights with
bid/offer spreads (for now, ignore Rows 5-8). The period isfrom March 2004 to September 2008 (the
same as in Appendix Table 2 on bid/offer spreads) because WM/Reuters provides bid/offer rates for only
13 of the 20 EM currencies before then. Our calculation assumes that the investor newly opensthe
positionsin March 2004 and closes out 54 months later, in September 2008. For the intervening months,
the calculation takes into account the bid/offer spreads as well asroll coststhat the investor has to pay
when adjusting the portfolio monthly to equal weights. Appendix 2.2 explains how to determine what
portion of the existing positionsto roll, what proportion to unwind, and the size of new positionsto open.
It also explains how to allocate the cumul ative gross excess return between intervening months. The
resultsin Table 4 show that, if the data on bid/offer spread provided by WM/Reuters are representative, or
at least close to being representative, the cost of rebalancing isindeed very small because the transactions
cost (defined as the difference in the mean excess return with and without bid/offer spreads and roll costs)
of 32 basis points (6.64% - 6.32%) for EM20 and 4 basis points (3.00% - 2.96%) for G9 are only slightly
higher than the annualized average roll costs displayed in Appendix Table 2 (of about 30 basis points for
EM 20 and about 3 basis points for G9).
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5. Conditional Tests

A. The Regression-Based Test
Turning to the conditional UIP test, wefirst consider the excessreturn regression (7). Using the data that
include recent years and that we deem reliable, we find that the carry coefficient is statistically significant,
thus confirming the forward premium puzzle. The extent of the puzzle islessfor EM20 in that the
coefficient is closer to zero for EM20 than for G9. This corroborates the recent findings by Bansal and
Darlquist (2000) and Frankel and Poonawala (2006).

Table 5 displays the OL S estimates for EM20 in Panel A and for G9 in Panel B. For each
currency, the sample period isthe same asin Table 1.EI Looking at Panel B first, we confirm the forward

premium puzzle for G9. For al G9 currencies except JPY, the estimated carry coefficient y inthe excess
return regression (7) isabove 2. Thisimpliesthat the £ in the Fama regression, which should be 1 under
UIP, would be lessthan —1 ( recall from Section 2 that the £ inthe Famaregression (8) is about equal
to 1-y). Thisisindeed the case, as shown in Appendix Table 8B which displays the corresponding
results for the Famaregression. Now consider EM 20 by turning to Panel A of Table5. The carry

coefficient y for most currenciesis between 0 and 1.EI Thereisagreat deal of heterogeneity across
currencies in the estimated valuesof @ and ). Wedo not report results from pooled OL S estimation,

because the equality of regression coefficients across currencies can be decisively rejected by the Wald
statistic. Results (not shown) for the post-East Asian crisis period are similar except for THB and KRW,

the two currencies hit hard by the crisis.

B. Conditional Test on Actively-Managed Portfolios
A more interesting conditional test is to see whether the investor can earn a significantly higher return
from a portfolio that is actively managed to exploit the predictive power of the carry. The strategy widely
practiced in financial marketsisthe carry trade in high-yielding currencies. Since, as hoted in Section 2,
the forward contract excess return equals the carry trade return and the carry equals the interest rate
differentia, the carry-based strategy is equivalent to taking long positions in only those currencies with a
positive carry.

However, for EM 20, the carry is positive for most currencies (as seenin Table 1A). We therefore

consider a strategy based on the relative, rather than absolute, value of the carry, within the universe of

2 Therefore, for ARS and CNY, for part of the sample period in which the spot rate is constant, the excess
return equals the carry. Consequently, the carry coefficient is unity. This period should be included in the
sample period; otherwise the OLS estimate of the carry coefficient would be biased downwards.

2 For ARS, acarry of 600% for December 2001 is aclear outlier. If this single month is excluded, the carry
coefficient for ARS increases from 0.01 to 0.38 (and highly significant).
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available EM currencies and also within majors. That is, at the end of each month (see below for how we
determine the date of the month), the investor sorts the currencies by the carry and takes equally-weighted
long positionsin only those currenciesin the top half. We will call this strategy the relative long-only
strategy.EI More precisaly, the index representing this strategy is defined by

Yo=Y 1
t41 " Yt _ ER 41, (17)

relative long-only:
Yoo #BT() joF
joB™ (1)

where
B* (1) ={j 0B(®) |carry;; > Median(carry i OB ,

B(t) isthe basket of constituent currencies for which data on the excess return from the end of month t to

g The

t+1isavailable, and #B™ (t) isthe cardinality (the number of constituent currencies) of B (t) .

passive long-only strategy considered earlier in Section 4B obtains if we replace B (t) by B(t) in (17):

. N 1
assive long-only: —t+1 "t = ER. ..1. (18
p gonly: #B(t)jI]zB(t) - (189

We aso consider, for EM20 and G9 separately, the long-short version, called the relative long-
short strategy, which takes long positions in the top half of the currencies (hence shorts USD) sorted by
the carry and short position in the bottom half (long USD). The associated index is defined by

relative long-short:

Y Yt 1 >
= ER; - EER- , (19
_ j,t+1 j,t+1
Yi #B™ (t)+#B™ (1) | jos () i0OB™ (t)

where
B™(t) ={j OB(t) | carry, <Median(carry, i OB(t)} .

Thus the size of the bet is still $1 because the absolute values of the weights add up to unity. Thisisa

long-short index because the weights sum to zero.

Z Theideaof creating portfolios based on these sorts by signals has been around for decades in foreign
exchange. That iswhat CTAsdo. For recent academic studies on sorted portfolios, see Gorton and
Rouwenhorst (2006) who apply the idea to commodities and Lustig and Verdelhan (2007) who look at foreign
exchange.

2 The median of a set of numbers is the middle number when the numbers are sorted. |If thereis an even
amount of numbers, the median is the arithmetic mean of the two middle numbers. Therefore, if nisthe
number of constituent currencies, the strategy goes long on n/2 currencies for even n and (n-1)/2 currencies for
odd n.
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If the number of constituent currenciesin B(t) iseven, then B¥ (t) 0 B™(t) = B(t) and

#B™ (t) =#B ™ (t) =#B(t)/2. A simple algebra utilizing (17)-(19) shows that the difference in the excess
return between the relative long-only strategy and the passive strategy numerically equals the excess
return from the long-short strategy for each t. If the number of congtituentsis odd, this algebraic relation
holds approximately, if not exactly. Therefore, the mean excess return of the relative long-short index
should be amost equal to the difference in the mean excess return between the relative long-only index
and the passive index, and we can judge from the significance of the long-short index whether the long-
only index performs significantly better than the passive index.

These active strategies use the carry asasignal to pick currencies. For them to be feasiblein
practice, the signal must be observed before taking positions. Thisisanon-trivial practical issue because

the date when the forward rate F; is observed for settlement at the end of month t+1 differs across
currencies. For the set of constituent currencies B(t) as awhole, we identify the earliest observation date

among them.E The signal isthe carry observed on the previous business day (which for later reference
will be referred to as the signal observation day). We do so because the foreign exchange rates data are
obtained at different times of the day and some foreign exchange markets are very illiquid by the time
Latin American currency rates are observed.EI Ignoring this feasibility issue introduces upward biasesin
the excess return, and the size of the biasis rather substantial, especialy for EM20. If we use asthe
signal the carry observed on the day the forward rate is observed (so the date differs across currencies),
the mean excess returns from long-only and long-short strategies are about 70 to 80 basis points higher
for EM20 and 20 to 30 basis points higher for G9 depending on the sample period.

Table 6 displays simple statistics for those two active strategies for EM20 and G9 separately, for
the three periods considered in Table 2. Thetable's main message isthat the active strategies could
outperform the passive strategy, especialy for EM20. More specifically,

» Relativeto the passive strategy, the active, carry-based long-only strategy has historically raised the
excess return by about 450 basis points for EM20. Thisimprovement is highly statistically
significant as indicated by the significance of the long-short strategy. For majors, the effect, while
significant at 5%, is much smaller in magnitude.

# For example, for the end of June 2008 settlement, the 1-month rate is observed on Wednesday, May 28 for
most currencies and on May 29 for CAD, PHP, and RUB (which are also the currencies for which the lag
between the spot observation date and the spot settlement date is one, not two, business day) and May 29 or 30
for TRY depending on the time of the day. So the earliest observation date is May 28 for June 2008 settlement.

% |f for some currencies the spot and forward rates are not available on the signal observation date, we turn to
the latest business day before that date for which the data are available.
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* Relativeto the passive strategy, the active long-only strategy, whose constituent currencies are only
half as numerous, raises the volatility only modestly and the Sharperatio is higher. The
diversification benefit seemsto taper off after inclusion of only several currenciesin the basket. This
istrue for both EM20 and G9 for all sub-samples.

» Thehigh Sharperatio for the long-short strategy for EM20 should be taken with care because of fat
tails indicated by the high value of kurtosis even for periods excluding the East Asian crisis.

» Currency turnover islow due to a high degree of persistence in the ranking by the carry. About 11-
12% of those whose carry is relatively high for the month cease to be so in the following month for

EM20. The percentage for G9 is even lower, about 4%.EI

The excess return calculation for the table uses mid rates and thus ignores transactions costs.
With rule-based active strategies, which would regularly require the investor to unwind the whole
position of some currencies and open new positions for others depending on the configuration of the
signal, bid/offer spreads weigh in more heavily. Using the methodology of Appendix 2.2, which was
used to calculate the transactions cost for passive strategies and which works just as well for active
strategies, we calculated the excess returns for the relative long-only strategies with bid/offer spreads.
Theresults are reported in Rows 5-8 of Table 4. Again, if the WM/Reuters bid/offer spreads are
representative, the transactions cost is surprisingly low, with about 50 basis points for EM 20 and less than
10 basis pointsfor G9. That these transaction cost estimates are not much higher than those for the
passive strategies shown in Rows 1-4 of the table is due to the low turnover noted above. If therule
underlying the active strategies required a high monthly turnover of currencies, the transactions cost
would have been much higher; it should be as high as when (as has been assumed in the literature) the
investor closes and reopens the positions monthly (about 160 basis points for EM20 and about 60 for
majors, as mentioned in Section 3.C.1) if the underlying rule required the set of invested currenciesto

change completely from month to month.

C. Reconciling Conflicting Evidence about EM20
Why does the carry-based, relative long-only strategy raise the mean index excess return for EM20in
spite of the low carry coefficient in the excess return regression for individua currencies? To explore

the mechanism behind it, we draw a cross-section plot of the time-series mean excess return against the

% For EM 20, the top half of the currencies when ranked by the carry was (THB, TRY, PHP, KRW, IDR, PLN,
MXN, COP, INR) for the June to July 1998 excess return, and (TRY, BRL, ZAR, COP, MXN, HUF, ARS, IDR,
INR, PHP) for the August to September 2008 excess return.
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time-series mean carry for each currency in Figure 2, for two subsample periodsEI March 2004 is used
to break the whole sample, because the average CPI inflation rate for EM 20 counties stabilized at around
4% since 2004EI and also because we have provided simple statistics for the period starting March 2004
in an earlier table. For both EM20 and G9, thereis afairly strong cross-section association between the
excess return and the carry. The differenceisthat for EM 20 the range for the mean carry isfar more
compressed in more recent years. One explanation might be a possible decline in the inflation premium
in the nominal interest rates. The high persistence in the ranking noted above impliesthat the
compression took place while preserving the ranking by the carry. If the real interest rate differential isa
predictor of the subsequent excess return, this would help explain why the relative long-only strategy
was able to pick currencies with high risk premium. The nominal interest rate differential (i.e., the carry)
has asmall coefficient in the excess return regression because it is a noisy measure of the real interest
rate differential for EM currencies.

So far, in predicting the excess return from the currency in question, we have considered the carry
of that currency only. However, as noted by, e.g., Lustig et. al. (2008), the carry of other currencies may
also help predict the excess return. Here, we address thisissue of cross effectsin the context of two
passive long-only indexes (one for EM 20, the other for G9) considered in Section 4. For the two indexes,
Figure 3 provides atime-series plot of the index excess return (which is the cross-section mean excess
return for each month) on the mean carry (the cross-section mean for the constituent currencies of the
carry).EI For EM 20, there is no time-series correl ation between the index return and the associated carry.
Thisis consistent with the possible contamination by the inflation premium just noted. Regressions #1,
#3, and #5 in Table 7 confirm the lack of correlation for the three subsamples considered in Table 2. In
contrast, regressions #7, #9, and #11 show that for G9 the G9 mean carry has a strong influence on the
G9 index excessreturn. Now, to examine the cross effect, in regressions #2, #4, and #6, we regress the
EM 20 index excess return on the EM 20 carry and the G9 carry. Surprisingly, the G9 carry, not the

EM20 carry, shows up with asignificant coefficient. One possible explanation isthat the excess return

" The carry hereis on the signal observation day (defined in Section 5B) asin the carry used in the active
carry-based indexes, not on the last business day of the month as in the excess return regression. This
difference makes very little difference for the plot.

% The source is IMF's World Economic Outlook. The inflation measure is the rate of change of the CPI for the
average of the year (the WEO code PCPIPCH). The EM average inflation rate was above 10% per annum for 1996-
1999, followed by about 8% for 2000-2002, and about 6% for 2003.

# Theindex return from month t to t +1 isgiven by (15) for i =EM20 and G9. The mean carry for month t
isthe average over B(i,t) of carry jt Where carryj; isthe carry for currency j atheend of month t (more

precisely, on the signal observation day of month t). Use of the carry on the last business day of the month
makes very little difference.
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for individual currencies has acommon global real-interest factor and the G9 carry, with less
contamination by the inflation premium, is a better predictor of this factor.

We have seen in Table 2 that USD investors earned a positive (but not statistically significant)
risk premium in mgjor currencies and an additional premium over majorsin EM currencies. Looking at
the intercepts in even-numbered regressionsin Table 7, we see that these positive risk premiums and the

extra premium of EM currencies would still have existed even in the absence of positive carry.

6. Conclusions

The paper has three major findings. First, USD investors have historically earned a positive risk
premium by taking long forward positions in emerging market currencies. The risk premium would have
existed even in the absence of carry. Second, the carry of other currencies (particularly the carry of
major currencies), not just the currency’s own carry, help predict the currency’s excessreturn. Third,
according to our calculations, the transactions cost due to bid/offer spreadsis substantially lower than

previoudy supposed.
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Appendix 1: Calculation of the Excess Return and the Carry

This appendix describes how we calculated daily data on the excess return on forward contracts of a given
maturity (e.g., 1 month or 3 months) and the carry. Monthly data can be created from daily data simply by
extracting end-of-month (the last business day of the month) records. Weekly data can be created by
extracting Friday (or the last business day of the week) records.

We need some notation to account for the fact, often ignored in academic research, that the settlement
date for the spot contract is two business days (for most currencies, and either zero or one business day for
TRY, one business day for CAD, PHP, RUB) after the spot observation date, the date on which the spot
contract is traded and the spot rate is observed. Aligning dates correctly can make a difference to the measured
returns, especially for EM currencies. For the forward contract in question (e.g., a 1-month forward contract)

traded on business date t, we write F; for the forward rate and SETTLE; for the settlement day. Also, we
write OBS; for the spot observation date when the spot rate for settlement on SETTLE; is observed. For
most currencies, SETTLE; comes two business days after OBS;. Wewrite S for the spot rate observed on

date t . The excess return from the forward contract traded on date t is (Spgs, — Ft)/ Ft = Sogs, / Ft —1

Bal

and the carry or the forward premium on datetis (S; - F;)/ F =S / F; —1. Thenon-trivia part of the

calculation of the excessreturn isto identify OBS; for each businessday t .
Our calculation utilizes two files holding daily data. Thefirst fileisthe pricefile, which holds & and
F; for each observation day t for the currency in question. Asexplained in the text, the source for daily price

data depends on the currency. For the 20 emerging market currencies, the source is A1G-FP, while for majors
itisWM/Reuters. The other fileisthe settlement-day file provided by AIG-FP. It gives the settlement days
for the spot and forward contracts for each observation day for alarge number of currencies including EM20
and G9.

For each observation day t in the price file, we obtain (S , ;) from the price file. So the carry can
be calculated for each business day. To calculate the excess return, we need to determine OBS; . We proceed
in two steps.

1. From the settlement-day file, obtain SETTLE; from the record correspondingto t. For example, for

CNY and for observation t = Friday, February 22, 2008, the settlement date for a 1-month contract is

Wednesday, March 26, 2008. So SETTLE; = March 26, 2008 for t = February 22, 2008.

% |n the data, for most currencies, the exchange rates are stated in units of the foreign currency per USD. For
those currencies, the formulas we use to calculate the excess return and the carry are: F; / Sogs, ~1 and

Fi /'S —1, respectively, where the spot and forward rates are mid rates (the mid rate is the arithmetic average
of the bid and offer rates).
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2. |dentify the spot observation date whose spot settlement dateis SETTLE; . Thisis accomplished as

follows. From the settlement-day file, we look for the observation dates whose spot settlement dateis

SETTLE; . Thereare several possibilities.

a. Thereisonly one such day, and the price file has the spot rate observed on that day. We
defineOBS; to be this day.

b. Thereisonly one such day, but the price file has no spot rate observed on that day. We
define OBS; to be the next business day in the price file for which the spot rate is available.

c. Thereisno such day in the settlement-day file. Thisoccursfor IDR, PHP, CNY, TWD,
MXN, and ARS for periods shown in Table 1. We turn to the next spot settlement date and
look for observation dates whose spot settlement day is this spot settlement day. It turned out
that there is a unique observation day in the settlement-day file and the price file has arecord

for the spot rate. OBS; is defined to be this unique day.

(The data challengesidentified in b. and c. can occur when AlG-FP has not stored spot data because
the date in question is an AIG-EMFX1®* index holiday or perhaps because there is was an
unscheduled holiday that was added between the initial establishment of the forward transaction or its
settlement. In the case of IDR the observation process is also complicated by the need to observe

Singapore holidays for the NDF market.)

d. There are multiple such days. This can happen because the settlement-day file gives, for non-
business days, the spot settlement day for the most recent observation day. From those
multiple observation dates we select the set of datesin the price file for which the spot rateis
available. There are two possibilities.

i. Thissetisnot empty. OBS isthelast day of this non-empty set.
ii. Thissetisempty. Thiswould happen, asin (b) above, on those multiple
observations days the market is closed. We define OBS; to be the next business day

in the price file for which the spot rate is available.

By this procedure, we created a matrix whose rows correspond to business days available in the price

file. Therow corresponding to businessday t has: t, (S, ), (SETTLE;, OBS, SOBSt ) for the forward

contract in question. Each row has enough information to cal culate the excess return and the carry for the
businessday t corresponding to therow. There are very few rows (i.e., business days) falling in the
problematic cases of (b), (c), or (d-ii). In the case of the 1-month forward contract, for the currencies and
periods shown in Table 1, there are none for G9 and very few for EM20 (254 rows out of the total of 57,428
currency-days for EM20).
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Weekly data can be created from this daily file by extracting rowswhose t isthe last business day of
the week.

To create monthly data, we extract rows whose SETTLE; isthelast business day of the month. If
there are multiple such records (this can happen if on consecutive business days the forward contract traded
settle on the last business day of the month), we pick the row corresponding to the latest business day. For the
1-month forward contract and the periods shown in Table 1, there are no problem months for EM 20 except the
following. BRL, CLP, and COP have one month with (b), due to the missing price information for December
26, 2007 in the pricefile (an AIG-EMFXI index holiday). IDR had two monthsfallingin case (c). CNY had
one month falling in case (c).

For the monthly data thus created, the excess return is non-overlapping because for each row of the

extracted matrix (except for the first row) the date t equals OBS; (if available) of theimmediately preceding
row. Thisistruefor EM20 as well as G9.
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Appendix 2: Incorporating Bid/offer Spreads

We argued in the text that the return calculation using mid rates provides a good approximation to the return
from continued exposure to foreign exchange forward contracts over an extended period of time given the
relatively low cost of rolling transactions. In thefirst half of this appendix, we substantiate this claim by
deriving, for agiven single currency in question and for 1-month forward contracts, aformula for the excess
return that explicitly incorporates bid/offer spreads. The latter part of the appendix generalizes the formulato
the excess return from a portfolio of 1-month forward contracts that is rebalanced monthly to arbitrarily given
weights. The weights may be the same across constituent currencies as in the passive, equally-weighted
strategy considered in Section 4 of the text, or they may be a function of the carry for currencies asin the
active strategy considered in Section 5.

2.1. Excess Return Calculation for a Single Currency
Although in the text, for expositiona clarity, we stated the exchange rate as the USD price of aunit of the
foreign currency (e.g., /105 USD per JPY). We state the exchange rate in units of the foreign currency (e.g.,

105 yen to the dollar), because that is the convention for all EM (emerging market) currencies and for most

major currencies (except GBP, EUR, AUD, NZD, and SDR). Therefore, if Stb and S° denote the bid and

offer rates against USD stated in units of the foreign currency in question, we have § > S, > SP where

S = (S[b +SP)/2 isthemid rate. The spot bid/offer spreadis S — Stb.
It isthe practice of the FX (foreign exchange) market to express the forward rate as the sum of the

spot rate and the forward premium. The latter is called the “forward points’. If P;b and P° denote the bid
and offer values of the forward points, the (outright) forward bid and offer rates are Ftb = Stb + Rb and
F° = S° + P°. Sincethe offer forward points are always greater than the bid and since S > SP, we have

that F° > F, > F° where F, = (F + F,°)/2 isthe mid forward rate, and that the bid/offer spread should

be wider for the forward outright rate than for the spot rate.m

If weignore the bid/offer spreads and use the mid rates only, the gross (i.e., one plus) excess returnin
USD from taking long positions on the 1-month forward contract over n consecutive months from month 0 to
nis
Foo Py Fooy P

Koo X N2 5

1+ER{) =
Sn—l Sn

. (A2.)

3 The forward points can be negative (as when the interest rate on the emerging market currency isless than that on
USD). Eveninthiscase, the forward offer points will be larger (i.e., |ess negative) than the forward bid points.
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(Note that the exchange rates are in units of the foreign currency here.) For concreteness, let’s say the foreign

currency is ZAR (South African Rand). The formula (A2.1) can be derived asfollows. Let r,,;, bethe 1-

month USD interest rate from the end of month t to t +1 (the interest rate factor will drop out at the end).

Consider aU.S. investor with aninitia investment of $ A at the end of month 0.EI

+ Attheend of month O, theinvestor sells 1-month ZAR forward for $ A(1+r;) (thisis possible because r,
is known at the end of month 0) and at the same time invests $ A in the USD 1-month money market
instrument.

+ Attheend of month 1 theinvestor collects$ A(1+r;) , buys ZAR at the 1-month forward rate F, to

obtain A(l+r)Fg inZAR

* Then, still a the end of month 1, the investor goes into the FX spot market to sell ZAR of the amount
A@l+r,)F, for USD. Theinvestor endsup with $ A(1+r1)Fg/ S;. Thusthe forward position has been

opened and then closed or unwound.

At theend of month 1, the investor repeats the same strategy, this time with a 1-month forward rate of F;
and aspot rate of S, , and with theinitial investment of amount $ A(L+r;)Fy/S; instead of $A. This

yleldS$A(1+ rl)(Fo / S_]_)(l"‘ r2)(F1/82) .

» Repeating this operation of opening and then closing or unwinding the forward position N times, at the

end of month n, theinvestor collects$ A(L+ry)(Fo/ S)A+r2)(F /Sy) x--- A+ 1y )(Fh=1/Sy) -

» Therefore, the gross excess return --- the return over and above what the investor would obtain without

exposure to the FX forward market --- iswhat isgivenin (A2.1).

Now we incorporate bid/offer spreads. In the above operation, at the end of every month, the investor
unwinds the forward position by going into the spot market and then at the same time reopens a new forward
position. With bid/offer spreads, the applicable forward rate is the bid rate and the applicable spot rate is the

offer rate. Thus, the formulafor the cumulative gross excess return (A2.1) becomes:

b b b b
1+ E (’23 EF_%)(F_:LO)(...X%XFL:L. (A22)
Sl Sz Sn—l Sn

Therefore, after one month and every month hence, relative to the mid rate, the investor gets hit by the

difference between the bid and the mid when opening a forward position and by the difference between offer

3 Note that the investor need not actually have the cash, but for ease of exposition we will assume he does and again
for ease of exposition will further assume that the rate derived in the US money market is equivalent to the implied
yield on US dollars derived from the foreign exchange market.
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and mid when unwinding. If the spot bid/offer spread (as a percentage fraction of mid) is 15 basis points and
the forward bid/offer spread is 17 (those figures are for ZAR recently, as shown in Appendix Table 2), the
investor pays ((0.15/2)+(0.17/2)) X 12 = 192 basis points per annum.

Much of this heavy transactions cost can be avoided if the position isrolled, that is, if the position is not
unwound, but is extended over consecutive months. Theinvestor can roll a position immediately prior to
maturity by entering into what is called an FX swap. In an FX swap, the investor will “buy and sell USD” or
“sell and buy ZAR”. Thisisequivaent to selling spot the ZAR amount, buying USD, and then selling those
USD 1 month forward to buy ZAR 1 month forward. The spot legs of the transactions cancel out (recall that
the forward rate is the sum of the spot and the forward points) so there should be no bid/offer to pay on the
spot. The spread is on the forward points. The formulafor the cumulative gross excess return under this
“rolling” operation is

-
1+E <§35F_oxix...x£x':ﬂ-1, (A2.3)

SZ Sn—l SO

n

where

F=S+R. (A2

By asimple algebra utilizing the identities stated in the second paragraph of this section to (A2.3) ,E]we obtain

~ ] F° -F b)l_[co _ b
Fo=F@-x) with XIEE( : ! ) (S( S() (A2.5)
2 F,
Thus, under thisrolling operation, the investor pays the difference between the bid and mid upon entry
(at the end of month 0), pays half times the bid/offer in the forward pointsin between, and then pays the

difference between offer and mid when exiting (at the end of month n). More precisely,

b

Ratio of (A2.3)to (A.2.1) = (E—Oj X (%} X i:j 1-x). (A26)

0

It then follows that transactions cost reduces the (arithmetic or geometric) mean excess return per annum by an

amount approximately equal to

FO_Fb O_Sb _ n-1
12 x N S T +12x 1 12 with yzint. (A2.7)
2n Fo S, n n-14

“since F® =S + R, wehave F =§ + R = (U/2(S° + ) +(F* - ) = W 2(S - +F. By
the definition of x, , thisequals F, — x,F, . Solvethisfor x,F,, taking into account that F, = (1/ 2)(F,° + F,").
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In (A2.3), the applicable spot rate for exiting is the offer rate S,? . Thisisnot true for currencies
whose data come from the NDF (non-deliverable forward) market. The NDF contract settles against a
specified spot rate and the difference between this specified rate and the forward rate is settled in one currency,
usually USD. That specified spot rate is usually the mid rate. Therefore, in our calculation for NDFs, the
formula (A2.3) hasthe mid rate S;, in place of the offer rate Sr? .

To use the above illustrative example of ZAR (which is not an NDF), as mentioned above, the spot
bid/offer spread as afraction of mid is 15 basis points and the forward spread is 17. The mean of X times 12

is about 7 basis points for ZAR lately. For an investment horizon of 5 years (so n = 60 months), the
transactions cost (the value of (A2.7)) is about 13 basis points per year, which is far lower than the transaction
costs of 192 basis points calculated above for the case in which the forward position is opened and closed
every month. The cost of rolling different currencies can vary considerably. Neverthelessit does not invalidate

the point that it will typically be substantially cheaper to roll a position than to close it and then reopen it.

2.2. Portfolio Excess Returns

To handle portfolios invested in multiple currencies, we add subscript j for currency j. So, for example,
S jt isthe spot mid rate of currency j against the domestic currency (USD), stated in units of currency j, at

the end of month t. The additional notation is

Xjt-1 = position in currency j , stated in the foreign currency unit, determined at the end of
month t —1 and thus carried over to month t,

Yit = the amount, stated in the foreign currency unit, to unwind at the end of month t ,

zj; =theamount, stated in the foreign currency unit, to newly open at the end of month t..

Yijt and zj; arerequired to be nonnegative. The amount toroll is Xj—3 = Yj;. Asshownin Section 1 of

this appendix, the rolled position to be carried over to the next month t +1 is (X; -1 — yjt)Ejt /Sjt .

Therefore, the evolution of the position is governed by

- )th
Xjt =X Yt/ g~ 2t (A2.8)

If we define

Xjt-1
Sit

Xjt-1=

then (A2.8) can be written as
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Xjt = ()A(j,t—l —(Yjt - 2jt))th. (A2.10)
This v jt can beinterpreted as the net deduction, stated in the domestic currency unit, from investment in

currency j. Z jt isthegrossaddition and y jt isthegrossdeduction, both stated in the domestic currency

unit.
Since the portfolio returns are reinvested continuously and no new funds are added to the portfolio, it
must be that

Z -

J J
Zy— Z—’; (A2.12)
i=1Sjt  j=1Fjpt

=0

where J isthe number of constituent currencies. Using the “hat” notation just introduced, this self-sufficiency
condition can be rewritten as

J

J E.
Z Vit =Z—‘b it- (A212)
_15 : t

In (A2.12), the ratio multiplying _\7J-t is less than unity because Sj; < SJQt , and the ratio multiplying th is
greater than unity because IEjt >F jk{. Soif both yj; and Zj; were positive, we can economize on the net
trade 9Jt z]t by reducing ylt by asmall amount, say ¢, and reducing th by E(S]t/S )/(th/FJt)

(whichislessthan &), while meeting the self-sufficiency condition. Therefore, to maximize returns from the

5d

portfolio, it is necessary that y;, x 2;, =0 (that i, both ;i and Zj; cannot be positive).

Despite the self-sufficiency condition, the total net deduction, z (9jt - ijt) , s positive because
]

™

2;=0. (A213)

i\ M‘—'

J J J S
RDRNAD = SIS
=t = =Sk

(The strict inequality holdsif for some currency | either 9jt >0 or ijt >0. Thelast equality isdueto

(A2.11).) Thispositive sum can beinterpreted as the rebalancing cost.

% The only exception is CNY (Chinese Yuan). Sincetheloca convention isto quote asingle rate for the spot rate
(much asthe way e.g., the S& P500 index is quoted) and to express the outright forward rate as the sum of thissingle

spot rate (call that Sjt) and forward points, Fﬁ = Sjt + Pﬁ for | =CNY. Soby (A2.4) we have tht) = IEjt.
Furthermore, since the dataon CNY isfrom the NDF (non-deliverable forward) market, the applicable spot rate is
that single spot rate Sj;. Therefore, both S /Sjpt and Fj; / tht) should be set to zero for CNY. Put differently,

for CNY, rolling and opening/unwinding a position cost the same in data (although in practice, their costs could
differ because the spot rate and forward points are determined at different times on the day).
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Let {th} be the portfolio weights. By definition, Zth =1 and wj; 20. Wesay that the portfolio
j

(xﬁ,XZt,...,xm) is balanced to (Wlt,WZt,...,Wnt) if

X
oy x| D Xy X o k=120, (A214)
F, " |F, F F
jt 1t 2t nt

Only n—1 of these n equations are linearly independent because the weights add up to unity. Using (A2.10),

this balancing requirement can be written as
J J
Kjiaa = (Vje = 2j0) =wje x| D K1 =D (Vi = %) | for k=12..,3. (A215)
i=1 i=1

To minimize the rebalancing cost, we need to identify, for each t, a set of constituent currencies such

that 9jt >0 and adigoint set such that 2jt > 0. Thiscan be accomplished by solving, for each t, the

following linear programming problem:

J
min > (¥jr —2j) st (A212),(A215), §; 20, % =0, (A2.16)
j=1

where 9, = (S5, 93t)' s % =(Z10 23)', and the minimization is over (9,2 ).

To seethat (A2.16) isindeed alinear programming problem, define

R ~ ~ 1 Wlt Xlt—l
= yt H = I _I = i i_i _h = = Y% =
&, = 5 ,H=[l,;,-1,],a= Sf""'S"’ £o T D JED W S0 | X =
t Jt 1t Jt 1 WJt )?J’t—]_
(A2.17)

Then, (A2.12) can be written as a; =0 and (A2.15) can bewrittenas (I 3 —w/" )HE = (13 —We/") X1
The objective function can be written as (H'7)'¢; .

Consider an investor who invests anotional of $ A in month 0. Since the relevant forward rate is the

bid rate, theinitial position in foreign currency units, Xg = (X10,---» X30) , ISgiven by
(X201 X30) = (AWioF2 ..., AWyoF D). (A2.18)

Conversely, if theinitial position in foreign currency unitsis (Xiq,..., X3q) , the required initial dollar
investment must have been

J x.

S0 =a (a219)
—~ b
71750

By the definition of X, (X19,---,X30) isgiven by
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(Rigreor X30) = WigF D 1 Spp0es Wi F 5y 1S),) . (A2.20)

In month 1, the investor solves (A2.16) for t =1 to obtain (9j1,2j1) and hence \7j1 for j =12,...,J. Then

the difference equation (A2.10) spits out the position in foreign currency units to be carried over to month 2.

This process repeats until the final period t =n when the investor’s position in foreign currency unitsis

(X1,n—1,-» X3 n-1) - The position is converted into USD for the offer spot rate, yielding

J
D> Xjna!Sh.  (A221)
j=1
The cumulative gross excess return over the n month horizon, therefore, is given by

J
(0]
zxj,n_llsjn
=1

J b
> %jo!Fjg
j=1

Finally, we consider the issue of how to allocate this cumulative excess return between the months

(A2.22)

comprising the investment horizon [0, n]. This becomes an issue if the arithmetic, rather than geometric, mean
of monthly excess return isto be calculated. If there were no transactions costs, the gross excess return from t

to t +1 can be calculated as
J
ijt /Sj’t+1 J [F
‘:i =Y w2 (A223)
SxplFyp 1T "
j=1

where use has been made of (A2.14) with IEJ-t replaced by the mid rate Fj; . This suggests the following

decomposition of the cumulative excess return under transactions costs:
(0]
2Xio/Si 2 xjn/Siz D Xe!Sjzn X Xjn-2/Sjna X Xjn1/Sh
j - - - -

b X ) — X...XJ—~ J
> xjol Fly 2 xin/Fi 2 Xt/ Fi
i ] J

X .

o X ) X
Z Xj.n-2 ! Fjn-2 z Xjna!Fina
J J
(A2.29)
This takes into account the fact that when the position was opened anew in month 0, the applicable forward
rate is the bid rate and when the position is closed in month n the applicable spot rate isthe offer rate.  This,

however, is not a decomposition of the cumulative gross excess return (A2.22) because
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J J J
D X1/ Sit = 2 X Fie+ D (= 2).  (A2:25)
j=1 ji=1 i=1
(This equality can be derived from (A2.10) and the definition )A(j,t_l = Xj,t—1/5jt in(A2.9).) A valid

decomposition, therefore, adds the balancing cost 2(9 it —Zjt) tothe denominator z Xt / IEjt :
j i

2. %o/ Sia 2%/ Sj2 2. Xit!Sj 1

) B X J _ ——X.eX _ _ X
D xjo!Fjo ijllel"'Z(le_Zjl) ijt/th+Z(yjt_th)

j j j j j

zxj,n—zlsj,n—l zxj,n—llsjon

j j
X — X = .
zxj,n—Z/Fj,n—Z +Z(yj,n—2 ~2Zjn-2) ij,n—ll Fin-1 +Z(Yj,n—l ~Zjn-1)
j j j ]

(A2.26)

This provides an alocation of the cumulative gross excess return between months.
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Table 1: Summary Statistics (Sample ending September 2008)
Panel A: EM20 (Data Source: AIG-FP)

Excess Return = (S+1— F)/F; Carry = (S—F)/F (%p.a) Spot Return

Currency gtaatret #0Obs S-S

vipay eay Raio oea ™0 cosaign  Men  Mac  min T

TWD (Taiwan Dollar) Jun-96 147 -1.6% 5.5% -0.29 -1.01 0.19** 0.25 -0.5% 18.1%  -15.5% -1.1%
THB (Thai Baht) Jun-96 147 2.0% 14.6% 0.14 0.48 0.11 0.22 34%  36.4% -3.2% -1.3%
ZAR (South African Rand) ~ Jun-96 147 3.8% 16.3% 0.24 0.83 -0.03 0.17 77%  20.8% 2.1% -3.9%
TRY (Turkish Lira) Jun-96 147 19,50+ 16.4% 1.19 4.15 -0.05 011 41.1%  127.3% 7.4% -20.5%
PHP (Philippine Peso) Oct-96 143 4.1% 10.7% 0.38 131 -0.02 0.20 85% 104.9% -21.8% -4.4%
KRW (Korean Won) Dec-96 141 2.4% 13.5% 0.18 0.62 0.31%** 0.21 43%  71.3% -6.2% -1.6%
CNY (Chinese Yuan) Dec-96 141 0.8%* 1.1% 0.73 2.49 0.25** 0.03 -0.9% 13.0%  -11.7% 1.7%
IDR (Indonesian Rupiah) Jan-97 140 8.1% 38.9% 0.21 0.71 0.02 0.17 11.6% 64.0% -2.0% -3.8%
PLN (Polish Zloty) Feb-97 139 10.4%* 11.5% 0.91 3.10 0.02 0.30 73%  23.0% -1.4% 3.1%
CZK (Czech Koruna) Mar-97 138 7.3%* 12.4% 0.59 2.00 -0.04 0.27 17%  44.0% -3.3% 5.6%
CLP (Chilean Peso) Mar-97 138 0.4% 9.3% 0.05 0.16 0.08 0.19 2.5% 19.3% -0.6% -2.0%
MXN (Mexican Peso) Mar-97 138 6.8%* 8.4% 0.81 2.74 -0.01 011 91%  343% 1.6% -2.3%
SKK (Slovak Koruna) Jun-97 135 9.5%* 10.1% 0.94 3.14 0.11 0.27 48%  29.3% -2.1% 4.8%
HUF (Hungarian Forint) Dec-97 129 9.3%** 11.0% 0.84 2.76 -0.01 0.29 6.7% 21.9% 0.8% 2.6%
COP (Colombian Peso) Jan-98 128 3.6% 10.9% 0.33 1.08 0.15* 0.15 7.4% 30.0% -1.1% -3.8%
ARS (Argentine Peso) Jan-98 128 12.50%** 15.2% 0.82 2.68 -0.25%* 0.02 23.9%  600.0% -2.1% -8.2%
INR (Indian Rupee) Mar-98 126 4.1%* 4.9% 0.83 2.69 0.21** 0.20 5.5% 17.5% -3.2% -1.4%
BRL (Brazilian Real) Jun-98 123 9.3% 19.8% 0.47 150 0.15% 0.15 11.9%  41.0% -25.1% -2.5%
ILS (Israeli Shekel) Sep-00 96 4.6%* 7.8% 0.60 1.69 0.10 0.10 2.2% 8.0% -1.6% 2.4%
RUB (Russian Ruble) Jun-01 87 5.10g%* 3.9% 1.29 3.48 0.24** 0.29 3.0% 18.4% -4.4% 2.0%
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Panel B: G9 (Data Source: WM/Reuters)

Excess Return = (S+1— Fy)/Fy Cary = (S—F)/F; (%p.a) Spot Return

Currency gt:tret #0Obs (S-S

Upa) omiy maio forvea M0 congaon MM Ma w0

AUD (Australian Dollar) Jan-97 140 2.8% 11.3% 0.24 0.83 0.03 0.51 1.5% 4.9% -1.0% 1.3%
CAD (Canadian Dollar) Jan-97 140 2.3% 7.2% 0.32 1.10 0.04 0.32 -0.2% 2.2% -2.6% 2.5%
JPY (Japanese Yen) Jan-97 140 -2.0% 10.7% -0.19 -0.66 0.01 0.30 -3.8% -1.0% -6.8% 1.8%
NZD (NZ Dollar) Jan-97 140 3.2% 11.6% 0.27 0.94 0.05 0.50 2.6% 6.2% -1.2% 0.6%
NOK (Norwegian Krona) Jan-97 140 2.7% 10.8% 0.25 0.84 -0.02 0.58 0.8% 6.0% -2.6% 1.8%
SEK (Swedish Krona) Jan-97 140 0.8% 10.2% 0.08 0.26 0.04 0.62 -0.6% 2.8% -3.2% 1.3%
CHF (Swiss Franc) Jan-97 140 0.3% 9.8% 0.03 0.11 0.04 0.56 -2.5% 0.0% -5.1% 2.8%
GBP (British Pound) Jan-97 140 2.6% 7.6% 0.35 1.19 -0.09 0.47 1.2% 3.6% -0.8% 1.4%
EUR (Euro) Jan-99 116 2.5% 9.2% 0.27 0.83 0.16* 0.64 -0.4% 2.0% -3.3% 2.9%

Note: Monthly data. The base currency isUSD. The sample endsin September 2008 for all currencies. “rho(1)” isthe sample first-order autocorrelation
coefficient. “average correlation” isthe average of the time-series correlation coefficients in the monthly excess return with the other currencies (19 others for
EM20, 8 othersfor G9). The significance for the mean excess return and rho(1) are indicated by stars with * = significant at 10%, ** = 5%, *** = 1%, **** =
0.1%. Recdl: ER.; =excessreturn = (S.1—F)/F, carry, = (S - Fy)/F, where S and F; are spot and 1-month forward rates at the end of month t, stated in
U.S. Dollars per unit of foreign currency. See Appendix 1 for details on the calculation of monthly excess returns and the carry from daily data. The excess
return and the carry are at annual rates, with monthly values multiplied by 12. The mean excess return is the average of ER,1 (t = ty, t;+1,..., t-1), or equivaently,
the average of ER, (t =t;+1 t;+1,..., t5), wheret; isthe start date and t, is September 2008. So, for example for TWD, the first observation of the excessreturnis
from Juneto July 96 and the last observation is from August to September 2008. The mean carry isthe average of carry; (t = t;, t;+1,..., t,-1). Therefore, ER. 1 is
paired with carry,. The annualized volatility of the excess return is defined as the standard deviation (cal cul ated as the square root of: the sum of squared
deviations from the sample mean divided by the number of observations minus 1) of monthly excess returns at annual rates divided by the square root of 12 (or,
equivalently, the standard deviation of monthly excess returns at monthly rates multiplied by the square root of 12). The Sharpe ratio is the ratio of the mean
annualized excess return to the annualized volatility. To determine the significance of rho(1), we cal culate the t-val ue as the square root of the number of
observations times the point estimate. If the first observation of the spot and forward rateis, for example, December 31, 1996, the first monthly excess return
observation is from January to February 1997. Thisis because to calculate the December 1996 to January 1997 return we need to observe the 1-month forward
rate on one or two business days prior to December 31, 1996. Thisiswhy the first month for monthly excess returns based on WM/Reuters data (which starts on
December 31, 1996) is from January to February 1997, not from December 1996 to January 1997.
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Table 2: Index Returns

Simple Statistics of Index Excess Return

Data Start End
Index Source Date Date #Obs M Sh | J
ean Annualized arpe t-value . Jarque-
(% p.a.) Volatility Ratio  for Mean Skewness  Kurtosis Bera rho(1)
EM20 Jan-97  Sep-08 140 5.5%* 6.6% 0.83 2.84 -0.18 6.12 57 4xxxk 0.16 *
(long-only AIGFP jun98  Sep-08 123 7.30%+ 53% 136 437 0.14 3.63 2.4 0.16 *
defined by (15))
~Jan-99  Sep-08 116 6.6%**** 4.9% 134 4.16 -0.12 323 05 013
Jan-97  Sep-08 140 1.6% 7.4% 0.22 0.76 0.49 3.05 5.7* 0.13
G9
long-only WM/Reuter
(long s Jun-98  Sep-08 123 3.2% 7.6% 0.42 1.36 041 2.86 35 0.11
defined by (15))
_Jan-99  Sep-08 116 2.8% 7.4% 039 120 0.37 270 31 016 *
AIG-FPfor ~ Jan-97  Sep-08 140 1.9%** 3.3% 0.58 1.98 -0.06 5.42 34.2%xxx 0.01
long-EM20/short-G9 EM20,
defined by (16) WM/Reuter ~ Jun-98  Sep-08 123 2.0%** 2.9% 0.71 2.28 -0.48 2.54 5.8* 0.00
s for G9
Jan-99  Sep-08 116 1.9%* 2.7% 0.68 2.13 -0.53 2.63 6.1%* 0.03

Note: Monthly data. The base currency isUSD. “rho(1)” isthe sample first-order autocorrelation coefficient. The significance for the mean excess return, the
Jarque-Bera statistic (a function of skewness and kurtosis, distributed chi-squared with two degrees of freedom under the null of normality), and rho(1) are
indicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** = 0.1%. Itisstated at an annual rate, with monthly values multiplied by 12. See Note to
Table 1 for how the annualized volatility, the Sharpe ratio, the t-value, and the significance of rho(1) are calculated. The constituents of “G9” before January
1999 (when the Euro started to trade) are (AUD, CAD, JPY, NZD, SEK, NOK, CHF, GBP, DEM, FRF, ITL). Thelegacies (DEM, FRF, ITL) are replaced by
EUR when the Euro isintroduced. For the reason stated in Note to Table 6, ILS enters the constituents of the EM 20 index in October 2000, not September 2000.
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Table 3: Index Returnsin USD, EUR, and JPY
The Sample Period is January 1999 — September 2008 (Sample Sizeis 116)

Index Excess Return

Base
Index C .
urrency Mean Annualized Sharpe tvalle ¢ oo Kkurtosis  JATOUe- tho(1)
(% p.a) Volatility Ratio  for Mean Bera
EM20 usD 6.6%0*++ 4.9% 1.34 4.16 -0.12 3.23 0.5 0.13
(long-only
defined by (15) for EUR 4.79%* 7.6% 0.62 1.92 0.15 3.20 0.6 0.04
EM20) JPY 9.6%* 9.6% 1.00 3.10 021 2.78 11 -0.03
G9 usD 2.8% 7.3% 0.38 1.19 0.40 2.81 3.3 0.18*
(long-only
G9 defined by (15) for EUR 0.5% 4.9% 0.09 0.29 0.04 3.74 2.7 -0.06
G9) JPY 5.9%* 9.0% 0.66 2.04 -0.06 3.79 3.1 -0.06
usD 1.9%** 2.7% 0.68 213 -0.53 2.63 6.1 ** 0.03
long-EM20/short-G9 o .
defined by (16) EUR 2.1% 2.4% 0.89 2.78 045 261 47 0.01
JPY 1.8%** 2.5% 0.73 2.28 -0.48 2.71 49 * 0.00

Note: Monthly data. “rho(1)” isthe sample first-order autocorrelation coefficient. The significance for the mean excess return, the Jaque-Bera statistic, and
rho(1) are indicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** = 0.1%. For the reason stated in Note to Table 6, IL S enters the constituents
of the EM 20 index in October 2000, not September 2000.
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Table 4: Long-Only Index Returns With and Without Transactions Costs
The Sample Period is March 2004 — September 2008 (Sample Sizeis 54)

Simple Statistics of Index Excess Return

Row Index Bid/offer Spreads s .
No. Incorporated? - . . eometric
Mean Annualized Sharpe t-value Skewness  Kurtosis Jarque tho(1) Mean
(% p.a.) Volatility Ratio for Mean Bera (% p.a)
Passive Portfolios (Equally-Weighted Long-only Strategies)
1 EM20 No 6.64% ** 54% 122 259 029 326 001 0.00 6.50%
(defined by
2 (15)) Yes 6.32% * 54% 116 2.46 -0.29 3.27 0.92 0.01 6.17%
3 G9 No 3.00% 7.0% 0.43 0.91 0.03 2.61 0.34 0.11 2.76%
(defined by
4 (15)) Yes 2.96% 0% 042 0.90 0.03 2.61 0.35 011 2.72%
Actively-Managed Portfolios (Relative Long-Only Strategies)
) E,MZO No 8.33% ** 6.8% 1.22 2.60 -0.57 3.35 321 -0.06 8.10%
(defined by
6 7)) Yes 7.87% ** 68% 116 2.45 -0.57 3.35 3.25 -0.06 7.64%
7 G9 No 4.50% 76% 059 125 -029 332 099 0.03 4.21%
(defined by
8 7)) Yes 4.43% 7.6% 0.58 1.23 -0.29 331 1.00 0.03 4.15%

Note: Monthly data. The base currency isUSD. The data source for the mid ratesis AIG-FP for EM20 and WM/Reuters for G9. The data on bid/offer spreads
(whose averages are reported in Appendix Table 2) are from WM/Reuters. “rho(1)” isthe sample first-order autocorrelation coefficient. The significance for the
mean excess return, the Jarque-Bera statistic and rho(1) are indicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** =0.1%. For both EM20
and G9, the passive index excess return is defined by (15) (or (18)) and the active index is the relative long-only index defined by (17). See Note to Table 2 for
more details on the definition of the statistics reported here.
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Table5: Excess-Return Regression: ER ,, =a + y Learry, +u,

Panel A: EM20 (Data Source: AIG-FP)

Std.

t-value Std. t-value SER

Currency #0bs (% p.;; (% irg); for Y Error for y=0 R? (%p.a)

TWD (Taiwan Dollar) 147 -1.5% 1.6% -0.96 0.10 0.47 0.21 0.00 5.5%
THB (Thai Baht) 147 3.7% 4.9% 0.76 -0.50 0.73 -0.68 0.00 14.7%
ZAR (South African Rand 147 -17.0% 10.6% -1.60 2.70** 1.24 2.18 0.03 16.1%
TRY (Turkish Lira) 147 11.5% 8.7% 133 0.19 0.18 1.10 0.01 16.4%
PHP (Philippine Peso) 143 -4.3% 3.4% -1.26 0.99** 0.22 458 0.13 10.0%
KRW (Korean Won) 141 6.6% 4.1% 159 -0.97** 0.35 -2.76 0.05 13.2%
CNY (Chinese Yuan) 141 1.20** 0.3% 3.89 0.43#H 0.08 5.47 0.18 1.0%
IDR (Indonesian Rupiah) 140 -37.2%** 15.0% -2.48 3.90*Hx 0.90 4.32 0.12 36.6%
PLN (Polish Zloty) 139 10.1%* 5.2% 1.95 0.05 0.53 0.09 0.00 11.5%
CZK (Czech Koruna) 138 6.0% 3.8% 157 0.77 0.69 1.10 0.01 12.4%
CLP (Chilean Peso) 138 1.9% 3.5% 0.54 -0.59 0.87 -0.68 0.00 9.3%
MXN (Mexican Peso) 138 -4.0% 4.0% -1.01 1.18%** 0.35 3.40 0.08 8.1%
SKK (Slovak Koruna) 135 8.5%6* 3.8% 2.26 0.21 0.47 0.45 0.00 10.2%
HUF (Hungarian Forint) 129 2.8% 6.5% 0.44 0.96 0.83 1.16 0.01 11.0%
COP (Colombian Peso) 128 2.9% 5.0% 0.59 0.09 0.50 0.17 0.00 10.9%
ARS (Argentine Peso) 128 12.3%* 4.9% 2.50 0.01 0.06 0.11 0.00 15.2%
INR (Indian Rupee) 126 0.4% 2.6% 0.17 0.67* 0.37 1.78 0.02 4.9%
BRL (Brazilian Real) 123 2.8% 10.8% 0.26 0.55 0.74 0.74 0.00 19.9%
ILS (Israeli Shekel) 96 3.7% 3.7% 1.01 0.42 1.10 0.38 0.00 7.8%
RUB (Russian Ruble) 87 4.3%** 1.7% 2.49 0.24 0.31 0.79 0.01 3.9%
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Panel B: G9 (Data Source: WM/Reuters)

Std. t-value Std. t-value SER

Currency #Obs (% p,:; (% Iir;o; for a Y Error for y=0 R? (%p.a)

AUD (Australian Dollar) 140 -3.4% 4.3% -0.79 4.10** 1.85 2.22 003 111%
CAD (Canadian Dollar) 140 3.0% 2.1% 1.42 3.67* 1.95 1.88 0.02 7.1%
JPY (Japanese Yen) 140 4.3% 7.7% 0.56 1.67 1.85 0.90 0.01 10.7%
NZD (NZ Dollar) 140 -4.6% 5.7% -0.80 3.03* 1.79 1.69 0.02 11.6%
NOK (Norwegian Krona) 140 0.2% 3.3% 0.06 2.96* 1.27 2.32 0.04 10.7%
SEK (Swedish Krona) 140 2.8% 3.1% 0.91 3.63* 159 2.28 0.04 10.1%
CHF (Swiss Franc) 140 11.3%** 5.5% 2.04 4.45% 1.92 231 0.04 9.7%
GBP (British Pound) 140 0.2% 3.2% 0.06 1.97 1.86 1.06 0.01 7.6%
EUR (Euro) 116 4.4% 3.0% 1.47 4,55** 1.84 2.46 0.05 9.0%

Note: The base currency isUSD. Estimation by OLS on monthly data. The sample period is the same asin Table 1 for each currency. For @ and y,* =
significant at 10%, ** = 5%, *** = 1%, **** =0.1%. Recal: ER.; = excessreturn = (S, — F)/F, cary, = (S —F)/F, where § and F, are spot and 1-month
forward rates at the end of month t, stated in U.S. Dollars per unit of foreign currency. See Appendix 1 for how the monthly excess return and the carry are
calculated. The excessreturn and the carry are at annual rates, with monthly values multiplied by 12. “SER” isthe standard error of the regression, defined as the
sguare root of: the sum of squared residual s divided by n-2 where n isthe sample size. Thisisannualized by further dividing it by the square root of 12.



Table 6: Conditional Testson Actively Managed Portfolios based on Carry

Simple Statistics of Excess Return from the Strategy

Row  Constituent Start
No Currencies Strategy Date #Obs  Turnover y - I ]
' ean Annualized arpe t-value . arque-

(% p.a.) Volatility Ratio for Mean Skewness  Kurtosis Bera rho(1)

1 lrelativel, Jan-97 140 12% 10.20%++ 8.7% 1.17 3.99 0.21 9.20 22535 (12
ong-only
2 (defined by  Jun-98 123 11% 11.8%%++ 7.0% 1.69 5.42 -0.21 4.08 6.9% 0.09
X (SEO'\SrZC(:e A7) Jan99 116 11%  111%*~  63% 177 549 040 358 48* 007
4 AIG-FP) relative, long-  Jan97 140 4.7%** 3.6% 1.30 4.43 0.70 10.74 360.7+ 0,02
5 Shobft (a%f)i;‘Ed Jun-98 123 4, 50w 2.7% 1.67 5.33 -0.55 5.12 29.4% 003
y
6 Jan-99 116 4,69+ 2.5% 1.79 557 039 4.78 18.2% 0,00
7 lrelativel, Jan-97 140 4% 3.0% 8.3% 0.36 1.24 0.21 3.12 12 0.07
ong-only
8 (definedby ~ Jun-98 123 4% 4.8%* 8.6% 0.56 1.78 0.08 2.94 0.2 0.04
9 (So(jfce_ (17) Jan-99 116 4% 4.8%* 8.4% 057 176 0.09 279 0.4 0.09
10 WM/Reuters) relative, long-  Jan-97 140 1.7%%* 3.0% 0.58 1.97 -0.53 3.10 6.7%  -0.13
1 Shobft (&%f)i;Ed Jun98 123 2.006* 3.1% 0.63 2.01 -0.56 2.98 6.4% 013
y

12 Jan-99 116 2.3%% 3.0% 0.77 2.38 -0.65 3.26 84 010

Note: The base currency isUSD. The sample endsin September 2008 for all indexes. The two strategies, “relative, long-only” and “relative, long-short”, are
based on the ranking of currencies by the carry at the end of each month. The “relative, long-only” strategy, defined by (17) of the text, goes long in those
currenciesin the top half of the ranking and no position in the rest of the currencies. The “relative, long-short” strategy, defined by (19), longs those currencies
in the top half of the ranking and shorts the rest of the currencies. “rho(1)” isthe sample first-order autocorrelation coefficient. The significance for the mean
excess return, the Jarque-Bera statistic of normality, and rho(1) are indicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** = (0.1%. See Noteto
Table 2 for how the statistics shown (except the item labeled “Turnover”) here are calculated. “Turnover” isthe average over the sample period of the fraction of
currenciesin the basket under the long-only strategy for the month that depart from the basket in the following month. The AlG-FP dataset has daily dataon ILS
from September 27, 2000. This starting date is early enough to observe the 1-month forward rate for settlement on October 31 and the excess return from
September to October 2000 can be calculated. Thisiswhy the start datein Table 1 for ILS is September 2000. However, the observation date for October 2000
settlement is September 27, which requires data on the spot and forward rates observed on September 26, 2000. For this reason, in the active trading strategies
studied in Rows 1-8, ILS enters the constituents in October 2000, not September 2000.
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Table7: Time-Series Regression of Index Returnson Average Carry

. Mean Coefficient Coefficient
Regression Start End Excess Constant
Index #0Obs t-value of t-value of t-value R?
No. Date Date Return (% p.a.)
EM20 Carry G9 Carry
(%p.a)
0/ ** - DRAR e o
1 Jan97  Sep08 140 5506 7.1% 2.26 0.19 0.66 0.00
2 7.6%* 2.45 -0.20 -0.70 2.64** 2.02 0.03
EM20 sk 102 a1 a1m
3 passive  Jun-98 Sep-08 123 7.3% 50% 1.93 031 1.16 0.01
4 long-only 5.4%* 2.08 0.25 0.94 1.36 1.20 0.02
0h** 282 007 0 024 e oo
5 Jan99  Sep08 116 6.6% 6.1% 2.53 0.07 0.24 0.00
6 6.9%* 2.83 -0.07 -0.25 1.89% 1.74 0.03
0 108 oo mmmmmen *%
7 Jan-97  Sep08 140 16% 2.3% 1.08 3.95 2.74 0.05
8 2.9% 0.83 -0.07 -0.22 3.95** 2.73 0.05
Gg 0fh 129 e o *%
9 passive  Jun-98 Sep-08 123 3.2% 3.2% 1.38 338 215 004
10 long-only 2.0% 0.54 0.17 0.45 3.26** 2.04 0.04
0h 1172 oo oo *%
11 Jan99  Sep08 116 2 8% 2.6% 112 3.62 2.34 0.05
12 31% 0.87 -0.08 -0.19 371 2.29 0.05

Note: The base currency isUSD. Estimation by OLS on monthly data. The passive long-only indexes are defined by (15). The significance for the regression

coefficientsisindicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** = 0.1%.
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Appendix Table 1: Comparison of Monthly Excess Return from Two Data Sour ces, Al G-FP and WP/Reuters

AIG-FP WM/Reuters
Currency Common Period #Obs

Mean Annualized Mean Annualized

(% p.a) Volatility (%) (% p.a) Volatility (%)

TWD (Taiwan Dollar) Jan-97 to Sep-08 140 -0.14% 5.59% -0.17% 5.70%
THB (Thai Baht) Jan-97 to Sep-08 140 0.17% 15.00% 0.10% 14.68%
ZAR (South African Rand) Jan-97 to Sep-08 140 0.32% 16.59% 0.32% 16.44%
TRY (Turkish Lira) Jan-97 to Nov-00, Jan-02 to Sep-08 127 1.76% 13.17% 1.86% 13.35%
PHP (Philippine Peso) Jan-97 to Sep-08 140 0.34% 10.82% 0.08% 10.12%
KRW (Korean Won) Feb-02 to Sep-08 79 0.29% 7.93% 0.28% 7.94%
CNY (Chinese Yuan) Feb-02 to Sep-08 79 -0.02% 1.29% -0.02% 1.35%
IDR (Indonesian Rupiah) Jan-97 to Feb-01, Jun-07 to Sep-08 64 0.30% 55.69% 0.44% 57.27%
PLN (Polish Zloty) Feb-02 to Sep-08 79 1.05% 11.71% 1.04% 11.39%
CZK (Czech Koruna) Mar-97 to Sep-08 138 0.61% 12.38% 0.60% 12.27%
CLP (Chilean Peso) Mar-04 to Sep-08 54 0.33% 9.91% 0.35% 10.32%
MXN (Mexican Peso) Mar-97 to Sep-08 138 0.56% 8.38% 0.56% 8.47%
SKK (Slovak Koruna) Feb-02 to Sep-08 79 1.27% 10.71% 1.26% 10.49%
HUF (Hungarian Forint) Dec-97 to Sep-08 129 0.77% 11.02% 0.77% 10.85%
COP (Colombian Peso) Mar-04 to Sep-08 54 0.77% 12.70% 0.81% 12.67%
ARS (Argentine Peso) Mar-04 to Sep-08 54 0.25% 4.50% 0.28% 4.51%
INR (Indian Rupee) Mar-98 to Sep-08 126 0.34% 4.95% 0.19% 4.91%
BRL (Brazilian Real) Mar-04 to Sep-08 54 1.76% 13.69% 1.77% 13.51%
ILS (Israeli Shekel) Mar-04 to Sep-08 54 0.60% 7.84% 0.62% 7.87%
RUB (Russian Ruble) Mar-04 to Sep-08 54 0.29% 4.47% 0.30% 4.54%

Note: Monthly data. The base currency isUSD. See Noteto Table 1 for how the monthly excess return is calculated from daily data and how the annualized
volatility is defined. For each EM (emerging market) currencies, the mean and the annualized volatility are for the common period in which data are available
from both sources, AIG-FP and WM/Reuters. WM/Reuters has repeated or missing observations between November 2000 and January 2002 for TRY and
between February 2001 and June 2007 for IDR.
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Appendix Table 2: Bid/offer Spreads and Roll Costsin Basis Points

EM20 G9
Spot 1-month Outright Forward Spot 1-month Outright Forward

Currency Bid/offer Spread Bid/offer Spread  Annualized Currency Bid/offer Spread Bid/offer Spread Annualized

as Fraction of Mid ~ as Fraction of Mid Roll Cost as Fraction of Mid  as Fraction of Mid Roll Cost

TWD (Taiwan Dollar) 11.5 16.4 29.1 | AUD (Australian Dollar) 55 6.0 2.3

THB (Thai Baht) 10.6 16.1 33.4 | CAD (Canadian Dollar) 45 5.8 34

ZAR (South African Rand) 15.2 16.5 7.9 | JPY (Japanese Yen) 2.7 2.8 1.8

TRY (Turkish Lira) 30.5 37.2 42.0 | NZD (NZ Dollar) 7.6 5.8 5.7

PHP (Philippine Peso) 14.2 20.1 35.5 | NOK (Norwegian Krona) 7.1 7.1 4.0

KRW (Korean Won) 5.6 18.8 79.1 | SEK (Swedish Krona) 5.4 5.3 35

CNY (Chinese Yuan) 0.0 4.9 29.4 | CHF (Swiss Franc) 5.0 4.6 2.4

IDR (Indonesian Rupiah) 9.8 14.1 25.9 | GBP (British Pound) 2.3 2.7 14

PLN (Palish Zloty) 13.0 13.7 4.3 | EUR (Euro) 2.2 2.1 0.9

CZK (Czech Koruna) 12.9 13.7 4.8 | Average over Currencies 4.7 4.7 2.8
CLP (Chilean Peso) 6.8 9.2 14.2
MXN (Mexican Peso) 4.6 5.3 4.6
SKK (Slovak Koruna) 14.7 17.6 17.1
HUF (Hungarian Forint) 13.9 16.7 17.0
COP (Colombian Peso) 9.3 20.8 69.0
ARS (Argentine Peso) 9.3 21.8 75.7
INR (Indian Rupee) 7.3 9.9 15.7
BRL (Brazilian Real) 10.2 19.7 57.3
ILS (Israeli Shekel) 17.7 20.8 18.7
RUB (Russian Ruble) 2.8 9.9 42.3
Average over Currencies 11.0 16.2 31.2

Note: Inbasispoints. The base currency isUSD. The sourceis WM/Reuters. Averages of end-of-month values. The sample period is March 2004-September
2008 (except for IDR whose sample period is June 2007-September 2008). The roll cost equals 0.5 times the difference between the forward bid/offer spread and
the spot bid/offer spread multiplied by 12. The spot bid/offer spread for CNY is zero because for CNY only asingle rate is quoted.
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Appendix Table 3: Post East Asian Crisis Summary Statistics for EM 20 (Sample ending September 2008)

Excess Return = (S+1— Fy)/Fy Cary = (S—F)/F; (%p.a) Spot Return

Currency g;atret #0Obs S-S

Gpay ey Raio e ™0 coeaign  Men  Mac  mn S

TWD (Taiwan Dollar) Jun-98 123 -0.1% 5.0% -0.01 -0.04 0.19* 0.25 -09%  18.1%  -15.5% 0.9%
THB (Thai Baht) Jun-98 123 4.5% 9.0% 0.50 1.60 0.00 0.20 21%  22.5% -3.2% 2.4%
ZAR (South African Rand) ~ Jun-98 123 5.3% 17.2% 0.31 0.99 -0.05 0.18 71%  20.8% 2.1% -1.8%
TRY (Turkish Lira) Jun-98 123 21.3%*** 17.8% 1.20 3.83 -0.06 011 352% 127.3% 7.4% -13.2%
PHP (Philippine Peso) Jun-98 123 6.3%* 8.0% 0.78 2.49 -0.06 0.19 71% 104.9%  -21.8% -0.8%
KRW (Korean Won) Jun-98 123 4.0% 9.6% 0.42 1.33 0.05 0.21 1.8%  29.0% -4.4% 2.2%
CNY (Chinese Yuan) Jun-98 123 0.7%* 1.2% 0.61 1.95 0.24** 0.03 -1.2% 13.0%  -11.7% 1.9%
IDR (Indonesian Rupiah) Jun-98 123 18.5%* 24.7% 0.75 240 0.18* 0.13 11.3%  64.0% -2.0% 6.9%
PLN (Polish Zloty) Jun-98 123 10.7%* 11.9% 0.90 2.87 0.01 0.31 5.8% 19.4% -1.4% 4.8%
CZK (Czech Koruna) Jun-98 123 8.0%* 12.3% 0.65 2.07 -0.01 0.28 04%  10.2% -3.3% 7.6%
CLP (Chilean Peso) Jun-98 123 0.9% 9.7% 0.09 0.30 0.07 0.20 2.3% 19.3% -0.6% -1.3%
MXN (Mexican Peso) Jun-98 123 6.9%* 8.5% 0.81 2.60 0.00 0.12 83%  34.3% 1.6% -1.4%
SKK (Slovak Koruna) Jun-98 123 9.1%* 10.4% 0.88 2.80 0.10 0.28 34%  29.3% -2.1% 5.7%
HUF (Hungarian Forint) Jun-98 123 9.8%* 11.2% 0.87 2.80 -0.01 0.30 6.4%  21.9% 0.8% 3.4%
COP (Colombian Peso) Jun-98 123 3.2% 11.0% 0.29 0.92 0.16* 0.16 7.0% 30.0% -1.1% -3.7%
ARS (Argentine Peso) Jun-98 123 12.9%* 15.4% 0.83 2.67 -0.26* 0.02 24.8%  600.0% -2.1% -8.5%
INR (Indian Rupee) Jun-98 123 4.7%* 4.8% 0.98 3.12 0.20** 0.20 5.4% 17.5% -3.2% -0.7%
BRL (Brazilian Real) Jun-98 123 9.3% 19.8% 0.47 150 0.15% 0.15 11.9%  41.0% -25.1% -2.5%
ILS (Israeli Shekel) Sep-00 96 4.6%* 7.8% 0.60 1.69 0.10 0.10 2.2% 8.0% -1.6% 2.4%
RUB (Russian Ruble) Jun-01 87 5.10g%* 3.9% 1.29 348 0.24** 0.29 3.0% 18.4% -4.4% 2.0%

Note: Monthly data. The base currency isUSD. See Noteto Table 1 for how the statistics are defined and calculated. The difference from Table 1 isthat,
except for ILS and RUB, the start date is moved to June 1998 (so that the first excess return observation is from June to July 1998 and the first carry observation
isfor the end of June 1998).
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Appendix Table 4: Summary Statisticswith 3-Month Forward Rates (Sample Ending September 2008)
Panel A: EM20 (Data Source: AIG-FP)

Excess Return = (S+3—F)/F Carry = (S-F)/F; (%p.a)
Currency #0Obs
Mean Annualiz“ed Sharpe t-value Mean Max Min
(% p.a.) Volatility Ratio for Mean

TWD (Taiwan Dollar) 145 -1.5% 3.7% -0.40 -1.09 -0.6% 11.5% -9.2%
THB (Thai Baht) 145 1.8% 8.9% 0.20 0.55 3.0% 34.6% -2.2%
ZAR (South African Rand) 145 4.0% 9.5% 0.42 115 7.4% 17.4% 2.0%
TRY (Turkish Lira) 145 19.6%**** 10.2% 1.92 5.34 42.7% 137.4% 7.5%
PHP (Philippine Peso) 141 3.3% 6.6% 0.50 1.38 7.4% 66.0% -6.6%
KRW (Korean Won) 139 2.4% 8.9% 0.27 0.73 3.2% 36.0% -5.0%
CNY (Chinese Yuan) 139 0.9%* 1.0% 0.92 241 -0.8% 14.0% -12.1%
IDR (Indonesian Rupiah) 138 8.0% 23.5% 0.34 0.97 11.6% 64.0% 0.7%
PLN (Palish Zloty) 137 10.8%**** 6.5% 1.67 4.65 7.2% 21.0% -1.4%
CZK (Czech Koruna) 136 7.9%* 6.8% 1.15 3.15 1.4% 18.3% -3.3%
CLP (Chilean Peso) 136 1.1% 5.7% 0.20 0.52 2.6% 13.3% -0.2%
MXN (Mexican Peso) 136 7.20fxxx 4.9% 1.48 4.06 9.3% 35.5% 1.6%
SKK (Slovak Koruna) 133 10.49%**** 6.3% 1.64 4.36 5.0% 29.4% -1.6%
HUF (Hungarian Forint) 127 9,60+ 6.3% 151 3.97 6.4% 19.0% 0.8%
COP (Colombian Peso) 126 5.0%* 6.8% 0.74 1.92 7.9% 28.7% 0.3%
ARS (Argentine Peso) 126 11.4%* 12.9% 0.88 2.22 22.7% 333.3% -0.1%
INR (Indian Rupee) 124 4.1%** 3.2% 1.29 3.25 4.8% 15.2% -1.8%
BRL (Brazilian Real) 121 11.3%* 12.0% 0.94 243 12.7% 37.9% -8.9%
ILS (Israeli Shekel) 94 4.6%** 4.7% 0.99 221 2.2% 7.8% -1.6%
RUB (Russian Ruble) 85 6.20f**** 2.6% 241 5.17 3.6% 15.9% -1.7%
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Panel B: G9 (Data Source: WM/Reuters)

Excess Return = (S+3— F)/F Cary = (§—-F)/F (%p.a)
Currency #0Obs
Mean Annuali;gd Sharp_e t-value Mean Max Min
(% p.a.) Volatility Ratio for Mean

AUD (Australian Dollar) 138 3.1% 6.4% 0.49 1.31 1.4% 5.0% -1.0%
CAD (Canadian Dollar) 138 2.5% 4.3% 0.57 1.55 -0.2% 2.1% -2.5%
JPY (Japanese Yen) 138 -2.1% 6.4% -0.34 -0.90 -3.8% -1.1% -6.8%
NZD (NZ Dollar) 138 3.4% 7.1% 0.48 1.28 2.5% 6.2% -1.1%
NOK (Norwegian Krona) 138 3.1% 6.2% 0.51 1.41 0.8% 5.6% -2.5%
SEK (Swedish Krona) 138 1.3% 5.8% 0.22 0.61 -0.6% 2.7% -3.1%
CHF (Swiss Franc) 138 0.6% 5.8% 0.11 0.30 -2.5% 0.1% -4.6%
GBP (British Pound) 138 2.7%* 3.9% 0.71 1.95 1.2% 3.4% -0.8%
EUR (Euro) 114 3.2% 5.9% 0.55 1.36 -0.5% 1.8% -2.9%

Note: Monthly data. The base currency isUSD. The sample period sameasin Table 1. “rho(1)” isthe sample first-order autocorrelation coefficient. The
significance for the mean excess return and rho(1) are indicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** = 0.1%. ER.3= excessreturn

= (Ses—FR)/IF, carry, = (S —Fy/F, where § and F, are spot and 3-month forward rates, stated in U.S. Dollars per unit of foreign currency. See Appendix 1 for
how the monthly data on 3-month excess return series and the carry are calculated. The excess return and the carry are at annual rates, with 3-month rates
multiplied by 4. The annualized volatility of the excess return is defined as the standard deviation (calculated as the square root of: the sum of squared deviations
from the sample mean divided by the number of observations minus 1) of monthly excess returns at annual rates divided by the square root of 12. The mean
excessreturn isthe average of ER..3 (t = ty, t;+1,..., t,-3), or equivalently, the average of ER; (t = t;+3 t;+1,..., t,), where t; isthe start date indicated in Table 1 for
each currency and t, is September 2008. So for example for TWD, the first excess return observation is from June to September 97 and the last observation is
from March to September 2008. The mean carry isthe average of carry, (t =ty, t;+1,..., t,-3). Therefore, ER..3 is paired with carry,. Because returns are
overlapping (the return is over 3 months but the sampling interval isa month), the monthly returns are serially correlated, with autocorrelation possibly non-zero
up to the second order. The t-value for the mean here incorporates this serial correlation structure with the Bartlett kernel allowing for serial correlation up to 2
lags. Thefirst-order serial correlation coefficient is not reported because for the present case of overlapping returns (3-montn returns on monthly sampling
intervals) the return is serially correlated under the null of Uncovered Interest Parity.
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Appendix Table5: Effect of Sampling Interval

Panel A: EM20 (Data Source: AIG-FP)

Monthly Weekly Daily

Currency Mean t-value Mean t-value Mean t-value

#Obs (%p.a) for Mean #0bs (% p.a) for Mean #Obs (% p.a) for Mean

TWD (Taiwan Dollar) 147 -1.6% -0.99 639 -1.8% -1.42 3,175 -1.5% -1.47
THB (Thai Baht) 147 2.0% 0.49 639 2.4% 0.84 3,176 2.0% 0.83
ZAR (South African Rand) 147 3.8% 0.76 639 4.0% 1.17 3,186 3.8% 1.32
TRY (Turkish Lira) 147 19.59*H 4.06 640 19.79% ¥ 5.62 3,187 18.20f*** 5.89
PHP (Philippine Peso) 143 4.1% 1.42 623 3.2% 1.57 3,090 3.3%* 1.85
KRW (Korean Won) 141 2.4% 0.60 613 2.0% 0.63 3,045 2.1% 0.79
CNY (Chinese Yuan) 141 0.8% 1.56 613 0.8%** 3.27 3,045 0.8%*** 3.62
IDR (Indonesian Rupiah) 140 8.1% 0.76 609 7.1% 0.98 3,023 5.4% 0.88
PLN (Palish Zloty) 139 10.4%** 3.47 604 10.8%*** 4.31 3,011 10.29%** 4.87
CZK (Czech Koruna) 138 7.3%* 2.09 600 7.5%* 2.74 2,991 7.20%% 3.23
CLP (Chilean Peso) 138 0.4% 0.16 601 -0.3% -0.13 2,979 0.0% 0.01
MXN (Mexican Peso) 138 6.8%** 2.72 601 6.7%*** 3.40 2,990 6.1%6%** 3.84
SKK (Slovak Koruna) 135 9.5%** 2.89 587 9.30p*** 3.86 2,926 9,50+ 474
HUF (Hungarian Forint) 129 9.3%* 2.62 561 8.99p*** 3.40 2,795 9.00p*** 411
COP (Colombian Peso) 128 3.6% 1.01 558 3.2% 1.19 2,761 3.0% 1.37
ARS (Argentine Peso) 128 12.5%** 2.24 558 11.59** 4.03 2,761 13.09%*** 4.92
INR (Indian Rupee) 126 4.1%** 2.33 548 3.5%** 2.90 2,719 3.6%*** 3.54
BRL (Brazilian Real) 123 9.3% 1.50 536 8.9%* 1.89 2,655 8.6%** 2.19
ILS (Israeli Shekel) 96 4.6% 1.59 415 4.6%** 2.20 2,060 4.6%** 2.62
RUB (Russian Ruble) 87 5.10p%** 3.44 376 4,5%** 3.63 1,853 4,70 4.38

52



Panel B: G9 (Data Source: WM/Reuters)

Monthly weekly daily

Currency Mean t-value Mean t-value Mean t-value

#Obs (% p.a) for Mean #Obs (% p.a) for Mean #Obs (% p.a) for Mean

AUD (Australian Dollar) 140 2.8% 0.75 610 2.0% 0.78 3,052 2.2% 1.04
CAD (Canadian Dollar) 140 2.3% 1.07 611 2.0% 1.38 3,053 2.1%* 1.70
JPY (Japanese Yen) 140 -2.0% -0.67 611 -3.0% -1.23 3,053 -2.1% -1.04
NZD (NZ Dollar) 140 3.2% 0.79 610 2.6% 1.02 3,052 2.8% 1.29
NOK (Norwegian Krona) 140 2.7% 0.81 610 2.1% 0.88 3,052 2.1% 1.08
SEK (Swedish Krona) 140 0.8% 0.23 610 -0.4% -0.16 3,052 0.1% 0.07
CHF (Swiss Franc) 140 0.3% 0.10 610 -0.4% -0.17 3,052 -0.1% -0.06
GBP (British Pound) 140 2.6% 1.18 610 1.8% 1.04 3,052 2.2% 154
EUR (Euro) 116 2.5% 0.71 506 2.0% 0.83 2,530 2.1% 1.05

Note: The base currency isUSD. The sample period isthe same asin Table 1 for each currency. The significance for the mean excess return isindicated by
starswith * = significant at 10%, ** = 5%, *** = 1%, **** = 0.1%. The weekly overlapping 1-month excessreturn is defined as (Sppg — F)/F; with t
indicating the last business day of the week, where OBS is the observation date for the spot contract whose settlement date is the same as the settlement date for

F,. For daily returns, t isthe businessday. See Appendix 1 for details. Because returns are overlapping (the return is over one month but the sampling interval

isaweek or aday), thereturn is serially correlated. The t-value for the mean here incorporates seria correlation in the series with the Bartlett kernel that allows
for serial correlation up to 11 lags for monthly series, 5 for weekly series, and 22 for daily series.
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Appendix Table 6: Index Returns (Sample Period Ending in June 2008)

Simple Statistics of Index Excess Return

Data Start End
Index Source Date Date #0bs M Sh | J
ean Annualized arpe t-value . Jarque-
(% p.a.) Volatility Ratio  for Mean Skewness  Kurtosis Bera rho(1)
EM20 Jan-97  Jun-08 137 6.0%** 6.5% 0.93 3.14 -0.15 6.52 T1.3%xkx 0.16 *
(long-only AIGFP jun98  Jun08 120 7,90 51% 155 4.90 0.35 3.58 41 0.14
defined by (15))
~Jan-99  Jun-08 113 7.20%*** 4.6% 156 4.79 0.13 2% 03 010
Jan-97  Jun-08 137 2.3% 7.3% 0.31 1.06 0.55 2.97 6.9* 0.11
G9
lona-on| WM/Reuter
( g-only S Jun-98  Jun-08 120 4.0%* 7.5% 0.53 1.69 0.46 2.77 4.6 0.09
defined by (15))
~Jan-99  Jun-08 113 3.7% 7.2% 050 155 0.44 257 44 014
AIG-FP for Jan-97  Jun-08 137 1.9%* 3.3% 0.56 1.91 -0.05 5.56 37 4wk 0.01
long-EM20/short-G9 EM20,
defined by (16) WM/Reuter  Jun-98  Jun-08 120 2.0%** 2.8% 0.70 2.21 -0.50 2.58 5.9% -0.01
s for G9
Jan-99  Jun-08 113 1.8%** 2.7% 0.67 2.04 -0.56 2.68 6.4** 0.02

Note: See noteto Table 2.



Appendix Table 7: Index Returnswith Annual Rebalancing

Simple Statistics of Index Excess Return

Start End
Index Date Date #0Obs y - I ]
ean Annualized arpe t-value . Jarque-
(% p.a.) Volatility Ratio  for Mean Skewness  Kurtosis Bera rho(1)
( EMZOI Jan-97  Sep-08 140 5.206** 74%  0.70 2.40 -0.47 729 1128+ 0.24%
ong-only
defined by (15)for ~ Jun-98  Sep-08 123 7.6%% 56% 136 4.36 0.30 445 1267 0.18*
EM20) Jan-99  Sep08 116 6,80+ 50%  1.36 4.23 -0.15 321 0.6 0.13
( G9 | Jan-97  Sep-08 140 1.6% 73% 022 0.74 0.50 3.06 5.8* 0.13
ong-only
G9 defined by (15) ~ Jun-98  Sep-08 123 3.2% 76% 042 1.35 0.41 2.85 35 0.12
for G9) Jan-99  Sep-08 116 2.8% 73%  0.39 120 0.37 2.69 3.1 0.17*
Jan-97  Sep-08 140 2.1%* 35% 061 2.10 -0.02 517 274%= 006
long-EM20/short-G9
defined by (16) Jun-98  Sep-08 123 2.506% 29%  0.84 2.70 -0.40 2.86 3.4 -0.04
Jan-99  Sep08 116 2.2%* 27%  0.84 261 -0.50 2.68 5.4* -0.02

Note: Monthly data. The base currency isUSD. “rho(1)” isthe sample first-order autocorrelation coefficient. The significance for the mean excess return, the
Jarque-Bera statistic (a function of skewness and kurtosis, distributed chi-squared with two degrees of freedom under the null of normality), and rho(1) are
indicated by starswith * = significant at 10%, ** = 5%, *** = 1%, **** = 0.1%. If rebalancing occurred monthly, the index excess return would be defined by
(15) for EM20 and G9, and the long-short index defined by (16). With annual rebalancing, the basket of constituent currenciesis determined by the availability
of the excess return from January to February and is fixed over the 12 month cycle. So if data on a currency become available during a cycle, the currency is
included in the next January. During the 12-month cycle, no rebalancing between the currencies within the fixed basket takes place. If the start dateis not
January, the basket of constituent currencies until January of the following year is those whose excess return is available from the start date to the next month.
The excessreturn is stated at an annual rate, with monthly values multiplied by 12. See Note to Table 1 for how the annualized volatility, the Sharpe ratio, the t-
value, and the significance of rho(1) are calculated. The constituents of “G9” before January 1999 (when the Euro started to trade) are (AUD, CAD, JPY, NZD,
SEK, NOK, CHF, GBP, DEM, FRF, ITL). Thelegacies (DEM, FRF, ITL) are later replaced by EUR. For the reason stated in Note to Table 6, ILS enters the
constituents of the EM 20 index in October 2000, not September 2000.
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Appendix Table 8: “Fama Regression”: 109(S,,,) —109(S) =a + Sdlog(F,) —109(S)) + u,
Panel A: EM20 (Data Source: AIG-FP)

Std.

t-value Std. t-value SER

Currency #obs (% p.:; (% E)r?; for « p Error for p=1 ’ (%pa)

TWD (Taiwan Dollar) 147 -1.7% 1.6% -1.06 0.93 0.47 -0.16 0.03 5.5%
THB (Thai Baht) 147 3.5% 4.8% 0.74 1.76 0.73 1.05 0.04 14.4%
ZAR (South African Rand) 147 -17.4% 10.7% -1.63 -1.59 1.25 -2.06 0.01 16.1%
TRY (Turkish Lira) 147 10.0% 9.2% 1.09 0.80 0.19 -1.03 0.11 17.2%
PHP (Philippine Peso) 143 -4.3% 3.5% -1.23 0.07 0.23 -4.12 0.00 10.1%
KRW (Korean Won) 141 6.4% 4.1% 154 2.15 0.36 3.20 0.20 13.2%
CNY (Chinese Yuan) 141 1.20g%* 0.3% 3.88 0.57 0.08 -5.48 0.27 1.0%
IDR (Indonesian Rupiah) 140 -40.3%** 17.2% -2.34 -2.49 1.06 -3.31 0.04 41.9%
PLN (Polish Zloty) 139 9.4%* 5.2% 181 0.95 0.53 -0.10 0.02 11.5%
CZK (Czech Koruna) 138 5.3% 3.8% 141 0.29 0.70 -1.02 0.00 12.3%
CLP (Chilean Peso) 138 1.4% 3.5% 041 1.58 0.87 0.67 0.02 9.3%
MXN (Mexican Peso) 138 -4.2% 4.0% -1.06 -0.17 0.35 -3.32 0.00 8.1%
SKK (Slovak Koruna) 135 7.9%* 3.8% 2.11 0.78 0.47 -0.47 0.02 10.1%
HUF (Hungarian Forint) 129 2.0% 6.5% 0.30 0.00 0.83 -1.21 0.00 11.0%
COP (Colombian Peso) 128 2.3% 5.0% 0.46 0.91 0.50 -0.19 0.03 11.0%
ARS (Argentine Peso) 128 11.6%* 4.9% 2.38 1.02 0.07 0.22 0.60 15.0%
INR (Indian Rupee) 126 0.4% 2.6% 0.15 0.34 0.38 -1.75 0.01 4.9%
BRL (Brazilian Real) 123 1.7% 11.6% 0.15 0.54 0.81 -0.57 0.00 21.4%
ILS (Israeli Shekel) 96 3.4% 3.7% 0.92 0.58 1.10 -0.39 0.00 7.8%
RUB (Russian Ruble) 87 4 20 1.7% 243 0.75 0.31 -0.81 0.06 3.9%
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Panel B: G9 (Data Source: WM/Reuters)

St. t-value Std. t-value SER

Currency #Obs (% p,:; (% ir:); for a p Error for =1 R? (%p.a)

AUD (Australian Dollar) 140 -4.0% 4.3% -0.94 -3.12 1.85 -2.22 0.02 11.2%
CAD (Canadian Dollar) 140 2.7% 2.1% 1.29 -2.60 1.94 -1.85 0.01 7.1%
JPY (Japanese Yen) 140 4.0% 7.6% 0.52 -0.73 1.82 -0.95 0.00 10.5%
NZD (NZ Dollar) 140 -5.3% 5.7% -0.93 -2.04 1.80 -1.69 0.01 11.6%
NOK (Norwegian Krona) 140 -0.3% 3.3% -0.10 -1.89 1.27 -2.28 0.02 10.6%
SEK (Swedish Krona) 140 2.2% 3.1% 0.73 -2.57 159 -2.25 0.02 10.0%
CHF (Swiss Franc) 140 10.7%* 5.5% 1.95 -3.39 191 -2.30 0.02 9.6%
GBP (British Pound) 140 0.0% 3.2% -0.01 -0.93 1.86 -1.04 0.00 7.6%
EUR (Euro) 116 4.0% 3.0% 1.33 -3.49 1.84 -2.45 0.03 9.0%

Note: Estimation by OLS on monthly data. The base currency isUSD. The sample period isthe same asin Table 5 for each currency. For a , * = significant at
10%, ** = 5%, *** = 1%, **** = 0.1%. § and F are spot and 1-month forward rates, stated in U.S. Dollars per unit of foreign currency. The spot return (the
log difference in the spot rate, which is the dependent variable) and the (negative) carry (here the log difference between forward and spot rates, which is the
regressor) are at annual rates, with monthly values multiplied by 12. See Noteto Table 5 for how the statistics shown here are calcul ated.
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time-series mean of annualized monthly ER from
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Figure 2A: Cross-Section Plot of Mean ER against Mean Carry
January 1997-March 2004
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time-series mean of annualized monthly ER from

Figure 2B: Cross-Section Plot of Mean ER against Mean Carry
March 2004-September 2008
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annualized monthly index ER from month t to t+1

Figure 3: Time-Series Plot of Index ER against Carry
January 1997-September 2008
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basis points

Appendix Figure: Annualized Roll Cost in Basis Points

Daily data, January 1, 2008 - October 10, 2008 (Source: WM-Reuters)
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