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Abstract
The objective of this research is to evaluate the performance and the efficiency of
three common foreign exchange strategies: Carry Trade, the Momentum, the reversal
and the Value strategy. The analyses take into account the transaction cost and the
quotes of 52 currencies since 1983. The approach is similar to the Barroso and Santa
Clara (2012), however as added value it includes a restriction on the leverage and
returns of the portfolio allowing the inheritance of the position in a currency for
the previous period. Although the use of the genetic algorithm is computationally
more expensive than other numerical methods, it produces consistent results. The
results suggest that foreign exchange strategies contain information relevant to the
optimization of portfolios, in particular the Carry Trade and the Momentum. However,
the performance of the portfolio in high volatility periods could be improved using
other characteristics that incorporate the volatility such as the Sharp or the Sortino
ratios.
JEL Classification: G11, F31, C14
Keywords: Currencies, Carry Trade, Momentum strategy, Value strategy, Transaction
costs,portfolio

Desempeño de un Conjunto de Estrategias Cambiarias
Resumen
El objetivo de esta investigación es evaluar el desempeño y la eficiencia de cuatro
estrategias comunes de intercambio de divisas: Carry Trade, Momentum, Reversal y
Value. Para los análisis se tiene en cuenta el costo de transacción y las cotizaciones
de 52 monedas desde 1983. El enfoque es similar a Barroso y Santa Clara (2012), sin
embargo como valor agregado se incluye una restricción en el apalancamiento y los
retornos de la cartera permitiendo la herencia de la posición en una moneda de un
período al siguiente. Para el cálculo de los retornos se propone el uso de un algoritmo
genético que aunque es computacionalmente más caro que otros métodos numéricos
produjo resultados consistentes. Los resultados sugieren que las estrategias cambiarias
contienen información relevante para la optimización de portafolios en particular el
Carry Trade y el Momentum aunque el modelo podría mejorarse si se consideran otras
características como pueden ser la razón de Sharp o Sortino que incorporan el nivel
de volatilidad para mejorar el desempeño del portafolio en episodios de volatilidad
elevada.
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1. Introduction
This paper studies the performance of four foreign exchange market’s common
strategies that were also documented in (James, 2012). These are Carry Trade,
Momentum, Reversal and Value. Among the strategies, the Carry Trade stands
out; as it presents the greatest excess of returns (Castillo, 2015). Carry Trade
continues to be a popular strategy, (Burnside, 2011a) proves that even if the risk
of catastrophic losses is hedged using options, this kind of strategies continue to
generate excess of returns. This strategy is based on the sign of the interest rate
differential between a foreign currency and the US dollar. Another approach
to implement the carry strategy was presented by (Lustig, 2007) and used by
(Lustig, 2011) and (Menkhoff, 2011); it is based on sorting the currencies and
dividing them in portfolios according to the magnitude and sign of the currency
interest rate differential (Patton, 2008).

For the momentum strategy the idea is to follow the short term trend ob-
served in the currency. The most common is using the previous returns or their
average. (Barroso, 2012) suggest that there is evidence that the three months
average contains information about the future behavior of the currency. (Menk-
hoff, 2012) shows that the predictive power of the previous return decreases
when we consider returns which are further back in time or when the position is
maintained for a long time. The three months period also was used by (Kroenc-
ke, 2011) while (Burnside, 2008) and (Rafferty, 2012) suggest to consider only
the previous month or a twelve months lag, for which found that they contain
relevant information. This approach was also applied in (Asness, 2013) without
considering the most recent lag to discard the possibility of liquidity problems.
Other approaches used for the momentum are based on the technical analysis. In
fact, in a survey presented by (Sarno, 2002), they show that a significant num-
ber of traders follow the indicators of the Technical Analysis to take decisions
about their positions in currencies.

In the case of the Reserval and Value strategies, both are based on the mean
reversion property, the idea is to try to take advantage of the misalignment of
the currency for its long term mean expecting a correction. These strategies were
implemented in papers such as (Asness, 2013) and (Barroso, 2012) the approach
changes from one reference to another. In particular (Barroso, 2012) did not
obtain significant results with the Value strategies based on the real exchange
rate. In our approach we reintroduce the idea of using the real exchange rate for
the Value strategy to predict the returns and the deviation of the real exchange
rate with respect to its long term mean. To calculate the long term tendency we
use (Hodrick,1997) filter which has been used in the real equilibrium exchange
rate for stochastic equilibrium models. For the reversal we use the nominal
exchange rates and take as a reference the previous five years’ spot rate and
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using the uncovered interest parity calculate the expected value of the exchange
rate taking into account the interest rate differential for the day that we want
to compare to current exchange rate to determine if there is a misalignment.

The characteristics of each currency are the signals of the strategies pre-
viously constructed and it is assumed that they contain all the available infor-
mation of the currency. This approach is only based on the estimation of five
parameters that are assumed to be constant through time and each one is rela-
ted with one characteristic and does not depend on the number of assets in the
portfolio. The parsimony of the model makes it tractable to estimate the weights
in which great number of assets will be invested. In the second part of the sec-
tion we implement the model using the constant relative risk aversion (CRRA)
utility function and a linear portfolio policy. The optimization takes into consi-
deration the relation between the characteristic and the expected returns, and
by the selection of the CRRA the optimization penalizes high volatility, negati-
ve skewness, and the excess of kurtosis. The estimated parameters only deviate
from zero if they offer relevant information about the future behavior of the cu-
rrency and if the combination of the parameters offers an attractive investment
opportunity.

The document is divided in 7 sections, in second-one it is exposed the basics
of a currency portfolio including the transaction cost, the computations of the
returns and the inheritance of the positions. In the third, fourth and fifth sec-
tions each strategy is described and analyzed. In the sixth section, we perform
the parametric portfolio optimization based on the currencies’ characteristics.
Finally in the seventh we present conclusions.
2. The Foreign Exchange Market, Forwards and Currency portfolio
The foreign exchange market consists of all the currencies that are traded in
the world, which are approximately 150. There are certain characteristics that
make this market special in contrast with others, such as its decentralization,
the liquidity due to the volume of trades in this market and the fact that in
this market some currencies trade for 24 hours, in particular for those that are
in Continuous Linked Settlement (CLS). In line with the development of the
foreign exchange market the bid-ask spread has been decreasing particularly in
the spot market. This has been reducing the transaction cost, which we can
measure for the spot and forward prices as follows:

ci,S,t =
Siask,t−S

i
bid,t

Siask,t+S
i
bid,t

, ci,F,t =
F iask,t−F

i
bid,t

F iask,t+F
i
bid,t

(1)

In the figure 1 we exhibit the average of the transaction cost for the spot and
forward quotes for the 52 active currencies at each month. One of the reasons
for this trend is that the foreign exchange market works with electronic media
interconnected by a complex telecommunications network, including electronic
trading and brokerage systems such as Reuters or EBS. These systems were
complemented by the introduction of the banks’ own electronic platforms in the
early 2000’s. The market share of these participants is estimated around 25%
to 30% according to the BIS Market Committee (2011).
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Figure 1
Selected Currencies Average Transction Cost

Source: Own elaboration

Throughout the development of the foreign exchange market, the partici-
pants have implemented different strategies, trying to obtain greater returns
anticipating the currencies’ appreciations or depreciations. Among the most
common is the Carry Trade, which consists of two parts, a short position in the
currencies with the lowest interest rates and a long position in the currencies
with the highest interest rates. Another strategy that is frequently implemented
by investors is the Momentum strategy. The idea behind it is to follow the short
term trend of the currency to obtain profits for the appreciation taking a long
position or for the depreciation taking a short position in foreign currency. Ot-
her popular strategy is the Value, which use the long term information in order
to determine if one currency is undervalued or overvalued with respect to its
historical values and we propose an approach that essentially consists in buying
the undervalued currencies and selling the overvalued. We use the real exchange
rate which helps us determine if a currency is under or overvalued with respect
to the Purchasing Power Parity (PPP).
2.1 Data for Developed and Emerging Currencies
For the purpose of this paper, the market data from the spot and forward ex-
change rates was obtained using the BBI (Barclays Bank) and WM/Reuters via
Datastream and from the Banco de Mexico website. The Libor rate was obtai-
ned via Reuters Eikon and the Deutsche Bank Currency indexes was obtained
from the Deutsche Bank’s web site dbIQ.

Each foreign exchange rate is expressed in number of currency units per
dollar. For each one of the following 52 currencies the observed closing price in
the last working day at each month was taken as a reference. These currencies
are: Australian Dollar (AUD), Austrian Schilling (ATS), Belgian Franc (BEF),
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Brazilian Real (BRL), British Pound (GBP), Bulgarian Lev (BGN), Canadian
Dollar (CAD), Chilean Peso (CLP), Colombian Peso (COP), Croatian Kuna
(HRK), Cypriot Pound (CYP), Czech Koruna (CZK), Danish Krone (DKK),
Deutsche Mark (DEM), Dutch Guilder (NLG), Egyptian Pound (EGP), Euro
(EUR), Finnish Markka (FIM), French Franc (FRF), Greek Drachma (GRD),
Hong Kong Dollar (HKD), Hungarian Forint (HUF), Iceland Krona (ISK), In-
dian Rupee (INR), Indonesian Rupiah (IDR), Irish Pound (IEP), Israel Shekel
(ILS), Italian Lira (ITL), Japanese Yen (JPY), Kuwaiti Dinar (KWD), Ma-
laysian Ringgit (MYR), Mexican Peso (MXN), New Zealand Dollar (NZD),
Norwegian Krone (NOK), Peruvian Sol (PEN), Philippine Peso (PHP), Polish
Zloty (PLN), Portuguese Escudo (PTE), Russian Ruble (RUB), Saudi Riyal
(SAR), Singapore Dollar (SGD), Slovak Koruna (SKK), Slovenian Tolar (SIT),
South African Rand (ZAR), South Korean Won (KRW), Spanish Peseta (ESP),
Swedish Krona (SEK), Swiss Franc (CHF), Taiwan Dollar (TWD), Thai Baht
(THB), Turkish Lira (TRY), and Ukrainian Hryvnia (UAH). For each one of
the following 52 currencies we take the observed closing price in the last wor-
king day at each month as a reference. The set of currencies is the same that
was used by Menkhoff (2011) plus the Turkish Lira, the Colombian Peso and
the Peruvian Sol, other considerations for the currency selection is their volume
reported in the triennial Central Bank Surveys of foreign exchange and OTC
derivatives markets and if the currency has a forwards market and its data was
available to perform the analysis.

The real exchange rate index data was obtained from the BIS effective ex-
change rate indices using the broad and narrow indices for the currencies afore-
mentioned with the exception of the Ukrainian Hryvnia, Egyptian Pound, and
Kuwaiti Dinar whose data are not available. The indices are constructed using
the geometric weighted average of the bilateral exchange rates adjusted by the
corresponding relative consumer prices. The data for each month is published
by the middle of the following month and the weighting pattern is time-varying,
the current weights are based on trade in 2008-2010.
2.2 Currency Portfolio Description and Forward Contracts
We assume the position of a US dollar portfolio manager who wants to invest
in the foreign exchange forward market and have a monthly rebalancing policy.
The manager can take long and short positions in one or several currencies. To
do that, the currencies are chosen every month according to the signals gene-
rated by each strategy and determine the characteristics of each currency. The
value of this instrument changes during the life of the contract and has a value at
maturity of ST −Ft,T and Ft,T −ST for the long position and the short position,
where St is the foreign exchange rate (number of currency units to buy a dollar)
and Ft,T is the forward exchange rate subscripted at time t with maturity on
T. An important property from the economic point of view is that the forward
foreign exchange rate satisfies the covered interest rate parity (CIP):

ln(Ft,T )− ln(St) = Ft,T − st = (r − rf )(T − t) (2)



200 Nueva Época REMEF (The Mexican Journal of Economics and Finance)

The uncovered interest rate parity (UIP) postulates that the expected foreign
exchange change (eT ) must be explained by the interest rate differential, assuming
that there are no arbitrage opportunities and there is no relevant risk difference
in currencies with high or low interest rates. Therefore,

∆SeT = ln(EQ(St))− ln(St) = ft,T − st = (r − rf )(T − t) (3)

These parities together imply the same result that we obtain from the risk
neutral valuation seT = ft,T . Typically under the assumptions of rational expec-
tations and in absence of transaction costs, the forward was used to test the
efficiency of the market via the regression:

sT − st = α+ β(ft,T − st) + εt (4)

and as result of the estimation, should be close to zero and close to one if
the market satisfies the conditions above, for instance Branson (1969). In this
model we represent the new information between time and including news and
economic data. Actually, there are several studies that contradict the UIP such
as (Fama, 1984) who suggests that the currencies with high interest rates tend
to the appreciation. For this paper the one month forward market is of par-
ticular importance; from experience we know that the most common forward
contract in currencies have maturities of less than one year and in particular
the tom-next, one month, and three months terms are liquid in a great number
of currencies. The 2016 BIS triennial survey of FX activity confirms this, as
38.8% of the total volume in forwards has maturities less than or equal to 7
days, and 58.4% of the market share corresponds to forwards with maturities
between seven days and one year; the remaining correspond to forwards with
maturities bigger than one year.
2.3 Portfolio returns
The goal of this section is to introduce a framework to consider the transaction
costs within the portfolio returns computation, imitating the behavior of an as-
set manager who tries to minimize the transaction costs by reducing the number
and size of the transactions. The following approach differs from the methodo-
logies that assume the full transaction cost such as (Lustig, 2011) considering
opening and closing the whole position each month and from the (Menkhoff,
2011) approach that takes care about the inheritance in the position but does
not consider the cases when only a part of the position remains in the portfolio
or its amount is less than the position required for the next period. Based on
the strategy to take a short or long position in the forward market, the returns
obtained by these instruments in which the investor decides at inception to buy
or sell in a future date a currency against USD are:

Long position return: riT = ln(F it,T )− ln(SiT ) = f it,T − siT (5)
Short position return: riT = ln(SiT )− ln(F it,T ) = siT − f it,T (6)

When we include the transaction cost we can rewrite the long and short
positions returns for the i-th currency considering the bid and ask prices as:
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Long position return: riT = ln(F i,bt,T )− ln(Si,aT ) = f i,bt,T − s
i,a
T (7)

Short position return: riT = ln(Si,bT )− ln(F i,at,T ) = si,bT − f
i,a
t,T (8)

Where the superscript ’a’ indicates the ask price and ’b’ the bid price for the
forward and the spot. Although the transaction has been reduced in the last
years, these costs have a significant impact on the returns. In practice the traders
usually try to minimize this cost using the previous position as most as possible
to rebalance the portfolios. When at the end of the month we have a long
position in a currency that we need to renew in the forward market, the trader
can synthetically replicate the forward by saving the transaction cost that comes
from the sale of the long position of the i-th currency in the spot market before
opening a long position in the forward market.

Under the assumption of no arbitrage we assume that the cost to replicate
a long (short) position in the forward investing in the effective i-th currency
(dollar) interest rate and borrowing in the effective dollar (i-th currency) interest
rate is equivalent to paying the differential between the forward bid and forward
ask prices; i.e.:

Long position return: F i,bt,T = Sit,T exp[(ri,de − rUSD,b0)(T − t)] (9)
Short position return: F i,at,T = Sit,T exp[(ri,b0 − rUSD,be)(T − t)] (10)

Where ri,de is the deposit interest rate for the i-th currency and ri,bo is the
borrowing rate of the i-th currency. As a consequence, when the investor can
inherit the complete position for the i-th currency the returns are:

Long position return: riT = f i,bt,T − siT (11)
Short position return: riT = siT − f

i,a
t,T (12)

where siT is calculated using the market price which is defined in this setting
by mid spot price (SiT ), and the forward price for this position for the next
period will be calculated using SiT . However, we have to consider the following
structure in the portfolio in order to calculate the appropriate returns. The
manager established a new long or short position in the selected currencies in
the first month (October 1983) and closed all the positions in the last month
(June 2013). In each month between these dates the investor assigned a weight
to each asset and the return at time T of the portfolio was:

rpT =
∑n
i=1 w

i
T−1r

i
T (13)

where w(T − 1)i is the weight of the i-th currency at time T-1 when the
manager rebalanced or started the portfolio. These can be positive or negative
but they have to fulfil that

∑n
i=i w(T −1)i = 1. The notional N invested at time

T-1 which becomes N exp (rpT ) at time T and the eights of the portfolio that
each currency represents before the rebalance (v) are:

viT =
NwiT−1exp(r

i
T )

Nexp(rpT )
=

wiT−1exp(r
i
T )

exp(rpT )
(14)
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When the manager has to rebalance the portfolio and may use a previous
position (NT viT ) in the i-th currency as we mentioned, if it is less than or equal
to the new amount that will be invested on that currency for the following
month (NTwiT ) the returns are calculated:

Long position return: riT = (f i,bt,T − siT )I(viT 6W i
T ) (15)

Short position return: riT = (siT − f
i,a
t,T )I(viT 6W i

T ) (16)

When the position on the i-th currency at time T before the rebalancing is
bigger than the amount that the manager decided to invest in this asset for the
following month, the returns are:

Long position return:
riT = [(wiT (f i,bt,T − siT ) + (viT − wiT )(f i,bt,T − s

i,a
T )]I(viT > W i

T ) (17)
Short position return:

riT = [(wiT (siT − f
i,a
t,T ) + (viT − wiT )(si,bT − f

i,a
t,T )]I(viT > W i

T ) (18)

In addition, when the same position in the i-th currency has proceeded at
least T-2 period and the trader decided to replicate the forward, we can replace
the forward market prices with the following synthetic forwards, which only take
into account the differential between the active and passive interest rates for the
different currencies:

f i,a∗t,T = ln(SiT
F i,at,T

Si,aT
) , f i,b∗t,T = ln(SiT

F i,bt,T

Si,bT
) (19)

However this setting implies a non-continuous and non-linear problem as
the viT depends on the riT as its weighted average determines the returns of the
portfolio rpT :

rpT −
∑n
i=i w

i
T−1r

i
T = 0 (20)

where riT is defined as in equations (15 a 18) if wiT−1 is positive and as
equation (20) if wiT−1 is negative. In order to address this problem we may find
the rp,∗T which fulfils equation 4.7 using the Genetic Algorithm procedure to find
at least a local root minimizing the argument:

argmin rpT |
∑n
i=i w

i
T−1r

i
T − r

p
T | (21)

where riT is defined as in equations 15 to 18.
The need to use a Genetic Algorithm instead of other traditional methods of

root finding comes from the function form of the riT which includes two indicator
functions that may cause discontinuities for the riT , which might cause problems
with methods such as secant or bisection, which require a smooth function to
guarantee the root finding. In this case the genetic algorithm does not have
this disadvantage, which allows its use in this kind of problem. Furthermore the
obtained results are consistent having very small fluctuations.
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3. Currency strategies
In the following subsections we use non-parametric statistics to construct three
typical strategies in the foreign exchange market without assuming any distri-
bution. The only restriction on the currencies is that they should be active at
the inception or at the rebalance date and remain active the following month
and have a forward market that contains one month maturity forwards available
to be traded on inception or rebalance dates.
3.1 Carry trade strategies
The idea behind Carry Trade is against the UIP and seeks to take advantage
of the inconsistency known as the forward puzzle. Some authors have suggested
that the excess of the returns generated by currencies with high interest rates
is a risk compensation of unexpected events (black swans or tail events) which
cause significant losses. However (Burnside, 2011a) proves that even if the risk
of catastrophic losses is covered, this kind of strategies continues to generate
excess returns. The table 1 shows results opposite to the UIP in its linear form,
which are congruent with the results presented by Fama (1984). The intercept
estimated for the regression was close to zero for all the currencies and only was
significant for the KWD. Because the UIP is not fulfilled, there is a possibility
to obtain positive returns from using the Carry Trade strategy.

Table 1.

Source: own elaboration.
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3.1.1 Sign portfolio
The first methodology was proposed by (Burnside, 2011a) and is based on the
pay-off of the carry trade:

Nt(exp(ri)
sit
siT
− exp(rUSD)) (22)

where Nt is the amount of dollars borrowed and invested, ri and rUSD are
the i-th currency and dollar effective interest rates for the period (T-t). The sign
of the Nt depends on the sign of the implied interest rate differential calculated
by the difference ft,T − st such that sign (Nt )=sign(ft,T − st). Moreover, if we
recall the result presented by (Meese, 1983) who said that SiT may be modeled
as a martingale we have that E[SiT | Ft] = Sit and then the expected pay-off is
by Jensen’s inequality:

E[Nt(exp(ri)
Sit
SiT
− exp(rUSD)) | Ft] ≥ Nt(exp(ri)− exp(rUSD)) ≥ 0 (23)

This assumption allows arbitrage and implies that the UIP is not fulfilled. In
order to construct a carry trade portfolio using the set of 52 currencies, we follow
the next procedure: the first step consists of calculating each currency’s implied
interest rate differential and sort the currencies depending on that differential,
from lowest to highest. Then we separate the currencies in two sets; the first
contains the currencies which have a negative interest rate differential, also
called at forward discount, and the second set contains the currencies with
positive interest rate differential, called at forward premium. Then with these
two sets the manager can construct one long portfolio with the currencies that
have positive implied interest rate differentials and a short position in the set
of currencies with negative implied differentials. The strategy should be dollar
neutral which means that the amount that the manager invests in the long
portfolio is the amount borrowed from the short portfolio.

Figure 2.
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Figure 3.

The following table shows the statistics of the Sign portfolio for the complete
set of currencies that we called Global and for the portfolio that only includes the
G102 currencies. Furthermore, we include the statistics of the portfolio assuming
no transaction cost (TC) and another assuming that the investor pays all the
transaction costs, i.e. there is no inheritance of the position in the portfolio. As
a part of the statistic shown is the hit ratio which indicates the percentage that
the interest rate differential (signal) forecast a positive return correctly.

Finally the table includes the autocorrelation with one lag and its p-value.
In the first three portfolios the auto correlation is significant, however for the
G10 portfolio the autocorrelation is not significant.

Table 2. Sign Returns Statistics with and without trasaction cost (TC)

Source: own elaboration.
2This portfolio includes the British Pound, Swiss Franc, Japanese Yen, Canadian Dollar,

Australian Dollar, New Zealand Dollar, Swedish Krona, Norwegian Krone, Danish Krone, and
Euro. Before the Euro it may include the Deutsche Mark, Italian Lira, French Franc, Dutch
Guilder, Belgian Franc, Finnish Markka and Irish Pound.
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3.1.2 Carry Trade High Minus Low Interest Rates Portfolio
This second approach to construct portfolios is based on the carry trade idea,
sorting the available currencies at each time taking as a reference the implied
interest rate differential in the forwards. The idea to sort and divide the assets
into portfolios using an investment signal was originally presented by (Lustig,
2007) and was used by (Lustig, 2011) and (Menkhoff, 2011). Furthermore, the
portfolios were determined by the currencies into five quantiles of 20% each.

In this case we do not know the distribution of the currencies’ implied interest
rate differentials, then the empirical cumulative distribution function (ecf) is
used to determine the quantiles and it is defined by:

ecf := 1
n

∑n
i=1 δXi (24)

where each Xi is the implied interest rate differential for each currency, δXi
is the Dirac probability distribution with mass 1 at point Xi, and each point in
the sample has a mass 1

n where n is the size of the sample.
Each quantile determines one portfolio, in the case of the first set of curren-

cies we assume that the manager takes a short position as this portfolio includes
the currencies with lowest interest rate differentials; ideally in this portfolio the-
re are currencies for which the differential forward-spot is negative. In the case
of the other four portfolios we assume that the investor takes a long position.

Then we construct a dollar-neutral portfolio that is denoted H/L or HML
following the notation of Menkhoff (2011) which takes advantage of the Carry-
Trade, taking the funding by a short position in the first portfolio and then
taking a long position in the fifth portfolio which contains the currencies with
the highest implied interest rate differentials.

The next tables contain the statistics for the portfolios, including the cases
in which there is no transaction cost, when the rebalance does not allow inheri-
tance, and finally the portfolio constructed with the developed currencies. For
the following tables, the portfolio P1 was calculated assuming a short position
once we assume a long position for the other portfolios. The tables show that
the transaction cost has an important effect on the mean and is less important
for the other statistics. In the case of portfolio P2 the mean of returns becomes
negative when the portfolio includes the transaction cost.
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Table 3. Global Currency Portfolios with Inheritance

Table 4. Global Currency Portfolios With All Trasaction Cost

Table 5. Global Currency Portfolios Without Trasaction Costs

Source: own elaboration.
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Table 6. G10 Currency Portfolios with Inheritance

Source: own elaboration.
For the portfolios it is possible to appreciate that the mean increases mo-

notonically from P1 to P5, which will be tested formally in the next section.
Also we observe a rise in the levels of volatility and in the absolute value of the
skewness from portfolio P2 to P5, which includes the emerging markets; in the
case of the portfolios with the developed currencies the relation is not clear.

Figure 4.

Source: own elaboration.
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Figure 5.

Source: own elaboration.
The outputs produced with the proposed method that allows inheritance do

not change the statistics of the portfolios significantly, with the exception of the
mean that is between the averages of the returns calculated with and without
transaction costs, which was expected. In addition, the results are consistent
with the results obtained by (Menkhoff, 2011) which suggest that our method,
which incorporates the transaction cost in a more accurate way, is consistent
with the findings in the literature. In general, the performance of the carry
trade strategy for the Sign and HML portfolios is good if we compare it with
SP500, both adjusted by the level of volatility, which is lower for the carry
trade portfolios. However, these portfolios showed important losses in turmoil
markets as we can appreciate in the returns plots, for instance during the crisis
in South Africa (1985), the crash in 1987, the crisis in Mexico (1994), the sell-off
in emerging markets in 2006 and the 2008 global crisis. These observations are
also made for different papers such as (Menkhoff, 2011). The losses observed
in these portfolios in the crises are reflected in the negative skewness and the
excess of kurtosis in the currency portfolios, particularly for those with the
highest interest rate differentials. The observation of time varying risk and the
Peso problem were argued by authors such as (Burnside, 2011b) and (Bhansali,
2007) as the factors that explain, to a certain point, the excesses of returns
observed in the carry trade.

In the figure 6, the currencies that appear more frequently in the HML
portfolio during the period from October 1983 to June 2013 are shown. Finally,
the Sign and HML portfolios are compared with the performance of three ETF
portfolios developed by Deutsche Bank3 to take advantage of the carry trade:

3The pool of currencies eligible for the index are: USD, EUR, JPY,GBP, CHF, AUD,
NZD,CAD, NOK, SEK, KRW, SGD, TWD, MXN, BRL, TRY, PLN, HUF, CZK, and ZAR.
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The DB Global Harvest Index includes the emerging and developed cu-
rrencies, taking a long position in the 5 highest yielding currencies and a
short position in the 5 lowest yielding currencies.

The DB Balanced Harvest Index has the same set of currencies. However
it takes a long position in the 2 highest yielding G10 currencies and in the
3 remaining highest yielders from the EM, and a short position in the 2
lowest yielding G10 currencies and in the 3 remaining lowest yielders.

The DB G10 Harvest Index takes a long position in the 3 highest yielding
G10 currencies and a short position in the 3 lowest yielding G10 currencies.

The HML Global portfolio that chooses the currencies from a pull of 52
showed a significantly better performance than other similar portfolios. It is
also shown that the portfolios which only include developed currencies, with
exception of HML G10, presented the worst performance.

Figure 6.

Source: own elaboration.
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Figure 7.

Source: own elaboration.
3.2 Momentum strategies
The Momentum strategies are very popular in the FX markets, in particular
for algorithm trading. This kind of strategies is based on the idea to buy a
currency when the past performance is strong and sell the currency when the
past behavior is weak. We can write the pay-off of the momentum strategy as:

ziT = sign( 1
n

∑n
τ=1(sit − sit−τ ))(f it,T − siT ) (25)

where n is the number of lags used to construct the momentum signal. There
are several ways to measure the previous performance of the portfolio; the most
common is using the previous returns or an average of the returns. (Barroso,
2012) suggest that there is evidence that the three months average contains
information about the future behavior of the currency and that longer periods
are not useful as was observed in (Menkhoff, 2012); this period was also used
by Kroencke (2011).

Other periods that we find in literature, as in (Burnside, 2008) and (Rafferty,
2012), are just one month lag or twelve months, for which we found that they
contain relevant information. This approach was also applied in (Asness, 2013)
without considering the most recent lag to discard the possibility of liquidity
problems.

The first task to construct the portfolio is to establish how many past lags
in the returns we will use to determine if we should take a long or short position
in the currency. In order to obtain an idea about the efficiency of this strategy,
we calculate for each currency the generated returns for taking a long position
when last month’s return is positive and a short position when the last month’s
return is negative.
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Generally, the momentum strategies that use the most recently observed re-
turns produce profits, which is expected if we assume that the foreign exchange
rate accomplishes the Markov property. Only 10 of the 52 currencies have nega-
tive returns in average, which suggests that this strategy takes advantage from
the abnormalities observed in the foreign exchange market.

However, we analyzed if we could find significant information including more
lags. In order to justify a decision in the number of lags in our average we
estimate the best ARMA model based on the Akaike information criterion (see
table ARMA models in the Appendix). According to the augmented Dickey -
Fuller test, the majority of currencies may be stationary with p-values lower or
equal to 0.0534 and the models that fit the returns in general are ARMA(p,q)
with p and q lower than or equal to four. From this observation, in particular
for the autoregressive part of the model, we may conclude that the number of
lags should be between one and four.

Furthermore, we compare the results with different numbers of lags and
maintenance periods5 for each currency assuming all transaction costs. The
following tables, which show the mean of the returns and the hit ratio of the 52
currencies using different lags and holding periods, allowing overlapping in the
investments for holding periods bigger than one, suggest that the three months’
average with a holding period of one month may perform better than other
combinations.

Table 7. Momentum strategy for individual currencies

4Only for CYP, SIT, and PEN the hypothesis of stationarity was rejected and for the other
currencies, the ILS, ESP, KRW, PTE, GRD, BEF, and ATS had p-values bigger than 0.01.

5The lags and holding periods are expressed in number of months.
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Source: own elaboration.

In the previous table it is possible to appreciate that the strategies that use
three lags have better performance and one of the best maintenance periods
is one month; for longer maintenance periods the efficiency decreases. These
findings are supported by other papers such as (Menkhoff, 2012).

Following the methodology exposed in (Menkhoff, 2012) the momentum stra-
tegy sorts the available currencies in six portfolios using a cross section ranking.
This method divides the pull of available currencies in 6 quantiles using the
cross-sectional empirical distribution of the last three months’ returns’ average:

ecf := 1
n

∑n
i=1 δXi (26)

as it is defined above.
In order to obtain a neutral dollar strategy the first and sixth portfolios will

be used to build a strategy in which the investor will take a short position in
the first portfolio and a long one in the sixth portfolio (HML portfolio). It is
worth mentioning that even though all foreign currencies appreciate at the same
time we can take a short position in those with less significant appreciations,
and long in those with greater appreciations, obtaining a benefit due to the
differential between them. The analogous case is that all currencies depreciate,
which allows the use of this strategy, which is dollar-neutral in any situation.
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Table 8. Average returns

Table 9. Average hit ratio

Source: own elaboration.
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Table 10. Developed and Emerging currencies

Source: own elaboration.

In the tables 11 and 12 we show the performance of the HML portfolios
using one, three, six, and twelve months and with one, three, six, and twelve
holding periods to corroborate our previous observation that three months for
the average and one month holding period produces better results.

Furthermore, as with the Carry trade, we present the performance of the six
portfolios and the HML portfolio. The monotonicity in the mean of return is less
clear than in the carry trade and will be tested in the next chapter. Also, the
results for the HML are compared with the portfolios including all transaction
costs, a portfolio without transaction costs, and finally a portfolio that only
includes developed currencies.

Table 11. Momentum Portfolio

Source: own elaboration.
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Table 12. Momentum

Source: own elaboration.

Finally, we compare the performance of the HML portfolio for the whole
set of currencies and for the developed currencies (G10) with the Momentum
Index6 of Deutsche Bank.

Figure 8.

Source: own elaboration.

6Index construction process: Define pool with 10 major currencies: USD, EUR, GBP, CHF,
JPY, AUD, NZD, CAD, SEK, NOK. Rank each currency by its 12 month rolling return against
the USD. The Index consists of long for the 3 currencies with the highest rank against short
for the 3 currencies with the lowest rank, all equally weighted. Transact 3 month forward
contracts to the next roll date. Every month, re-rank the currencies according to their 12
month rolling return against the USD.
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Figure 9.

Source: own elaboration.

In the figure 9 it is possible to appreciate that the momentum strategy per-
forms well during the crises, which is one of the main differences in the behavior
between the momentum and the carry trade.
3.3 Value strategies
For the value strategy the principle is to determine using the real exchange rate
instead if the manager will buy (sell) currencies based on under(over)-valuation
relative to equilibrium exchange rates. The real foreign exchange rate considers
the relative prices and is adapted according to the international commerce of
each country. To show if a currency is undervalued or overvalued, we use the
Hodrick-Prescott filter (HP). This filter decomposes the time series in its trend
and cycle, the trend is used to determine if the real foreign exchange rate is
above or below its trend line. In (Barroso, 2012) they use the standardized real
exchange rate using its historical moments, they comment that this standardi-
zation is necessary as the real exchange rates are close to a unit root process.
Applying the Dickey-Fuller test for the real exchange indexes, all of them reject
the hypothesis to be stationary with p-values bigger than 0.01, only the NOK,
the IDR, the SIT and the TRK have p-values lower than 0.05 for which the
stationary hypothesis may be accepted. Furthermore, when the first differences
are computed all the currencies accept the stationary hypothesis, then the real
exchange rates are integrated once, or I(1).

In order to construct the signal, the HP filter is used to decompose the
observed series xt into two components: the trend mt and the cycle ct such that
xt = mt+ct. The HP filter identifies the cycle and trend by balancing a trade-off
between smoothness and trend adjustment:

min{ct},{mt}{
∑T
t=1 c

2
t + λ

∑T
t=3[(1−B)2mt]

2} (27)
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subject to xt = mt + ct. The value signal is defined as ln(mi
t−1/q

i
t−1) where

qit−1 is the real exchange rate index at time t-1 and mi
t−1 is its trend computed

by the HP-filter. To calculate the trend and the signal, the real exchange rates
are used with a lag of one month because they are published fifteen days after
the end of each month. When this signal is positive it indicates that the real
exchange rate is undervalued and it should appreciate. The appropriate strategy
in this case is to take a long position. On the other hand when the signal is
negative, the real exchange rate is overvalued and the investor should bet to a
depreciation of the currency taking a short position. In this kind of strategy the
fact that we use the signal with one lag does not imply a huge disadvantage as
usually the signal stays for several months before and during the mean reversion
of the real exchange rate.

For the Hodrick-Prescott filter all the information available will be used as
data for each currency. Although the returns are negative for the majority of
currencies, the hit ratio is in average 45% as it is observed in the table below.
The pay-off of this strategy for the i-th currency is:

ziT = sign(ln(mi
t−1/q

i
t−1))(f it,T − siT ) (28)

where T is the maturity of the strategy, which for our setting is one month
after t. The blank spaces in the next tables correspond to currencies for which
the calculations could not be made.

Once again we sort the currencies from those that showed greater overva-
luation to those which presented greater undervaluation using the value signal,
dividing the currencies in three portfolios. Two of them are considered: The first
one (PS) contains the currencies which are over its trend line and present the
biggest value signal in absolute terms, and the second portfolio (PL) contains
the currencies which are below its trend line and have the biggest difference.
With these two portfolios the strategist should take a short position in PS and
a long position in PL, building a dollar neutral portfolio. The third portfolio,
PM, is also included in the tables 14 y 15.

In the following plots the performance of the value strategy is contrasted
against the Deutsche Bank PPP index7

7Index construction process: Currency pool with the currencies USD, EUR, GBP, CHF,
JPY, AUD, NZD, CAD, SEK, NOK. Rank the average daily spot rate over the last 3 months
divided by the Purchasing Power Parity rate (PPP). The Purchasing Power Parity rate is the
fair value for each currency’s spot exchange rate versus the USD as published annually every
March by the OECD. The Index consists of long for the 3 currencies with the highest rank
against short for the 3 currencies with the lowest rank, all equally weighted. This creates a long
exposure to the currencies which are trending higher, and a short exposure to the currencies
that are trending lower. Trade 3 month forward contracts to the next roll date. The index is
a total excess return over Libor.



Revista Mexicana de Economía y Finanzas,Vol. 13 No. 2, (2018), pp. 195-245 219

Table 13. Individual Value Strategy

Source: own elaboration.
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Table 14. Value Strategy

Table 15. Value Strategy (transaction cost effect)

Source: own elaboration.
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Figure 10.

Figure 11.

Source: own elaboration.
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3.4 Reversal strategies
The reversal strategy is based on the idea of taking advantage of the misa-
lignment of the currency for its long term mean expecting a correction; this
phenomenon is called the mean reversion property. In this strategy the manager
takes a long position in the currencies that are undervalued and a short position
in the currencies that are overvalued. This strategy was implemented in papers
such as (Asness et al., 2013) and (Barroso and Santa-Clara, 2012) who used real
exchange rates instead of nominal exchange rates. For our purposes we use the
nominal exchange rates and follow (Asness et al., 2013), who takes the previous
five years’ spot rate and used the Uncovered interest parity to calculate the
expected value of the exchange rate taking into account the interest rate diffe-
rential (Si,UIPt = Si,UIPt−τ e(rt−rusd)(t−τ)) for the day that we want to compare to
the current exchange rate. Then we can define the reversal signal as:

rev.sig = log(
Sit

Si,UIPt

)

If log(
Sit

Si,UIPt

) is positive, it implies that the currency is depreciated and it
should appreciate; then the investor should take a long position in this currency.
However, if log(

Sit
Si,UIPt

) is negative, the currency is overvalued and it should
depreciate, so the investor should take a short position. Thus the pay-off of this
strategy is:

zit = sign(log(
Sit

Si,UIPt

))(f it,T − siT )

In order to determine the period that we need to consider for the reversal
strategy we consider three alternatives: three, four, and five years. First of all,
the regression:

(f it,T − siT ) = β(log(
Sit

Si,UIPt

)) + eT

is calculated with the expectation to obtain a positive which indicates a
direct relation. Although we observe that for the three-year period and for the
majority of currencies the is positive, for most cases it is not significant. However
by observing the hit ratio, this statistic indicates that in average the three years
period has more accuracy anticipating the direction of the movement of the
interest rate than the four-year and five-year periods.
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Table 16. Regression and Hit ratio obtained from the signal and hit ratio

Source: own elaboration.
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Once we define the three-year period as a reference for this strategy, five
portfolios are built by a cross sectional rank which divides the portfolios in five
quantiles using the empirical cross section distribution based on the reversal
signal. Then, the asset manager takes a long position in the portfolio with
currencies with bigger reversal signal and a short position in the set of currencies
with lower reversal. Ideally, for portfolio P5 reversal signals are positive for all
the currencies and greater than the signals for other currencies. This indicates
that the currencies in that portfolio should appreciate. Conversely, for portfolio
P1 reversal signals are negative for all the currencies and lower than the signals
for other currencies, which indicates that they should depreciate.

Table 17. Reversal Strategy Portfolios

Table 18. Reversal Strategy

Source: own elaboration.



Revista Mexicana de Economía y Finanzas,Vol. 13 No. 2, (2018), pp. 195-245 225

Only in seven months the signal is negative for all the currencies; in the
other cases there is at least one currency for which it is was either positive or
negative. However, if this does not happen, the strategy can also make a profit
if the signal is correct, anticipating bigger returns for the currencies in P5 and
lower returns for the currencies in P1.

Figure 12.

Source: own elaboration.
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In this strategy the losses generated for the short P1 portfolio drive the bad
performance of the strategy and the monotonicity observed in the carry trade is
not observed as the returns generated by a long position in P1 are bigger than
the other long investments in the other portfolios in average, which contradicts
the idea of the reversal strategy.
4. Currency Strategies Statistical Analysis
The goal of this section is to present a statistical analysis which includes tests
of monotonicity in the carry trade and momentum portfolios, the relationships
between the different strategies, and the implementation of Granger’s causality
test to identify if the portfolio signals contain relevant information about the
future returns of the currencies.
4.1 Non-Parametric Monotonicity and Mean tests
This section includes two subsections, both involving hypothesis tests. The first
one is for the monotonicity of the returns for the trade and momentum portfolios,
and the second is to test that the mean is different from zero for different
portfolios of each strategy. In order to test the monotonic relations between
the returns in the carry trade portfolios and in the momentum portfolios, the
approach proposed by (Patton, 2008), which uses the Bootstrap methodology
for the proof, will be utilized. For the sorted portfolios we have the population
differences between the means of the Pi portfolio and the Pi−1:

∆i = µi − µi−1 (29)

for i=1,2,. . . ,N and the sample differences estimated by the sample means
µ̂:

∆̂i = µ̂i − µ̂i−1 (30)

for i=1,2,. . . ,N. Let define the hypothesis

H0 : ∆i ≤ 0 vs H1 : min(∆i) > 0 (31)

The idea is to reject the null hypothesis and then not rejecting the alterna-
tive hypothesis that implies that all the ∆i and thus µi > µi−1 for all i, then we
may conclude that the portfolios have a monotonic relationship. (Patton, 2008)
avoided the problem of estimating the covariance matrix of the asymptotic mul-
tivariate normal distribution (N) for a large sample T:√

T ([µ̂1, ..., µ̂N ]− [µ1, ...µN ]) ∼ N(0,
∑

) (32)

Then, using the Bootstrap we generate B new samples which were randomly
drawn from the returns’sample considering replacement and considering for each
sample the complete set of portfolio returns. For this paper, the size of the
samples τ is random and B = 1000. Finally to conclude the test, the p-value is
calculated by counting the number of the Bootstrap samples that fulfil at least
for ∆i the null hypothesis and then divide by B.

J = B−1
∑B
j=1 I(∆i ≤ 0) (33)



Revista Mexicana de Economía y Finanzas,Vol. 13 No. 2, (2018), pp. 195-245 227

We apply the test for the 5 carry trade portfolios assuming for this test that
P1 is also a long position, and not a short position as explained in the previous
chapter. Although the test does not accept the hypothesis of monotonicity with
p-values above 40%, the portfolios for which this relation is not clear correspond
to the portfolios for the third and fourth quintiles, i.e. P3 and P4. When the
tests were made without P3 or without P4, they were accepted with p-value of
0.06 when incorporating the transaction cost and 0.03 without transaction cost.
The most important relation is that the mean of returns in P1 is lower than the
mean of returns in P5, which implies that taking a short position in P1 and a
long position in P5 will have a positive mean of returns.

In the case of the momentum strategy, the monotonicity relation is rejected.
However the monotonicity relation that the returns in P1 are lower than the
returns in P6 is not rejected for the returns calculated with or without transac-
tion costs with a p-value of 0.01. When the transaction costs are omitted, the
hypothesis of monotonicity relation is rejected. This suggests that the transac-
tion costs play an important role for this strategy. The next step is to test if
the returns of the following strategies are positive in average: (1) Sign strategy;
(2) HML Carry Trade strategy; (3) HML Momentum strategy, (4) High Value
signal strategy (PL) and (5) High Value signal strategy (PL)

For the reversal and value, the High Minus Low strategy does not generate
profits in average, but the portfolios with the currencies that have the higher
signal showed positive returns in average. These portfolios will be used for the
next test and in the next chapter to construct a portfolio that includes the five
kinds of portfolios.

Let define the hypothesis:

H0 : µ ≤ 0 vs H1 : µ > 0 (34)

Using the same approach as in the test before, the p-value (J) can be calcu-
lated using the bootstrap samples:

J = B−1
∑B
j=1 I(µ ≤ 0) (35)

The table 19 presents a summary of these tests as well as the results from
a non-parametric Wilcoxon signed rank test for the median of the portfolios’
returns. For the Wilcoxon test the hypotheses tested are:

H0 : M > 0 vs H1 : M ≤ 0 (36)

where M is the median of each portfolio’s returns. In the table the answers
presented for this test are related to H0. In addition for each strategy the test
was performed for the portfolios with and without transaction costs (TC), the
test was not implemented on the portfolios that allow inheritance of the posi-
tions as their returns depend on the previous position and the tests presented
assume independence from one period’s returns to another period’s. An impor-
tant remark is that the Wilcoxon test assumes the symmetry of the distribution
while the test made using the bootstrap did not assume so.
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Table 19. Mean and Median test

Source: own elaboration.
When the returns do not consider transaction costs, all the strategies reject the
hypothesis that the mean is less than or equal to zero and the same applies for
the median according to the Wilcoxon test. However, when the transaction costs
are taken into account, only the tests for the sign and the HML Carry Trade
reject the hypothesis, while in the other cases there is not enough information
to reject it.
5. Granger’s Causality Test
One way to test if the signals contain valuable information to predict the future
returns is through Granger’s causality test. In the standard causality test, k
lags are established arbitrarily, and the following regression is performed with
ordinary least squares:

xt =
∑k
i=1 αixt−i +

∑k
i=1 βiyt−i + ut (37)



Revista Mexicana de Economía y Finanzas,Vol. 13 No. 2, (2018), pp. 195-245 229

with t=1,2,. . . ,T. The null hypothesis is that the coefficients are equal to
zero and this implies that Y does not cause X. The proof also requires the
following statistic:

λ(x, y) =
∑k
i=1 v̂

2
t−

∑k
i=1 û

2
t∑k

i=1 û
2
t

T−2k−1
k (38)

where v̂t and ûtt are the residuals of the regressions; they have an asymptotic
distribution F(k,T-2k-1) when T → ∞. If λ(x, y) exceeds the critical value of
distribution F for a certain level of confidence (1−α), H0 is rejected. Intuitively,
if we include past values of y the forecast of x should improve significantly,
therefore λ(x, y) will be big enough and the hypothesis that y fails to explain x
is rejected.

The test is performed for each of the characteristics, trying to identify if
these have relevant information about the future returns of the currencies. These
characteristics are the following: (1) The Sign of the carry trade; (2) The Implied
interest differential; (3) The Momentum signal and, () High Value signal strategy
(PL) and (5) High Value signal strategy (PL). Each one is standardized by its
cross-sectional mean and standard deviation to make the series stationary. Then
the Granger’s causality test is used to identify if the values in each characteristic
explain the future returns of each currency.

Table 20. Granger’s Causality Test
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Source: own elaboration.

Although the results of the test show how the characteristics are relevant
for some currencies and not for others, the carry trade strategies (sign and im-
plied interest differential) are significant for a bigger number of currencies in
comparison with the other three characteristics. This observation, along with
the significance obtained from the mean and median tests in the last subsec-
tion, suggests that the carry trade signals contain some information that may
be complemented with the other signals to construct a portfolio that takes ad-
vantage of the information contained in the four signals.
6. Construction of efficient foreign exchange portfolios
After the statistical analysis of the currency strategies in the last sections, which
suggests that the characteristics of each currency contain information it is pos-
sible to construct a portfolio taking advantage of this information based on
the approach of a parametric portfolio developed by (Barroso and Santa-Clara,
2012) who implement a model for a currency portfolio using characteristics for
the currencies similar to those that was analyzed previously. The presented port-
folios include the modification suggested by (Barroso and Santa-Clara, 2012) for
the transaction costs that implicitly include information about the liquidity of
each asset according to each period, which (Beardsley et al.) also incorporate
in their model. Furthermore, in order to adapt the model for conservative funds
such as pension funds, we propose to include a restriction in the leverage of
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the portfolio which may be replaced with a restriction that considers some risk
budget. The efficient portfolio obtained was compared with the performance of
the naive portfolio 1/N which invests in equal weights in five portfolios (Sign,
HML Carry Trade, HML Momentum, P5 Reversal signal, and PL Value signal
portfolios).
6.1 Portfolio optimization based on the characteristics of the curren-
cies
For the construction of the portfolio, we use the Constant Relative Risk Aver-
sion Utility function, also known as the power utility function. While we can
apply the methodology presented in this section with other utility functions, the
CRRA utility function penalizes the skewness and kurtosis as was mentioned
by (Barroso and Santa-Clara, 2012) and it is explained below. The relevance
of a function that takes into account higher order statistics resides in a better
approximation to the investor’s preference as he or she dislikes assets with ne-
gative skewness and higher kurtosis and asks for a reward in order to accept
contingency claims with these characteristics, as was mentioned by (Harvey and
Siddique, 2000). For this exercise, without loss of generality, we consider:

U(x) =
(1+rp)

1−γ

1−γ

Where rp > −1 represents the returns of the portfolio and it is defined as:

rp,t+1 = rf,t +
∑Nt
i=1(

θT xi,t
Nt

)ri,t+1

Where rf,t is the United States Dollar effective interest rate for investments
that start at time t and have maturity t + 1; in our setting the term is one month
and the LIBOR quotes are used. The weights of each currency are determined
by the vector , the number of available currencies and the characteristics of each
currency also known as the portfolio weight function:

θT xi,t
Nt

) = wi,t

In this approach the portfolio has two parts, the first one is a 100% investment
in the USD interest rate and the second is a short long neutral dollar portfolio
that includes Nt currencies. The second part depends on the portfolio weight
function that contains the vector of parameters θ of size k×1 and the matrix of
the characteristics of size k ×Nt, where k is the number of characteristics. The
main assumption of this approach is that the characteristics of the currencies
contain all the information available.

The investment in each currency is performed taking long or short positions
in the one month forward foreign exchange market and the return ri,t+1 gene-
rated from t to t + 1 was calculated as was explained in previous sections. This
investment is zero cost if we assume that it is not required to post collateral.
The characteristics of the currency xi,t that will be used for the construction of
the portfolio are the following: (1) the Sign of the carry trade, (2) the Implied
interest differential, (3) the Momentum signal, (4) the Reversal Signal and (5)
the Value signal. Each characteristic is standardized by its cross section mean
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and standard deviation. Then the distributions of the characteristics are sta-
tionary because for each month their distribution has zero mean and variance
one. The standardisation also allows us to compare the relative signal among
the periods; its most relevant contribution for the portfolio optimization is the
guarantee that the sum of the weights wi,t is zero.

Another important detail about the weight function is that θTxi,t is divided
by Nt, which maintains the stationarity when the number of available curren-
cies increases or decreases, since an increment in the number of currencies may
cause aggressive positions in some currencies when the implicit investment op-
portunities in the characteristics of the currencies are the same. For the period
between October 1986 and June 2013 (the maximum period for which the five
strategies were available) the minimum number of currencies was seven and the
maximum was 37. The asset manager will take a position in the USD interest
rate and in the long-short portfolio when the expected utility is bigger than the
utility generated by investing only in the USD interest rate.

The asset manager will take a position in the USD interest rate and in the
long-short portfolio when the expected utility is bigger than the utility generated
by investing only in the USD interest rate:

E[U(1 + rf,t +
∑Nt
i=1( 1

Nt
θT x̂i,t)) | Ft] ≥ U(1 + rf,t)

To clarify this point, and using the Taylor’s expansion to the first order we
have:

E[U(1 + rf,t +
∑Nt
i=1( 1

Nt
θT x̂i,t)) | Ft] ≡ U(1 + rf,t)E[

∑Nt
i=1( 1

Nt
θT x̂i,t) | Ft] ≥

U(1 + rf,t)

If the first order approximation is good enough, it indicates that the manager
should only invest in the long short contingency portfolio if and only if it has
a non-negative mean. This is a desirable condition that the optimal portfolio
should fulfil. One of the advantages of using the CRRA utility function is that
the investor knows its Arrow-Pratt coefficient of relative risk aversion−yU

′′(y)
U ′(y) =

γ. This factor reflects the risk aversion of the asset manager, in particular their
crash risk aversion. For this reason it is desirable to have a utility function
that penalizes negative skewness and high kurtosis, this property is relevant at
the moment of performing the optimization. Thus the asset manager faces the
problem of maximising their expected utility function by choosing the best θ:

supθE[U(1 + rf,t+1) | Ft] = supθE[
(1+rf,t+1)

1−γ

1−γ | Ft]

This optimisation takes into account the higher moments, as was mentioned
earlier, and penalised the skewness and the kurtosis; this point is clearer when
the utility function is substituted by its Taylor’s series around the mean:
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Simplifying the notation, we can write Et instead of E( | Ft):

From the previous expansion it is easy to notice that for the CRRA uti-
lity function the factors in the last equation penalise the high volatility, the
negative skewness, and the high kurtosis. Note that in this observation there
is the assumption that rp,t+1 and E(rp,t+1) are greater than -1. Probably this
assumption is not a problem as optimization should provide the best θ̂ that
generates the best returns. In order to estimate θ̂, the problem in equation can
be solved under the assumption that the characteristics of the currencies have
all the relevant information about the assets’ returns’ conditional distributions,
substituting the conditional expectation with the unconditional expectation:

supθE[U(1 + rf,t+1) | Ft] = supθE[
(1+rf,t+1)

1−γ

1−γ | Ft]

and assuming that the parameters in the vector are constant through time
we are allowed to use the sample analogues to estimate θ̂:

θ̂ = argmaxθ
1
T

∑T−1
t=0 U(1 + rf,t +

∑Nt
i=0(

θT x̂i,t
Nt

)ri,t+1)

Furthermore, the last expression can be simplified for the non-linear optimiza-
tion, using Taylor’s expansion around the mean of the portfolio returns. (van
der Noll) suggest to use Taylor’s expansion of sixth order to have a good ba-
lance between the accuracy in the approximation made by the series and the
computation cost to obtain the optimum. The optimization suggested above
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does not take into consideration the effect of the transaction costs that also
constitute a proxy of the liquidity in the market. From the analysis in the
previous section it can be observed that the transaction cost and liquidity are
a valid concern for the asset managers; the relevance of the transaction cost in
portfolios was also reported by (Menkhoff et al.,2011) and should be treated
as a separate factor from the returns. In order to incorporate the transaction
cost into the optimisation, the approach of (Barroso and Santa-Clara, 2012) was
followed. The modification from the previous objective function is simple, as it
only needs to incorporate the forward transaction cost of each currency (ci,F,t)
inside the utility function in the following way:

θ̂ = argmaxθ
1
T

∑T−1
t=0 U(1 + rf,t +

∑Nt
i=0(

θT x̂i,t
Nt

)ri,t+1 −
∑Nt
i=0(

θT x̂i,t
Nt

)Ci,F,t)

ci,F,t =
F iask,t−F

i
bid,t

F iask,t,T+F
i
bid,t,T

For both equations we expect that θ̂ fulfils the following condition. Under the
assumption that θ̂ maximizes the expected utility, and rp∗ denotes the portfolio
returns calculated with θ̂, we obtain:

E[U(1 + r∗p,t+1)] ≥ E[U(1 + r′p,t+1)]

For all r′p,t+1 that depends on θ̂. In particular if we considered, θ′ = θ̂+e, where
e is a vector that increases the parameter θ̂, and θ̂ is the maximizer for the
expected utility, it implies that for each ek:

d
dεk

E[U(1 + rf,t +
∑Nt
i=0(

θT x̂i,t
Nt

)ri,t+1 −
∑Nt
i=0(

θT x̂i,t
Nt

)Ci,F,t) | εk] = 0

This equation can be rewritten under suitable regularity conditions as:

E[ d
dεk

U(1 + rf,t +
∑Nt
i=0(

θT x̂i,t
Nt

)ri,t+1 +
∑Nt
i=0(

θT x̂i,t
Nt

)Ci,t+1) | εk] = 0

E[U ′(1 + rf,t +
∑Nt
i=0(

θT x̂i,t
Nt

)ri,t+1 +
∑Nt
i=0(

θT x̂i,t
Nt

)Ci,t)(
∑Nt
i=0(

xi,tri,t+1

Nt
) +∑Nt

i=0(
xi,tCi,t
Nt

))] = 0

When the transaction cost is not taken into consideration we obtain:

E[U ′(1 + rf,t +
∑Nt
i=0(

θT x̂i,t
Nt

)ri,t+1)(
∑Nt
i=0(

xi,tri,t+1

Nt
))] = 0

If it were non-zero, then the investor could improve the utility increasing at
least one of the elements which belong to θ̂ in ek.

These equations are useful according to (Brandt et al., 2009) for the estima-
tion of the standard errors using the (Hansen, 1982) approach to compute the
asymptotic covariance matrix of these estimators. In the next section we calcu-
late the standard errors using the bootstrap technique which was also suggested
by (Brandt et al., 2009), in particular when the returns present leptokurtosis or
when it is not desirable to make any assumption about the distribution. For the
optimisation we used the following formulation in which the next constraints
were included when not considering the transaction cost:
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θ̂ = argmaxθ
1
T

∑T−1
t=0 U(1 + rf,t +

∑Nt
i=1(

θT x̂i,t
Nt

)ri,t+1)

subject to ∑Nt
i=1(

θTxi,t
Nt

)I(
θTxi,t
Nt

< 0) ≥ −1
θk ≥ 0, k = 1, ...,K

where K is the number of characteristics used for the currencies, in this
setting K = 5. A similar setting is used taking into account the transaction cost
in the optimisation:

θ̂ = argmaxθ
1
T

∑T−1
t=0 U(1 + rf,t +

∑Nt
i=1(

θTxi,t
Nt

)ri,t −
∑Nt
i=1(

θTxi,t
Nt

)Ci,t)

subject to ∑Nt
i=1(

θTxi,t
Nt

)I(
θTxi,t
Nt

< 0) ≥ −1
θk ≥ 0, k = 1, ...,K

The objective of restricting the values of θk for k = 1, ...,5 is to respect
the sign and the construction of the characteristics. The signal of each strategy
was constructed to be positive when the investor should take a long position
and negative when the investor should take a short position. If the possibility
that the elements in to be negative was allowed, it would imply that the signal
constructed for characteristic k is ill post or misspecified. When an estimated k

is zero, it implies that this characteristic does not provide valuable information
for the future behaviour of the currency returns. Taking this into consideration
we test the estimated parameters to know their significance using the bootstrap
sampling with replacement, generating 1,000 samples, and calculating the p-
value for the parameter θk:

p− valueθ̂k = (
∑1000
i=1 I(θ̂i,k = 0))/1000

After the implementation of the setting proposed by (Barroso and Santa-
Clara, 2012), we notice that for the currencies used in this paper the optimal
parameter might generate a leverage greater than 100% of the portfolio when
the leverage is measured as the sum of the weights, for which the investor takes
a short position. This observation may not be a problem for the hedge funds but
for market participants that take more conservative approaches such as pension
funds, sovereign wealth funds, or central banks, the level of leverage necessary
could limit the implementation of the optimal portfolio.With the objective of
controlling the level of leverage that the implementation of the model might
require and which depends on the parameters of θ and the characteristics, it is
included the restriction: ∑Nt

i=1(
θTxi,t
Nt

)I(
θTxi,t
Nt

< 0) ≥ −1
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The idea behind the restriction is to obtain in average a leverage close to
100%. In the next section we show that the levels of leverage of the portfolio
optimization are close to 100% for the computed portfolio. This restriction
can also be useful in scenarios in which the short selling is restricted or when
the regulation limits the short position, this limit could be over the average of
leverage taken by an institution in a certain period of time. Thus the restriction
contributes to the implementation of this optimization approach for a bigger
number of participants.

Furthermore at the moment of solving the optimization problem, the follo-
wing condition is fulfilled:

E(
θTxi,t
Nt

)ri,t+1 > 0

Finally and probably the most important characteristic of this approach is
that it is tractable because it has a parsimonious number of parameters that
have to be estimated to determine the investment amount for each currency.
This fact was highlighted by (Barroso and Santa-Clara, 2012) and (Brandt et
al., 2009) who avoided the dimensionality curse, that in the cases of the mean
and variance optimisation and the stochastic dynamic optimisation require the
estimation of Nt means and Nt(Nt + 1)/2 elements of the covariance matrix;
in the case of 37 currencies for which we can estimate the weight using the
(Barroso and Santa-Clara, 2012) approach only five parameters are estimated
against the 740 parameters that would have to be estimated with the other two
methods.
6.2 Empirical implementation and Results
In order to construct the optimal portfolios, we use the same currencies as in
previous sections, and use two different windows of time. The first window co-
rresponds to the in-sample period, which covers from October 1986 to December
1996. The second window is the out-sample period and includes from January
1997 to June 2013. The constant relative risk aversion factor that is used for the
implementation is four, which was estimated empirically by (Bliss and Panigir-
tzoglou, 2004) using the implied information contained in the one month options
for the SP500 and FTSE. For the in-sample period, the constrained optimiza-
tion of the objective that includes the transaction cost in the utility function is
performed for 1,000 bootstrapped samples in order to obtain the estimation of
the parameters for each sample. The same samples were used to estimate the
parameters’ covariance matrix and the p-value for each parameter. Furthermore
the same exercise is performed individually for each characteristic and for the
objective function without transaction costs.

The samples obtained by the bootstrap allowed replacement and all of them
have the same size as the original sample. The following hypothesis test is per-
formed to determine if the estimated parameters are significant or not:

H0 = θ̂ ≤ 0 vs H1 = θ̂ > 0
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And the p-value for the parameter θ̂k:

p− valueθ̂k = (
∑1000
i=1 I(θ̂i,k = 0))/1000

Table 21. Results of the In-Sample estimation using Bootstrap

Table 22. Parameters’ covariance matrix

Table 23. Standard errors

Source: own elaboration.
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The estimated parameters for each sample are used to calculate their means,
their standard errors, and their p-values. The results obtained after the boots-
trap sampling and after the estimation of the parameters suggest that the mo-
mentum, reversal, and value do not characterize well the future returns of the
portfolio. This is consistent with the performance and the statistics obtained
for each of the portfolios, as these strategies tend to perform better than the
carry trade only in stressed periods and this factor makes them valuable when
they are combined with the other strategies. When the optimization is perfor-
med taking into account the five characteristics with or without considering the
transaction cost inside the utility function, the significance for the momentum,
reversal, value increases, and the sign and interest rate differential it decreases
slightly in comparison with the high significance obtained with the model which
uses only one characteristic. This is due to the sign and the interest rate diffe-
rential providing similar information. (Rafferty, 2012) reported that when the
strategies of Carry Trade, Momentum, and Value are combined, the asset alloca-
tion efficiency increases. This observation, along with the result of the in-sample
estimation, suggests that the combination obtained using this parametric ap-
proach can outperform other portfolios such as the 1/N portfolio invested in five
currency strategies or the HML carry trade alone.

For the out of sample period (OOS), the parameters θ̂ were estimated for
each month using an expanding window which is updated in order to take into
account the new available information.

Figure 13.
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The optimal parameters change through time but in general the changes from
one month to another are relatively small. In the case of the implied interest
rate differential and sign strategy, the estimated parameters present an inverse
relation which might be explained by the increase in the number of emerging
currencies available for investments since 2000. From this year onwards, the
interest rate differential has provided more information than just the sign, its
magnitude has become more relevant. This is reflected in the currencies with the
highest rate differentials outperforming other currencies with lower interest rate
differentials even when the currencies have the same sign for the carry trade.
The Brazilian Real is a good example as it has had high interest rates for a long
time.

The returns obtained for the OOS period considering transaction cost and
allowing the inheritance of positions clearly show more profits than losses, parti-
cularly for the period between April 2000 and December 2006. During the crisis
in 2008 the portfolio presented the biggest losses and after that year the returns
presented a greater number of fluctuations between the profits and losses, which
may be explained by the volatile episodes in the markets observed in the last
5 years. These episodes have not been anticipated by the used characteristics
of the currencies, which might suggest that a new characteristic is required to
explain them. This new characteristic might be a global volatility index.

The table 24 presents the statistics of the returns obtained for the OOS
period for the portfolios that were optimized with the objective function that
include the transaction cost. In the first column is the portfolio that allows
the inheritance of the position. The second shows the portfolio in which it is
assumed that the positions are closed at the end of each period. Finally, the
third column presents the results for the optimized portfolio which does not
consider the transaction cost inside the objective function.

Table 24. Parametric portfolios comparison
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Figure 14.

Source: own elaboration.
The impact of the transaction costs in the performance of the portfolio is

observable in the plot as well as in the table. These costs reduce significantly
the potential profits in the long run and also affect the estimations of the per-
formance indicator such as the Sharpe ratio; for this reason the calculation is
made taking into consideration the possibility to inherit the positions from one
period to the next trying to replicate the behavior of an investor that tries to
reduce their transaction cost in each rebalance date.

With respect to the restriction imposed in the leverage, it had a good perfor-
mance preventing the portfolio from taking aggressive positions. The leverage
of the portfolios OOS fluctuated between 40% and 130% which helps to reduce
the crash risk of the portfolio. Additionally, the distribution of the returns of
this portfolio has a positive skew and a high kurtosis, which is explained by the
presence of positive returns above 10% for one month.

Another advantage of the portfolio is that it prevents taking a short position
and a long position in the same currency at the same time. This might happen
when an asset manager takes a position in different currency strategies. In the
next few plots we compare the performance of the portfolio with the performance
of the 1/N strategy that takes position in five currency strategies, with the HML
carry trade, and with the DBCR+10 Deutsche Bank index.
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Figure 15.

Figure 16.

Figure 17.

Source: own elaboration.
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The optimal portfolio has a much better performance than the 1/N portfolio
and the Deutsche Bank index, which a similar behavior as both has diversified
in analogous strategies. Even though the HML carry trade is the individual stra-
tegy with the best performance, the information contained in the characteristic
produced a more profitable portfolio with less exposure to a crash risk as the
estimated parameters θ̂ incorporate the information from the moment, reversal,
and value signals. This performance confirms the results presented by (Rafferty,
2012).

Finally, the performances of two optimal parametric portfolios were compa-
red, the first one has the policy of re-estimating the parameters θ̂ each month
and the other every 6 months.

The graph suggests that the portfolio for which the parameters θ̂ were esti-
mated every month incorporate in their estimation the new information available
in the market and takes advantage of this, particularly for emergent currencies.
This might explain why it has a better performance, as the difference between
the two portfolios increases after the inclusion of more emergent currencies in
the year 2000.
7. Conclusion
The paper formalizes and analyzes statistically four foreign exchange strategies
based on the concept of carry trade, momentum, and mean reversion property.
We propose a methodology to calculate the returns considering the transaction
cost and allowing the inheritance of the position for the previous strategies. This
method has less assumptions and incorporates the behavior of the managers who
try to use their previous positions to reduce their transaction costs, which have
a significant impact in the long run. Among the foreign exchange strategies, the
carry trade investments (table XX) computed as in (Menkhoff, 2011), which
take advantage of the interest rate differential, appear to be the most profitable
against the other strategies and also contain valuable information that can be
used to predict the future returns. The sign strategy that is also based on the
interest rate differential show a good returns, in order of profitability the re-
versal and the momentum present in average profits only the value strategy in
average has losses but this strategy has low correlation or even negative correla-
tion against the other strategies that increase the diversification in risk events as
this strategy tend to have a good behavior in high volatility periods. A relevant
point is that the strategies returns are leptokurtic which increase the risk of big
losses however a combination of this strategy that include relevant information
about the future behavior of the currency decreases the risk of potential loses
as the correlation among the strategies is relatively low.
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Table 25. Strategies comparison

In order to take advantage of the information contained in these strategies
and use it to construct an optimal portfolio, we develop five signals that deter-
mine the pay-off of each strategy. These signals become the characteristics of
the currencies which are used in the implementation of a version of the parame-
tric optimization proposed by (Barroso and Santa-Clara, 2012) and (Brandt et
al., 2009) to find a currency portfolio that takes advantage of the information
contained in the characteristics of each currency. The adaptation of the model
by the introduction of the leverage constraint produces portfolios that are more
suitable to implement than the portfolios obtained without the restriction. This
constraint also increases the efficiency of the sub-gradient and genetic algorithm
routines applied to find the maximum.

The model also decreases the risk of in-sample over-fitting since the coeffi-
cients will only deviate from zero if the combination of them offers an increase
in the expected utility. The portfolios constructed using this method, including
a constraint in the amount of leverage and taking into account the transaction
cost outperform the benefits generated by the carry trade strategy or the SP500.

At least two questions remain to be investigated; the first one is to determine
the optimal time for which the parameters theta should be re-estimated and if
the causes of different performance is a phenomenon observed only for portfo-
lios that include emerging currencies. The second question is if there are other
signals such as the global volatility in the markets, which may contribute to the
improvement of the portfolio’s performance, in particular for the last five years
of the OOS sample in which there are more negative returns than in previous
periods.

Finally, the performance observed in the portfolios constructed using the pa-
rametric method suggests that it could offer profitable investment opportunities
that have not been used by the market participants with the exception of quant
managers, who only represent a small proportion of the market participants.
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8. Appendix
ARMA Model per Currency Table
Based on the Akaike criterion the model that best fit the log-returns time series
for each currency is presented, in the case of the white spaces implied that the
time series is close to white noise.
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