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Abstract

The state of the art is that non-zero excess returns in efficient foreign exchange markets
reflect a time-varying risk premium for the systematic volatility risk taken, which affects
current and future consumption and investment opportunities. However, the carry trade risk
premium has been unexpectedly low since the global financial crisis, although its negative
covariance with innovations in the state variable global FX volatility still prevails, suggesting
a failure of currency pricing theory under uncertainty rather than a recovery of the
conventional unbiasedness hypothesis.

According to Fama's (1991) joint hypothesis problem, both currency-specific information and
market inefficiencies can lead to a failure to price risk efficiently in equilibrium, especially in
the absence of any other unifying rational expectations theory. Combining these two concepts
in the context of Merton's (1987) model of capital market equilibrium with incomplete
information provides the core idea of this thesis, which is that the magnitude of a ‘change’ in
idiosyncratic risk may have pricing power in the cross-section of currency excess returns if
investors underreact to news and price adjustments occur only gradually over time.

Two approaches based on forward-looking information are proposed, a simple estimator
using the moving mode of available investment currencies and the more sophisticated
‘pricing classifier’, to predict a violation of the systematic risk-based pricing model, i.e. to
predict funding market states and contrarian pricing regimes when the market does not
reward entering into a carry trade with sufficiently high expected excess returns. In addition,
we introduce a novel sorting variable to the literature, ‘CVaR-Trend’, which captures the
short- to long-term trend in CVaR forecasts and is used as a proxy for the magnitude of a
recent change in the level of CVaR.

The empirical results confirm that those G10 currencies that have experienced the largest

increase (decrease) in CVaR and, over the same period, the largest discount (premium) in
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spot prices due to the concomitant depreciation (appreciation) of the quote currency during
the price adjustment, will ultimately have high (low) risk premiums to compensate for their
high (low) CVaR levels. Furthermore, it is precisely when both funding and investment
currencies are among those that have experienced an increase in CVaR that the ‘in
equilibrium’ condition of Menkhoff et al.'s (2012a) currency pricing model is likely to be
violated. Only if the discount built into spot prices by low idiosyncratic excess returns over
time is sufficient to allow both investment and funding currencies to regain higher expected
future excess returns, is a sufficient risk premium on the carry trade restored, and thus the
risk-based explanation of the forward premium puzzle.

Finally, the three key findings, first, the pricing classifier as a mispricing indicator that
signals when to avoid carry trades, second, the sorting variable CVaR-Trend that highlights
the relevance of changes in individual risk for currency pricing, and third, the predictability
of excess return reversals in contrarian pricing regimes that reveals price adjustments towards
equilibrium, allow the development of a new currency trading strategy, the ‘contrarian
pricing trade’. The contrarian pricing trade evolves the conventional carry trade investment
rule and delivers economically and statistically significantly higher investment performance
than the conventional carry, momentum and value FX investment styles. In addition, the
contrarian pricing trade offers significantly better diversification benefits to a US investor
who is internationally invested in the equities of the G10 currency economies. Overall, the
favourability of the contrarian pricing trade holds not only over the entire sample period from
January 1999 to June 2023 and for both conformity and contrarian pricing regimes, but also
during periods of above- and below-average financial market stress as well as for the period

before and after the global financial crisis.
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1 Introduction

1.1 Motivation

The foreign exchange market is now the largest financial market in the world, with a daily
dollar trading volume that has grown from around US$20 billion in 1973 to around US$7.5
trillion in 2022. In a nutshell, this development has been driven by the increasing
globalisation of the world economy. In economic terms, globalisation has led to an increase
in international trade in goods and services between countries and a reduction in their barriers
to cross-border capital flows. These trends have been supported by international efforts to
promote trade liberalisation and openness, as evidenced by milestones such as the General
Agreement on Tariffs and Trade (GATT), signed in 1947, and its successor, the World Trade
Organisation (WTO), established in 1995 (Bekaert & Hodrick, 2018; BIS, 2022b).

In theory, there should be no need to worry about forecasting exchange rate movements
because, according to the unbiasedness hypothesis, forward rates should be equal to future
spot rates, which implies that, in an efficient foreign exchange market, changes in interest
rate differentials fully explain the cross-section of currency excess returns (e.g., Daniel et al.,
2017). However, the enormous size and importance of the foreign exchange market seems to
bring with it a myriad of real-world complexities that have caused the unbiasedness
hypothesis to fail, as currencies with high (low) interest rates tend to appreciate (depreciate)
rather than depreciate (appreciate). This empirical observation is known as the ‘forward
premium puzzle’, which is perhaps one of the most intriguing challenges in financial theory,
given the size of the foreign exchange market (Hassan & Mano, 2019, p. 397).

The most common explanation is that a non-zero expected excess return on the strategy of
exploiting the forward premium puzzle through carry trades reflects a time-varying risk

premium in efficient foreign exchange markets. Figure 1.1 shows that in times of market
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turbulence, such as during the global financial crisis or when the US sovereign credit rating
was downgraded in August 2011, the carry trade experiences significantly large and sudden
losses. For taking on this systematic ‘volatility risk’, investors demand positive excess returns

in equilibrium as compensation (Lustig et al., 2011; Menkhoff et al., 2012a).
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Figure 1.1. The figure shows the Office of Financial Research's Financial Stress Index (OFR FSI) on the right y-
axis and the geometric cumulative excess return on $1 invested in the carry trade, constructed as described in
Section 5.4.1, on the left y-axis. Discrete excess returns over the US Treasury rate are net of transaction costs.
Positive (negative) values of the OFR FSI reflect above (below) average levels of financial market stress.
Shaded areas in the figure correspond to NBER recessions. The sample period is January 1999 to June 2023.

However, this ‘on average’ pricing perspective (Fama, 1970, p. 409) requires the carry trade
to generate positive excess returns during periods of average or below-average financial
market stress. Figure 1.1 clearly shows that this was indeed the case in the period before the
global financial crisis and from late 2009 to early 2013. However, for the period from around
mid-2013 to mid-2023, the cumulative excess return of the carry trade only moves up and
down slightly from time to time, so that on average it remains broadly unchanged. The carry

trade no longer seems to offer adequate risk compensation, although its sensitivity to
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systematic volatility risk remains high, as the large losses following the Swiss franc shock in
January 2015 or the coronavirus pandemic shock in March 2020 clearly show.

The research objective of this thesis is therefore to examine whether there is useful forward-
looking information that allows us to assess whether the risk-based explanation for the cross-
section of currency excess returns holds, and to understand the driving forces behind it.
Guided by the joint hypothesis problem (Fama, 1991), we are aware that there could simply
be a better systematic risk-based explanation, but this seems unlikely as it would have to
show how currency excess returns covary with priced risk factors in such a way that the carry
trade does not sufficiently reward the still prevailing volatility risk. Moreover, the empirical
support for carry and volatility risk as drivers of currency excess returns remains quite strong
(e.g., Nucera et al., 2023). In particular, if deviations from equilibrium may be temporary, as
suggested by Figure 1.1, it seems plausible, in line with the joint hypothesis problem, that
either currency-specific information or market inefficiencies, or both, play a role alongside
systematic risks (e.g., Cochrane, 2011; Daniel et al., 2020).

Accordingly, our research focuses in particular on the interplay between these two concepts,
since on the one hand, in line with Merton (1987), currency-specific or idiosyncratic risks
may be relevant for currency pricing and may become so significant that they even outweigh
systematic risks at certain points in time. On the other hand, the key behavioural assumption
of Merton (1987) is that investors have limited attention and therefore can only act on
information once they are aware of it. Taken together, these two concepts highlight the
potential importance of the size of a ‘change’ in risk. If market participants are slow to react
to news (e.g., Daniel et al., 1998), then a large change in currency risk due to idiosyncratic
information may have pricing power but will take longer to be reflected in prices. The
expected excess return is then unlikely to be in equilibrium with systematic risk until the

adjustment process is complete (e.g., Atilgan et al., 2020).
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1.2 Outline of the thesis

The first part of Chapter 2 begins with the main theoretical concept of why we should expect
carry trades to be a zero-sum game, and then reviews the empirical evidence for the failure of
the unbiasedness hypothesis and the main explanations for the forward premium puzzle. The
second part of Chapter 2 provides the economic rationale for recognising that, in an
equilibrium model, volatility risk can be a source of systematic risk for which market
participants demand a risk premium, thereby justifying the failure of the unbiasedness
hypothesis. The third part of chapter two then provides a detailed description of the
derivation of the four central research hypotheses of this thesis and a brief summary of the
main findings. The first three research hypotheses provide an avenue for understanding the
causal mechanisms through which changes in idiosyncratic risk can affect currency pricing.
Crucial to this understanding is the acceptance of the primacy of systematic volatility risk,
which is why a large part of this thesis is devoted to finding evidence for the breakdown of
the systematic risk explanation of currency pricing. According to the joint hypothesis
problem, it should be precisely then possible to find a strong indication of the influence of
currency-specific information on the pricing of currencies. The main references to the
indicators developed in this thesis can be found in sections 2.3.2, 3.4.1 and 4.3.

This division of the foreign exchange market into two states, in which the risk-based
explanation of the forward premium puzzle is fulfilled and in which it is not, suggests that
there may be different mechanisms by which changes in idiosyncratic risk affect spot rate
movements. For this reason, the third chapter examines how changes in currency-specific risk
might be adequately measured, and tests whether changes in risk can price the cross-section
of currency excess returns in periods when the carry trade can and cannot. The results suggest
that changes in idiosyncratic risk are relevant for currency pricing in both market states, but

of secondary (primary) relevance when the carry trade is (is not) a significant risk factor.
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This suggests that, in line with the joint hypothesis problem, deviations from equilibrium may
be temporary. For this reason, chapter four refines the mispricing indicator of chapter three,
but in particular examines whether there is evidence of price adjustments that correct the
mispricing and thereby restore the equilibrium of the risk-based explanation. The results
suggest that a failure of the risk-based explanation does indeed seem to occur, as there are
changes in idiosyncratic risk that need to be properly priced before systematic volatility risk
can again become the key explanation for the carry trade driving the cross-section of currency
excess returns.

The three main findings, that changes in currency-specific risk are relevant for currency
pricing, albeit in different ways depending on whether the systematic risk-based explanation
holds or not, and that price adjustments towards equilibrium occur, suggest that the carry
trade investment rule could be improved. For this reason, chapter five develops a new
currency trading strategy that builds on the carry trade but incorporates these three key
insights into the investment rule. The primary objective of chapter five is then to examine
whether the shortcomings of the carry trade strategy in the aftermath of the global financial
crisis can actually be mitigated in a classic performance and diversification benefit study
under realistic conditions. In short, the results suggest that the main findings of this thesis are

indeed powerful in improving the conventional carry trade.
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2 Research Context

2.1 The theoretical foundation of the carry trade

2.1.1 Uncovered and covered interest rate parity

Interest rate parity (IRP) is essentially an extension of the law of one price. While the law of
one price states that in frictionless markets - a condition characterised by the absence of
information asymmetry, transaction and transport costs, and legal restrictions such as
differential taxes or trade barriers - a homogeneous good should trade at the same price in
different locations or markets when expressed in the same currency, IRP applies this logic to
the realm of international money market instruments by positing a relationship between
interest rates and exchange rates that must hold when international financial markets are in
arbitrage equilibrium (Bekaert & Hodrick, 2018; Eun & Resnick, 2004).

The relationship postulated by the IRP can be derived from an arbitrage transaction in which
an investor sees an opportunity to exploit a positive difference between the foreign and
domestic interest rates. To do this, at an initial time t, one domestic currency unit (DCU) is
borrowed at the domestic interest rate i. This is used to buy S; foreign currency units (FCU)
at the prevailing exchange rate S;. Note that we use quantity notation where DCU is the base
currency and FCU is the quote currency. Once converted, it’s immediately lent out at the
foreign interest rate i. The arbitrage portfolio is fully self-financing, i.e. the cost of holding it
is zero, since the net cash flow at time t is zero. At the end of the investment period, at time
t+1, both investments are closed, i.e. the amount resulting from the foreign lending is
converted back into domestic currency at the new exchange rate S¢+1. These proceeds are used
to repay the outstanding domestic loan, together with its accrued interest. Table 2.1
summarises the current and future (maturity date) cash flows from the investment in the

arbitrage portfolio, following Eun and Resnick (2004, p. 100f.).
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The net cash flow of this arbitrage transaction provides several important insights into the
understanding of interest rate parities and the determination of exchange rates. Uncovered
interest rate parity (UIRP) is satisfied in the equilibrium state of the foreign exchange market,

i.e. when there are no profitable arbitrage opportunities.

Table 2.1
Uncovered interest rate parity

Strategy Cash flow int=0 Cash flowint=1

Borrow domestic currency +1DCU - (1+i% DCU

Lend foreign currency -S¢FCU + (1+") S FCU

Net cash flow =0 =1+ g~ (1+i) DCU
t+

Note: Table 2.1 summarises the current and future (maturity date) cash flows from investing in the arbitrage
portfolio, which is created by first borrowing 1 DCU in the domestic money market at the domestic interest rate
and then lending the same amount abroad at the foreign interest rate.

For this equilibrium to prevail, the net cash flow from the arbitrage transaction at maturity
must be zero, which implies, on the one hand, that the expected return on an uncovered
foreign investment should be equal to the known return on a domestic investment and, on the

other hand, that the future spot exchange rate at time t can be expected to be equal to:

. S .
(I'Ht) m = (I'Hd)

1+’
= E((S:1) =S4 d
1+

E(Sup) -8, i
=

S, - 1+i4 (2.1)

The expected percentage change in the spot rate in a given period should therefore be
approximately equal to the interest rate differential between the two currencies in that period.
This is because if if > iq (ir < i4), which favours the foreign (domestic) currency, and UIRP

does not hold initially (at t=0), then arbitrageurs would seek to borrow in the domestic
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(foreign) currency and invest in the foreign (domestic) currency. This increased demand for
the foreign (domestic) currency would put upward pressure on its current value. Over time, as
the arbitrage positions mature, there will be a greater demand to convert the foreign
(domestic) currency back into the domestic (foreign) currency, which will increase (decrease)
the future spot rate. This expected depreciation (appreciation) of the foreign currency offsets
(compensates for) the higher (lower) foreign interest rate, ensuring that the overall expected
excess return equals that of the domestic investment. It is precisely this equivalence of
expected excess returns between domestic and uncovered foreign investments that leads to a
central conclusion of the UIRP, namely that investors are not compensated for being exposed
to the uncertainty of the future spot rate, i.e. for bearing the risk that future spot rate
fluctuations may adversely affect them (Bekaert & Hodrick, 2018; Eun & Resnick, 2004).

By entering into forward contracts to fix future exchange rates, investors can attempt to
hedge exchange rate risk. However, the forward rate F;, which is fixed at time t and matures
at time t+l, is adjusted immediately, i.e. at time t, to eliminate possible arbitrage
opportunities. This arbitrage condition, which relates the spot, forward and nominal interest
rates of two currencies, is known as covered interest rate parity (CIRP). CIRP ensures that the
expected returns on domestic and foreign investments hedged by forward contracts are the
same. Whereas UIRP relies on anticipated movements in future spot rates to ensure parity of
expected returns, CIRP relies on immediate adjustments in spot and forward rates. However,
both parity conditions have in common that in an efficient market there should be no risk-free
arbitrage opportunities. The arbitrage transactions of market participants guided by these
parities aim to ensure that equivalent investments, whether hedged or not, earn the same
return (Bekaert & Hodrick, 2018; Eun & Resnick, 2004).

Consider again an arbitrage transaction, assuming that the foreign (domestic) currency has a

higher interest rate, i.e. ir > 14 (ir < 14), and CIRP is not initially satisfied. The aim of the
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arbitrage transaction is to take advantage of the interest rate differential. An increase in
demand by arbitrageurs at time t to buy (sell) the foreign currency spot and to sell (buy) the
foreign currency forward will immediately cause the spot rate to fall (rise) and the forward
rate to rise (fall) so that the positive (negative) percentage difference between the forward and
spot rates is approximately equal to the positive (negative) interest rate differential between
the foreign and domestic currencies. This is essentially the same as replacing E(S¢+1) by Fy,

which gives the following rearrangement for the net cash flow of the arbitrage portfolio:

S
(14 =5 = (1)
t

- 1+
:> = —_—
T

F,-S, i-i

S 1+ (2.2)

Since the foreign currency is traded on the forward market at a discount (premium) to the
current spot rate, i.e. Fi > S; (Ft < Sy), an investor who buys (sells) the foreign currency on the
spot market at the lower (higher) spot rate and agrees to sell (buy) it forward at the higher
(lower) forward rate will already incur a foreign exchange loss (gain) at time t that offsets
(compensates for) the higher (lower) foreign interest rate (Bekaert & Hodrick, 2018; Eun &

Resnick, 2004).

2.1.2 The rejection of the unbiasedness hypothesis

Assuming that market participants are risk-neutral (i.e. indifferent to risk and concerned only
with expected returns) and have rational expectations (i.e. their forecasts are, on average, not
systematically biased but accurate and take into account all available information), the
covered and uncovered interest rate parity theories together lead to the unbiasedness

hypothesis. This hypothesis states that the forward rate should be an unbiased predictor of the
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future spot rate. In other words, in a perfectly competitive foreign exchange market, there
should be no systematic difference between the forward rate and the expected future spot rate

(Bekaert & Hodrick, 2018; Daniel et al., 2017):

S S

) 5mm R,
= E(Sy1) =F, (2.3)
In the initial stages of the empirical investigation, the unbiasedness hypothesis was tested by
conducting regressions in which the ex-post observed spot exchange rate was regressed on

the ex-ante observed forward exchange rate. In addition, a constant term was included and
these univariate regressions were run for each currency considered (Fu & Ruger, 2022):

Sjr1 = 0+ BiFj it g (2.4)
The unbiasedness hypothesis predicts for the regression coefficients a; and f3; values close to
0 and 1, respectively. In seminal studies such as Frenkel (1976), Cornell (1977) and Levich
(1979), the values of o; and B; were indeed found to be consistent with these predictions.
However, these tests have been criticised for using non-stationary level data. This criticism
has been raised in studies such as Meese and Singleton (1982) and Meese (1989). As a

remedy, empirical research has begun to use a first-difference approach. This involves

regressing spot returns on forward discounts and a constant (Fu & Ruger, 2022):

St = Sj = 05+ By(Fj - Sji) + . (2.5)
Although the unbiasedness hypothesis still implies that o; = 0 and B; = 1 in this format,
subsequent empirical work has often reached different conclusions. In particular, research by
Tryon (1979), Hansen and Hodrick (1980), Bilson (1981), Fama (1984), Froot and Frankel
(1989), and Froot and Thaler (1990) found that the estimated values of Bj are often

significantly different from unity and can even be negative. Since Fama (1984) proposes to

use forward discounts as the independent variable, thereby assuming the validity of CIRP,
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regression (2.5) is often referred to as the ‘Fama regression’ (Engel et al., 2022, p. 3). This
phenomenon indicates a failure of the unbiasedness hypothesis, as it implies that the forward
rate does not equal the future spot rate as expected, which is known as the ‘forward premium
puzzle’ (Hassan & Mano, 2019, p. 397).

As empirical research on the forward premium puzzle has progressed, increasingly
sophisticated methods have been used to verify that the initial results are not just a statistical
artefact. In particular, in addition to the distinction between levels and differences in
assessing the unbiasedness hypothesis, the literature also addresses a problem known as the
‘multiple comparisons problem’ (Hochberg & Tamhane, 1987) when researchers
simultaneously test the unbiasedness hypothesis for multiple currencies. Essentially, if many
tests are performed, there's a greater chance that some results will appear to be spuriously
significant. This can lead to erroneous conclusions due to sampling error (Fama, 1984).

One of the ways in which researchers have tried to address this is by running joint tests that
consider several currencies together, rather than separate tests for each currency. For this
reason, seemingly unrelated regression (SUR) models have been widely used (e.g., Bilson,
1981; Cornell, 1989; Fama, 1984; Hodgson et al., 2004). What's particularly useful about this
method is that it recognises the relationships between different currencies, especially as most
currencies are often quoted against a common benchmark currency, such as the US dollar.
Given the interconnectedness of global financial markets, it therefore makes sense to take
these linkages into account when testing the unbiasedness hypothesis (Fu & Ruger, 2022). In
addition, other methods such as cointegrated panel regression techniques have been used
(e.g., Westerlund, 2007). These methods take into account the interdependence between
currencies, which makes the tests more robust. After all, as Geweke and Feige (1979) point
out, a test that takes into account information from all currencies is likely to produce more

reliable results than tests that look at each currency in isolation.
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More recently, Fu and Ruger (2022) develop a Monte Carlo resampling procedure based on
the sign and rank statistics proposed in Campbell and Dufour (1997) to test the unbiasedness
hypothesis for multiple currencies jointly and for each currency separately. Interestingly,
despite the sophisticated research design, Fu and Ruger (2022) broadly confirm the
conclusions of previous research, as the joint test appears to robustly reject the unbiasedness
hypothesis for the 13 major currencies in the period from October 1983 to December 1998
and for the G10 currencies in the period from January 1999 to June 2021 in both the level and
the difference specification. It is also noteworthy that they find the Australian and New
Zealand dollars to be the currencies with the most egregious p-values, and thus the main
drivers of the strong rejection of the unbiasedness hypothesis in both level and difference
specifications. These two currencies are prototypical investment currencies among the G10
currencies, and thus a typical G10 carry trade would hold them long. Moreover, these two
currencies play a prominent role in existing explanations of carry trade returns (Bekaert &
Panayotov, 2020). However, recent research also finds considerable instability in the slope
parameter estimates when performing rolling regressions (Bekaert & Hodrick, 2018). Rossi
(2006, 2013) examines the instability in the predictive power of the Fama regression for
exchange rate changes. Indeed, there is also evidence that the slope coefficient of the Fama
regression changed sign in the 2000s, especially after the global financial crisis (e.g., Engel et

al., 2019; Engel et al., 2022).

2.1.3 The stylised facts of carry trades

The forward premium puzzle laid the foundation for the rise of a simple currency trading
strategy, the carry trade. However, the carry trade investment rule is based on a naive
interpretation of the early empirical regression results. A negative slope coefficient f; in

equation (2.5) implies that currencies with high (low) interest rates are more likely to
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appreciate (depreciate) rather than depreciate (appreciate), contrary to the expectation of
uncovered interest parity. Under the carry trade investment rule, an investor trading in the
spot market would borrow money in a currency with a low interest rate and use the borrowed
money to buy a currency with a higher interest rate and invest in that currency. In the forward
market, on the other hand, an investor would sell forward contracts in low interest rate
currencies, which trade at a forward premium, and buy forward contracts in high interest rate
currencies, which trade at a forward discount (Bekaert & Hodrick, 2018).

The idea is that if the future spot rate is the same as the current spot rate when the position is
closed or at maturity, an investor will at least earn the carry, i.e. the interest rate differential
that accrues during the holding period, or that the currency excess return for the investor will
be even higher if the currency with the higher interest rate appreciates and the currency with
the lower interest rate depreciates (Bekaert & Hodrick, 2018; Daniel et al., 2017).

However, the carry trade investment rule neglects an important information, namely that the
value of the constant term o; is usually estimated positively (negatively) in empirical tests of
the unbiased hypothesis when exchange rates are expressed in quantity (price) quotation.
Properly interpreted, this means that currencies with high (low) interest rates do indeed
depreciate (appreciate) on average, but not as much as would be needed to offset the interest
rate differential, as would be expected according to uncovered interest rate parity. Only in a
few cases of very large positive (negative) interest rate differentials do currencies actually
appreciate (depreciate) on average rather than depreciate (appreciate). Rather than ignoring
the absolute size of the interest rate differential between two currencies, one might have
expected a carry trade investment rule based on the regression tests, suggesting that the
forward rate bias should be exploited primarily for currencies where the forward discount is

unusually large or small relative to historical data (Bekaert & Hodrick, 2018).
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If the unbiasedness hypothesis is indeed valid, i.e. if the forward discount is an accurate and
unbiased predictor of the rate of depreciation of a foreign currency, then one would expect
the expected currency excess return from employing the carry trade strategy to be zero
(Daniel et al., 2017). However, the empirical literature has documented that the carry trade is
highly profitable, as high interest rate currencies tend to have higher excess returns on
average than low interest rate currencies. However, profits accumulate slowly over time,
while the carry trade performs poorly in times of market turmoil and financial stress, when
losses tend to be large and sudden (e.g., Bekaert & Panayotov, 2020; Brunnermeier et al.,
2008; Burnside et al., 2011a; Daniel et al., 2017; Farhi & Gabaix, 2016; Lustig et al., 2011;

Menkhoff et al., 2012a; Verdelhan, 2018).

2.1.4 Explanatory approaches to the forward premium puzzle

It has not yet been conclusively established whether the unbiasedness hypothesis is valid or
should be rejected. However, Fama (1984) was the first to recognise that the estimated slope
coefficients in tests of the unbiasedness hypothesis can be interpreted as an indication of the
existence of time-varying risk premia. If the excess returns on a currency forward contract
covary with systematic, e.g. non-diversifiable, risk, a non-zero currency excess return may
reflect that the unbiasedness hypothesis fails because there is a time-varying compensation
for the higher risk exposure of risk-averse investors, which would then be consistent with the
market efficiency hypothesis (Bekaert & Hodrick, 2018).

The early empirical literature, however, had serious problems in convincingly identifying the
risk factors that price these risk premia, because standard equilibrium models, such as the
capital asset pricing model, were unable to generate risk premia that were as variable as the

Fama regression results suggested (Bekaert, 1996; Menkhoft et al., 2012a). To understand
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this argument, note that the risk premium is simply the expected excess return and therefore

regression (2.5) implies that:

E(Sje1 - Sj0) - (Fie-Sj) =y + (Bj'l) (Fie-Si) (2.6)
Hence, the variance of the risk premium is given by (Bj-1)°c%(Fj-Sjs), and thus, as long as B;
is negative, as implied by the Fama regressions, the variance of the risk premium is greater
than both the variance of the forward discount and the variance of the expected spot return,
which is equal to (Bj)*6*(F;-S;.) (Bekaert & Hodrick, 2018). The following section discusses
in more detail the intertemporal relationship between expected currency excess returns and
currency risk. It will not only provide a brief and concise overview of the state of empirical
research on the equilibrium risk premium that explains the dispersion of average excess
returns in the cross-section of currencies. It will also provide the foundation for the core
research hypotheses that this dissertation seeks to answer in the final section of this chapter.
Before doing so, however, this chapter presents other interpretations of the Fama regression
results that have been discussed in the empirical literature. For example, the change over time
in the estimated slope coefficients of the Fama regression suggests that the statistical analyses
may not be consistent with the assumption of rational expectations of market participants. It
is assumed that the sample drawn is sufficiently representative of the true but unknown
distribution of spot returns. In this case, the ex-ante expectations about the distribution of spot
returns are consistent with the ex-post observations. However, the actual observed
distribution of spot returns may have been affected by the fact that expected events did not
occur or occurred more frequently than expected (Bekaert & Hodrick, 2018).

The peso problem revolves around this discrepancy between the ex ante information set that
rational investors perceived and based their decisions on, and the ex post information set that
was actually realised. The name originates from the historical situation in the 1970s when the

Mexican peso was pegged to the US dollar and depreciation was expected. However,
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depreciation did not occur as frequently as expected. As a result, the observed excess returns
on peso-denominated assets appeared to be higher than would have been commensurate with
the risk involved. Investors expected a depreciation (a peso event), but since it occurred
infrequently in the sample, holding pesos appeared to yield a surprisingly high excess return
(Lewis, 2011).

Burnside et al. (2011a) find evidence that a large part of the significant excess returns of
unhedged carry trades is due to the fact that a massive depreciation of high interest rate
currencies expected by market participants, the peso event, has simply not yet occurred in the
observed data. They base their conclusion on the observation that the Fama-French three-
factor model is unable to explain the average excess returns of unhedged carry trades.
Otherwise, the average risk-adjusted excess return of the unhedged carry trade would be zero,
as the peso event would have already occurred. However, once currency options are used to
hedge against the peso event, the evidence for a positive alpha of hedged carry trades
becomes much weaker. Neutralising the losses that will result from the impending peso event
is essentially tantamount to anticipating the inevitable depreciation dictated by uncovered
interest rate parity. Thus, if hedging leads to the elimination of positive risk-adjusted excess
returns, this is consistent with a peso problem explanation. Consequently, as an explanatory
approach, the peso problem suggests that the expected depreciation (appreciation) of the
foreign currency that offsets (compensates for) the higher (lower) foreign interest rate should
be perceived as a peso event simply because it has not yet occurred, or has occurred less
frequently than expected over the sample period. However, if this is the case, then the
realised average excess returns of high (low) interest rate currencies will be higher (lower)
than expected, leading to the forward premium puzzle.

It is very important to understand that the peso problem views the expected price adjustment

under uncovered interest rate parity as a rare event with a low probability of occurrence. A
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common misconception is to perceive the peso problem explanation as a risk-based
explanation. If this were the case, part of the forward discount would reflect a risk premium
that market participants receive when they buy high interest rate currencies forward as
compensation for the low probability of a large depreciation in the event of a rare but
catastrophic event. The hypothesis that there is a risk associated with peso events can, in
principle, justify positive carry trade excess returns. However, the peso problem attributes the
forward premium puzzle to a bias in the econometric tests due to the small sample size. This
bias will be eliminated and the validity of the uncovered interest rate parity restored once the
peso event actually occurs. Rational and risk-neutral investors expect to be compensated later
for the positive (negative) excess returns of high (low) interest rate currencies accumulated
before the peso event, are not better (worse) off as a result and therefore do not receive a risk
premium. Risk-averse investors, on the other hand, would want to protect themselves against
the unpredictability of events in which they would suffer significant losses, and would
command a risk premium for holding currencies exposed to the risk of ‘rare disasters’.
However, in this approach, the forward premium puzzle would also occur in the population,
as the puzzle is not understood as a consequence of small sample bias (Burnside et al., 2011a;
Farhi & Gabaix, 2016; Lewis, 2011).

In contrast, Jurek (2014) doubts that the forward rate bias can be explained by a peso event.
He uses put options to hedge long positions in high interest rate currencies against large
depreciations and to isolate the component of excess return that is due to the risk of rare
catastrophes. In contrast to the results of Burnside et al. (2011a), Jurek (2014) finds that high
interest rate currencies generate significant excess returns even after hedging against the risk
of large depreciations. Thus, a risk premium for bearing the risk of a crash that has not yet
occurred therefore does not sufficiently explain the average excess returns of high interest

rate currencies to conclusively identify the peso problem as the cause of the forward premium
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puzzle. He also draws a more sceptical conclusion about the disaster hypothesis, arguing that
crash risk premia account for at most one-third of the excess returns of carry trades in G10
currencies. Daniel et al. (2017) acknowledge that generalised peso problems cannot be ruled
out, but also note that a single, so far unrealised peso event is unlikely to explain the forward
rate bias, as there is no statistical evidence that depreciations of high interest rate currencies
are direct consequences of sudden and unpredictable crashes. Bekaert and Panayotov (2020)
confirm the previous finding that options can be used to hedge crash risk without much
impact on the profitability of the carry trade. Moreover, they show that the skewness of
excess returns can be dramatically improved by selectively removing the prototypical
currencies from the carry trade investment universe without affecting profitability. This
indicates that the crash risk can, in principle, be diversified away and therefore shouldn't
command a risk premium. The claim by Brunnermeier et al. (2008) that the negative
skewness of carry trade excess returns cannot be diversified away and thus crash risks cannot
be eliminated, which provides the basis for the existence of a crash risk premium, should
therefore be treated with caution. Consequently, Bekaert and Panayotov (2020) also argue
that the disaster hypothesis, according to which the profitability of carry trades reflects
compensation for exposure to negative skewness of excess returns or crash risk, cannot be the
sole explanation for the forward rate bias. Although it is now well established that the
negative skewness of the excess returns of high interest rate currencies, and hence of carry
trades, is due to unexpectedly large drawdowns, it has not yet been conclusively established
whether this is the manifestation of an inevitable peso event that restores the validity of the
UIRP, or a currency crash for which there is a risk premium to be rewarded. However, it is
precisely these drawdowns that have led to carry trades being described as ‘picking up
nickels in front of steamrollers’ (The economist, 2007, p. 80) or the return of a carry trade

that ‘goes up by the stairs and down by the lift” (Breedon, 2001, p. 151).
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The ability to effectively diversify rare crash risks using currency options raises the general
question of whether risks in foreign exchange markets can be perfectly diversified. In this
case, there are neither systematic nor idiosyncratic risks that would justify compensation.
Such a market environment reflects a consequence similar to that of perfectly risk-neutral
market participants. Again, no premium for risk taking would be expected. The literature
recognises that the forward rate bias may then be due to investors not having rational
expectations. Lewis (1989) suggests that learning and model uncertainty can explain the
forward rate bias. It is recognised that market participants are unlikely to have a correct
model and therefore make biased forecasts. Given this uncertainty, market participants update
their beliefs and forecasts based on incoming data, which should lead them to place more
weight on the most recent observations. However, if market participants are in a continuous
learning and adjustment process, both the initial misperception and the intervening updates
permanently bias their expectations about future spot rates, so that the forward rate they set
systematically deviates from the actual future spot rate. This bias can arise because market
participants overreact to the latest data (Burnside et al., 2011b) or are slow to update their
assumptions in response to new information (Al-Zoubi, 2011).

The hypothesis that market participants are irrational, e.g. that they have systematic biases in
their expectations due to cognitive biases, noise trading or arbitrage limits, and thus introduce
systematic mispricing in the forward market, has been taken up by a large body of empirical
research in behavioural finance. Frankel and Froot (1987), among others, use survey data to
examine the future expectations of market participants. They find that, in the short run,
traders tend to base their expectations on recent movements (charting behaviour). In the long
run, however, they tend to base their expectations on fundamentals. They conclude that this
dichotomy may explain the forward rate bias. Bilson (1981) introduces the ‘speculative

efficiency’ hypothesis, which states that the forward rate reflects the market consensus about
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the future spot rate. If the consensus is based on irrational beliefs or noise trading, then the
forward rate will be distorted. Froot and Thaler (1990) examined various anomalies in the
foreign exchange market, including the forward premium puzzle. They argue that the puzzle,
along with other anomalies, cannot be explained by standard economic models and suggest
that behavioural biases may be involved. Behavioural explanations and learning from model
uncertainty are likely to be interconnected, and it is conceivable that together they contribute
to the forward premium puzzle. The short-term orientation of chartists and the long-term
orientation of fundamentalists suggest that there are at least two different sets of information
on which expectations are based over time. Bilson's speculative efficiency argument suggests
that the forward rate will initially reflect these biased views. However, learning will lead
market participants to adjust their models to the new information they receive over time,
often resulting in the actual future spot price deviating from the forward price originally set

on the basis of different information.
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2.2 The intertemporal relation between return and risk in foreign exchange markets

2.2.1 The intertemporal capital asset pricing model

Merton (1969, 1971) formulated and solved the continuous-time consumption and portfolio
choice problem. An individual is assumed to make both a consumption-savings choice and a
portfolio allocation decision continuously, i.e. the time interval is instantaneous. Asset prices
are subject to continuous random changes, so that the distribution of returns is time-varying
and investment opportunities change randomly. In this environment, individuals seek to
optimise their utility from their lifetime consumption, i.e. their utility depends on their ability
to consume at all future points in time. In order to maximise their utility function, individuals
will continuously decide how much of their wealth to save, which will depend on their
consumption preferences, and they will continuously rebalance their portfolios to adapt to
changing investment opportunities. They will be concerned with the expected rate of return
on their invested savings, as this will determine their future ability to consume or reinvest
their accumulated wealth over time (Cochrane, 2005).

An important insight into the equilibrium pricing of assets in a multi-period, continuous-time
environment is that expected asset returns satisfy the single-period capital asset pricing model
(CAPM) relationship of Sharpe (1964), Lintner (1965) and Mossin (1966) only if investment
opportunities are constant. In this case, however, Merton (1973) showed that the continuous-
time market portfolio will be the value-weighted market portfolio implied by the single-
period CAPM. Even if individuals are able to make decisions in a more realistic
intertemporal environment, given constant investment opportunities, there will be only one
mean-variance efficient portfolio of risky assets that is optimal for all individuals to hold in
equilibrium, and they will differ only in how they allocate their total wealth between the
market portfolio and the risk-free asset. However, if investment opportunities change over

time, individuals' risk aversion to compromising their lifetime consumption opportunities will
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lead them to take into account information about the economic conditions under which assets
are priced. This includes information about current consumption opportunities and the current
achievable risk-return trade-off in the investment universe, as well as information about
future consumption and investment opportunities, in particular how returns co-move with
changes in future investment opportunities (Pennacchi, 2008).

Consequently, in equilibrium, individuals want to be compensated not only for taking market
risk, but also for taking the risk of adverse changes in investment opportunities, since these
changes affect the present utility of their wealth, which depends on how it can be deployed in
markets in the future to realise consumption opportunities and earn investment returns. State
variables capture these other, presumably multiple, sources of systematic risk that go beyond
pure market risk. Innovations in these state variables can signal shifts in the investment
opportunity set that affect asset prices and hence investor’s utility (Merton, 1973).

Therefore, Merton's (1973) Intertemporal Capital Asset Pricing Model (ICAPM) extends the
CAPM relationship, in which the expected excess return of an asset depends on its sensitivity
to variations in the return of the market portfolio, to include risk premia that reflect the
covariances of an asset with portfolios that best hedge against changes in investment
opportunities (as measured by innovations in some state variables). When Merton's (1973)
ICAPM is applied to empirical studies conducted in discrete time rather than continuous time,
the following equilibrium pricing equation between risk and expected return approximately

holds (Cochrane, 2005; Maio & Santa-Clara, 2012)
E(rj 1) - teer =7 Cov(tjr.tment) T v, Cov(rj1,A7) 2.7)

where 14, is the risk-free interest rate, known at f, E(rj,m) - ey 18 the expected excess
return on asset j between t and t+1 and ry;y; denotes the return of the market portfolio. z,

represents the additional portfolio that is the one most highly correlated with the state

variable of interest, and Az, therefore refers to the innovation or change in the state
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variable. y is the price of market risk, defined as the market risk premium divided by the
variance of the market portfolio return. y reflects the additional return required by the
aggregate or representative investor to bear an additional unit of variance of the market return
when holding the market portfolio. y also provides an estimate of the coefficient of relative
risk aversion (RRA) of the representative investor. A higher relative risk aversion signals a
greater sensitivity of the representative investor to changes in his consumption in the face of
risk. The higher the RRA, the higher the price the representative investor is willing to pay for
assets that hedge against adverse changes in future investment opportunities. v, denotes the
covariance risk price and represents the price of bearing the risk associated with unexpected
changes in investment opportunities, as signalled by the covariance of an asset with the state
variable innovations (Maio & Santa-Clara, 2012). If there is more than one source of
systematic risk beyond pure market risk, there is an additional covariance risk price in

equation (2.7) for each state variable (Pennacchi, 2008).

2.2.2 Common risk factors in foreign exchange markets

The ICAPM does not directly identify the state variables underlying the risk factors.
Therefore, multi-factor models that include the market risk factor as well as other risk factors
have been interpreted as suitable candidates for empirical application of the ICAPM, leading
Fama (1991, p. 1598) to interpret the ICAPM as a ‘licence’ to fish for state variables in the
data. However, state variables cannot be anything because, first, they must forecast either
future aggregate expected returns or return volatility and, second, if they predict positive
(negative) changes in investment opportunities in time series regressions, the innovations in
the risk factors corresponding to the state variable should earn a positive (negative) risk price
in the cross-section of asset returns (Maio & Santa-Clara, 2012). Since the ICAPM can be

applied to any risky asset, including those in the foreign exchange market (Cenedese et al.,
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2014), the recent empirical literature on cross-sectional currency pricing considers the
parsimonious two-factor linear currency pricing model of Lustig et al. (2011) to provide a
risk-based explanation for the failure of the unbiasedness hypothesis. The factors employed
are the dollar risk factor (DOL), which represents the excess return on the foreign exchange
market, and the excess return on the carry strategy (HML!), a carry trade that uses two
currencies on both the investment and funding legs. HMLX represents the risk factor that
hedges against future changes in the investment opportunity set.

When currencies are sorted into portfolios in ascending order of forward discount, their betas
to the dollar risk factor are monotonically close to one across interest rate levels, and the
covariance risk price associated with the dollar risk factor, i.e. the coefficient vy, is
indistinguishable from zero. This implies that there is no significant cross-sectional
relationship between the dollar risk factor and expected currency excess returns in the cross-
section of carry trade portfolios. However, the average market excess return effectively
serves the same purpose as a constant, preventing common over- or underpricing in the cross-
section of excess returns, which would be inconsistent with the assumptions of equilibrium
asset pricing models such as the ICAPM (e.g., Lustig et al., 2011; Menkhoff et al., 2012a). In
contrast, Verdelhan (2018) provides strong evidence that the dollar risk factor may
nevertheless be priced into the cross-section of currency excess returns. The dollar risk factor
appears to reflect some global macroeconomic level risk, which exists because shorting the
dollar in a US recession is a risky strategy, even though foreign currencies then trade at a
forward discount due to the risk of a sharp appreciation of the dollar as the US economy
recovers, and risk-averse investors expect to be compensated for taking this risk.

Conversely, the literature finds a significant positive cross-sectional relationship between
forward discount and expected currency excess returns and, consistent with this observation,

a positive covariance risk price for bearing the intertemporal cross-sectional risk associated
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with the difference in excess returns between high and low interest rate currencies, i.e. the
coefficient y, of the proxy state variable HML™ is positive. This implies that low (high)
interest rate currencies covary negatively (positively) with innovations in the state variable,
reflecting that they perform particularly well (poorly) in periods of deteriorating expectations
of future aggregate investment conditions, i.e. in periods when carry excess returns are low.
That is, they provide (do not provide) a hedge against periods of market turbulence and hence
against reinvestment risk, which increases (decreases) the investor's ability to consume at all
future points in time and thus potentially increases (decreases) the investor's utility derived
from lifetime consumption. Consequently, rational investors perceive low (high) interest rate
currencies as less (more) risky and accordingly accept (demand) a lower (higher) risk
premium, i.e. a lower (higher) expected excess return, on funding (investment) currencies for
bearing less (more) carry risk (Lustig et al., 2011; Menkhoff et al., 2012a).

The HML™ factor is fundamentally based on economic theory, as this difference may be
related to monetary policy and interest rate differentials between countries. However, it is
specific to foreign exchange markets, i.e. the HMLX factor may be mainly related to
volatility and uncertainty in the presence of carry shocks (Verdelhan, 2018) and therefore
may not capture broader financial market risks or changes in global investment opportunities.
In a highly influential paper, Menkhoff et al. (2012a) therefore suggest using the risk factor
global foreign exchange volatility innovations (VOL) instead of the risk factor HML™ as a
proxy for a state variable describing changes in future investment opportunities in times of
market turbulence. The rationale for using VOL as a pricing factor in an empirical application
of Merton's ICAPM is that volatility is highly persistent and therefore aggregate market
volatility innovations can be expected to contain information that predicts the future variance
of market excess returns. It is therefore reasonable to assume that the covariance with

volatility innovations is priced in the cross-section of currency excess returns (Maio & Santa-
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Clara, 2012; Menkhoff et al., 2012a). Thus, VOL can be considered a broader, more global
risk factor, as market volatility tends to reflect very quickly increased general uncertainty in
financial markets and unexpected changes in the perceived future attractiveness of investment
opportunities. In addition, VOL is the analogue of the aggregate volatility risk factor used by
Ang et al. (2006) to price the cross-section of equity returns’.

It is important to emphasise that VOL includes, but is not limited to, the unexpected risk of a
currency crash. In addition, hedging against persistently high volatility over an extended
period of time may be too complex and costly, e.g. due to transaction costs, liquidity
constraints, information asymmetries or other limits to arbitrage. Thus, the pricing factor
VOL as described by Menkhoff et al. (2012a) is distinct from the disaster hypothesis of
Brunnermeier et al. (2008), as it goes beyond the specific crash risks that can in principle be
hedged (e.g., Bekaert & Panayotov, 2020; Daniel et al., 2017; Jurek, 2014). VOL captures
broader systematic volatility that reflects more fundamental economic uncertainties and shifts
in the future investment opportunity set, and exposure to VOL may therefore still command a
risk premium (Menkhoff et al., 2012a).

The significant negative covariance risk price associated with exposure to VOL, i.e. the
coefficient y, of the proxy state variable VOL is negative, found in the empirical literature
implies that low (high) interest rate currencies covary positively (negatively) with global FX
volatility innovations. Thus, currencies with low (high) interest rates generate high (low)
excess returns when future aggregate market volatility is high. Consequently, they act as a
(no) hedge against market turbulence, i.e. they lead to less (more) uncertainty about future
wealth for risk-averse investors, who accordingly accept (demand) a lower (higher) risk
premium, i.e. a lower (higher) expected excess return, on funding (investment) currencies

(Lustig et al., 2011; Menkhoff et al., 2012a).

' Since the seminal paper by Lustig and Verdelhan (2007), a large body of empirical research has searched

for risk factors that can explain the cross-sectional excess returns of currency portfolios, in particular the
profitability of carry trades, based on the existence of time-varying risk premia (see Sections 3.2 and 4.2).
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Regardless of which pricing factor, HML'™ or VOL, better explains the cross-section of carry
trade excess returns, or, equivalently, better proxies for a state variable, i.e. a source of
systematic risk, that signals shifts in future investment opportunities associated with
uncertainty in foreign exchange markets, both provide strong evidence for a risk-based
explanation of the forward premium puzzle. If forward rates were unbiased predictors of
future spot rates, there would be no risk premia, i.e. no non-zero excess returns on currencies.
However, the different behaviour of currencies depending on the level of interest rates in
times of market turbulence implies that currency speculation, especially the strategy of
exploiting the forward premium puzzle through carry trades, is subject to considerable risk

(Bekaert & Hodrick, 2018).
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2.3 Research hypotheses and key findings

2.3.1 Theoretical framework

Although it is now well established that the failure of the unbiasedness hypothesis can be
explained by time-varying risk premia, this dissertation addresses an important and nuanced
mechanism in the context of time-continuous equilibrium asset pricing models such as the
ICAPM. These models argue that in equilibrium, i.e. on average, high (low) interest rate
currencies must offer a high (low) risk premium to compensate market participants for their
exposure to state variables. The central concept of ‘equilibrium’ is that when currencies are
mispriced, i.e. when they do not provide the excess return that they should, given their risk,
market participants will reallocate their capital until prices adjust and the expected excess
return is in balance with the risk of the currency (e.g., Daniel & Titman, 2006).

In theory, in an efficient foreign exchange market, these adjustments should be instantaneous
to ensure that prices fully reflect all available information at any point in time. However,
‘fully reflect’ is too general to test the implications of market efficiency in its own right. One
needs to specify an asset pricing model that serves as an equilibrium model and specifies the
expected process of price formation in order to define more precisely what information
generates expected returns. Consequently, any test of market efficiency reflects a joint test of
the ability of the asset pricing model used to capture all rational variation in expected returns
(Fama, 1970; 1991; for a comprehensive discussion of the joint hypothesis problem that
complicates inferences about the degree of market efficiency, see Fama, 1991).

Accordingly, a divergence between the theoretical predictions of the unbiasedness hypothesis
and actual spot price movements in the market would not be inconsistent with market
efficiency as long as it can be explained by the presence of time-varying risk premia in the
foreign exchange market, i.e. a non-zero expected currency excess return must reflect

compensation for risk taking (Bekaert & Hodrick, 2018).
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In the real world, however, even the predictions of an appropriate equilibrium asset pricing
model can fail for a number of reasons, including liquidity shocks, investor sentiment,
behavioural biases, information asymmetries and other frictions. As Merton (1987, p. 484)
remarks, ‘financial models based on frictionless markets and complete information are often
inadequate to capture the complexity of rationality in action’. As a result, the ‘on average’
pricing perspective (Fama, 1970, p. 409) implies that as long as the asset pricing model
chosen to capture the pricing of assets in equilibrium does not suffer from systematic biases,
the specified risk-return trade-off need not hold at every point in time because news may
induce deviations from expectations, but should hold on average over long periods of time.
Daniel et al. (2020) find strong empirical evidence that the addition of two behavioural
factors to the standard CAPM, which capture the commonality of mispricing due to
overconfidence and limited attention, outperforms the standard factor models and the more
recent extended factor models of Novy-Marx (2013), Fama and French (2015), Hou et al.
(2015), and Stambaugh and Yuan (2017) in explaining the anomalies in the cross-section of
stock returns studied by Hou et al. (2015). The results suggest that many of the anomalies are
due to systematic mispricing. Furthermore, spanning regression tests show that the abnormal
returns associated with the most of the traded factors in these factor models are fully
explained by the two behavioural factors. Consistent with Fama's (1991) remark on the joint
hypothesis problem that it is ambiguous whether signs of abnormal return behaviour are due
to market inefficiencies or to a poor market equilibrium model, an overarching conclusion
can be drawn from this evidence.

Perhaps only a few characteristics provide truly independent information about average
returns, so that only a few factors are really relevant, since they already control for many
characteristics in the cross-section of asset returns. Rather than assuming that any observed

anomaly justifies the construction of a new factor based on the same anomaly to provide a
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more appropriate asset pricing model, it may be that commonalities in mispricing predict
future returns due to subsequent corrections and that return differentials therefore reflect a
delayed price response to information or conditional return premia due to exposure to
behavioural factors rather than risk premia (Cochrane, 2011; Daniel et al., 2020).

On the one hand, these considerations imply that currencies with a high (low) sensitivity to
HMLX (VOL) will certainly generate higher excess returns on average to compensate for
their systemic risk. On the other hand, it is quite conceivable that there will also be periods of
underperformance where the necessary adjustments are not made immediately, so that there
may be prolonged periods of mispricing or deviations from the predictions of equilibrium
asset pricing models. For example, empirical studies have shown that low-risk (low beta or
low volatility) stocks sometimes generate higher than expected returns relative to their
systematic or total risk, while high-risk stocks generate lower than expected returns. This has
been observed both during and outside market turmoil and is commonly referred to as the
‘low-risk anomaly’ in financial markets, as this observation contradicts the core tenets of
equilibrium models such as the CAPM (for a comprehensive review of the current state of
research on the low-risk anomaly, see, e.g., Blitz et al., 2020). This framework provides the

theoretical basis for the ‘four’ central research hypotheses of this dissertation.

2.3.2 Can mispricing be anticipated?

According to the risk-based explanation of Menkhoff et al. (2012a), a long (short) position in
currencies with high (low) systematic risk, as in the case of holding the risk factor HML™,
would result in a difference portfolio with a highly negative exposure to VOL. Consequently,
both positions holding long the investment currency and engaging in a carry trade covary
negatively with VOL and therefore command a positive risk premium in equilibrium to

compensate for the high systematic volatility risk taken.
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However, as mentioned in the last section, it is well established that there may be periods in
which even a generally sound equilibrium model fails to capture certain aspects of currency
pricing, as the empirical finance literature has found a plethora of possible anomalies or
market inefficiencies to explain why the theoretical prediction of equilibrium asset pricing
models does not always hold as a reliable indicator of the risk-return trade-off in real markets
(e.g., Daniel et al., 2020; Hou et al., 2015).

The ‘first’ central research hypothesis of this dissertation therefore asks, in principle as an
implicit consequence of this empirical evidence, whether there are periods in which the
market does not reward entering into a carry trade with sufficiently high expected excess
returns.

To answer this research question, two ex-ante indicators are proposed that signal a change in
the relationship between systematic risk and expected excess returns. Addressing this central
research hypothesis contributes to a unified explanation of the cross-section of G10 currency
excess returns, as both indicators suggest that it would be beneficial for currency pricing
models to condition on two different foreign exchange market states or regimes.

We find clear implications for a reduced equilibrium model in the periods denoted by
‘funding market states’ and ‘contrarian pricing regimes’, where one would favour omitting
the systematic HML risk factor to better explain the cross-section of G10 currency excess
returns. This is because the empirical evidence in both tables, Panel B of Table 3.2 and Table
4.3, suggests that both the excess return and the risk-adjusted excess return of the carry trade
strategy, i.e. the risk factor HML!X, are economically and statistically insignificant in these
periods. Consequently, HML* contributes positively to the ability of the currency pricing
model used to capture all rational variation in the cross-section of G10 currency excess
returns only in the other market states or regimes, denoted by ‘investment market states’ and

‘conformity pricing regimes’.
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Section 3.4 proposes the first approach to distinguish between investment and funding
foreign exchange market states. This first indicator is based on a rolling estimate of the mode
of the number of investment currencies and signals an investment (funding) market state if
the mode is greater (less) than one in the 42 weeks prior to the respective start of the
strategy's holding period.

The rationale behind this indicator is that there can be no positive risk premium for holding
investment currencies that negatively covary with global FX volatility innovations in the
absence of such investment currencies. The expectation is that in these zero-investment
currency market states, i.e. in times when the market can be characterised as a funding
environment, the carry trade decision rule should lead to suboptimal allocations, as borrowed
funds would have to be invested in currencies with negative interest rate differentials. This
should lead to inferior portfolio allocation decisions, as funding currencies positively covary
with global FX volatility innovations and are therefore expected to trade at a premium in
equilibrium, resulting in a low expected excess return of the long leg of the carry trade
strategy in funding market states.

While this first indicator is very effective in identifying pronounced funding market states
and thus quite powerful in signalling when the inclusion of HML'X in an equilibrium model
tends to have little power to correctly price G10 currencies, it captures only a very narrow set
of events, essentially assuming that the source of systematic risk in the market has
disappeared when the market no longer needs to reward currencies with high systematic risk
with a positive risk premium because such currencies have disappeared.

Section 4.3 therefore develops this indicator by addressing more directly when the risk
premium offered by the investment currencies available in the market may be insufficient. To
this end, we work with the two core predictions of the two-factor currency pricing model of

Menkhoft et al. (2012a). We aim to derive conditions under which causal relationships may
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be present in the data that contradict the predictions of the VOL risk factor for the cross-
section of G10 currencies.

Why should it be beneficial to be aware ex ante of a contradiction to the risk-based concept
underlying such a currency pricing model? In general, empirical asset pricing aims to predict
cross-sectional variation in future excess returns by postulating that the cross-sectional level
of an asset's exposure to pricing factors determines its future level of excess returns. The
competition between these models is about which factors are the main drivers of future
prices, i.e. which risk-based explanation can dominate over the others. However, whether
individual assets will behave as predicted by their exposure to pricing factors can only be
determined with the benefit of hindsight. That is, if the asset pricing model adequately
predicts future excess returns in the cross-section, one would expect that in regressions in
which the ex-post observed excess returns of portfolios composed of assets with different risk
exposures, typically captured by different levels of the manifestation of certain characteristics
(e.g. forward discount levels or beta levels with market excess return), are regressed on the
risk premia of commonly accepted pricing factors, the performance of the portfolios would be
fully attributable to these pricing factors (Bali et al., 2016).

However, this is an ex-post perspective, and we would generally be interested in whether
there is exploitable forward-looking information that would allow us to derive assessments of
how likely it is that we can rely on the underlying risk-based explanation for the cross-
sectional variation in future excess returns in our portfolio allocation decisions. This question
is less about competition between different asset pricing models than it is about when and
why which risk-based explanation should work, i.e. can we expect certain effects to
materialise only under certain circumstances or not? The literature is much less concerned
with this issue, because it erroneously loses relevance if the validity of pricing factors in

explaining cross-sectional variations in future excess returns is tested only over the entire
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sample period, i.e. over a long time horizon, since then possible contradictions to the
underlying risk-based explanatory theory present in the data are eliminated by the ‘on
average’ or ‘in equilibrium’ pricing perspective.

Note that we prefer to work with the currency pricing model of Menkhoff et al. (2012a) over
that of Lustig et al. (2011), i.e. the risk factor VOL is preferred to HML™ as the slope
coefficient of the currency pricing model, even though HML'X is close to the factor-
mimicking portfolio of VOL. Theoretically, a non-return factor such as VOL cannot
outperform its own factor-mimicking portfolio (Cochrane, 2005). Therefore, HMLX
typically outperforms VOL in explaining the positive relationship between forward discounts
and currency excess returns in the cross-section of G10 currencies (e.g., Lustig et al., 2011;
Menkhoff et al., 2012a). However, we prefer VOL for two reasons. First, VOL appears to be
superior to HML in terms of (small) pricing errors, i.e. the combination of VOL and DOL
has a significantly higher cross-sectional R? than the combination of HMLX and DOL. This
is mainly due to the fact that both factors, HML"™ and DOL, capture information on the
variation in funding and investment currencies. Not only does HML!X capture similar
information on cross-sectional variation as DOL, but it even seems to capture so much of it
that it renders DOL rudimentary for explaining the cross-section of G10 currencies (e.g.,
Lustig et al., 2011; Menkhoff et al., 2012a). See also Section 4.3.3 for a discussion. Second,
this shows that HML™ captures a very broad range of cross-sectional information, such that
VOL is more specific than HMLX in capturing information about cross-sectional variation
conditional on the level of financial market stress. The ability to properly disentangle how
currencies should behave due to their exposure to systemic market volatility from other
sources of systemic, i.e. market-wide, risk is crucial to the argumentation and development of

the second mispricing indicator.
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This second indicator, called the ‘pricing classifier’, defines a minimum requirement for the
contribution of the long position in the investment currency to the expected risk-adjusted
performance of the carry trade, and a value of the pricing classifier greater (less) than zero
indicates a ‘conformity’ (‘contrarian’) pricing regime.

The rationale behind the pricing classifier is that if the second (first) core prediction of
Menkhoff et al.'s (2012a) two-factor currency pricing model is violated in contrarian pricing
regimes, which are periods of low (high) global FX volatility innovation. Then we should
find that for the funding and investment currencies that together form the carry trade strategy,
the difference in excess returns between periods of high and low global FX volatility
innovation should be significantly larger, i.e. more positive for funding currencies and less
negative for investment currencies, in contrarian than in conformity pricing regimes.
However, this consequence would be conceptually difficult to reconcile with the currency
pricing model of Menkhoff et al. (2012a), as it essentially implies that both the negative
effect of high global FX volatility innovations on currency excess returns and thus the
relevance of systematic risk, i.e. the negative exposure of investment currencies to volatility
risk, is significantly reduced in contrarian pricing regimes. We refer to this phenomenon as
‘contrarian currency pricing’” when the negative effect of high global FX volatility
innovations is absent. Similar to the first indicator, this second indicator identifies when the
inclusion of HMLX in an equilibrium model tends to have little power to correctly price the
G10 currencies, but covers a wider range of periods in which systematic mispricing prevails,
as it does not require that the exposure to systematic volatility and/or the investment
currencies disappear.

It is important to note that the fact that the cross-section of G10 currency excess returns
cannot be explained by sorting currencies by forward discount does not necessarily imply that

the unbiasedness hypothesis holds in these funding market states or contrarian pricing
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regimes. This is because the portfolio-based carry trade anomaly is not the cause of the
regression-based forward premium puzzle, but only a consequence of it (e.g., Hassan &
Mano, 2019). Since in these states or regimes low (high) interest rate currencies still covary
positively (negatively) with global FX volatility innovations, it is not consistent with the
unbiasedness hypothesis that low interest rate currencies consequently outperform high
interest rate currencies in periods of high global FX volatility. Rather, in these states or
regimes, investment currencies are unable to contribute sufficiently to the risk premium that
the conventional carry trade must provide to compensate for the risk of particularly poor

performance in periods of unexpectedly high market volatility.

2.3.3 Attribution of mispricing

The indicators in sections 3.4 and 4.3 help to anticipate potential mispricing and to identify
periods when the use of investment currencies leads to a deterioration in the risk-return trade-
off for the conventional carry trader. However, given the joint hypothesis problem, it is not
possible to prove unambiguously that the failure of HML* to price the cross-sectional excess
returns of G10 currencies in funding market states or contrarian pricing regimes is due to
either market inefficiencies or an incorrect specification of the market equilibrium model.
Consequently, the ‘second’ central research hypothesis of this dissertation asks whether it is a
misspecification of the market equilibrium model due to the omission of idiosyncratic risk
that explains the first central findings of this dissertation.

Subsequently, the ‘third’ central research hypothesis of this dissertation asks, essentially as a
consequence of the joint hypothesis problem, whether there are additional market
inefficiencies that affect the relevance of idiosyncratic risk.

It is important to note that, in principle, the results of both indicators could also be the

consequence of an apparent lack of adequate systematic pricing factors. However, it is not
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straightforward to reconcile the results of this dissertation with a systematic risk-based
explanation. That is, on the one hand, the findings may well imply that forward discounts are
a poor proxy for ‘interest rate differentials’, implying that HML is simply the wrong risk
factor in funding market states or contrarian pricing regimes, even if the rational expectations
framework is correct (Daniel & Titman, 2006; Fama, 1991). For example, Hassan and Mano
(2019) find that the unbiasedness hypothesis can be restored if past looking models are
corrected for uncertainty about future average interest rates when estimating interest rates.
Investors then always expect high interest rate currencies to depreciate rather than appreciate,
which means that after optimising the measurement of forward discounts, portfolios sorted by
these augmented forward discounts may no longer have any exposure to VOL. In the absence
of systematic risk, there is no need to provide risk premia, which would be entirely consistent
with the unbiasedness hypothesis. However, such an approach does not provide a direct
explanation for our findings using an empirical research design that is well established in the
financial economics literature. Rather, it casts doubt on the appropriateness of the methods. It
remains to be seen whether an adjustment of the measures will find a general consensus in the
literature.

On the other hand, if it were possible to recover the well-established positive relationship
between forward discounts and future currency excess returns in funding market states or
contrarian pricing regimes by simultaneously controlling for other sources of systematic risk,
this would imply that the market equilibrium model is incomplete and that there are omitted
state variables affecting currency pricing (Fama, 1991). However, as there are few generally
accepted common pricing factors for currency excess returns, it may not be straightforward to
argue theoretically for a particular omitted state variable that needs to be controlled for and
upon which an accurate interpretation of the excess returns of portfolios sorted by forward

discount in funding market states or contrarian pricing regimes crucially depends. This may
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be all the more true as Lustig et al. (2011) find that HMLX explains most of the cross-
sectional variation in foreign currency excess returns. In fact, Nucera et al. (2023) provide
strong evidence for a rather reverse causality, i.e. that HML"™ may be the most important
state variable, as the most risk factors have significant exposure to the carry risk factor. This
implies that they only have statistically significant risk premia when the carry risk factor is
excluded.

Apparently, it is not possible to rule out a priori the existence of a rational expectations
theory that would justify a systematic state variable that contributes more than carry to
explaining the cross-sectional variation of currency excess returns in funding market states or
contrarian pricing regimes. However, the results in sections 3.4 and 4.5 provide strong
evidence that a generally acceptable systematic risk-based explanation must show how
currency excess returns covary with priced risk factors in funding market states and
contrarian pricing regimes in such a way that the most important common risk factor, carry,
becomes too weak to price the cross-section of currency excess returns, and currencies still
significantly covary with global FX volatility innovations, while currency-specific risks (and
risk premia) decrease (increase) with the realisation of positive (negative) idiosyncratic
excess returns and the core predictions of Menkhoff et al.'s (2012a) two-factor currency

pricing model are essentially rejected.

2.3.4 Does idiosyncratic risk matter?

The ‘second’ central research hypothesis of this dissertation conjectures that the predictability
of currency excess returns associated with the two proposed foreign exchange market
classification indicators may, at least in part, be attributable to the impact of idiosyncratic risk
on currency pricing. However, traditional equilibrium asset pricing models, including CAPM,

ICAPM and also arbitrage pricing theory (Ross, 1976), assume that investors can diversify
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away asset-specific risks and are therefore only exposed to the systematic risks that affect the
whole capital market. Consequently, these asset pricing theories postulate a positive
relationship between expected return and systematic risk, as market participants demand a
risk premium for taking on exposure to sources of systematic risk. Thus, idiosyncratic risk
should not command a risk premium, nor should measures of idiosyncratic risk be related to
future asset returns. Therefore, contrary to the expectation formulated in the second research
hypothesis, there should be no predictability resulting from the inclusion of idiosyncratic risk
in a market equilibrium model. However, the privilege of not having to worry about the risks
of individual assets depends crucially on all investors having ‘complete information’, i.e.
having immediate access to all publicly available information and being able to react
immediately to new information. But this requires markets to be truly ‘frictionless’, meaning
that there are no transaction costs, no taxes and no restrictions on borrowing and short selling
(Bali et al., 2016).

Merton (1987) is one of the first to develop an equilibrium asset pricing model that weakens
these highly idealised premises, recognising that in reality the behaviour of market
participants is affected by transaction costs, information acquisition and processing costs,
incomplete and delayed information diffusion, and numerous other frictions. Merton's model
assumes that investors behave rationally, i.e., and this will be relevant to the third central
research hypothesis, that they seek to use the available information, as soon as they become
aware of it, to derive forecasts that are not systematically biased on average, in order to make
decisions that maximise their utility. However, Merton's model explicitly assumes that
investors are affected by incomplete information, i.e. that they don't have access to the same
or all relevant information and therefore have to base their decisions on different sets of
information. Since different investors have access to different levels and qualities of

information, they can only include in their optimal asset allocation those assets for which
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they have adequate information. This information asymmetry implies that there are assets that
are unknown to most investors or that are not demanded by most investors due to insufficient
information. Merton refers to these assets as assets of low ‘investor recognition’. It follows
that market clearing can only take place if informed and interested investors take large and
undiversified positions in these assets. However, investors with concentrated portfolios
cannot completely eliminate unsystematic risk through diversification. They therefore require
not only compensation for systematic risk, but also higher expected returns to compensate for
the higher exposure to idiosyncratic risk associated with these concentrated positions in their
portfolios (Lehavy & Sloan, 2008; Merton, 1987).

To date, there is no specific study that directly demonstrates a positive relationship between
idiosyncratic currency risk and expected excess returns from the perspective of Merton's
capital market equilibrium with incomplete information. However, various strands of the
empirical and theoretical literature suggest that investors in foreign exchange markets may
(first) have incomplete information, which (second) should contribute to the emergence of
idiosyncratic risks from various sources. As a result, it seems infeasible for investors to hold
optimal currency allocations at all times, which would (third) allow them to diversify away
all currency-specific risks. Consequently, they will demand higher expected returns to
compensate for taking on more idiosyncratic risk within concentrated portfolio allocations,
which is why (fourth) idiosyncratic risk is likely to have an impact on currency pricing.

It is by no means possible to provide an exhaustive list of all the sources of idiosyncratic risk
that may affect currency pricing. For example, there are numerous studies on the global
dominance of the US dollar and its impact on the international financial system, which may
lead to incomplete information in foreign exchange markets. Given the prominent
international position of the US dollar, Gourinchas and Rey (2007) describe the US as a

‘world banker’ with substantial excess returns on foreign assets, granting the US an
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‘exorbitant privilege’ (e.g., Caballero & Krishnamurthy, 2009; Gourinchas et al., 2019). One
reason for the dominance of the dollar is seen in the invoicing of international trade in dollars
(e.g., Goldberg & Tille, 2008; Gopinath & Stein, 2020). On the other hand, the dollar's
dominance may be due to its safe haven status, which increases demand for the dollar in
times of global uncertainty (e.g., Caballero et al., 2017; Jiang et al., 2021). The dominance of
the dollar is also reinforced by the fact that corporate debt, that is, global bond portfolios, are
increasingly denominated in dollars (e.g., Bruno & Shin, 2017; Eren & Malamud, 2022).
Consequently, other currencies may be subject to specific risks that are difficult to predict or
account for in portfolio allocation. These risks may arise from factors specific to particular
economies, political dynamics or changes in trading patterns. Investors may not be able to
fully understand or incorporate into their decision-making models the impact of global
economic changes, trade policies or geopolitical events on currency pricing. This may be
particularly true for country-specific effects when their magnitude depends largely on the
covariation of the local currency with the dominant US dollar.

In another strand of the literature, Ready et al. (2017) provide evidence that real exchange
rates between final goods-producing economies, such as Japan and Switzerland, and
commodity-producing economies, such as Australia and New Zealand, are dominated by
business cycle fluctuations in the final goods-producing economies. During expansions in the
final goods-producing economies, their comparative productivity advantage increases due to
technological differences, and the global price of commodities rises above the local price in
the commodity-producing economy, allowing the commodity currency to appreciate.
However, in times of recession in the final goods-producing economies, this is reversed and
the commodity currencies depreciate. This is because commodity consumption in the final
goods-producing economies falls faster than in the commodity-producing economies, as the

commodity country can shift local resources to the production of final goods domestically,
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albeit at the expense of efficiency. Ready et al. (2017) point out that the more inelastic the
trade channels, the more this consumption effect depends on productivity shocks in the final
goods-producing economies, so the commodity currency is risky and commands a risk
premium. To diversify away these country-specific, i.e. idiosyncratic, risks, it would be
necessary to internalise a common source of systematic risk that fully reflects all relevant
information about comparative productivity differentials and, as Ready et al. (2017) show,
also information about the future impact of nonlinear trade frictions in an equilibrium
currency pricing model. Whether this is possible is questionable.

Given that there are numerous potential sources of idiosyncratic volatility, it seems
reasonable to assume that, as Merton (1987) showed, exposure to idiosyncratic volatility
should matter to investors in the foreign exchange market if they are under-diversified. But
how likely are investors to hold concentrated portfolios that do not sufficiently eliminate
these unsystematic risks through diversification?

For equity markets in particular, it is well established in the literature that individual investors
are generally not well diversified. Odean (1999), Barber and Odean (2001), Polkovnichenko
(2005) and Goetzmann and Kumar (2008) report that US individual investors hold
concentrated, i.e. under-diversified, portfolios. Dorn and Huberman (2005, 2010) find that
German individual investors do not hold well-diversified portfolios. Dimmock et al. (2016)
find that ambiguity aversion depends on stock ownership and is associated with portfolio
under-diversification. More recently, Dimmock et al. (2021) examine the relationship
between under-diversification and probability weighting, a behaviour in which investors
overestimate the probability of extreme returns. They find that overweighting small
probabilities of occurrence leads investors either not to invest or to hold positively skewed
portfolios. This leads to portfolio under-diversification and hence high heterogeneity in

realised returns, which could potentially exacerbate wealth inequality.
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It 1s important to note, however, that it is not only individual or retail investors with small
portfolios who tend to be under-diversified. In theory, institutional investors should be able to
achieve better diversification because the degree of diversification can increase with the level
of wealth. However, recent theoretical work argues that, contrary to traditional asset pricing
theory, institutional investors' portfolios can be under-diversified but still optimal if the
institutional investor exploits an information advantage in the decision-making process. This
theory of information advantage argues that institutional investors hold concentrated
portfolios because they use their initial information advantage to learn and specialise in
markets where they can add the most value (Van Nieuwerburgh & Veldkamp, 2009, 2010).
This exploitation of investment specialisation is consistent with Merton (1987), who notes
that it is expensive to obtain information about securities and therefore investors may not be
able to consider all securities in the market when making their decisions. More recently, Choi
et al. (2017) found strong support for the information advantage theory using security
holdings data for 10,771 institutional investors from 72 countries. The results show that
portfolio concentration, i.e. the deliberate deviation from a well-diversified global market
portfolio, increases risk-adjusted returns for institutional investors worldwide. Consequently,
it may be optimal for institutional investors to focus their investment strategies on the home
country, the foreign country or the sector. They also examine the degree of learning of
institutional investors and find that higher levels of learning (i.e. more skilled investors) lead
to more concentrated portfolios, especially in foreign markets and sectors.

In addition to the strong evidence for the existence of under-diversification among
institutional and individual investors in equity markets, there is also evidence of under-
diversification in foreign exchange markets. For example, the carry trade strategy itself
encourages investors to hold concentrated currency allocations by focusing only on certain

currency pairs with favourable interest rate differentials. Prototypical funding currencies
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among the liquid G10 currencies are the Swiss franc and the Japanese yen, which almost
always have the lowest interest rates and would therefore be shorted in a typical G10 carry
trade. Prototypical investment currencies are the New Zealand and Australian dollars, which
typically have the highest interest rates and would be bought (Bekaert & Panayotov, 2020).

A preference for liquidity could also lead to a concentration in a few highly liquid currency
pairs, leading to under-diversification in foreign exchange markets. Recently, Ranaldo and de
Magistris (2022), for example, examine the liquidity of the global foreign exchange market
and find, on the one hand, that trading volume has an impact on price formation. On the other
hand, they examine violations of no-arbitrage conditions and find that mispricing increases
systematically with increasing illiquidity, suggesting that a high price impact of trading
volume limits arbitrage. Therefore, currencies with a lower price impact of trading volume
are able to maintain a higher degree of price efficiency. In addition, currency pairs involving
the euro, which tend to be traded in less liquid markets, concentrate the illiquidity frictions
that lead to arbitrage deviations. This is not the case for currency pairs involving the US
dollar, where the impact on trading is less pronounced, so that trading in these currency pairs
makes it possible to avoid a negative impact on prices, which promotes price efficiency.
Consequently, their findings suggest that currency pairs that are highly liquid, because they
involve large trading volumes and many market participants, make it easier to enter and exit
trades at the desired prices with minimal impact on the currency's price. This can lead to
under-diversification as traders and investors, seeking to reduce the risk of slippage and
achieve efficient trade execution, concentrate their activity on these liquid pairs rather than
diversifying their trades across a wider range of currencies.

Irrespective of the potential reasons for under-diversification, data from the Bank for
International Settlements (BIS) on the volume and structure of global turnover in over-the-

counter foreign exchange markets clearly show that foreign exchange trading is highly
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concentrated in the major currency pairs. Turnover is a measure of market activity. It is
therefore an indicator of market liquidity and allows the analysis of concentration effects
(e.g., BIS, 2022b). According to the BIS's triennial survey of central banks (BIS, 2022a), the
US dollar remains the most traded currency in the world. Average daily global OTC foreign
exchange turnover involving the US dollar on one side of the trade has increased
significantly, from USD 5.8 trillion in April 2019 to USD 6.6 trillion in April 2022. The US
dollar is thus a component of 88.5% of the total USD 7.5 trillion average daily global OTC
FX turnover across FX swaps, spot and forward markets, currency options and currency
swaps. The second most traded currency is the euro, which accounts for 30.5% of average
daily global OTC FX turnover in April 2022, followed by the Japanese yen with a share of
16.7%. Taken together, the currencies of the liquid Group of Ten (G10) account for 86.0% of
average daily global OTC foreign exchange turnover. Transactions involving only the US
dollar against the other G10 currencies account for 63.80% of average daily global OTC
foreign exchange turnover. Notably, the top nine most traded currency pairs all involve the
US dollar in one leg of the currency pair. This means that the largest shares of average daily
global OTC FX turnover involve trading the US dollar against, in descending order of
turnover, EUR, JPY, GBP, CNY, CAD, AUD, CHF, HKD and SGD, with these transactions
together accounting for 71.4% of average daily global OTC FX turnover in April 2022.

But even if the average investor in the foreign exchange market is likely to hold currency
portfolios with concentrated exposure to idiosyncratic risk, because the presence of
incomplete information makes it impossible to control for all plausible sources of currency-
specific risk, the question is how relevant can idiosyncratic risk be, or in other words, how
much is idiosyncratic risk relative to systematic risk?

Campbell et al. (2001) were among the first to find that when separating the contributions of

market, industry and idiosyncratic volatility to the total volatility of US stocks, idiosyncratic
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volatility is the most dominant. In particular, they contribute to the financial literature by
showing that in periods when the share of idiosyncratic volatility in total volatility increases,
this implies that the average correlation of returns across assets has decreased and the number
of assets required to achieve a target level of portfolio risk through diversification has
increased. This demonstrates that highly under-diversified investors are exposed to
significantly higher unsystematic risk, particularly during such periods. More recently,
Campbell et al. (2023) confirm their earlier findings that idiosyncratic volatility is a crucial
determinant of total volatility over a period of almost 100 years.

The relevance of idiosyncratic risk is also highlighted by Herskovic et al. (2016), who show
that there is a common idiosyncratic volatility factor that is priced into the cross-section of
equity returns. This implies that, even after controlling for state variables, there remains a
large exposure to idiosyncratic volatility that is undiversifiable and aggregates into a return-
driving commonality in the cross-section. Although it should not exist according to asset
pricing theory, it is considered a relevant asset pricing factor and has even led Duarte et al.
(2014) to refer to it as an ‘unaccounted systematic risk factor’. Herskovic et al. (2016) find
that only 11% of the average total volatility is explained by a five principal component
model, with idiosyncratic volatility accounting for the remaining 89% for a large sample of
US stocks over the period 1926-2010. The same is true for the market model and the Fama
and French three-factor model, where common risk factors explain only 8% and 9% of
average total volatility, respectively. Remarkably, they find that the volatility of residual
returns, after eliminating all common return variations, has essentially the same volatility
structure as total returns. Herskovic et al. (2016) thus confirm the findings of Campbell et al.
(2001, 2023), but also show that the relevance of idiosyncratic volatilities is so significant
that it even has an impact on asset pricing. Although the literature on the common

idiosyncratic volatility factor is still limited, there is some initial empirical evidence that this
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factor is also likely to be relevant for currency pricing (e.g., Tessari, 2020). Indeed, the third
and fourth chapters of this dissertation provide theoretical justification and empirical
evidence that currency-specific risk, i.e. largely purely idiosyncratic risk, is of significant
importance in explaining the variation in excess returns in the cross-section of G10
currencies. Finally, chapter five provides evidence that exploiting this information in
idiosyncratic currency risk, in particular the information in changes in currency-specific
CVaR, allows the construction of a highly profitable trading strategy that not only
outperforms other more traditional currency trading strategies, but also adds significant

diversification benefits to a global equity portfolio.

2.3.5 Do market inefficiencies matter?

In line with the fundamental financial principle that a risk-averse investor requires higher
(lower) future excess returns to hold currencies with higher (lower) future risk, Merton's
(1987) model of capital market equilibrium suggests that if investors hold concentrated
portfolios and are thus likely to be under-diversified with respect to higher-order moments of
the excess return distribution due to their inability to correctly incorporate all relevant
information into their decision-making models, currencies with higher left-tail risk should be
priced lower to compensate for the higher probability and magnitude of large losses
associated with them (Atilgan et al., 2020).

Consequently, in theory, an increase (decrease) in the predicted conditional value at risk
(CVaR) should be associated with an instantaneous depreciation (appreciation) of the quote
currency, providing the necessary discount (premium) in spot prices, as investors demand
(accept) a higher (lower) risk premium, i.e. a higher (lower) expected excess return, to be
willing to hold the quote currency with high (low) left-tail risk (e.g. Fama, 1970; Menkhoff et

al., 2012a). However, the ‘third’ central research hypothesis of this dissertation conjectures
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that there may be market inefficiencies at work that affect both the process or speed of this
price adjustment and hence the impact of idiosyncratic risk on currency pricing.

Why might this be the case? Indeed, it is precisely Merton's (1987) key behavioural
assumption that investors have limited attention and thus can only act on information they are
aware of (Lehavy & Sloan, 2008). Section 3.1 explains in more detail that, due to their
limited attentional capacity, they may perceive and process new information about changes in
the level of currency-specific CVaR with a time lag, resulting in delayed market price
behaviour. This means that if investors underreact to persistent changes in CVaR, a discount
(premium) to account for an increase (decrease) in CVaR will not be immediately reflected in
spot prices through the sale (purchase) of the quote currency, but will only materialise over
time as information about a persistent change in CVaR gradually diffuses through the market.
As a result, there is a greater likelihood that the quote currency will continue to depreciate
(appreciate) in the future, with further increases (decreases) in CVaR, as long as expectation
errors remain unresolved and the necessary price adjustment is in progress but has not yet
fully taken place. This assumed causality is consistent with a large body of literature
documenting an asymmetric volatility effect, i.e. the observation that price changes and
volatility changes are negatively correlated (e.g., Glosten et al., 1993; Wang & Yang, 2009).
Indeed, Panel A of Table 3.3 provides significant empirical support for this hypothesis, as an
increase (decrease) in CVaR follows a recent depreciation (appreciation) of the quoted
currency.

These considerations highlight the potential importance of time-varying ‘changes’ in risk.
This is because a change in CVaR over time can only be relevant to currency pricing if spot
prices do not adjust instantaneously to changes in risk levels, but only over time.
Consequently, investors who demand a higher (lower) risk premium to be willing to hold the

higher (lower) risk currency will, in the presence of an underreaction to the persistence of
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CVaR, be compensated by a higher (lower) excess return at a later point in time than would
be implied by asset pricing theory assuming an instantaneous price adjustment.

To address this third research hypothesis, section 3.3 of this dissertation is concerned with the
construction of a new sorting variable called ‘CVaR-Trend’, which aims to measure the
magnitude of a recent change in the level of CVaR forecasts. By relating the most recent
CVaR forecast to previous forecasts to capture the short- to long-term upward or downward
trend in CVaR forecasts, we capitalise on the information contained in two well-established
trend-following rules, namely the time series momentum (TSMOM) rule of Moskowitz et al.
(2012) and the variable length moving average (VMAR) rule of Brock et al. (1992).

Brock et al. (1992) use a long-period and a short-period moving average to infer whether a
trend movement is initiated in the underlying time series. A buy (sell) signal reflecting the
initiation of an upward (downward) trend movement is generated when the short-period
moving average rises above (or falls below) the long-period moving average. Typically, the
most popular moving average rules are those in which the short period simply represents the
most recent, i.e. a single, observation of the level of the time series of interest (e.g., Han et
al., 2016). It is common practice to apply technical trading rules to the price level of assets in
order to predict future changes in the price level (e.g., Han et al., 2016; Marshall et al., 2017).
In this dissertation, however, we shift the focus to applying these rules to the level of CVaR
forecasts in order to capture the magnitude of a recent change in the level of currency risk
(see Section 3.3). Therefore, at the end of week t, we calculate the signal associated with the
VMAR of Brock et al. (1992) as follows, where L is the window length of the moving

average MAL or ‘look-back’ period (e.g., Marshall et al., 2017):
VMARt’L = CVaRa(Yt) = MAt,L

CVaR,(Yi+) +...+ CVaR,(Y))
L

=CVaR,(Y)) - (2.8)
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Moskowitz et al. (2012) highlight that cross-sectional momentum, which focuses on the
relative performance of assets in the cross-section, fails to capture information from many
prominent behavioural and rational asset pricing theories, such as Barberis et al. (1998),
Daniel et al. (1998), and Hong and Stein (1999). These theories focus on a single risky asset
and therefore have direct implications for time series rather than cross-sectional
predictability. As a result, they propose to focus solely on an asset's own past return trend and
suggest that a buy (sell) signal reflecting the beginning of an upward (downward) trend
movement is generated when the excess return over the look-back period L is positive
(negative). As a result, when the TSMOM signal from Moskowitz et al. (2012) is applied to

CVaR forecasts, it is calculated as follows:

TSMOM, | = CVaR,(Y,) - CVaRy(Y,r) (2.9)
Obviously, by simply taking the difference between the moving average at time t and the
moving average at time t-1, i.e. by calculating the change in the moving average, we obtain:

AMA; =MA;| - MA, |

~ CVaR,(Y)) - CVaR, (Y1)

L

_ TSMOM;, 510
L ( * )

Consequently, we can also write the VMAR as:
VMAR; | = CVaR(Y)) - T +MA( L (2.11)

Rearranging gives:
— TSMOM,

CVaRa(Yt) = MAt—l,L = VMARt’L + _— (2. 12)

L

We refer to the expression on the left side of (2.12) as the trend signal CS¢. as defined in

(3.6) of Section 3.3. Section 3.4 then provides evidence that the risk of variation in spot
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exchange rate risk is important in explaining the cross-section of G10 currency excess returns
in funding market states, as the empirical evidence shows a strong positive relationship
between CVaR-Trend and expected currency excess returns in funding markets. These results
are consistent with rational expectations, as an increasing (decreasing) CVaR following
negative (positive) excess returns indicates high (low) future excess returns. However, due to
investors' underreaction to the persistence of CVaR, the price adjustment only occurs slowly
over time. It is precisely for this reason that those currencies that have experienced the
greatest increase (decrease) in CVaR and, at the same time, the greatest discounts (premiums)
in spot prices due to the concomitant depreciation (appreciation) of the quote currency are
most likely to have, and, as the empirical evidence in chapter 3.4 shows, will ultimately have,
high (low) risk premiums to compensate for their high (low) CVaR levels.

However, section 3.4 documents a novel and intriguing phenomenon. The preferences
associated with the fundamental financial principle seem to be reversed for funding
currencies, as investors require higher (lower) future excess returns to hold currencies with
lower (higher) future risk. Table 3.3 provides evidence that the asymmetric volatility effect
appears to be reversed for funding currencies, as funding currencies with a high CVaR-Tend
have recently experienced strong spot rate appreciation, while funding currencies with a low
CVaR-Tend have recently experienced strong spot rate depreciation. Both chapters three and
five of this dissertation provide evidence that this phenomenon occurs only in periods when
the HML'™ risk factor is a significant driver of the cross-section of G10 currency excess
returns, i.e. only in investment market states and in conformity pricing regimes.

Our interpretation is that the asymmetric investment preferences associated with high and low
forward discounts are likely to cause this phenomenon. If investors tend to go short rather
than long in currencies with low forward discounts in order to use the negative interest rate

differential to fund their long position, they are likely to perceive an appreciation of a funding
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currency as riskier than a depreciation. However, the risk-based rational expectations
framework of the two-factor currency pricing model of Menkhoff et al. (2012a) also provides
a consistent explanation for this seemingly contradictory phenomenon of an inverse
asymmetric volatility effect for funding currencies. Periods of high global FX volatility are
likely to be periods in which funding currencies experience an increase in CVaR. This is
almost certainly due to the construction of this risk factor (Menkhoff et al., 2012a). Low
future excess returns following periods of increasing CVaR may therefore simply reflect the
fact that during periods of market turmoil, funding currencies have appreciated, providing a
hedge against volatility risk, and investors are then willing to pay a premium, i.e. accept low
risk premia, for insurance against future systematic volatility risk.

Consequently, if investors underreact to the persistence of CVaR, the price adjustment will
occur slowly over time. However, those funding currencies that have experienced the largest
increase (decrease) in CVaR and, at the same time, the largest premium (discount) in spot
prices due to the concomitant appreciation (depreciation) of the quote currency are most
likely to have, and, as the empirical evidence in sections 3.4 and 5.5 shows, will ultimately
have, low (high) risk premiums to compensate for their high (low) CVaR levels.

In Chapter 4, another dimension of mispricing emerges, as the pricing classifier may capture
mispricing by predicting contrarian pricing regimes when the predicted performance of the
investment or, at the same time, of the funding currencies is low. This is because, according
to the asymmetric volatility effect perspective, if the predicted CVaR is high and therefore
the predicted performance is low, the currencies may have experienced low average excess
returns in the past, providing the discount to allow for higher excess returns in the future.
Conversely, if currencies have low predicted excess returns and therefore low predicted
performance, they may trade at a premium and have low CVaR because they have

experienced high average excess returns in the past.
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These considerations therefore highlight the potential relevance of time-varying ‘changes in
risk’” as a consequence of ‘momentum’ in excess returns, with the relationship between the
two arising from the asymmetric volatility effect. In particular, in section 4.5 we are
interested in whether CVaR has increased (decreased) in contrarian pricing regimes to an
extent that would not have been expected if excess returns had not been so low (high) in the
recent past. This question is important because, if markets are at least ‘on average’ efficient,
financial theory would suggest that pricing imbalances cannot persist for long, and the results
in Section 4.5 confirm the earlier findings in Section 3.4, i.e. that those currencies that have
experienced large increases (decreases) in CVaR will ultimately have high (low) risk premia
to compensate for their high (low) CVaR levels.

However, chapter four goes beyond chapter three by first showing that the cross-sectional
average level of idiosyncratic momentum (CVaR-Trend) negatively (positively) predicts
short-term excess returns of the carry risk factor HML!® in contrarian pricing regimes, which
turn out to be periods of low global FX volatility innovation. This is evidence that a persistent
low performance of both funding and investment currencies, as captured by the pricing
classifier, ultimately leads to lower (higher) expected future excess returns on the strategy of
shorting the funding currency (buying the investment currency), which is necessary to restore
the second core prediction, i.e. the ‘in equilibrium’ condition of Menkhoff et al.'s (2012a)
currency pricing model (e.g., Pennacchi, 2008). Second, chapter four documents that
information about impending excess return reversals is contained in idiosyncratic rather than
systematic excess returns. This is consistent with Zhang’s (2022) evidence that in contrarian
pricing regimes, following low carry trade excess returns, investment currencies are more
likely to be sorted into the short leg of momentum strategies, thus shorting the carry risk
factor and making it more likely that factor or systematic momentum will remain low, i.e. it

cannot be a good predictor of impending excess return reversals.
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2.3.6  Are these findings ultimately exploitable?

The results of chapters three and four make several contributions to the literature on currency
pricing models. In particular, the pricing classifier in Section 4.3 as a mispricing indicator
that signals when to avoid carry trades, the sorting variable CVaR-Trend in Section 3.3 that
highlights the relevance of changes in risk for currency pricing, and the predictability of
excess return reversals in Section 4.5 that reveals price adjustments towards equilibrium,
improve our understanding for explaining the cross-section of G10 currency excess returns.
Consequently, Section 5.4.4 explains in more detail that these three key findings around the
carry trade investment rule allow for the construction of a new currency trading strategy,
sometimes referred to as an FX investment style (e.g., Kroencke et al., 2014).

This is because the finding that the carry trade performs poorly in contrarian pricing regimes
suggests that the forward discount sorting should be omitted and replaced by a conditional
double sorting on CVaR-Trend and idiosyncratic excess return momentum in order to benefit
from excess return reversals that bring prices in line with the risk-based explanation of
Menkhoff et al. (2012a). As contrarian currency pricing is the driving force behind the
construction of this FX investment style, we refer to it as the contrarian pricing trade. Thus,
in contrarian pricing regimes, the contrarian pricing trade could be seen as a specialised
currency reversal strategy that buys (sells) those currencies that have unexpectedly become
riskier (less risky) while they have experienced low (high) average idiosyncratic excess
returns in the past, providing the discount (premium) to allow for higher (lower) excess
returns in the future. In conformity pricing regimes, i.e. in periods when the carry risk factor
HMLX prices the cross-section of G10 currency excess returns, it makes perfect sense to use
the standard investment rule of a carry trade as a basis. Thus, in conformity pricing regimes,
the first sort on the forward discount as the control variable forms the basis for the contrarian

pricing trade. Then, however, a dependent second sort on CVaR-Trend as the risk dimension
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to be priced helps the contrarian pricing trade to avoid buying (selling) investment (funding)
currencies that offer (command) a discount (premium) that is insufficient to compensate for
the higher probability and magnitude of large losses (gains) associated with their higher
CVaR level.

It is clear from this brief description that all the details involved in constructing the contrarian
pricing trade are by no means trivial. Rather, the contrarian pricing trade adds to the growing
body of recent literature suggesting that dynamic, sophisticated econometric models that
exploit the predictability of currency excess returns arising from currency characteristics and
risk premia can successfully contribute to the construction of currency strategies that are not
only profitable in their own right, but can also provide performance benefits for diversifying
an equity portfolio (e.g., Barroso et al., 2021; Cho et al., 2019; Kroencke et al., 2014; Opie &
Riddiough, 2020; Polak & Ulrych, 2024).

Consequently, the ‘fourth’ central research hypothesis of this dissertation asks whether the
contrarian pricing trade is profitable and an attractive diversification instrument.

Whether this is the case is by no means certain, given the three key findings on which its
construction is based. In all cases, the key component is the forecast of CVaR and, in the case
of the pricing classifier, also the forecast of future excess returns. While CVaR forecasts may
be much more persistent than return forecasts, forecasting joint multivariate distribution
functions is still uncertain and difficult. Consequently, the moving averages derived from
these forecasts may be far from perfect, especially in an out-of-sample framework. In
addition, even good CVaR forecasts are much less persistent than other currency
characteristics such as interest rate differentials (carry) or five-year changes in purchasing
power parity (value). This means that the contrarian pricing trade is likely to have higher
turnover than traditional carry or value trading strategies, perhaps even as high as that for the

momentum trade.
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Consequently, when assessing the stand-alone performance of the contrarian pricing trade or
its diversification benefits for an equity portfolio, the outcome will strongly depend on
whether we choose a realistic framework, i.e. one that takes into account the transaction costs
that arise in real investment strategies when dynamic portfolio rebalancing takes place (e.g.,
Menkhoft et al., 2012b). In addition, forward contracts have margin requirements that must
be met from available investment capital. This creates a trade-off between investments in
domestic equities, foreign equities and currencies, as the required margin reduces the
investment capital available for equity investments. However, margin requirements are often
ignored in the literature, especially when empirical studies use leverage. Barroso and Santa-
Clara (2015) suggest a currency positioning of 594%. Kroencke et al. (2014) use a leverage
of two, i.e. the FX investment styles they use have an absolute demand for forward contracts
of 200%. Opie and Riddiough (2020) do the same. More seriously, for their main results,
Kroencke et al. (2014) do not report portfolio weights for FX investment styles, although they
use an optimal mean-variance allocation, which is known to generate extreme positioning
even with short selling constraints (e.g., DeMiguel et al., 2009). However, ignoring margin
requirements results in higher portfolio weights for both equity and FX investment styles than
is actually possible, thereby overstating their performance contribution to a fully hedged or
FX style augmented equity portfolio. Consideration of margin requirements therefore raises
the bar for FX investment styles, as they must provide diversification benefits without
dominating the portfolio composition. It is not possible to choose FX exposures that are many
times the value of the underlying equity positions, as this would significantly reduce the
investment capital available to build these equity positions. Margin requirements thus prevent
the use of excessive leverage to create deviations from the benchmark that most active
managers are unable or unwilling to pursue, given their mandates and concerns about

performance relative to their peers (e.g., Barroso et al., 2021).
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For these reasons, in order to assess the performance of the contrarian pricing trade in a
realistic framework, chapter 5 takes into account rebalancing costs for equities, transaction
costs for currencies and margin requirements for forward contracts.

The results of this performance study show that the contrarian pricing trade economically and
statistically increases the Sharpe ratio of the benchmark equity portfolio when added, not
only over the entire sample period from January 1999 to June 2023 and for both conformity
and contrarian pricing regimes, but also during periods of above- and below-average financial
market stress and for the periods before and after the global financial crisis.

In contrast, we find that carry and value trades do not provide diversification benefits in
periods of below-average excess returns, but at least have the safe haven property of
providing positive excess returns to investors in periods of market turmoil when global equity
prices are falling. However, as we cannot predict the future level of financial market stress
and thus the optimal entry point to take advantage of the safe haven characteristics of these
two FX investment styles, the contrarian pricing trade has a significant advantage over carry
and value trades as a diversification instrument for global equity investors. For the
momentum trade, however, we find no diversification benefits, regardless of the time period
or market conditions considered.

These results show, on the one hand, that the performance loss experienced by the three
traditional FX investment styles, carry, momentum and value, since the global financial crisis
(e.g., Fan et al., 2022; Opie & Riddiough, 2020; Zhang, 2022) has also significantly impaired
their ability to be good diversifiers. On the other hand, these results are particularly
interesting because the contrarian pricing trade incorporates, at least to some extent, elements
of the carry trade. Consequently, the extension of the standard carry trade investment rule by
the central findings of this dissertation does indeed help to mitigate the shortcomings of this

strategy since the global financial crisis.
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3 Carry and Conditional Value at Risk Trend

Capturing the short-, intermediate-, and long-term trends

of left-tail risk forecasts?

2 This chapter has been published in the Journal of International Financial Markets, Institutions and Money,

Volume 82, January 2023, https.//doi.org/10.1016/j.intfin.2022.101710.
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3.1 Introduction

The excess return of a currency can be decomposed into carry and spot exchange rate
appreciation (Koijen et al., 2018). The well-known carry trade strategy aims to exploit
deviations from uncovered interest parity (UIP), a non-arbitrage equilibrium condition.
According to UIP, in the absence of transaction costs and other market imperfections for risk-
neutral investors with rational expectations, the expected change in an exchange rate over a
given period should be equal to the interest rate differential between the two currencies for
the same period. However, empirical evidence suggests that changes in exchange rates do not
offset the interest rate differential, and, therefore, UIP does not hold. Instead, the empirical
evidence suggests that high (low) interest rate currencies appreciate (depreciate) rather than
depreciate (appreciate). This is often referred to as the ‘forward premium puzzle’ (Fama,
1984; Hassan & Mano, 2019) and implies positive excess returns for a carry trade, that
borrows in low nominal short-term interest-rate (funding) currencies and invests the proceeds
in high-yielding (investment) currencies (e.g., Burnside et al., 2011a; Darvas, 2009; Della
Corte et al., 2009). A key characteristic of the carry trade is that the strategy’s excess returns
are exposed to the risk of adverse spot exchange rate movements. However, the allocation
process only relies on interest rate differentials.

As a consequence, the carry trade ignores the fundamental financial principle that a risk-
averse investor requires higher (lower) future excess returns to hold currencies with higher
(lower) future risk (e.g., Pennacchi, 2008). This paper provides new insights into the
relationship between the two determinants of currency excess returns. We address the second
excess return determinant, the appreciation of the spot exchange rate, by specifically
investigating how the risk of variation in spot exchange rate risk and expected currency
excess returns are related. With this research question, we first address the empirical evidence

that currency excess return volatility and correlation aren’t static but time-varying (Engle,
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1982; Engle, 2002), with stationarity implying mean-reverting dynamics, i.e., both are
expected to converge to their unconditional mean in the long run. High persistence, in turn,
allows shocks that push variance and/or correlation away from their unconditional mean to
persist for a long time. Second, we base our approach on the finding that investors underreact
to news (e.g., Barberis et al., 1998; Daniel et al., 1998; Harris & Raviv, 1993; Hong & Stein,
1999), specifically, to negative news or downside risk (e.g., Atilgan et al., 2020; Chan, 2003;
Hong et al., 2000). Due to its future importance as the primary risk measure for calculating
minimum capital requirements for market risk as a result of the fundamental review of the
trading book (Basel Committee on Banking Supervision, 2019), we choose the conditional
value at risk (CVaR) as the risk measure of interest.

Considering these two empirical findings, we argue that if information diffuses through the
market only gradually and is initially perceived by only a small fraction, prices are likely to
underreact to news of a forecasted increase (decrease) in the time-varying CVaR. As a result,
investors initially overestimate the level of mean-reversion of CVaR, which leads to a failure
to adjust prices immediately. However, if a change in the level of CVaR is persistent,
investors will eventually recognize the mispricing and update their prior expectations about
the level of CVaR over time; probably to varying degrees and at different adaptation rates.
Thus, an underreaction to CVaR persistence causes a delay in the market’s anticipation of
high (low) future CVaR. It follows that an underreaction to CVaR persistence for a cross-
sectionally low (high) CVaR level does not yet indicate a need for price adjustment, provided
that this absolute level has remained unchanged. Rather, the magnitude of a recent change in
the level of CVaR indicates a need for price adjustment in the future. The greater the
persistence and increase (decrease) in forecasted CVaR, the more likely it is that spot prices
will exhibit a full discount (premium), reflecting the news about CVaR changes, only after a

time lag. That is, the probability that the quote currency will continue to experience
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depreciations (appreciations) in the future will be higher, as long as expectation errors are not
resolved and, consequently, the price adjustment has not yet fully occurred. Atilgan et al.
(2020) similarly argue that an underreaction of left-tail risk’s persistence leads investors to
justify higher (lower) prices for stocks with recently higher (lower) left-tail risk because they
prematurely expect that the recent high (low) left-tail risk will soon revert to a lower (higher)
future left-tail risk. This subsequently leads to a negative relationship between left-tail risk
and expected stock returns. Based on these conjectures, we introduce a new variable ‘CVaR-
Trend’ into the literature by relating the most recent CVaR forecast to previous forecasts to
capture the short- to the long-term upward or downward trend in CVaR forecasts, which is
used as a proxy for the magnitude of a recent change in the level of CVaR.

This paper contributes to the existing literature in the following aspects. We find that CVaR-
Trend captures a persistent cross-sectional characteristic of G10 currency excess returns.
However, the relationship between CVaR-Trend and expected currency excess returns
depends on the state of the foreign exchange market, crucially. We distinguish between two
states of the foreign exchange market, investment and funding market. In investment markets,
the relationship between CVaR-Trend and expected currency excess returns appears to be
non-linear, conditional on carry. In contrast, we find a linear and positive relationship
between CVaR-Trend and expected currency excess returns in funding markets. Based on
these findings, we propose a new currency trading strategy, the CVaR-Trend trade, which
buys (sells) the high CVaR-Trend currencies among the high (low) forward discount
currencies in investment markets and buys (sells) the high (low) CVaR-Trend currencies in
funding markets. We show that the excess return of the CVaR-Trend trade cannot be
explained by exposure to the most common risk factors in currency markets. The remainder
of the paper is organized as follows. Section 3.2 discusses related literature. Section 3.3

presents the data, the calculation of excess returns, the risk factors, the methodology used to
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construct the CVaR-Trend, and the econometric model used to forecast CVaR. Section 3.4
examines the relationship between the CVaR-Trend and currency excess returns using

univariate and bivariate portfolio analyses. Section 3.5 concludes the paper.

3.2 Literature review

Finance theory states that a risk-averse investor should be compensated by the provision of a
risk premium if additional risk is taken. According to the risk based explanation, the positive
mean excess returns to the carry trade should correspond to compensation for bearing risk.
However, Burnside (2012) shows that conventional risk factors used to price stock returns do
not seem to be appropriate for pricing currency excess returns. Therefore, many studies have
searched for risk factors that can explain the cross-sectional returns of currency portfolios.

This paper contributes to three branches of literature. First, this paper is related to the
literature that develops tradable and replicable self-financing currency risk factors.
Particularly influential is the evidence in Lustig et al. (2011), Lustig et al. (2014) and
Verdelhan (2018) that two risk factors, the Dollar risk factor and the HML®® factor, as a
proxy for the currency market and the carry trade excess return itself, covary with the
expected carry trade excess returns in the time series and in the cross-section. Menkhoft et al.
(2012a) propose aggregate global FX volatility, a risk factor directly motivated by the
persistence of volatility, within the framework of standard asset pricing theory and find that
carry trades provide a time-varying risk premia because they perform particularly poorly
during periods of unexpectedly high market volatility. Similarly, Burnside (2012) find global
FX skewness and Dupuy (2015) finds global FX Value at Risk to explain carry trade excess
returns. More recently, Gao et al. (2019) find that the beta relative to an index of global ex
ante tail risk concerns drives cross-sectional variation in currency excess returns, and Fan et

al. (2022) find that an option-based equity tail risk factor is priced in the cross-section of
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currency returns. We contribute to this branch of the literature by examining the implications
of the time evolution of tail risk forecasts of individual currencies that satisfy the minimum
capital requirements for market risk (Basel Committee on Banking Supervision, 2019) for the
cross-section of currency excess returns and, in particular, for the construction of the carry
risk factor.

Our work 1is also related to the strand of literature studying crash risks in foreign exchange
markets. Brunnermeier et al. (2008) find evidence that carry trades are exposed to high crash
risk. Following on from this observation, Burnside et al. (2011a), Jurek (2014) and Farhi and
Gabaix (2016) argue that the high average excess returns of carry trades can be explained by
peso problems, i.e. the high average excess returns correspond to compensation for events
that only occur with a very low probability but are then accompanied by large losses. In
particular, we contribute to this part of the literature by showing that a large increase in tail
risk for individual currencies over time is able to predict significant future spot price
movements in the cross-section.

Finally, this paper contributes to the literature that focuses on optimizing the construction of
carry trades instead of explaining carry trade excess returns. Clarida et al. (2009) find
evidence that carry trades can be improved, as their study shows that currencies violate UIP
mainly in times of low volatility, much less in times of high volatility. Bakshi and Panayotov
(2013) find trading signals generated using commodity index returns, exchange rate
volatility, and global liquidity to enhance the risk-return profile of conventional carry trades.
Similarly, Ready et al. (2017) find that the Baltic Dry Index, an index of shipping costs,
predicts the excess returns of carry trades. More recently, Bekaert and Panayotov (2020)
progressively test whether reducing the set of G10 currencies improves the historical Sharpe
ratio, and then implement ‘good’ carry trades equally weighted with fewer currencies, while

‘bad’ carry trades include only the currencies prototypical of standard carry trades.
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In a similar work, Mulder and Tims (2018) adjust the set of investable currencies in regimes
of high FX volatility. Dupuy (2021) constructs improved strategies based on forward
discount timing and volatility timing and finds that both signals improve the Sharpe ratio of
the carry trade to a similar extent. We contribute to this strand of literature by showing, on
the one hand, that conditioning on different regimes of FX forward discount is important to
successfully use tail risk information. On the other hand, we use this information specifically
to change currency selection relative to the standard carry strategy and show that this leads to

a strategy that generates a significantly positive average risk-adjusted return.

3.3 Data and risk metric

3.3.1 Spot and forward exchange rates

The dataset consists of 1-week forward rates and the corresponding weekly spot rates. To
avoid week-end effect (Dao et al., 2016) we collect Wednesday closing exchange rates from
WM/Refinitiv (formerly WM/Reuters), sourced from Refinitiv Eikon Datastream. The data
on spot rates spans from July 11, 1990, to February 09, 2022, and the data on forward rates
range from January 6, 1999, to February 09, 2022. To avoid issues of selection bias, we focus
on the most liquid currencies, the G10 currencies. The foreign currencies in the sample are
the Australian Dollar (AUD), British Pound (GBP), Canadian Dollar (CAD), Euro (EUR),
Japanese Yen (JPY), New Zealand Dollar (NZD), Norwegian Krone (NOK), Swedish Krona
(SEK) and the Swiss Franc (CHF). Following Burnside et al. (2011a), the GBP/FCU quotes

are multiplied by USD/GBP quotes to obtain the longer spot rate sample against the dollar.

3.3.2 Currency excess returns

We implement the currency excess returns in terms of forward currency contracts, as

suggested in Burnside et al. (2011a), Lustig et al. (2011), Bakshi and Panayotov (2013), and
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Koijen et al. (2018). We adopt the perspective of a US investor. Let Fy+1 denote the log one-
week forward rate in units of foreign currency per US dollar at time t and maturity in t+1 and
S¢ the corresponding log spot rate at time t. As long as the covered interest parity (CIP)
applies, an assumption well-established by empirical evidence in Akram et al. (2008),
forward and spot exchange rates can be used to compute forward discounts FD; at time t,

which are approximately equal to the interest rate differentials
FD:= i: -1t~ Fye - St (3.1)

where i: and i; stand for the foreign and domestic interest rates, respectively, in week t.
Following the extant literature since Fama (1984), we work in logarithms of spot and forward
rates for ease of exposition and notation. For the regression analyses, however, log returns are
transformed into discrete returns. The log excess return RX+1 on buying the foreign currency
at time t in the forward market and selling it at time t+1 after one week in the spot market is

defined as:

RXi+1 = i: -1t - ASt+1 = (Fiee1 - St) - ASt+1 = Fre1 - S (3.2)

3.3.3 Risk factors

Following the literature, we consider the dollar risk factor (DOL) and Lustig et al.’s (2011)
excess return to the carry strategy (HML'X) as well as global FX volatility innovations
(VOL) of Menkhoff et al. (2012a) as common risk factors in foreign exchange markets that
can predict the cross-section of expected currency excess returns.

The dollar risk factor (DOL) is the average excess return of a trading strategy in which all
foreign currencies are bought in equal parts against the dollar by borrowing funds in the
United States. A carry trade is a long-short portfolio constructed by selecting currency pairs
with the largest difference in forward discount. The investor, therefore, purchases the

portfolio, which contains the currencies with the highest interest rate differential (largest
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forward discounts), and finances these purchases by selling the portfolio, which contains the
currencies with the lowest interest rate differential (smallest forward discounts). At any point
in time, this results in a zero-cost trading strategy with zero net currency exposure, as the
investment and funding legs are equally weighted.

HML'X is a carry trade that uses two currencies on both the investment and funding leg.
Global FX volatility innovations (VOL) is an aggregated measure of unexpected increases in
global currency volatility and is defined as the residual time series from an estimated AR(1)
process for the level of a global FX volatility proxy. This proxy is first created by averaging
the daily cross-sectional averages of the absolute log changes in the spot rate |ASy, calculated

for each currency on each day, up to the weekly frequency.

3.3.4 CVaR-Trend

In this section, we outline our approach to constructing a trend indicator for estimating the
magnitude of a recent change in the CVaR level, called CVaR-Trend. CVaR-Trend serves as
a proxy for the likelihood that prices require adjustment as a result of a change in the CVaR
level and is used as a sorting variable in the empirical analyses that follow. Let the random
vector Y= (Yi4,...,Yny)' denote the log spot return of the j = 1,...,n currencies at time t, that
is, Yj: = log Sj: — log Sj«1 = ASjt. Throughout this article, we assume all return distributions
to be continuous. The conditional cumulative distribution function of Yj; is denoted by Fj(yj.)
= P(Yj: < yjp) and the corresponding marginal density function by fi(yj:). The quantile
function of Yj is given by Fj}t((x). The Value at Risk (VaR) at the confidence level a € (0,1)

is defined as the conditional quantile of Yj evaluated at a (Bayer & Dimitriadis, 2020):
VaRa(Y;) = Fji(0) = inf {y; € R : Fi(yj) > o} (3.3)

Although VaR has been considered the industry standard for risk measurement and

management, the Basel Committee on Banking Supervision (2019) decided to replace Value
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at Risk with an expected shortfall (ES) measure as the primary risk measure for calculating
minimum capital requirements for market risk because VaR is unable to capture tail risks
beyond the a-quantile. In addition, the fact that ES is a coherent risk measure (Artzner et al.,
1999) and thus satisfies meaningful axioms for a natural or reasonable risk measure speaks in
favour of taking it into account. The ES coincides with CVaR which was introduced in
Rockafellar and Uryasev (2000) if the return distribution is continuous.

CVaR at confidence level a is defined as the expected mean of returns smaller than the VaR

associated with o (Bayer & Dimitriadis, 2020):
CVaR(Yj1) = E«(Yj Yt < VaRo(Yjy)) (3.4)

Assume for each currency scenarios of size m of one-step-ahead spot returns Y, = (Jix) €
R™M°y=1,...,nand k = 1,..., m, are available. A one-step-ahead forecast of the a-CVaR
corresponds to the mean of the spot returns less than the a-quantile (Stoyanov et al., 2007)

1 [Mao]
CVaR(Y;0) = a1 2 (DT, (3.5)
k=1

where ¥j k), represents the return scenarios sorted in ascending order and |Mal| is the largest
integer less than or equal to Ma, where Ma indicates the location of the a-VaR. Following
the Basel Accords, we choose o to be 2.5%. The evolution of the series {CVaR,(Yj.)} is used
to indicate, based on a trend signal, whether CVaR increases or decreases through time. To
address concerns about data snooping, we do not intend to come up with an optimized
measure to determine the magnitude of a recent change in CVaR. Instead, we use a rather
standard trend indicator, i.e., the trend signal CS; 1 indicates that CVaR increases (decreases)
if the most recent CVaR forecast for time t is larger (smaller) than the moving average of the

L one-step-ahead CVaR forecasts during the period t-L through t-1:

CVaRa(YLt_L) +...+ CVaRa(Yj,t_l)
L

CSj,t,L = CvaRa(Yj,t) - (3.6)
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We exclude the most recent CVaR forecast from averaging for two reasons. First, it removes
the mechanical correlation between the short- and long-period moving averages, which could
have potentially undesirable effects on the statistical analyses. Second, CSjiL in this
definition relies on the most popular trend-following rules applied in the finance literature,
namely, time-series momentum (TSMOM) as defined by Moskowitz et al. (2012) and

variable-length moving average rules (VMAR) proposed by Brock et al. (1992):

TSMOM,;,|

CSj’t’L = VMARj,t,L + L

(3.7)

We mitigate concerns about data mining by, first, not preselecting an optimal lag length L,
but instead applying the most common lag lengths. Since we use weekly data, the lag lengths
considered are 1-, 2-, 4-, 10-, 21-, 31-, and 41-weeks, corresponding to 5-, 10-, 20-, 50-, 100-,
150-, and 200-days, respectively (Brock et al., 1992; Han et al., 2016). Moreover, to avoid
data mining by an additional measure, we do not select the best trend signal, but follow the
suggestion of Han et al. (2016) and simply combine all trend signals for each currency. To

this end, we average them for each currency to obtain CVaR-Trend signals (CTjy) at time t.

3.3.5 Econometric framework

The construction of CVaR-Trend requires weekly forecasts of CVaR for each currency. Since
we explicitly base our analysis on the empirical evidence that CVaR is time-varying, and
since the time-varying CVaR of an individual asset depends not only on its own time-varying
behavior but also on its time-varying dependence to other assets, in particular on the
dependence in the tails of the distribution (e.g., Embrechts et al., 1999a, 1999b), we use a
highly flexible time-varying t-copula with skewed t-GJR-GARCH margins that can account
for dynamic correlations, volatility persistence, heteroskedasticity, the leverage effect, and
leptokurtic and asymmetric return distributions. With this model, we take into account recent

findings on the importance of proper calibration of multivariate density forecasts in order to
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obtain a correct forecast of tail risk (e.g., Dovern & Manner, 2020; Kim et al., 2021). Indeed,
the results of the one-sided and two-sided intercept expected shortfall regression backtests of
Bayer and Dimitriadis (2020) (for the sake of brevity, we only mention the main conclusion,
but detailed results are available upon request from the author) show that this model
accurately predicts CVaR for G10 currencies.

In the following, we outline the framework for forecasting the joint distribution of G10
currencies to derive CVaR forecasts. Through the application of the probability integral
transform to each random variable of Y, the marginal distributions of the random vector U; =
(Utt..., Uny)' = (F1(Y1,),..., Fa(Yny))' are uniformly distributed on [0,1]. The n-dimensional
copula C(u;) = C(ui,..., unt) of Y¢ is the joint cumulative distribution function on [0,1]" of U..
According to Sklar (1959) and Patton (2006) the joint distribution F(y:) of Y: can be

constructed by connecting together disparate marginal distributions with a copula:

F(y16-...,ynt) = C(F1(y1,0),...,Fa(yns)) (3.8)
A copula models the dependence structure between the marginals, so all individual marginal
distributions can be modelled independently from each other and their dependence structure
to account for univariate characteristics.
It is assumed that the joint distribution of Y can be modelled by a time-varying Student t-
copula C(uip,...,un;Re,m) with conditional correlation matrix R¢ and unconditional shape
parameter 1. The conditional correlation matrix R¢ is assumed to follow the dynamic
conditional correlation model (DCC) of Engle (2002). In this model the conditional variance-

covariance matrix Hi is decomposed as Hi = D{RDy, where Dy = diag{,/h;} represents the

diagonal matrix of the conditional standard deviations to separate univariate and multivariate
dynamics, thus allowing for a two-step estimation process. The marginal distributions are

modelled in the first stage. The conditional mean is described by an AR(1) with constant to
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capture the autocorrelation in the univariate return series. The conditional variances h;; are

estimated by the GJIR-GARCH(1,1) model of Glosten et al. (1993):

Yit= @i+ 6iYje1+ &,

&= /0y Zjs, where Z;: ~ Tj(z,;0,1,&,vj),
hje = @) + 0jgf 1 + vigf 181 < 0) + By (3.9)

The indicator function I allows to model the effect of positive and negative error terms on the
conditional variance hj; asymmetrically, so y; captures the ‘leverage’.

The usual GARCH restrictions employed are (®;>0, a;>0, $>0) to ensure positivity of h;; and
10j|<1 as well as o;+Bj+yjkj<l to ensure stationarity, where k; is the expected value of the
standardized residuals Zi = (Zig,..., Zny)' below zero. Zj; are assumed to follow the
standardized skewed Student distribution of Fernandez and Steel (1998) to capture the
asymmetry of the marginal distributions. & and vj denote the unconditional skew and shape
parameter, respectively (Laurent, 2002).

Compared to the original DCC, the use of a copula allows individual degrees of freedom and
skew parameters for the first stage estimation. Due to the invariance property of copulas, R¢
corresponds to the correlation matrix of the random vector Z: = (Zit,..., Z:,t)', where Z;:t =
TJT}t(Tj(Zj,t;O,I,E_J,Vj);n) is transformed to have a Student t-distribution with n degrees of
freedom. To allow for time-varying correlations, an autoregressive, moving-average process

is modelled in the second stage
Qi =(1-a-b)Q +aZi,Z;, +bQwi (3.10)
with a,b > 0 and the restriction atb < 1 imposed to ensure stationarity and positive

definiteness of Q; and R.. Q is the unconditional correlation matrix of Zf , that is E(Z;k Zf ),

which is estimated with the sample covariance matrix of Zf (Ausin & Lopes, 2010; Engle,

2002).
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The quasi-correlations Q; have to be rescaled to ensure that the diagonal elements equal 1 and

the off-diagonal elements lie in [-1,1] at all times, so R is obtained by (Engle, 2002):

= diag(Q,)? Q, diag(Q) (3.11)

The joint density function of Y is then given by (e.g., Ausin & Lopes, 2010):

t(zl toe Znt’ Rtan)

£y pohoRen 1_[ 0,1, (3.12)
b hohoRen) = JIJJt,0,1,11) J_J o )

The estimation is carried out in two steps with the ‘Inference Functions for Margins’ (Joe &
Xu, 1996). First, the log-likelihoods of the marginal densities are maximized individually,
i.e., each separately, to obtain the parameters of all univariate density model specifications,
and then the parameters of the copula are estimated using Zf from the first step. One-ahead

forecasts Yt for Y are then generated by simulation.

3.4 CVaR-Trend and the cross-section of currency excess returns

3.4.1 CVaR-Trend and the state of the foreign exchange market

In this section, we present our main results by examining the cross-sectional relationship
between CVaR-Trend and currency excess returns conditional on the state of the foreign
exchange market. In December 2015, the Federal Open Market Committee (FOMC) initiated
the process of ‘normalization’ with the aim of raising the federal funds rate to a level that is
‘neither expansionary nor contractionary’. This development culminated in a period between
2018 and 2020 when GI10 investment currencies were temporarily unavailable to US
investors. In the case of zero investment currencies, the carry trade decision rule leads to
suboptimal allocations, since borrowed funds would have to be invested in currencies with

negative interest rate differentials.
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For times when the carry strategy is deprived of the prerequisite for success, it seems
reasonable to assume that the first determinant, carry, exerts less influence on currency
excess returns. Section 3.4.2 provides empirical support for this conjecture. To avoid look-
ahead bias, we follow the empirical approach of Cooper et al. (2005) to construct an ex ante
estimator for inferring two states of the foreign exchange market. To do so, we count the
number of available investment currencies for each week in the period from January 06,
1999, to February 16, 2022, and define the state of the market as ‘investment’ (‘funding’) in
the period from October 20, 1999, to February 09, 2022, if the mode of investment currencies
is greater than or equal to (less than) one over the 42 weeks before each start of the strategy’s
holding period. The use of 42 weeks ensures that the derivation of market states is consistent
with the construction of CVaR-Trend. We use a moving window approach for two reasons.
First, a moving window allows us to capture the trend in the number of investment currencies
over time, thus accounting for the likelihood that information about a change in market state
is perceived only with a time lag. Second, it smoothens the time series of investment
currencies, avoiding frequent changes in market state and short market state durations due to
fluctuations in forward discounts.

Since our currency dataset contains the euro, the first estimation is performed on January 6,
1999, the first business Wednesday of the Euro, to avoid look-ahead bias. The estimation
uses data from July 11, 1990, to January 06, 1999, to obtain CVaR forecasts for each
currency for the week January 07, 1999, to January 13, 1999. The most recent forecasts are
from February 02, 2022, resulting in a total of 1205 weekly CVaR forecasts for each
currency. The portfolio analyses start on October 20, 1999, because the construction of the
time series of CVaR-Trend requires a lead time of 42 weekly forecasts.

Note that forecasting is performed in an out-of-sample framework with expanding window

length. This means that to avoid look-ahead bias at time t-1, only historical observations that
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are already available at time t-1 are used for estimation and forecasting. Then, we perform a
univariate regression analysis by allocating all currencies in the G10 sample into nine
portfolios based on an ascending sort of CVaR-Trend each week from October 20, 1999, to
February 02, 2022. The holding period is one week, so portfolios are rebalanced at the end of
each week. Portfolio 1 contains the currency with the lowest CVaR-Trend (highest decrease
or at least smallest increase in CVaR) and portfolio 9 contains the currency with the highest
CVaR-Trend (highest increase or at least smallest decrease in CVaR).

At first, we regress the excess returns of these nine portfolios and the long-short portfolio
H/L®T, that is long in portfolio 9 and short in portfolio 1, on the appropriate risk factors DOL,
HML'X, and VOL, and a constant. Next, we regress the risk-adjusted excess returns on an
investment and a funding dummy variable with no intercept to test if the alphas are equal to
zero in each state.

Panel A of Table 3.1 shows that conditioning on the state of the market has substantially
different cross-sectional implications for future excess returns of CVaR-Trend strategies.
Univariate sorting by CVaR-Trend suggests a positive relationship between CVaR-Trend and
excess returns, but only in funding markets. In funding markets, the difference portfolio
H/LCT generates an economically large and statistically significant alpha of 0.31% per week.
In contrast, the univariate analysis fails to detect a relationship between CVaR-Trend and
excess returns in investment markets, as the difference portfolio generates an alpha that is
neither large in magnitude nor statistically significant.

These findings for investment markets are inconsistent with the prediction of a positive
relationship between CVaR-Trend and excess returns. Given the suitability of the carry trade
decision rule, we expect carry as the first determinant of currency excess returns to be most

pronounced in investment markets.
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Table 3.1
CVaR-Trend and market states

Panel A: Excess returns to portfolios sorted on CVaR-Trend

1 2 3 4 5 6 7 8 9 H/LY
Funding Markets
Mean -0.31"* -0.14 -0.16 -0.14 -0.18 -0.09 -0.11 0.16 -0.03 0.28"
o -0.22" -0.03 -0.05 -0.02 -0.06 0.01 0.01 0.28" 0.09 031"
Investment Markets
Mean 0.05 0.05 0.03 001 002 0.06 0.02 0.02 0.03 -0.02
o 0.02 0.01 0.00 -0.02 -0.01 0.01 0.00 -0.01 0.01 -0.01

Panel B: Excess returns to portfolios sorted on forward discount and CVaR-Trend

Funding Markets
Forward Discount Forward Discount
Mean 1 2 3 o 1 2 3
= 1 -0.16" -0.17 -0.09 = 1 -0.09 -0.06 0.05
iﬁ 2 -0.09 -0.11 -0.21 E 2 -0.01 001 -0.05
;é 3 -0.06 006 -0.18 § 3003 017" -0.03
©  H/LCTFP  0.10 0.23" -0.08 ©  H/LCTFP .12 0.23" -0.08
Investment Markets
Forward Discount Forward Discount
Mean 1 2 3 o 1 2 3
= 1 0.03 001 0.06 = 1 0.04 -0.03 0.00
& 2 0.02 0.00 0.05 & 2 0.03 -0.03 -0.03
;é 3 -0.06 0.04 0.12" § 3 -0.05° 0.01 0.05"
O H/LCTFP 0.09° 0.03 0.06 ©  H/ACTFP _0.09° 0.04 0.05

Note: Panel A shows the average excess return and the average risk-adjusted excess return (in percent per week)
for each of the portfolios formed by sorting on CVaR-Trend (CT), and for the long-short difference portfolio
H/LCT, following funding and investment markets. Panel B shows equivalent information for portfolios
dependent sorted by forward discount (FD) and CVaR-Trend, as well as for the long-short difference portfolios
H/LC"FD in each forward discount tertile. *, ** and *** indicate significance according to Newey-West (1994)
HAC standard errors at the 10, 5 and 1% levels. The sample period is October 1999 to February 2022.

Therefore, we further analyse the performance of portfolios formed by sorting dependently
on forward discount as the control variable (the first sort variable) and CVaR-Trend as the

risk dimension to be priced (the second sort variable) to control for the effect of carry on the
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relationship between CVaR-Trend and excess returns. We follow the literature (e.g., Koijen
et al., 2018; Lustig et al., 2011; Menkhoft et al., 2012a) and use sorting on forward discount
because it is equivalent to sorting on interest rate differentials under covered interest parity
and therefore appropriate to indicate the carry of currencies, i.e., the return on a futures
position if the price remains constant over the holding period. Due to the small sample of
currencies, we choose a tertile sort on CVaR-Trend within forward discount tertiles to avoid
biases induced by specific portfolio sorting choices. This breakpoint selection produces
control variable portfolio group sizes comparable to Lustig et al. (2011). Each week in the
time range from October 20, 1999, to February 02, 2022, all currencies are allocated into
three groups based on an ascending sort of forward discount as the control variable. Within
each control variable group, the three currencies are sorted into three equal-weighted
portfolios based on an ascending sort of CVaR-Trend. A currency is classified as ‘low CVaR-
Trend’ (‘high CVaR-Trend’) if it has a CVaR-Trend lower (higher) than two-thirds of the
currencies in the same forward discount tertile.

We then regress the risk-adjusted excess returns relative to the risk factors DOL, HML™, and
VOL of these nine portfolios and the long-short portfolios H/LCTFP that are long in portfolio
3 and short in portfolio 1 in each forward discount tertile on an investment dummy variable
and a funding dummy variable with no intercept to test if the alphas are equal to zero in each
state. Panel B of Table 3.1 shows that the double sorts uncover some interesting patterns in 1-
week currency excess returns. In investment markets, the alpha of -0.09% of H/LCTFP per
week suggests that currencies in the low forward discount tertile perform particularly poorly
when they become riskier (exhibit higher levels of CVaR-Trend). In contrast, currencies from
the high forward discount tertile appear to perform particularly well precisely when they
become riskier, as evidenced by the statistically significant alpha of 0.05% per week of the

high forward discount, high CVaR-Trend portfolio.
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3.4.2 Carry and the state of the foreign exchange market

In the previous analyses, we assumed that conditioning on market state is important for the
effectiveness of the carry trade. To test this more rigorously, we estimate the forward
discount (FX™) of the foreign exchange market as an equally weighted average of currency

forward discounts. Thus FX" corresponds to the forward discount of the DOL portfolio.

Table 3.2
Forward discount and market states

Panel A: Foreign exchange market average forward discount

Funding Investment
FXfP -0.03"* 0.01

Panel B: Excess returns to portfolios sorted on forward discount

1 2 3 4 5 6 7 8 9 HMLM
Funding Markets
Mean -0.08 -0.05 -0.18" -0.05 -0.02 -0.15 -0.17 -0.13 -0.17 -0.09
o -0.04 0.02 -0.07 0.04 0.09 -0.02 -0.03 0.02 -0.01 0.01

Investment Markets
Mean -0.01 0.00 0.00 0.03 0.03 -0.01 0.02 0.10" 0.10™ 0.11™

a -0.07" -0.05* -0.03 -0.01 0.01 -0.02 0.00 0.10™ 0.09"" 0.15™

Note: Panel A of Table 3.2 reports the average forward discount (in percent per week) of the foreign exchange
market following funding and investment markets. Panel B of Table 3.2 shows the average excess return and the
average risk-adjusted excess return (in percent per week) for each of the portfolios formed by sorting on forward
discount, and for the carry strategy HMLFX, following funding and investment markets. *, ** and *** indicate
significance according to Newey-West (1994) HAC standard errors at the 10, 5 and 1% level, respectively. The
sample period is October 1999 to February 2022.

We regress FX on an investment dummy variable and a funding dummy variable with no
intercept to test if the mean global FX forward discounts are equal to zero in each state. Panel
A of Table 3.2 confirms that in funding markets currencies trade at a discount on average. In
funding markets, therefore, the basic idea of the carry trade is called into question, and
interest differentials should thus drive currency excess returns less than in investment

markets.
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To test this, we examine the relationship between forward discount and expected currency
excess returns conditional on the state of the foreign exchange market. Each week in the
period from October 20, 1999, to February 02, 2022, all currencies are allocated into nine
portfolios based on an ascending sort of forward discounts. Following Menkhoff et al.
(2012a), we regress the excess returns of these nine portfolios and of HMLX on the risk
factors DOL and VOL, and a constant. Next, we regress the risk-adjusted excess returns on
an investment and a funding dummy variable with no intercept to test if the alphas are equal
to zero in each state. Panel B of Table 3.2 shows a strong positive cross-sectional relationship
between forward discount and currency excess returns in investment markets, but there is no
significant relationship between forward discount and currency excess returns in funding
markets. These results are consistent with the expectation that the first determinant, carry, is a

key driver in the cross-section of currency excess returns only in investment markets.

3.4.3 CVaR-Trend in investment markets

Panel B of Table 3.1 implies that the excess returns of funding and investment currencies in
investment markets behave in opposite ways when they become riskier. In this section, we
examine in more detail how the second determinant of currency excess returns, the
appreciation of the spot rate, evolves in the wake of a change in the CVaR level to provide an
explanation for our findings. To this end, over the period from October 20, 1999, to February
02, 2022, we measure an increase (decrease) in spot returns as the positive (negative)
difference between the spot return in week t-1, i.e., the most recent spot return used to
forecast CVaR for week t, and the moving average of spot returns over the period t-L to t-2.
The lag lengths considered are 2-, 4-, 10-, 21-, 31- and 41-weeks, and we average over these
indicators to obtain a measure of the magnitude of a recent change in spot returns that is

consistent with the time periods used to calculate CVaR-Trend.
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Panel A of Table 3.3 shows that low (high) CVaR-Trend currencies have recently
experienced large appreciation (depreciation), indicated by the highly statistically significant
average spot depreciation of the difference portfolio. The high excess returns of the
difference portfolio H/L®T in funding markets and the high excess returns of high CVaR-
Trend investment currencies in investment markets are therefore consistent with the
expectation that once the market anticipates a future lower (higher) CVaR level associated
with an increasing overvaluation of the quote (base) currency, a premium (discount) to spot
prices will materialise through the sale (purchase) of the base currency, resulting in low

(high) future excess returns of the quote currency.

Table 3.3
Recent spot rate appreciation

Panel A: Appreciation of portfolios univariate sorted on CVaR-Trend

1 2 3 4 5 6 7 8 9 H/LT

Mean -0.07* -0.07* -0.06™ 0.02 -0.01 0.02 0.06 0.10" 0.13™ 0.20™

Panel B: Appreciation of portfolios bivariate sorted on forward discount and CVaR-Trend

Funding Markets Investment Markets
Forward Discount Forward Discount
Mean 1 2 3 Mean 1 2 3

1 0.04 -0.05 -0.14 1 0.08" -0.01 -0.13""
2 -0.04 -0.04 0.12° 2 0.00 -0.01 0.01
3 0.02 -0.01 0.11 3 -0.05 0.09™ 0.15™
H/LCTFD 0,02 0.04 0.25™ H/LCTFD - _0.13** 0.10" 0.28™

CVaR-Trend
CVaR-Trend

Note: Panel A of Table 3.3 reports the average spot rate appreciation (Mean) at time t-1 (in percent per week)
for each of the portfolios formed by univariate sorting on CVaR-Trend (CT) and for the long-short difference
portfolio H/L®T. Panel B of Table 3.3 shows the average spot rate appreciation at time t-1 for portfolios
dependent sorted using forward discount (FD) and CVaR-Trend, as well as for the long-short difference
portfolios H/LSTFP in each forward discount tertile, following funding and investment markets. *, ** and ***
indicate significance according to Newey-West (1994) HAC standard errors at the 10, 5 and 1% level,
respectively. The sample period is October 1999 to February 2022.

However, the poor performance of low forward discount but high CVaR-Trend currencies is

in contrast to this. Given the significant relationship between forward discount and currency
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excess returns in investment markets, a plausible explanation for this observation could arise
from the asymmetric investment preferences associated with high and low forward discount
levels. If investors are more likely to go short than long in low forward discount currencies to
capture the negative interest differential to fund their investment leg, they will perceive an
appreciation (depreciation) of a funding (investment) currency as more risky than a
depreciation (appreciation). In investment markets, therefore, funding (investment) currencies
should become more volatile in the wake of appreciations (depreciations). Panel B of Table
3.3 provides empirical support for this conjecture. The statistically highly significant average

LETFD in the low forward discount

spot appreciation in week t-1 of the difference portfolio H/
tertile indicates that CVaR-Trend of funding currencies is larger (smaller) following recent

appreciation (depreciation).

Table 3.4
Performance of high CVaR-Trend strategies

Funding Markets Investment Markets
Mean -0.11 0.18™
o -0.06 0.10™

Note: Table 4 shows the average excess return and the average risk-adjusted excess return (in percent per week)
of a long-short portfolio HHTFP - HLCTFD that is long (short) the high CVaR-Trend currency within the high
(low) forward discount tertile following investment and funding markets. *, ** and *** indicate significance
according to Newey-West (1994) HAC standard errors at the 10, 5 and 1% level, respectively. The sample
period is October 1999, to February 2022.

Consequently, the contrasting trend in the excess returns of funding and investment
currencies evident in panel B of Table 3.1 can be seen as an expression of opposing investor
behaviour in investment markets when information about an increase in CVaR is to be
incorporated into spot prices. To account for a future higher CVaR level of funding
(investment) currencies associated with a rising overvaluation of the quote (base) currency,

investors buy (sell) funding (investment) currencies, whereby the negative relationship



3.4.4 CVaR-Trend trade 91

between CVaR-Trend and future currency excess returns on funding currencies in investment
markets emerges. These results suggest that large return spreads can be achieved in
investment markets by trading the high risk ‘corners’ of a double sort on forward discount
and CVaR-Trend. Indeed, Table 3.4 shows that the alpha of a long-short trading strategy
HHCTIFP - HLCTFD that buys the high CVaR-Trend portfolio in the third forward discount
tertile and sells the high CVaR-Trend portfolio in the first forward discount tertile in
investment markets is 0.10% per week, which is large in magnitude and statistically

significant.

3.4.4 CVaR-Trend trade

The previous results suggest that a trading strategy that buys (sells) the high CVaR-Trend
currency within the high (low) forward discount tertile in investment markets and buys (sells)
the high (low) CVaR-Trend currencies in funding markets should outperform conventional
carry trade strategies that rely only on forward discount as the sole selection criterion and
disregard tail risk. We refer to this trading strategy as CVaR-Trend trade (CTT). Each week
when the market state is classified as ‘investment’, all currencies are sorted into three groups
based on an ascending sort of forward discount. Within each forward discount tertile, all
currencies are sorted into three portfolios based on an ascending sort of CVaR-Trend. The
CVaR-Trend trade is the portfolio that buys (sells) the currency with a high CVaR-Trend in
the high (low) forward discount tertile. And when the market state is classified as ‘funding’,
all currencies in the G10 sample are sorted into portfolios based on an ascending sort of
CVaR-Trend. The CVaR-Trend trade is then the long-short portfolio that is long (short) in the
currencies with the highest (lowest) CVaR-Trend.

The CVaR-Trend Trade is a zero-cost trading strategy with zero net currency exposure, as the

investment and funding legs are equally weighted. Panel A of Table 3.5 shows the results of
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time-series regressions employing the excess returns of the CVaR-Trend trade. The CVaR-
Trend trade generates average excess returns and average risk-adjusted excess returns
between 0.12% and 0.21% per week after controlling for the risk factors DOL, VOL, and
H/L'X, which are both economically large and highly statistically significant regardless of the
specification. Panel B of Table 3.5 reports the results of the time-series regression of the
alpha relative to each specification on an investment dummy variable and a funding dummy
variable to test if the alphas are equal to zero in each state. The results show that the
conclusion of the previous analysis holds in both market states, as the CVaR-Trend trade

generates an economically large and statistically significant alpha in each market state.

Table 3.5
Performance of the CVaR-Trend trade

Panel A: Time-series regression results

Dependent variable

CTT
Independent variables (1) (2) 3)
Intercept 0.19™ 0217 0.12"
DOL 0.34™ 0.04
VOL -0.87" 0.41
HML™ 0.66™"
adj.-R? 0.06 0.37

Panel B: Risk-adjusted excess return of the CVaR-Trend trade in the market states

Dependent variable

CTT
Independent variables (D) (2) 3)
Funding Markets 0.28™ 0.34™ 0.33™
Investment Markets 0.18™ 0.20"" 0.10™

Note: Panel A reports time-series regression results employing the excess returns to the CVaR-Trend trade.
Panel B presents results from the time-series regression of the risk-adjusted excess return to each specification
on an investment dummy variable and a funding dummy variable. *, ** and *** indicate significance according
to Newey-West (1994) HAC standard errors at the 10, 5 and 1% level, respectively. The sample period is
October 1999 to February 2022.
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3.5 Conclusion

This study examines the relationship between the trend of left-tail risk and the cross-section
of expected G10 currency excess returns. A univariate portfolio analysis shows a strong
positive relationship between CVaR-Trend and expected currency excess returns in funding
markets. This result is consistent with the expectation that once the market anticipates a
future lower (higher) CVaR level associated with an increasing overvaluation of the quote
(base) currency, a premium (discount) is applied to spot prices, resulting in low (high) future
excess returns of the quote currency.

In investment markets, however, there is no linear relationship. Bivariate portfolio analysis in
investment markets shows that funding (investment) currencies perform particularly poorly
(well) when they become riskier. Since we find strong empirical support for carry being an
important factor in the cross-section of currency excess returns only in investment markets, a
plausible explanation for this finding may lie in the asymmetric investment preferences
associated with high and low forward discount levels. If investors tend to go short rather than
long in low forward discount currencies in order to use the negative interest rate differential
to finance their long position, they are likely to perceive an appreciation (depreciation) of a
funding (investment) currency as riskier than a depreciation (appreciation). Indeed, in
investment markets we find empirical evidence, that funding (investment) currencies with
high CVaR-Trend have recently experienced strong spot rate appreciation (depreciation)
while funding (investment) currencies with low CVaR-Trend have recently experienced
strong spot rate depreciation (appreciation). Consequently, the contrasting trend in the excess
returns of funding and investment currencies can be seen as an expression of opposing
investor behaviour in investment markets when incorporating information about an increase
in CVaR into spot prices. Confronted with a future higher CVaR level of funding

(investment) currencies associated with an increasing overvaluation of the quote (base)
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currency, investors buy (sell) funding (investment) currencies, resulting in the negative
relationship between CVaR-Trend and future currency excess returns for funding currencies
in investment markets.

Our findings suggest a new currency trading strategy, named CVaR-Trend trade, constructed
in funding markets by univariate sorting on CVaR-Trend and in investment markets by
bivariate sorting on forward discount and CVaR-Trend. In investment markets, therefore,
CVaR-Trend trade can be considered an enhancement of the carry trade. Finally, we show
that the excess returns of the CVaR-Trend trade cannot be explained by exposure to the most
common risk factors in currency markets.

From a practical point of view, our results have important implications for portfolio
management investing in G10 currencies. One of the prevailing currency strategies is the
carry trade strategy, which has worked well in the past. However, interest rate differentials
across G10 currencies have narrowed significantly. This development makes it increasingly
difficult to identify and exploit entry opportunities based on the carry trade investment rule.
In this sense, our novel sorting variable CVaR-Trend can make an important contribution to
expanding the investment opportunity set of currency managers. Future research on CVaR-
Trend could be extended to other asset classes, such as equities. According to the
Intertemporal Capital Asset Pricing Model (ICAPM) of Merton (1973), risk premia should be
associated with the conditional covariances between asset returns and innovations in state
variables reflecting time variation in investment opportunities. To the extent that investors'
utility is affected by time-varying changes in left-tail risk, our reasoning about the CVaR-
Trend may conceal a potential pricing factor that remains to be identified. These are

questions that our work would like to leave open for future research.
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4 Contrarian Currency Pricing

When risk tells you to expect mispricing®

3 This chapter corresponds to a working paper of the same title published as a preprint on the Social Science

Research Network, https://dx.doi.org/10.2139/ssrn.4577434.
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4.1 Introduction

The core motivation to engage in a carry trade is based on the ‘forward premium puzzle’
(Hassan & Mano, 2019), i.e. the empirical evidence that the uncovered interest parity (UIP) is
violated. According to the UIP, risk-neutral investors with rational expectations should be
indifferent between holding the high or low interest rate currency, because a higher (lower)
interest rate should compensate for an expected depreciation (appreciation) of the exchange
rate, and thus currencies are assumed to have the same expected excess returns. However, if
the UIP does not apply, the carry trade aims to earn at least the ‘carry’, i.e. the ex ante
observable positive interest rate differential between two countries that accrues during the
holding period, or that the currency excess return for the investor will be even higher if the
high interest rate currency depreciates against the low interest rate currency by less than the
interest rate differential, or if high (low) interest rate currencies actually appreciate
(depreciate) rather than depreciate (appreciate) (Bekaert & Hodrick, 2018).

The empirical literature has documented that the carry trade is profitable on average, but its
profits accumulate slowly over time, while the carry trade performs poorly in times of market
turmoil and financial stress, when losses tend to be large and sudden (e.g., Bekaert &
Panayotov, 2020; Brunnermeier et al., 2008; Burnside et al., 2011a; Daniel et al., 2017; Farhi
& Gabaix, 2016; Lustig et al., 2011; Menkhoff et al., 2012a; Verdelhan, 2018). Menkhoff et
al. (2012a) show that currencies with low (high) interest rates covary positively (negatively)
with global FX volatility innovation (VOL), reflecting that they offer lower (higher) excess
returns in equilibrium because they perform well (poorly) when global FX volatility is high.
Consequently, the different covariation of currencies with the risk factor VOL depending on
the level of their interest rates suggests that the unbiasedness hypothesis fails because there
are time-varying risk premia for bearing systematic, i.e. non-diversifiable, volatility risk,

which is consistent with the market efficiency hypothesis (Bekaert & Hodrick, 2018). The
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central research hypothesis of this paper asks, in principle as an implicit consequence of this
empirical evidence, whether there are periods in which conditions prevail that contradict the
equilibrium condition of the two-factor currency pricing model of Menkhoff et al. (2012a)
and imply that the market does not reward entering into a carry trade with sufficiently high
expected excess returns.

This research question differs from standard empirical asset pricing studies, which test
whether individual assets behave as predicted by their exposure to pricing factors with the
benefit of hindsight. In these studies, the competition is about which asset pricing model
adequately predicts future excess returns in the cross-section, i.e. which risk-based
explanation might dominate over the others (e.g., Harvey et al., 2016; Hou et al., 2015).
However, this is an ex-post perspective, and we would generally be interested in whether
there is exploitable forward-looking information that would allow us to derive assessments of
how likely it is that we can rely on the underlying risk-based explanation for the cross-
sectional variation in future excess returns in our portfolio allocation decisions. This concern
is indeed justified, as a number of possible market anomalies or inefficiencies are known,
suggesting that the theoretical predictions of equilibrium asset pricing models do not always
hold as a reliable indicator of the risk-return trade-off in real markets. Consequently, it may
be that commonalities in mispricing predict future returns due to subsequent corrections and
that return differentials therefore reflect a delayed price response to information rather than
risk premia (e.g., Cochrane, 2011; Daniel et al., 2020). Our research question is therefore less
concerned with the competition between different currency pricing models than with the
conditions under which the predictions of an appropriate currency pricing model may fail to
materialise, even though the underlying source of systematic risk is still present. The
literature is much less concerned with this issue, because it erroneously loses relevance when

the validity of pricing factors in explaining the cross-section of asset returns is tested only
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over the entire sample period, i.e. over a long time horizon, since then possible contradictions
to the underlying risk-based explanatory theory present in the data are eliminated by the ‘on
average’ or ‘in equilibrium’ (Fama, 1970, p. 409) pricing perspective.

We contribute to the existing literature by first developing an indicator, called the ‘pricing
classifier’, which is derived from the ‘in equilibrium’ condition of the Menkhoff et al.
(2012a) currency pricing model and predicts periods in which the two core predictions of this
currency pricing model are likely to be violated. Second, we show that it is precisely for this
reason that the pricing classifier can predict ‘contrarian pricing regimes’, i.e. periods in which
both the negative impact of high global FX volatility innovations on currency excess returns
and thus the relevance of systematic volatility risk diminish, a phenomenon we refer to as
‘contrarian currency pricing’. Third, we find that the systematic risk factor HML* cannot
explain the cross-section of G10 currency excess returns in contrarian pricing regimes,
suggesting a reduced equilibrium model where omitting HMLX is beneficial. As a result, the
conventional carry trade strategy performs poorly, and an investor who takes advantage of the
predictive information contained in the pricing classifier would prefer not to enter into a carry
trade in contrarian pricing regimes. Finally, we find that contrarian pricing regimes contain
cross-sectional information about reversal adjustments, which in turn aligns prices more
closely with the risk-based explanatory approach of the currency pricing model of Menkhoff
et al. (2012a). This information can be used to construct a highly profitable reversal strategy.
The remainder of the paper is structured as follows. Section 4.2 presents how our work
relates to previous research. Section 4.3 introduces currency risk factors, conditional value at
risk (CVaR), the theoretical framework and the construction of the pricing classifier. Section
4.4 presents the data, the calculation of currency excess returns and the econometric model
used to implement the pricing classifier. Section 4.5 then examines the implications of the

pricing classifier and presents the empirical results. Section 4.6 concludes.
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4.2 Literature review

Fama (1984) was among the first to recognise that the estimated slope coefficients in tests of
the unbiasedness hypothesis can be interpreted as an indication of the existence of time-
varying risk premia. If forward rates were unbiased predictors of future spot rates, there
would be no risk premia, i.e. no non-zero excess returns on currencies. However, the different
behaviour of currencies depending on their exposure to systematic risk implies that currency
speculation is subject to considerable risk and the risk premium represents compensation for
investors who take on exposure to these sources of uncertainty in foreign exchange markets
(Bekaert & Hodrick, 2018).

Since the seminal paper by Lustig and Verdelhan (2007), recent research has applied asset
pricing to currency returns, highlighting in particular the significance of the dollar risk factor
and the HML risk factor in explaining the cross-section of currency excess returns and
providing estimates of the price of currency risk (e.g., Lustig et al., 2011; Lustig et al., 2014;
Verdelhan, 2018). Such currency risk factors are self-financing, replicable and tradable as
they represent the excess return combinations associated with currency investment strategies.
Another line of research is increasingly concerned with non-tradable risk factors, i.e. factors
that are not based on returns, so that, unlike tradable risk factors, their price of risk is not
equal to the time-series average of their excess returns (Cochrane, 2005). In particular, recent
research highlights the long-standing relevance of risk factors designed to capture the
information contained in the volatility of currency excess returns to explain the profitability
of carry trades based on the existence of a time-varying risk premium (e.g., Chernov et al.,
2023; Nucera et al., 2023).

Our study differs from typical asset pricing studies in that we do not attempt to uncover an
anomaly for an established currency pricing model in order to argue for the construction of a

new systematic risk factor based on that anomaly, which would then provide a more
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appropriate model for currency pricing. By contrast, in line with Cochrane (2011) and Harvey
et al. (2016, 2021), we tend to accept that perhaps only a few characteristics provide truly
independent information about average returns, so that only a few factors are truly relevant,
as they already control for many characteristics in the cross-section of asset returns.
Consequently, our starting point is to first acknowledge the theoretical suitability and
performance of a parsimonious two-factor currency pricing model, such as that of Lustig et
al. (2011) or Menkhoff et al. (2012a), for the risk-based explanation of carry trade excess
returns. This view is well supported by Nucera et al. (2023) and their findings on the optimal
factor model for currency pricing when accounting for omitted variable and measurement
error biases. They find that the optimal pricing kernel includes latent factors that are closely
related to, but not identical to, the observable and tradable dollar and carry risk factors. In
addition, their findings highlight the relevance of uncertainty and volatility measures, in
particular the global FX volatility factor of Menkhoff et al. (2012a).

Against this view, Burnside (2012) argues that global FX skewness or Dupuy (2015) argues
that global FX Value at Risk may better explain carry trade excess returns than global FX
volatility innovations. In addition, Rafferty (2012), Lettau et al. (2014) and Dobrynskaya
(2014, 2015) also construct crash risk factors to price currency returns on the basis of
skewness, kurtosis and downside risk. Bekaert and Panayotov (2020) measure crash risk
using skewness. They show that crash risk is predictable and that it is possible to construct
profitable good carry trades with low crash risk, which can serve as risk factors explaining
the cross-section of currency excess returns. Jurek (2014) also casts doubt on the ability of
crash risk to explain carry trade excess returns, finding that high interest rate currencies
generate significant excess returns even after hedging against the risk of large depreciations.
Related studies construct mean-variance optimised portfolios and find that they are profitable,

have low exposure to crash risk, and correctly price currency risk, suggesting that crash risk,
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which underlies Menkhoff et al.'s (2012a) risk-based explanation, may not be all that
important in pricing currency risk (e.g., Ackermann et al., 2017; Chernov et al., 2023; Maurer
et al., 2022, 2023).

Another branch of the literature argues that volatility is more of an indirect measure of FX
liquidity and attributes cross-sectional risk premia to exposure to global FX liquidity rather
than to risk variables (e.g., Karnaukh et al., 2015). Mancini et al. (2013) also find a strong
relationship between liquidity risk and carry trade excess returns. Other studies argue that risk
factors derived from information about the risk characteristics of equity or derivatives
markets may be more powerful in explaining the cross-section of currency excess returns
(e.g., Fan et al., 2022; Gao et al., 2019; Lustig et al., 2011). Non-tradable risk factors also
include macroeconomic risk factors that reflect a country’s economic conditions and are
therefore considered to be linked to currency excess returns (e.g., Hassan, 2013), in particular
to the cross-section of currency excess returns (e.g., Dahlquist & Hasseltoft, 2020). Text-
based factors such as the US Economic Policy Uncertainty Index of Baker et al. (2016) may
also be related to sources of currency risk (Nucera et al., 2023).

In this paper, we shift the focus away from this competition between different currency
pricing models or risk-based explanations. Specifically, we ask whether there are certain
predictable conditions embedded in the underlying risk-based explanation of the two-factor
currency pricing model of Menkhoff et al. (2012a) that shed light on when and why this risk-
based explanation may or may not apply. In particular, we show that HML* cannot explain
the cross-section of G10 currency excess returns in contrarian pricing regimes, i.e. in periods
when the two core predictions of Menkhoff et al.'s (2012a) two-factor currency pricing model
are violated. The impact is severe, as investment currencies in contrarian pricing regimes
cannot adequately compensate for their negative exposure to the global FX volatility

innovation risk factor of Menkhoff et al. (2012a).
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This makes the carry trade in contrarian pricing regimes an unattractive trading strategy. In
the spirit of Cochrane (2011) and Daniel et al. (2020), we call for a thorough analysis of the
core predictions of established asset pricing models in order to fully exploit the potential of
their expected implications for explaining the cross-section of asset prices, even when
apparent inconsistencies are observed. This approach could help to avoid the misconception
that the perceived abnormal return behaviour reflects a weakness in the benchmark pricing
model, rather than a systematic mispricing that is likely to resolve itself over time. It could
also prevent the all-too-common practice of prematurely discarding established models in

favour of new pricing factors or more appropriate risk-based explanatory approaches.

4.3 Can mispricing be anticipated?

4.3.1 Risk factors

In line with the existing literature, we examine the dollar risk factor (DOL), Lustig et al.'s
(2011) excess return on the carry trade (HML'X), and Menkhoff et al.'s (2012a) global FX
volatility innovations (VOL) as common risk factors in foreign exchange markets. These
factors are known to have the potential to predict the cross-section of currency excess returns
(Brunnermeier et al., 2021). The risk factor DOL is the average excess return of a trading
strategy in which all foreign currencies are bought equally against the dollar using funds
borrowed in the United States. The risk factor HML™ of Lustig et al. (2011) is a carry trade
strategy that uses two currencies in each of the two legs, the investment leg and the funding
leg. Menkhoff et al.'s (2012a) VOL risk factor captures unexpected increases in global FX
volatility. It is defined as the residual time series of an estimated AR(1) process applied to the
level of a proxy for global FX volatility. To construct this proxy, the daily cross-sectional
averages of the absolute log changes in the spot rate |As:, computed individually for each

currency on each day, must be averaged up to a weekly frequency.
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4.3.2 Conditional value at risk

In section 4.3.4, we use Expected Shortfall (ES) or CVaR as a measure of risk because it is
based on objective and concrete risk concepts that take into account loss aversion (Artzner et
al., 1999; Rockafellar et al., 2006). In particular, the use of CVaR provides a coherent and
consistent measure of risk by satisfying the axioms of translation invariance, positive
homogeneity, subadditivity and monotonicity. Coherence ensures that CVaR is well behaved,
mathematically consistent and captures important risk characteristics, including the
component of risk due to heavy tails (Artzner et al., 1999; Rockafellar & Uryasev, 2000).
From a regulatory perspective, another argument can be made for the use of CVaR. Due to
the lack of coherence of VaR and its inability to capture tail risks beyond the a-quantile, the
Basel Committee on Banking Supervision (2019) has decided to replace VaR with ES as the
primary risk measure for calculating minimum capital requirements for market risk as a result
of the fundamental review of the trading book, which is expected to further increase the
importance and prevalence of ES in the future. Given the information set F at the end of
week t, the random vector Yi= (Y1,,...,Yny)' denotes the log spot return of the j = 1,...,n G10
currencies at the end of week t, i.e. Yj = log sj: — log sjt1 = Asj;. We assume that all return
distributions are continuous. Let Fj(yj:) = P(Yjt < yj¢) be the conditional cumulative

distribution function of Yj; and fj(yj) the corresponding marginal density function. Fj}t((x) is

the quantile function of Yj;. CVaR at the confidence level a € (0,1) is defined as the expected

mean of returns smaller than the Value at Risk (VaR) associated with o
CVaR(Yj1) = E«(Yj Yt < VaRo(Yjy)) 4.1)

where the Value at Risk (VaR) at the confidence level a is defined as the conditional quantile

of Yj evaluated at a (Bayer & Dimitriadis, 2020):

VaRy(Yj,) = Fii(a) = inf {y; € R : Fi(y)) > a} (4.2)
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4.3.3 Volatility as a risk factor — signs of mispricing

Menkhoft et al. (2012a) find a significant negative covariance risk price associated with
exposure to global FX volatility innovations, implying that currencies with low (high) interest
rates covary positively (negatively) with global FX volatility innovations. Thus, low (high)
interest rate currencies generate high (low) excess returns when future aggregate market
volatility increases. They therefore act as a (no) hedge against market turbulence, i.e. they
lead to less (more) uncertainty about future wealth for risk-averse investors. Consequently,
the main predictions of this currency pricing model are, on the one hand, that investors accept
low risk premia, i.e. a low expected excess return, for taking less systematic volatility risk
when holding funding currencies. That is, they are willing to pay a premium because funding
currencies provide insurance against systematic volatility risk. On the other hand, investors
demand high risk premia (a high expected excess return) for taking more systematic volatility
risk when holding investment currencies, i.e. they demand compensation because investment
currencies expose them to systematic volatility risk. Menkhoff et al. (2012a) thus show that
the positive cross-sectional relationship between forward discount and currency excess
returns can be understood by the covariance of carry portfolios with global FX volatility
innovations. The carry trade strategy, i.e. the difference portfolio, is profitable in equilibrium
because the two strategies involved in the carry trade, a long position in the investment
currency and a short position in the funding currency, both covary negatively with global FX
volatility innovations and therefore the combination of the two is expected to generate high
risk premia in equilibrium. Thus, if the two-factor currency pricing model of Menkhoft et al.
(2012a) explains the cross-section of future currency excess returns, the first core prediction
is that during periods of high global FX volatility, the strategy of engaging in a conventional
carry trade will provide a lower expected negative excess return per unit of systematic risk

(i.e. volatility risk) taken than the strategy of shorting the funding currencies.
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This is because in periods of high global FX volatility, the funding currencies are expected to
generate rather low positive excess returns, as they are supposed to be hedges. Therefore, in
periods of high global FX volatility, it should be more profitable, or at least less unprofitable,
to short the funding currencies than to buy the investment currencies in a carry trade, which
are expected to worsen the performance of the carry trade in particular. This prediction is
consistent with equilibrium asset pricing theory, according to which assets with low (high)
systematic risk benefit less (more) from market upturns in good times, but are also less
(more) affected by market downturns in bad times (e.g., Pennacchi, 2008).

This prediction is also supported by the fact that low-interest rate currencies covary less with
the dollar risk factor than high-interest rate currencies and therefore underperform less when
the market does, 1.e. during periods of high global FX volatility. Although less acknowledged
in the literature, these betas with the dollar risk factor are not equal to one in the two-factor
currency pricing model of Menkhoff et al. (2012a). In contrast to the currency pricing model
of Lustig et al. (2011), where VOL is replaced by HML'*, DOL therefore plays a more
important role in explaining the cross-sectional variation in expected currency excess returns
in the Menkhoff et al. (2012a) model, effectively serving more than the purpose of a constant,
implying that the dollar risk factor is important for more than just the level of average excess
returns.

The second core prediction is that, on average, and therefore particularly during periods of
low or moderate global FX volatility, the strategy of engaging in a conventional carry trade
will generate a higher expected positive excess return per unit of systematic risk (i.e.
volatility risk) taken than the strategy of shorting the funding currencies.

This follows from the fact that the risk premium of carry trades depends crucially on whether
the investment currencies offer their investors, on average, high, clearly positive excess

returns, i.e. high compensation, which they have to generate in times of low or moderate
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global FX volatility. This is because, on average, investors in funding currencies have to
accept low or even slightly negative returns as they pay a premium for their hedge properties
against volatility risk. It follows, also supported by their low but positive beta to DOL, that
their excess returns should not be so negative that the funding currencies contribute much to
the risk premium of the carry trade when shorted in periods of low or moderate global FX
volatility.

In conclusion, if there are pronounced market phases in which these two core predictions do
not hold, it would be conceptually difficult to reconcile the consequences with the currency
pricing model of Menkhoff et al. (2012a). This is because, from the perspective of the two-
factor currency pricing model of Menkhoft et al. (2012a), both decisions - to enter into a
carry trade instead of shorting the funding currencies in periods of high global FX volatility
and to short the funding currencies instead of entering into a carry trade in periods of low or
moderate global FX volatility - imply that the absolute betas of the funding currencies with
global FX volatility innovations are significantly higher than the absolute betas of the
investment currencies with global FX volatility innovations. But this would imply that, in
these periods, funding currencies with high positive betas on global FX volatility innovations
would offer large hedging profits in turbulent markets and therefore command high premiums
for insurance against volatility risk. Conversely, investment currencies with much smaller
negative betas on global FX wvolatility innovations would only need to offer small
compensation, as they would experience rather small losses in turbulent markets.
Consequently, funding currencies would be subject to much higher volatility than investment
currencies, making them effectively more risky than investment currencies during these
periods. But this would challenge the risk-based explanation of Menkhoff et al. (2012a), as it
essentially suggests that the relevance of systematic risk, i.e. the negative exposure of

investment currencies to volatility risk, has diminished significantly in these periods.
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4.3.4 Pricing classifier

Suppose that at the end of week t, i.e. at the beginning of the next strategies' holding period,
we forecast the excess return of both the carry trade strategy and the strategy of shorting only
the funding currencies for the next week t+1. Note that the two strategies are comparable in
terms of the size of the investment and therefore result in the same absolute demand for one
dollar of forward contracts. Assuming that equality is unlikely, there are two possible
outcomes. Either the predicted excess return of the carry trade is greater than or less than the
predicted excess return of shorting only the funding currencies.

However, anticipating future periods of high or low global FX volatility innovations is
inherently difficult, if not unpredictable. This insight is addressed by Menkhoff et al. (2012a),
who define innovations in global FX volatility as the residuals of an AR(1) process that are
not autocorrelated, i.e. not correlated with their own lags. As a result, we may well be
surprised by periods of high global FX volatility, but we cannot predict them accurately.
Therefore, given the uncertainty about future global FX volatility, any prediction of future
currency excess returns, for the two strategies as well, should essentially be based on the
second core prediction of the Menkhoff et al. (2012a) currency pricing model, as this is the
‘on average’, i.e. ‘in equilibrium’ expectation.

Consequently, if at the end of week t, the carry trade offers a higher (lower) predicted excess
return per unit of systematic volatility risk taken than the strategy of shorting only the
funding currencies, we classify the following week t+1 as a conformity (contrarian) pricing
regime because it would appear advantageous (not advantageous) to engage in a carry trade,
which is consistent (contrary) to the ‘in equilibrium’ expectation of Menkhoff et al.'s (2012a)
two-factor currency pricing model. It follows that if we normalise the positive and large
(small positive or negative) expected excess returns of the carry trade (the strategy of shorting

the funding currencies) by their negative estimated factor betas with global FX volatility
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innovations to one unit of systematic risk to account for the difference in beta levels between
the two strategies, we expect the left side to be smaller than the right side of the following
inequality:

~CT ~S
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(4.3)

r’itc T (r’i;fé,t) and CVaRa(YtCT) (CVaRa(YE’t)) are the one-step-ahead forecasts of the mean

excess return and the CVaR of spot returns of the carry trade (short position in the funding

ACT A8 . .
currency) at the end of week t. And B, (B, ) are the estimated factor betas of the conventional

carry trade (short position in the funding currency) with global FX volatility innovations.
Note that in this paper we do not intend to develop superior predictors of excess returns,
covariation or tail risk, but rather to derive an indicator of mispricing from the core
predictions of the two-factor currency pricing model of Menkhoff et al. (2012a). Therefore,
for the intended task, we use rather standard and well-established techniques in the financial
economics literature to avoid data snooping or pre-optimisation. Consequently, we adopt the
approach of Lustig et al. (2011) and Menkhoff et al. (2012a) and use rolling estimates of the
factor betas, i.e. at the end of week t, we estimate the betas with global FX volatility
innovations using the latest 156 weeks of available data, corresponding to three years. Note
that we estimate the AR(1) process for the level of the global FX volatility proxy at the end of
each week t using an expanding window. This updates the VOL risk factor each week as new
data become available. In this way, we avoid look-ahead bias and estimate the betas with
global FX volatility innovations out-of-sample (Menkhoff et al., 2012a).

Furthermore, we standardise the predicted mean excess returns by the CVaR of the spot
returns, resulting in a risk-adjusted predictor of the risk premium related to the STARR or
CVaR ratio (Stoyanov et al., 2007), as the mean spot returns and hence the mean excess

returns can only be predicted under uncertainty. When comparing the estimated mean excess
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return of the two strategies on a weekly basis, the standardisation by CVaR helps to capture
the risk that adverse movements in spot rates during the strategy's holding period may result
in a significant deviation between the predicted mean excess return, i.e. the uncertain risk
premium, and the actual excess return subsequently realised. This is all the more important
given that the Spearman rank correlation coefficient between the long and short legs of the
carry trade is -0.30. As a result, the average spot return CVaR of the conventional carry trade
is statistically significantly lower than the average spot return CVaR of the strategy of
shorting the funding currencies.

Note that we use the CVaR of spot returns rather than the CVaR of excess returns to
standardise predicted excess returns because the forward discount is known in advance and
modelling excess returns assuming a stochastic rather than a constant forward discount would
lead to misspecification (see Section 4.4.3). Furthermore, we use CVaR because it allows us
to capture both the potential losses from extreme events and the upside rewards and downside
risks at the same time. As the distribution of currency spot returns deviates significantly from
the normal distribution, the mathematical properties of CVaR provide a comprehensive
assessment of risk and adequately reflect investor preferences compared to other risk
measures such as variance (Brunnermeier et al., 2008; Rachev et al., 2007).

Since a violation of the second core prediction of Menkhoff et al.'s (2012a) two-factor
currency pricing model suggests that either the investment or the funding currencies, or both,

perform worse than expected (see Section 4.3.3), we develop (4.3) in a way that allows us to

separate their individual performance contributions. To do this, we first multiply (4.3) by ﬁtCT

We then seek to obtain an additive decomposition of the CVaR ratio of the carry trade on the
left side of (4.3) in order to separate the contributions of the long and short legs to the
predicted CVaR ratio of the carry trade and express them as weightings of their own CVaR

ratios. This can be achieved by first applying (4.9) from Section 4.4.2 to the left side of (4.3)
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and then multiplying the first resulting term by CVaRa(YIL,t)/CVaRa(Yh) and the second

resulting term by CVaRa(YE,t)/CVaRa(YE,t), i.e. by 1 in both cases:
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r’ih and CVaRa(YIL’t) denote the one-step-ahead forecasts of the mean excess return and the

CVaR of spot returns of a long position in the investment currency at the end of week t.

. . ACT ;a8 e ~S .
It is important to note that the ratio f3, / P, on the right is high when f, is low, because the

beta of the conventional carry trade with global FX volatility innovations is equal to the sum

. . .. aCT S AL . .
of the betas of the funding and investment currencies, i.e. B, =f,+, . This reflects that if

the contribution of the long leg to the factor beta of the conventional carry trade with global
FX volatility innovations is high, then the contribution of the long leg to the compensation
(second core prediction) of the carry trade on the left side of (4.4) must be correspondingly
high.

Consequently, we can rearrange (4.4) to isolate the contribution of the long leg to the CVaR

ratio of the conventional carry trade on the left side of the inequality:
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It follows from (4.5) that in periods when this inequality is false, there is a risk that the
investment currencies will not meet the minimum requirement for their contribution to the
predicted CVaR ratio of the conventional carry trade. This is when either the predicted
performance of the investment currencies is actually too poor, or the predicted performance
of the funding currencies is too poor, i.e. shorting only the funding currencies seems too
profitable, or both. We use a four-week moving average for both sides of the inequality in

order to smooth the time series and capture their short-term trends.
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This is in line with the literature, which tends to use monthly data, and also helps to stabilise
the trend so as to avoid frequent changes in the assessment of this inequality, especially in the
course of a regime change. In addition, to infer the predicted pricing regime at the end of
week t, we construct an indicator we call the ‘pricing classifier’. To do this, we take the
difference between the two four-week moving averages, so that a value of the pricing

classifier greater (less) than zero indicates a conformity (contrarian) pricing regime.

4.3.5 Expectations amid global FX volatility uncertainty

4.3.5.1 Possible scenarios

Recall the ambiguity that, given the unpredictability of innovations in global FX volatility,
we cannot predict whether week t+1 is a period of low or high global FX volatility. This is
true regardless of whether week t, at the end of which the forecasts of the components of
inequality (4.5) are generated, is classified as a period of low or high global FX volatility.
This unpredictability of global FX volatility innovations allows us in this section to derive
four scenarios from the intersection of the predictions of the pricing classifier and the two-
factor currency pricing model of Menkhoff et al. (2012a).

If it turns out that week t+1 is a period of low global FX volatility, i.e. the ‘on average’ or ‘in
equilibrium’ expectation holds in t+1. Then we would expect the carry trade to actually
generate a higher (lower) future excess return in the following week t+1 than the strategy of
shorting only the funding currencies if we predict a conformity (contrarian) pricing regime,
i.e. if inequality (4.5) is true (false).

Therefore, the first scenario, in which the forecast predicts a conformity pricing regime and
the subsequent week is actually a week of low global FX volatility, is essentially consistent
with the second core prediction and thus reflects the ‘on average’ or ‘in equilibrium’

expectation of Menkhoff et al.'s (2012a) two-factor currency pricing model.
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However, the second scenario in which a violation of inequality (4.5) occurs during periods
of low global FX volatility, i.e. a prediction of a contrarian pricing regime when the
following week is actually a week of low global FX volatility, would be inconsistent with the
second core prediction of Menkhoff et al.'s (2012a) two-factor currency pricing. This is
because it would suggest that either only investment currencies underperform precisely when
they are supposed to compensate for their exposure to systematic volatility risk, or that
funding currencies also underperform precisely when they are supposed to generate low
excess returns, but their excess returns should not be so negative as to make it competitively
profitable to short them.

On the other hand, if we are surprised by high global FX volatility in the following week t+1,
i.e. the ‘on average’ or ‘in equilibrium’ expectation does not materialise in t+1. Then the third
scenario of possible outcomes would be that the forecast predicts a conformity pricing regime
and the following week is actually a week of high global FX volatility. However, if we expect
currencies with low (high) interest rates to generate low (high) excess returns in the following
week. It is then likely that the full impact of the unexpectedly high global FX volatility will
materialise in the market in the following week t+1. Currencies with low (high) interest rates
should then be expected to perform rather well (poorly) in week t+1 amid a surprise increase
in global FX volatility. Therefore, the third scenario is essentially consistent with the first
core prediction and thus reflects the expectation of the Menkhoff et al.'s (2012a) two-factor
currency pricing model for unexpectedly high systematic volatility shocks.

However, in the fourth scenario, where the forecast predicts a contrarian pricing regime and
the following week is actually a week of high global FX volatility, the prediction of a
contrarian pricing regime would unexpectedly coincide with the actual impact of high global
FX volatility. Therefore, similar to scenario three, investment (funding) currencies should

perform poorly (well) in week t+1 because they covary negatively (positively) with global
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FX volatility innovations. However, there is a very important difference between the third
and fourth scenarios. In contrast to the third scenario, we already expect a contrarian pricing
regime at the end of week t when inequality (4.5) is predicted, i.e. we already expect the
performance of the investment currencies to be too poor to compete with the strategy of
shorting only the funding currencies, which is expected to be more profitable. Consequently,
in the fourth scenario, the effect of unexpectedly high global FX volatility innovations may
be weaker in scenario four than in scenario three, which would be inconsistent with the first

core prediction of Menkhoff et al.'s (2012a) two-factor currency pricing.

4.3.5.2 Contrarian currency pricing

If the second (first) core prediction of Menkhoff et al.'s (2012a) two-factor currency pricing
model is indeed violated in contrarian pricing regimes, which are periods of low (high) global
FX volatility innovation. Then we should find that for the funding and investment currencies
that together form the carry trade strategy, the difference in excess returns between periods of
high and low global FX volatility innovation should be significantly larger, i.e. more positive
for funding currencies and less negative for investment currencies, in contrarian than in
conformity pricing regimes.

Consequently, we refer to this phenomenon as ‘contrarian currency pricing’ when the
negative effect of high global FX volatility innovations is absent. If the negative effect of
high global FX volatility innovations is absent for the most extreme carry trade portfolios,
then it is likely to be absent for the portfolios in between, where it is less pronounced anyway
(e.g., Menkhoff et al., 2012a), and thus for the entire cross-section of currency excess returns.

In section 4.5.1, we test for the presence of contrarian currency pricing.
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4.3.5.3 The predictable downside of carry trades

Regardless of whether the following week t+1 is a period of low or high global FX volatility,
if the pricing classifier predicts a contrarian pricing regime at the end of week t, the incentive
to enter into a carry trade should be low, as it does not appear to be profitable. Consequently,
the prediction of a contrarian pricing regime may provide valuable ex ante information about
when it is likely to be a bad decision to enter into a carry trade. This is in contrast to scenarios
one and three, because since we cannot avoid being surprised by high global FX volatility
innovations in scenario three, we have to hope for scenario one, i.e. hope that the following
week t+1 will be a period of low rather than high global FX volatility innovations, if the
pricing classifier predicts a conformity pricing regime. This is essentially the same dilemma
of decision making under uncertainty as in the case without the pricing classifier.

As a result, the pricing classifier should contribute to better decision making by allowing
investors to reduce their exposure to both periods of unexpectedly high global FX volatility
(scenario four) and periods of low compensation for the systematic volatility risk taken
(scenario two) by excluding those holding periods where the carry trade is a priori expected
to perform too poorly and it is therefore undesirable to expose investment capital to the
negative systematic volatility risk of the carry trade. We examine the profitability of the carry

trade strategy under the four possible scenarios in section 4.5.2.

4.3.5.4 Contrarian currency pricing and return reversals

How should we interpret contrarian currency pricing? Theoretically, Fama's (1991) remark
on the joint hypothesis problem highlights that it is ambiguous whether observed anomalies
or abnormal return behaviour are due to market inefficiencies or to a limitation of the asset
pricing model's ability to capture all relevant systematic risk factors. Consequently, we

cannot rule out the existence of a rational expectations theory that would justify a systematic
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state variable that contributes to explaining the cross-sectional variation of currency excess
returns in contrarian pricing regimes. However, a generally acceptable systematic risk-based
explanation must show how currency excess returns covary with priced risk factors in
contrarian pricing regimes in such a way that the most important common risk factor, carry,
presumably becomes too weak to price the cross-section of currency excess returns under the
‘in equilibrium’ expectation of Menkhoff et al.'s (2012a) two-factor currency pricing model,
and currencies still significantly covary with global FX volatility innovations as assumed by
the model, while its core predictions are essentially rejected.

Therefore, we argue that contrarian currency pricing may signal a failure of the market to
price risk efficiently, and if the prediction of contrarian pricing regimes essentially reflects
the anticipation of mispricing, we should also find evidence of mean-reverting dynamics. In
fact, financial theory would suggest that we should not expect periods of contrarian currency
pricing to persist for long, as investors will increasingly engage in (buy) the strategy of
shorting the funding currencies and sell the strategy of buying the investment currencies.
They do so because continued shorting of the funding (investment) currencies leads to a
lower (higher) expected future excess return on the strategy of shorting the funding currency
(buying the investment currency), which is necessary to restore the second core prediction,
i.e. the ‘in equilibrium’ condition of Menkhoff et al.'s (2012a) currency pricing model (e.g.,
Pennacchi, 2008).

Indeed, the pricing classifier may capture pricing imbalances by predicting contrarian pricing
regimes when the predicted performance of investment or at the same time also funding
currencies is low. This is because if the predicted CVaR is high and therefore the predicted
performance is low, currencies may have experienced low average excess returns in the past,
providing the discount to allow for higher excess returns in the future. Conversely, if

currencies have low predicted excess returns and thus low predicted performance, they may
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trade at a premium and have low CVaR because they have experienced high average excess
returns in the past.

Why should average excess returns in the past affect CVaR and lead to inverse excess returns
in the future? Glosten et al. (1993) show that stocks are more volatile following negative
returns than following positive returns. This may be because bad news (shocks) at the market
level increase volatility more than good market news due to the interaction of volatility
feedback and leverage effects, while for news at the firm level it is mainly the opposite
leverage effect that amplifies (offsets) the volatility associated with bad (good) shocks
(Bekaert & Wu, 2000).

As greater uncertainty about future price changes increases the risk of providing liquidity or
engaging in arbitrage, a higher CVaR may be more likely to prevent the correction of
mispricing, causing underperforming currencies to deviate further from their intrinsic value
than outperforming currencies. Therefore, the priced discount for currencies with high CVaR
and low past excess returns may be even larger than the priced premium for currencies with
low CVaR and high past excess returns, ultimately leading to larger reversals as prices
realign to allow for higher future carry trade excess returns again, consistent with the
underlying risk-based explanatory approach (e.g., Cheng et al., 2017). In Section 4.5.3, we
examine whether contrarian pricing regimes reveal a predictable reversal component in

currency excess returns.
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4.4 Empirical Framework

4.4.1 Data

To ensure efficient estimation of the econometric model presented in section 4.4.3, we use a
weekly rather than the more common monthly data frequency. Higher data frequencies are
not used because they tend to be very noisy, which can affect the estimation results. Dao et al.
(2016) find that spot prices of seven major currency pairs overreact over the weekend. To
avoid the weekend effect caused by unusually high or low weekend price gaps and
subsequent price reversals, we do not use Friday's close or Monday's open prices in
calculating currency excess returns, but collect one-week closing forward and spot exchange
rates on Wednesday (e.g., Chong & Miftre, 2010).

Our data set comes from WM/Refinitiv, which is sourced from Refinitiv Eikon Datastream.
The spot rates used to estimate the econometric model cover the period from June 6, 1990 to
February 8, 2023. The forward rates used to calculate excess returns cover the period from 6
January 1999 to 8 February 2023. Following Burnside et al. (2011a), we multiply GBP/FCU
quotes by USD/GBP quotes to obtain the longer sample of spot rates against the dollar. We
choose 6 January 1999 as the starting date for our out-of-sample study in order to avoid
biased cross-sectional estimation results that could arise from extrapolating relationships to
significantly different samples before and after the introduction of the euro and from using
data or information that was not available or known during the study period, as would be the
case, e.g., if the euro were included through a proxy time series prior to its introduction.

We do not consider emerging market currencies because first they are intertwined with the
credit risk of their respective sovereigns, and the composition of their currency risk premia is
therefore different from that of more established currencies (Daniel et al., 2017). Second, we
find that some emerging market currencies temporarily violate the covered parity condition

(see also Bakshi & Panayotov, 2013). Therefore, in order to avoid problems of selection bias
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and to make our study more comparable with the literature, we follow the recent literature
(e.g., Bekaert & Panayotov, 2020; Chernov et al., 2023) and consider the liquid Group of Ten
(G10) currencies (AUD, CAD, CHF, EUR, GBP, JPY, NZD, NOK, SEK and USD), as these
are the most commonly used currencies for constructing carry trades both in the financial

economics literature and in professional portfolio management.

4.4.2 Currency and carry trade excess returns

From the perspective of a US investor, the currency excess return of a foreign investment
over a domestic investment at the US interest rate is equal to the residual return that results if,
at the end of week t, money is borrowed in US dollars (USD) at the domestic interest rate i%,
that amount is converted into foreign currency units (FCU) at the exchange rate S; and
invested at the foreign interest rate if, the proceeds are finally converted back into USD at the
exchange rate S+ at the end of week t+1, and the debt is repaid (Bekaert & Hodrick, 2018).

Let F; denote the one-week forward rate in FCU per USD at the end of week t and maturity at

f
the end of week t+1, where F; = S; - ilfi Following the literature (e.g., Menkhoff et al.,
It

1+
2012a), we denote discrete spot (forward) rates as S; (F;) and log spot (forward) rates as s ()
and use logarithms in the following sections for ease of presentation, but use discrete excess
returns in the cross-sectional portfolio analyses. For a long position, it is agreed at time t to

purchase Fi FCU after one week at time t+1 at the forward rate F; in the forward market
against payment of % =1 USD. These F; FCU are then sold in the spot market at time t+1
tusp

F,FCU _ F .
at the spot rate Su1 for — = S—‘ USD. Consequently, the log currency excess return is

103D t+1

(e.g., Bekaert & Hodrick, 2018):

) =fi - s (4.6)
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For a short position, on the other hand, it is agreed at time t to sell F; FCU after one week at

time t+1 at the forward rate Fin the forward market for % =1 USD. In order to do this, F;

tusp

FCU must first be purchased in the spot market at the spot rate Si+1 at time t+1 against

payment of i‘j}fu = sl USD. Thus, the log currency excess return is:
t+l ggp !
F
°S Sit1 - F
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The log forward discount fd; at the end of week t indicates whether a foreign currency is
traded at a discount (premium) in the forward market, i.e. whether it is cheaper (more
expensive) to buy in the forward market than in the spot market (e.g., Bekaert & Hodrick,
2018; Lustig et al., 2011):

fdo=In(if - i) = f; - s, (4.8)
To construct a carry trade, we follow the literature and sort all foreign currencies in ascending
order of forward discount. We use the forward discount to sort currencies because it is
equivalent to sorting by the interest rate differential under covered interest rate parity and is
therefore appropriate to indicate the carry of currencies, i.e. their excess return if their spot
price remains unchanged over the holding period (e.g., Koijen et al., 2018; Lustig et al., 2011;
Menkhoff et al., 2012a). The carry trade is then the long-short portfolio formed by purchasing
a portfolio of currencies with the largest forward discounts and simultaneously selling a
portfolio of currencies with the smallest forward discounts.
As the weights of the carry trade portfolio sum to zero, it is a zero-cost strategy that is dollar-
neutral as its excess return is unaffected by the bilateral exchange rate of the US dollar
against all other currencies (e.g., Hassan & Mano, 2019). Following Bakshi and Panayotov

(2013), we assume an absolute demand for forward contracts of size one dollar in each



120 4 Contrarian Currency Pricing

period, reflecting the interpretation that one bets half a dollar on both the investment and
funding leg of the carry trade. Thus, at the end of week t+1, the log excess return of a carry
trade that aims to exploit the widest spread in forward discounts and therefore uses one

currency on each leg is, in USD terms, as follows
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where rx{jﬁl(rx%’tﬂ) is the log excess return of a long (short) position in the investment

(funding) currency.

4.4.3 Econometric model

The assumption of Markowitz (1952) in the Modern Portfolio Theory and Fama (1970) in the
Efficient Markets Hypothesis that asset returns are normally distributed and random, i.e. in
particular that they exhibit no distorting ‘effects’, has been shown to be unrealistic by a large
body of empirical evidence (e.g., Cont, 2001). Well-known stylised facts such as
autocorrelation in returns, heteroskedasticity, leptokurtic and asymmetric return distributions
as well as the leverage effect of volatility and dynamic correlations lead to a complex
behaviour in currency spot return dynamics that deviates considerably from the i.i.d.
assumption (e.g., Engle, 1982; Engle, 2002).

To avoid misspecification with the consequences of biased weekly one-step-ahead forecasts
of the currencies’ mean spot return and CVaR, we use a time-varying t-copula with skewed t-
GJR-GARCH margins to forecast the joint distribution of spot returns of the G10 currencies.
In doing so, we take into account recent findings that recommend appropriate modelling of
the multivariate return distribution to capture both univariate stylised facts and time-varying
dependencies in the tails of the marginal distributions (e.g., Dovern & Manner, 2020; Kim et

al., 2021). Further, Hertrich (2023) finds that this model correctly predicts the CVaR for G10
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currencies, i.e. neither underestimates nor overestimates the CVaR, as the null hypothesis of
correct forecasts at the 2.5% a-quantile of both the one-sided and two-sided intercept
expected shortfall regression backtest of Bayer and Dimitriadis (2020) cannot be rejected.

In this model, based on Sklar (1959) and Patton (2006), the joint distribution F(y:) of Y; is
modelled by associating the probability integral transformed uniformly distributed random
variables of Y;, which have individual marginal distributions to account for univariate
properties, with a dependence structure given by a time-varying n-dimensional Student t-

copula C(ui;R¢,m) with conditional correlation matrix R; and unconditional shape parameter n:

F(yit....ynt) = C(F1(y1,0),....Fa(ynt);Rem) (4.10)
R¢ is assumed to follow the dynamic conditional correlation model (DCC) of Engle (2002),
where the conditional variance-covariance matrix H; is decomposed as H¢ = D{R(D; and D, =
diag{\/E} represents the diagonal matrix of the conditional standard deviations to separate
univariate and multivariate dynamics, thus allowing for a two-step estimation process.
In the first stage, the conditional mean of the marginal distributions is described by an AR(1)
process with constant to capture the autocorrelation in the univariate return series. The
conditional variances h;j; are estimated using the GJR-GARCH(1,1) model of Glosten et al.

(1993) to account for asymmetric effects of positive and negative error terms on hj:

Yie=0j + &Y+ g,

&= /hj Zj,where Zj« ~ Ti(z50,1.§,v),

hje= ) + i1 + Vigf e (g1 < 0) + Bihyeer (4.11)
The usual GARCH restrictions employed are (>0, 0;>0, ;=0) to ensure positivity of h;; and
|0j[<1 as well as oj+B+yjkj<l to ensure stationarity, where k; is the expected value of the

standardized residuals Z; = (Zi..., Zny)' below zero. Zj; are assumed to follow the

standardized skewed Student distribution of Fernandez and Steel (1998) to capture the
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asymmetry of the marginal distributions. & and v; denote the unconditional skew and shape
parameter, respectively. kj equals 1/ 1+§j2 (Laurent, 2002).

R¢ corresponds to the correlation matrix of the random vector Z: = (Zit,..., Z;’t)' due to the
invariance property of copulas. Zj*,t = TJT}t(Tj(Zj,t;O,I,E_J,Vj);n) is transformed to have a Student

t-distribution with 1 degrees of freedom. To allow for time-varying correlations, an

autoregressive, moving-average process is modelled in the second stage
Q:=(1-a-b)Q + aZs. IZt 1 +bQu1 (4.12)
with a,b > 0 and the restriction a+b < 1 imposed to ensure stationarity and positive

definiteness of Q; and R.. Q is the unconditional correlation matrix of Zf , that is E(Z;k Zf ),

which is estimated with the sample covariance matrix of Z.. The quasi-correlations Q; have
to be rescaled to ensure that the diagonal elements equal 1 and the off-diagonal elements lie

n [-1,1] at all times, so R is obtained by (Ausin & Lopes, 2010; Engle, 2002):

! !
R, = diag(Q,) 2 Q, diag(Q,) 2 (4.13)

The joint density function of Y is then given by (e.g., Ausin & Lopes, 2010):

t(Zl toe nta Rt,ﬂ)

f(y.; phoR,M) = 1_[ 0,18, (4.14)
(t v ) JlJ Jt,O,l,ﬂ) \/_J i )

Using the 'Inference Functions for Margins' (Joe & Xu, 1996), the log-likelihoods of the
marginal densities are first maximised to obtain the univariate parameters, and then the
parameters of the copula are estimated using Z, from the first step.

To construct the pricing classifier, we need both a one-step-ahead forecast of the mean excess
return and the CVaR of spot returns. To obtain the latter, discrete scenarios of size m of one-
step-ahead spot returns Jjxt € R™™, j = 1,..., n and k = 1,..., m for Y, are generated by

simulation at the end of week t. To this end, uniformly distributed random variables are first



4.4.3 Econometric model 123

simulated from the estimated copula using a forecast of the conditional correlation matrix R.
Then, standardised innovations are generated by inserting the uniformly distributed random
variables into each quantile function of the standardised marginal distribution using the
estimated individual currency shape and skew parameters. Standardised innovations and
forecasts of the conditional variances are then inserted into the conditional mean equations to
obtain Y. Note, $;x must be multiplied by -1 to obtain the simulated scenario spot returns
associated with a short position. A one-step-ahead forecast of the CVaR corresponds to the
mean of spot returns below the a-quantile (Stoyanov et al., 2007)

1 [Mao]
CVaR,(Y;0) = a1 2 DT, (4.15)
k=1

where ;) represents the return scenarios sorted in ascending order and |Mal| is the largest
integer less than or equal to Ma, where Ma indicates the location of the VaR at the
confidence level a. We set a at 2.5%, in line with the Basel Accord (Basel Committee on
Banking Supervision, 2019). Finally, a one-step-ahead forecast of the mean excess return for

a long position and a short position is calculated as follows

=5 - F+ B, + Sy (4.16)

where Eﬁj and Sj correspond to the parameters of the mean equation estimated at the end of

each week t. Since the forward rate f; maturing at the end of week t+1 is known in advance at
the end of week t, we compute the one-step-ahead forecast of the mean excess return by using
the one-step-ahead forecast of the mean spot return generated by the GJR-GARCH(1,1)
model (4.11) within the first step of maximising the joint density function of Y; (4.14). This
means that we model spot returns rather than excess returns, since assuming a stochastic

rather than a constant (ex ante known) forward discount would lead to misspecification.
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4.5 Empirical results

4.5.1 The impact of contrarian currency pricing

In this section, we test whether, in contrarian pricing regimes, there is indeed a contrarian
currency pricing effect in the cross-section of currency excess returns due to the violation of
the two core predictions of Menkhoff et al.'s (2012a) two-factor currency pricing model. To
do this, we first sort all G10 currencies into nine portfolios each week from 6 January 1999 to
15 March 2023, based on an ascending order of forward discounts as calculated in (4.8).
Portfolios are rebalanced at the end of each week, i.e. after a holding period of one week.
Second, to capture contrarian and conformity pricing regimes, we define two dummy
variables, one for each pricing regime of interest. The Contrarian (Conformity) dummy
variable takes the value one if the pricing classifier at the end of week t is negative (positive),
thus predicting a contrarian (conformity) pricing regime for the subsequent holding period.
Note that only historical observations already available at the end of each week are used for
estimation and forecasting, in order to avoid a look-ahead bias. Consequently, the first
estimation of the econometric model and the first forecasts of the mean spot return and CVaR
for each currency to compute the pricing classifier are made on 6 January 1999, the first
business Wednesday of the euro. We use data from 6 June 1990 to 6 January 1999 to obtain
the first one-step-ahead forecasts of the mean spot return and CVaR for each currency for the
end of the week from 7 January 1999 to 13 January 1999. The latest forecasts are from 15
March 2023 for the end of the week from 16 March 2023 to 22 March 2023, resulting in a
total of 1263 weekly forecasts. Third, to capture periods of low and high global FX volatility
innovations, we adopt the approach of Menkhoff et al. (2012a) and define periods of high
global FX volatility innovations as the 25% of weeks with the highest realisations. We
choose this approach to avoid customised methods and to ensure comparability. The

HighVOL (LowVOL) dummy variable takes the value one if the realisation of the risk factor
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VOL at the end of week t+1, i.e. if the innovation of the global FX volatility at the end of the
holding period of the strategy is higher (lower) than the upper quartile of all realisations of
VOL.

We then stack the excess returns and dates of, on the one hand, all carry trade portfolios
(Dollar sample, as this essentially reflects the composition of the Dollar risk factor, i.e. the
entire cross-section of currency excess returns) and, on the other hand, only the investment
and funding currencies (HML sample) and run the following pooled panel regression for both

samples:
rij’t+1 = B,+ B,Contrariang, + B, HighVOL,  + B,Contrarian,; x HighVOL, |+ &+ (4.17)

These pooled panel regressions allow us to compare the contrarian pricing regimes with the
conformity pricing regimes, correcting the difference in excess returns between periods of
high and low global FX volatility innovation in the contrarian pricing regimes by accounting
for the difference in excess returns between periods of high and low global FX volatility
innovation in the conformity pricing regimes.

In essence, this reflects a difference-in-difference regression approach, with the contrarian
pricing regimes thus representing the treatment group that presumably experienced a change
in the environment and thus exhibit currency pricing that is inconsistent with the prediction of
Menkhoff et al.'s (2012a) two-factor currency pricing model. The conformity pricing regimes
represent the non-treated control group. This approach is based on the parallel trend
assumption that in the absence of the contrarian pricing effect, i.e. the average treatment
effect on the treated (ATT), the difference in excess returns between periods of high and low
global FX volatility innovation would have been the same in both regimes. The imputation of
this counterfactual outcome trend has raised concerns about producing biased difference-in-
difference estimates if the observed trend in the outcomes of the control units does not

adequately capture the trend in the outcomes of the treatment units had they received no
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treatment (Baker et al., 2022). However, from the perspective of the two core predictions of
Menkhoff et al.'s (2012a) currency pricing model, there is no theoretical justification why the
cross-section of carry trade portfolios should behave differently in contrarian pricing regimes
than in conformity pricing regimes. This is because, on the one hand, Table 4.1 shows that
conformity and contrarian pricing regimes contain almost equal proportions of periods of low
(715/953 wvs. 230/310) and high (238/953 vs. 80/310) global FX wvolatility innovation.
Therefore, the ‘on average’ effect of global FX volatility innovations should be similar in

contrarian pricing regimes if they had not been treated as in conformity pricing regimes.

Table 4.1
The prevalence of contrarian currency pricing regimes

Contrarian ~ Conformity
LowVOL 230 715 945
HighVOL 80 238 318
310 953 1263

Note: Table 4.1 shows the number of observations in the periods covered separately by the LowVOL,
HighVOL, Conformity and Contrarian dummy variables. The sample period is January 1999 to March 2023.

On the other hand, a violation of the two core predictions of the currency pricing model of
Menkhoft et al. (2012a) is expected to lead to homogeneous treatment effects across all carry
trade portfolios. That is, in principle, for the entire cross-section of carry trade portfolios, the
difference in excess returns between periods of high and low global FX volatility innovation
should be significantly larger when treated (in a contrarian pricing regime) than when not
treated (in a conformity pricing regime).

Following the financial literature (Petersen, 2009; Thompson, 2011), we compute standard
errors clustered by time and group. We account for time effects, i.e. errors may be arbitrarily

correlated across currencies at any point in time, which seems appropriate given that periods
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of high or low market volatility typically affect the financial market as a whole, and thus all
carry trade portfolios are simultaneously sensitive to global FX volatility innovations. We
also allow standard errors to account for within-currency correlation, i.e. errors for a given
currency may be arbitrarily correlated over time. This seems appropriate given that
unobserved currency-specific effects may affect all observations for that currency over time.
Such idiosyncratic characteristics of currencies may be reflected in persistent interest rate
differentials, which typically define prototypical investment and funding currencies (e.g.,
Bekaert & Panayotov, 2020), or in persistent comparative productivity advantages between
final goods-producing and commodity-producing economies (e.g., Ready et al., 2017).

Since we have a large number of time periods, we follow Thompson (2011) and also account
for the potential correlation between different currencies in different weeks, i.e. for persistent
common shocks. Therefore, as suggested by Thompson (2011), we account for common
effects that may affect the error term for up to two months, assuming that after two months
the correlation between shocks should have decayed sufficiently to be ignored. Overall, the
computed standard errors are robust to any dependence structure within each currency or
within each week, and to the cross-serial correlation between the excess returns of different
currencies up to two lagged months (Croissant & Millo, 2019). As a result, they may be too
conservative, but they reduce the risk of overestimating the significance of the results and
prevent erroneous inferences.

Table 4.2 shows that the estimated coefficient B4 of the interaction term in the Dollar sample
(HML sample) is 0.27% (0.29%) per week, implying that the effect of contrarian currency
pricing is both economically very large and statistically significant. Consequently, the
difference in excess returns between periods of high and low global FX volatility innovations
is, on average, significantly larger, i.e. less negative, in the contrarian pricing regimes than in

the conformity pricing regimes. This poses a serious challenge to the risk-based explanation
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of Menkhoff et al. (2012a), as it essentially implies that the negative effect of high global FX
volatility innovations on currency excess returns in both the Dollar and the HML sample is
significantly lower and even diminishes in contrarian pricing regimes (0.035% and 0.081%)

than in conformity pricing regimes (-0.235% and -0.21%).

Table 4.2
The impact of contrarian currency pricing on future carry trade excess returns

Dollar sample HML sample

Contrarian Conformity Contrarian Conformity
LowVOL| -0.064 0.086" | -0.15"  LowVOL| -0.047 0.095 | -0.142"
HighVOL| -0.029 -0.149 0.12 HighVOL| 0.034 -0.115 0.149

0.035 -0.235™ 0.27" 0.081 -0.21 0.2917

Note: Table 4.2 shows coefficients estimates of the impact of contrarian currency pricing on the average excess
returns (in percent per week) of carry trade portfolios. The Dollar sample includes all nine portfolios formed by
sorting on forward discount, while the HML sample includes only the portfolios 1,2,8 and 9, i.e. the portfolios
that form the carry trade strategy HMLX. Following Thompson (2011), standard errors are clustered by time
and at the portfolio level and are robust to persistent common shocks of up to two months. *, ** and ***
indicate significance at the 10%, 5% and 1% level. The sample period is January 1999 to March 2023.

Furthermore, Table 4.2 provides evidence that the carry trade portfolios in the Dollar sample
(HML sample) perform on average 0.12% (0.149%) per week better in periods of high global
FX volatility innovations when these periods are predicted as contrarian pricing regimes than
when these periods are predicted as conformity pricing regimes. The differences may not be
statistically significant, but in economic terms they are large. Consequently, at least the
economic intuition implies a violation of the first core prediction of the two-factor currency
pricing model of Menkhoff et al. (2012a), as investment (funding) currencies generate
substantially less negative (more positive) excess returns than expected, making it more
profitable, or at least less unprofitable, to engage in a carry trade instead of only shorting
funding currencies during contrarian pricing regimes that turn out to be periods of high global

FX volatility innovations.
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Table 4.2 also provides evidence that the carry trade portfolios in the Dollar sample (HML
sample) perform on average -0.15% (-0.142%) per week worse in periods of low global FX
volatility innovations when these periods are predicted as contrarian pricing regimes than
when these periods are predicted as conformity pricing regimes. This underperformance is
both economically large and statistically significant. Consequently, these findings imply a
violation of the second core prediction of the two-factor currency pricing model of Menkhoff
et al. (2012a), as investment (funding) currencies generate significantly less positive (more
negative) excess returns than expected, making it more profitable to only short funding
currencies instead of engaging in a carry trade during contrarian pricing regimes that turn out

to be periods of low global FX volatility innovations.

4.5.2 Contrarian currency pricing and the cross-section of excess returns

In this section, we conduct a univariate portfolio analysis to examine the cross-sectional
relationship between forward discount and currency excess returns, conditional on the regime
prediction of the pricing classifier. The main objective is to test whether a contrarian pricing
regime is indeed an unfavourable period for carry trades.

Following Menkhoff et al. (2012a), we regress the excess returns of the nine forward discount
sorted portfolios and HML'X on the risk factors DOL and VOL and a constant. We then
regress both the excess returns and the risk-adjusted excess returns of the portfolios on the
two global FX volatility dummy variables without an intercept to test whether the excess
returns and alphas are zero in each volatility regime. The same is done using the pricing
regime dummy variables and interaction terms between global FX volatility and pricing
regime dummy variables.

Consistent with the two-factor currency pricing model of Menkhoff et al. (2012a), Table 4.3

shows that in periods of high global FX volatility innovation, the alpha of HML! is
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insignificant because investment (funding) currencies perform particularly poorly (well)
when the average excess return of the dollar risk factor is low and high global FX volatility
innovations decrease (increase) their performance. Consequently, the performance of HMLX
cannot be explained by the two risk factors, DOL and VOL, in periods of low global FX
volatility innovation because investment (funding) currencies compensate for their exposure
to volatility risk (demand a premium to hedge against volatility risk).

However, the main observation in Table 4.3 is that the average excess return and the average
alpha of HML™ are only statistically significant in the conformity pricing regime, but not in
the contrarian pricing regime. This is striking because the conformity and contrarian pricing
regimes contain almost equal proportions of periods of low and high global FX volatility
innovation, and thus the impact of contrarian currency pricing weakens the relationship
between forward discounts and currency excess returns to an extent that would not be
expected purely from the perspective of Menkhoff et al.'s (2012a) currency pricing model.

In particular, in contrarian pricing regimes, which turn out to be periods of low global FX
volatility innovation, we find that the excess returns of HML, both in terms of raw and risk-
adjusted excess returns, are low precisely when they should be high according to Menkhofft et
al.'s (2012a) currency pricing model.

Looking at sections five and seven of Table 4.3, we see that the average systematic excess
return of carry trade portfolio nine (one) falls from 0.13% (0.00%) per week in the
conformity pricing and low global FX volatility regimes to -0.05% (-0.11%) per week in the
contrarian pricing and low global FX volatility regimes. Similar conclusions apply to
portfolios four to eight. The average risk-adjusted excess return, i.e. the average idiosyncratic
excess return not explained by risk factors, falls much less sharply for carry trade portfolio 9,
from 0.09% to 0.04% per week. For carry trade portfolio 1, it even increases slightly from

-0.07% to -0.03% per week. Similar conclusions apply to portfolios two and three.
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Table 4.3
Pricing classifier and excess returns of portfolios sorted by forward discount

1 2 3 4 5 6 7 8 9  HMLH
Low global FX volatility regime
X -0.08™ -0.03 0.02 -0.01 0.07 0.06 0.07 0.19" 0.17"" 0.24™
o -0.06° -0.05 -0.03 -0.04 0.01 -0.01 0.00 0.10" 0.08™" 0.14™

High global FX volatility regime
rx 0.20° 0.01 -0.01 0.01 -0.14 -0.29"™ -0.19" -0.30"" -0.22 -0.36""
o -0.07 -0.05 -0.04 0.03 001 -0.06 0.06 004 0.08 0.12

Conformity pricing regime
X 0.00 -0.03 -0.02 0.02 0.05 -0.01 0.03 0.100 o0.11" 0.12™
o -0.07" -0.07"" -0.05 -0.02 0.03 -0.02 0.02 0.09" 0.09"™ 0.16™

Contrarian pricing regime
rx -0.04 0.01 -0.05 -0.08 -0.10 -0.09 -0.07 -0.03 -0.04 -0.02
o -0.04 0.03 000 -0.04 -0.04 -0.02 0.01 0.05 0.04 0.05

Conformity pricing and low global FX volatility regime
X -0.07 -0.03 0.04 0.04 0.10" 0.09" 0.12" 0.25" 0.22™ 0.28"
o -0.07" -0.07"" -0.04 -0.03 0.01 -0.02 0.00 0.11™ 0.09" 0.17"

Conformity pricing and high global FX volatility regime
rx 0.18 -0.05 -0.20" -0.04 -0.10 -0.31™ -0.23" -0.35" -0.25 -0.37"
o -0.07 -0.08 -0.07 0.00 0.07 -0.04 0.06 003 010 0.14

Contrarian pricing and low global FX volatility regime
rx -0.14™ -0.06 -0.07 -0.17" -0.05 -0.03 -0.06 0.01 -0.01 0.10
o -0.03 0.02 -0.01 -0.10" 0.01 0.02 -0.01 0.05 0.04 0.05

Contrarian pricing and high global FX volatility regime
X 024 0.19 0.01 0.18 -024 -0.25 -0.09 -0.15 -0.14 -0.36
o -0.07 0.07 003 0.11 -0.19 -0.11 0.05 0.07 0.05 0.06

Note: Table 4.3 shows the average excess return and the average risk-adjusted excess return (in percent per
week) for each of the portfolios formed by sorting by forward discount and for the carry trade strategy HMLF,
First, the results are shown for the periods covered separately by the LowVOL, HighVOL, Conformity and
Contrarian dummy variables. Then the results are shown for the periods resulting from the intersection of the
two corresponding categorical effects. *, ** and *** indicate significance according to Newey-West (1994)
HAC standard errors at the 10%, 5% and 1% levels, respectively. The sample period is January 1999 to March
2023.
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This implies that the underperformance of HML!X in contrarian pricing regimes with low
global FX volatility, as predicted by the pricing classifier, is to a significant extent due to the
much lower systematic excess returns of the investment currencies.

To summarise, these univariate regression analyses provide evidence that in the 310 weeks,
i.e. almost a quarter of the entire period under consideration, in which the pricing classifier
predicts a contrarian pricing regime at the end of week t, an investor should indeed avoid
entering into a carry trade for the following week t+1. This is because, for these holding
periods, it is not only predicted, but will actually be the case, that the average compensation
of the investment currencies will be too low and the average premium of the funding
currencies too unfavourable to risk exposing the investment capital to the negative systematic
volatility risk of the carry trade. Consequently, exclusively following the conventional
investment rule of the carry trade, while ignoring the predictive information contained in the
pricing classifier, would run a significant risk of impairing the investor's wealth
accumulation, as the ‘on average’ or ‘in equilibrium’ expectation of the two-factor currency
pricing model of Menkhoff et al. (2012a) overestimates, i.e. does not optimally exploit, the
profit opportunity of the carry trade, i.e. the forward premium, in contrarian pricing regimes.
In Section 4.3.3, we discussed that contrarian currency pricing may be consistent with the
core predictions of Menkhoff et al.'s (2012a) currency pricing model when the absolute betas
of funding currencies with global FX volatility innovations are significantly higher than the
absolute betas of investment currencies. However, Table 4.4 shows that while the negative
betas of high interest rate currencies appear to be slightly less negative, the positive betas of
low interest rate currencies are also less positive. Overall, as the differences between the two
pricing regimes are mostly insignificant, they cannot explain the cross-sectional excess return

differences between contrarian and conformity pricing regimes.
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Table 4.4
Pricing classifier and betas of carry trade portfolios with global FX volatility

1 2 3 4 5 6 7 8 9 HML™

Conformity pricing regime (n = 953)
BVOL .17 0.65™ 0.21™ 0.23** -0.19""-0.17""-0.38""-0.81""-1.02"" -1.82""

Contrarian pricing regime (n = 310)

pYor 1.13"* 0.50™ 0.32"" 0.37"" -0.24™ -0.39""-0.56""-0.69""-0.78"*" -1.55™

Difference 0.04 0.15 -0.11 -0.14 0.05 022" 0.18° -0.12 -0.24" -0.27

Note: Table 4.4 shows, for each of the portfolios formed by sorting by forward discount and for the carry trade
strategy HML', the average beta with global FX volatility innovations in conformity and contrarian pricing
regimes, as well as the difference in betas between the two pricing regimes. Factor betas are estimated at the end
of week t using a rolling window of 156 weeks. *, ** and *** indicate significance according to Newey-West
(1994) HAC standard errors at the 10%, 5% and 1% levels, respectively. The sample period is January 1999 to
March 2023.

4.5.3 Predictability of return reversals

4.5.3.1 Rationale for the choice of predictors

To derive the first predictor, we need to decide how to determine whether a currency has
become more (less) risky during a period of low (high) excess returns. In particular, we are
interested in whether CVaR has increased (decreased) to an extent that would not have been
expected if excess returns had not been so low (high) in the recent past. To this end, we use a
measure recently proposed by Hertrich (2023), as this measure uses a combination of well-
known and fairly standard trend-following rules, namely the time-series momentum of
Moskowitz et al. (2012) and the variable-length moving average rules of Brock et al. (1992),
to determine the magnitude of a recent change in CVaR. The general idea behind this
measure is that currency excess return volatility is time-varying (e.g., Engle, 1982; Engle,
2002), with stationarity implying mean-reverting dynamics. This assumption also underlies
the GJR-GARCH(1,1) model of Glosten et al. (1993) used in Section 4.4.3. Stationarity

implies that the variance at each level will always converge to its unconditional mean in the
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long run, even though new information in the form of an additional innovation may disrupt
the return path, depending on its strength and intensity.

We refer to Hertrich (2023) for more details on the construction of this measure, but note
here that we use the same CVaR forecasts as in the pricing classifier to predict the pricing
regime for the following week t+1, but for all G10 currencies, not just funding and
investment currencies. That is, we first subtract from the one-step-ahead CVaR forecasts at
the end of week t the moving average of the L previous one-step-ahead CVaR forecasts to

obtain the trend signal CS;; at lag length L:

CVaRa(YLt_L) +...t CVaRa(Yj,t_l)
L

CS; L = CVaR(Yjy) - (4.18)

Second, following the suggestion of Han et al. (2016), we average over all trend signals at lag
lengths of 1-, 2-, 4-, 10-, 21-, 31-, and 41-weeks, corresponding to 5-, 10-, 20-, 50-, 100-,
150-, and 200-days, to obtain the indicator CTj;, named CVaR-Trend. As volatility, and
therefore CVaR, is persistent, the CVaR-Trend indicator captures not only large and
persistent deviations from a level that may be appropriate for CVaR based on its recent
trajectory. CVaR-Trend also contains information on the magnitude of the price decrease
(increase) required to account for the discount (premium) that allows for higher (lower)
expected excess returns (e.g., Bekaert & Wu, 2000). Indeed, Hertrich (2023) shows that low
(high) CVaR-Trend currencies have recently experienced large appreciations (depreciations),
which is consistent with the asymmetric volatility effect.

Next, we sort all G10 currencies into nine portfolios in ascending order of CVaR-Trend at the
end of each week over the period from 6 January 1999 to 15 March 2023. Figure 4.1 shows
the most recent 42 weekly one-step-ahead forecasts of the spot CVaR used to construct
CVaR-Trend for the G10 currencies prior to portfolio construction, i.e. on the basis of which
currencies are allocated to these nine univariate portfolios at the end of each week t. In

particular, if CVaR-Trend indicates an increase (decrease) in the level of CVaR at the end of
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week t compared to the reference period of the previous 41 weeks, the shift in CVaR appears
to become significant around 12 weeks or around 3 months earlier, and the upward

(downward) evolution of this trend then increases (decreases).

Portfolio 1 Portfolio 2 Portfolio 3
0.042 0.038 0.038
0.038
0.034 0.034
0.034 “\
0.03 0.03 0.03
40 30 t20 t-10 ¢ t-40 t-30 t-20 t-10 ¢ 40 30 t20 t-10 ¢
Portfolio 4 Portfolio 5 Portfolio 6
0.034 0.034 0.034
0.03 0.03 0.03
40 30 t20 t-10 ¢ t-40 t-30 t-20 t-10 ¢ 40 30 t20 t-10 ¢
Portfolio 7 Portfolio 8 Portfolio 9
0.038 0.038 0.042
0.038
0.034 0.034
'/ 0.034
0.03 0.03 0.03
t-40 t-30 t-20 t-10 t t-40 t-30 t-20 t-10 t t-40 t-30 t-20 t-10 t

Figure 4.1. Evolution of CVaR forecasts. This figure shows the most recent 42 weekly one-step-ahead CVaR
forecasts for the spot rate of the currency assigned to each of the portfolios, sorted by CVaR-Trend at the end of
week t. The data point that marks the beginning of the 12-week period prior to the calculation of CVaR-Trend is
highlighted by a rectangle. The sample period is January 1999 to March 2023.

Importantly, linking the change in a currency's CVaR to its past excess return is obviously
related to the momentum effect, as this 12-week or three-month period is consistent with the

empirical evidence that currency excess returns contain momentum, especially for this



136 4 Contrarian Currency Pricing

period, as a longer formation period does not provide any additional benefit (Menkhoff et al.,
2012b). Raza et al. (2014) also find strong evidence in favour of short-term momentum and
against short-term reversals in weekly currency excess returns. In addition, Zhang (2022)
finds that ‘on average’ systematic excess returns contain strong momentum in the first twelve
months after portfolio formation, but idiosyncratic excess returns do not, so the momentum in
total excess returns arises from the momentum in currency risk factors and only summarises
their autocorrelation.

If we revisit the finding in Table 4.3 that the impact of contrarian currency pricing is largely
driven by the low average systematic excess returns of investment currencies. Then the
evidence from Zhang (2022) implies that in contrarian pricing regimes, following low carry
trade excess returns, investment currencies are more likely to be sorted into the short leg of
momentum strategies, which thus short the carry risk factor and make it more likely that
factor or systematic momentum will continue to be low. Consequently, if low average excess
returns in the past are indicative of the incorporation of a discount to account for an increase
in CVaR and predict higher future excess returns, it is more likely to be the idiosyncratic
excess returns rather than the systematic excess returns that contain this information about
impending excess return reversals.

To ensure that the first predictor variable is a measure of the global (aggregated) change in
the level of CVaR, i.e. that it captures the cross-sectional variation in changes in CVaR, we

calculate the average CVaR-Trend across all foreign currencies at the end of week t:
Px _ |
CT;" = HZ CT;, (4.19)

To decompose currency excess returns into systematic excess returns driven by currency risk
factors and idiosyncratic excess returns unexplained by risk factors, we follow Zhang (2022).

That is, we regress the excess returns of the G10 currencies on the systematic risk factors
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DOL, VOL and HML* and a constant at the end of each week. Note that unlike Zhang
(2022), we also include the VOL risk factor, as global FX volatility and the HMLX risk
factor are not identical, as they are negatively correlated (Menkhoff et al., 2012a). The
omission of VOL may therefore prevent a proper decomposition of total excess returns into
their systematic and idiosyncratic components. For consistency, we use the same rolling
regression scheme as for the construction of the pricing classifier, i.e. at the end of each week
t we estimate the following regression using the latest 156 weeks of available data, with the

VOL risk factor updated each week as new data become available:

rx; . = [systematic excess return] + [idiosyncratic excess return]

~DOL
J

FX
B> oL, + B voL, + ;™" -HML{X] + o+, (4.20)

We standardise the residual excess returns over the three-year estimation period:

Ay

rxide = g (4.21)
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Standardisation takes into account the empirical evidence that raw residual excess returns can
be noisy, as it improves the quality of interpretation of the residual excess return as true
currency-specific information by reducing possible biases due to pure noise (Gutierrez &
Prinsky, 2007). Idiosyncratic momentum is then obtained as the average of volatility-scaled
idiosyncratic log excess returns in the 12-week period prior to the prediction of the pricing

regime at the end of week t:

0
1 . 4
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Similar to CTtFX we obtain global (aggregated) predictor variables for idiosyncratic

momentum iMOMfX and systematic momentum sMOMfX as the averages of iMOM;; and
sMOM,;; across all currencies.

In addition to these predictors derived from the hypothesised relationship between currency
excess returns and contrarian currency pricing, we consider as controls three additional
theoretically motivated predictor variables that have been shown to be able to predict carry
trade excess returns (e.g., Bakshi & Panayotov, 2013; Opie & Riddiough, 2020). The fourth
predictor variable we use is the average log return of the S&P GSCI industrial metals spot
price index in the 12-week period prior to the prediction of the pricing regime at the end of

week t:

AGSCI, = L (ﬁ) (4.24)
12 \GSCI,,

The use of a commodity-based predictor is motivated by the fact that there are several
‘commodity currencies’ among the G10 investment currencies, such as AUD, NOK and NZD
(Chen & Rogoft, 2003). When the prices of their commodities rise, their export revenues
increase, leading to an improvement in their ‘terms of trade’, which is often associated with
an appreciation of their currencies, which is why higher commodity prices predict higher
carry trade excess returns for G10 currencies (e.g., Bakshi & Panayotov, 2013; Ready et al.,
2017).

The fifth predictor variable we use is the average log change in the level of aggregated global
FX volatility, i.e. the proxy before the AR(1) process is estimated to obtain the VOL risk
factor (see Section 4.3.1), in the 12-week period prior to the prediction of the pricing regime

at the end of week t:

AcX = L <AG§X> (4.25)
o = —=In|—% :
12 \aeky
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The rationale for using a volatility-based predictor is that Menkhoff et al. (2012a) have
shown that the profitability of carry trades should be inversely related to changes in aggregate
global FX volatility (see Section 4.3.3). This predictor is essentially the same as the one used
by Bakshi and Panayotov (2013), with the exception that we calculate the weekly average of
the daily cross-sectional averages of the absolute rather than the squares of the daily log
changes in the spot rate.

The sixth predictor is a measure of global FX liquidity, computed as in Menkhoff et al.
(2012a) as a measure of a global bid-ask spread, which is subject to the same aggregation
scheme as global FX volatility. This means that we first calculate the weekly average of the
daily cross-sectional averages of the percentage bid-ask spread of each currency on each day
within each week t. We then compute the average log change in the level of aggregated
global FX liquidity in the 12-week period prior to the prediction of the pricing regime at the

end of week t:

1 [(Ac™
Ao = —In <A—tuo> (4.26)

Ot11

The rationale for using a liquidity-based predictor is that higher liquidity, as indicated by a
decline in bid-ask spreads, leads to lower transaction costs. This, in turn, may lead to
increased activity in carry trades, leading to higher carry trade excess returns (Bakshi &
Panayotov, 2013). Brunnermeier et al. (2009) provide a theoretical basis for this relationship
and show how favourable (tighter) liquidity conditions can reduce (increase) borrowing costs
and induce traders to open (close) carry trade positions, thereby positively (negatively)

affecting excess returns.



140 4 Contrarian Currency Pricing

4.5.3.2 Predictability of excess return reversals

In this section, we regress the next week's excess return of the carry risk factor HML'X on the
six predictor variables described in Section 4.5.3.1 using the difference-in-difference
regression approach to test whether contrarian pricing regimes exhibit a predictable reversal
component. For clarity, Scenario two is used as the reference category in all regression
models.

Table 4.5 presents the coefficient estimates, which show that the slope estimates for iMOM!™*
(CT™™) in scenario two are uniformly negative (positive) across all three specifications. These
slope estimates are consistent with the interpretation that iMOM™ (CT"®) predicts negative
(positive) short-term excess returns of the carry risk factor HML™ in contrarian pricing
regimes, which are periods of low global FX volatility innovation. Furthermore, these
coefficients are statistically significant, the only exception being the coefficient 0.43 of CT'X
in specification 3, where the addition of Ac'* slightly reduces the predictive power of CT.
Nevertheless, these slope estimates do indeed imply the existence of information about
impending excess return reversals of the carry risk factor. That is, the low average excess
returns in contrarian pricing regimes, which are periods of low global FX volatility
innovation of both funding and investment currencies, as documented in Table 4.3, ultimately
provide both the increase in CVaR and the required discount, which then leads to a lower
(higher) expected future excess return on the strategy of shorting the funding currency
(buying the investment currency), which is necessary to restore the second core prediction,
i.e. the ‘in equilibrium’ condition of Menkhoff et al.'s (2012a) currency pricing model.

For scenario four, we find negative slope estimates for both iMOM!* and CT'*X. The change
in sign for CT'* can be rationalised with the intuition that the excess returns of HML™ are

low following an unexpected increase in global FX volatility.
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Table 4.5

Predictability of excess returns of the carry risk factor HMLFX

(D 2) 3)
Intercept 0.05 0.04 0.03
AGSCI -0.26™ -0.27"
ActX 0.02
Act® -0.05 -0.06
iMOM™ -0.54" -0.65" -0.66"
sMOMMX 0.00 0.01 0.01
CT™ 0.72" 0.53" 0.44
Conformity 0.23" 0.24™ 0.25"
HighVOL -0.67 -0.66™ -0.80"
Conformity x HighVOL 0.02 0.01 0.02
AGSCI x Conformity 0.21 0.21
Ac'* x Conformity -0.01
Act'Q x Conformity 0.04 0.05
iMOM®* x Conformity 0.31 0.42 0.43
sMOM! x Conformity -0.01 -0.02 -0.02
CT' x Conformity -0.66" -0.50 -0.44
AGSCI x HighVOL 0.02 0.12
Ac™X x HighVOL -0.15"
ActQ x HighVOL 0.21 0.18
iMOM®* x HighVOL -0.82 -0.92 -0.51
sMOM™ x HighVOL -0.15 -0.16™ -0.16™
CT'* x HighVOL -3.99" -4.43™ -3.28"
AGSCI x Conformity x HighVOL 0.26 0.18
Ac'* x Conformity x HighVOL 0.05
Act'Q x Conformity x HighVOL -0.18 -0.15
iMOM®* x Conformity x HighVOL 1.58 1.66 1.19
sMOM!* x Conformity x HighVOL 0.18™ 0.15 0.16™
CT™ x Conformity x HighVOL 2.80" 3.607 2.85"
Adj. R? 0.06 0.06 0.07
n 1263 1263 1263

Note: Table 4.5 reports the coefficient estimates from a predictive OLS difference-in-difference regression of
the log HML* excess returns at the end of week t+1 on the values of the six predictor variables at the end of
week t, as described in Section 4.5.3.1, and on the interaction terms of the predictors with the Conformity and
HighVOL dummy variables, as well as on the interaction term Conformity x HighVOL. *, ** and *** indicate
significance according to Newey-West (1994) HAC standard errors at the 10%, 5% and 1% levels, respectively.
The sample period is January 1999 to March 2023.
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That is, a significant shock increase in global FX volatility will naturally lead to both low
excess returns and an increase in the cross-sectional average level of CVaR in week t+1.
However, given the much higher persistence of CVaR relative to global FX volatility
innovations, a high level of CT'* may lead to even larger reversal effects once volatility
spikes have subsided. At least the lower size of iMOM!™ seems to imply this conclusion.
Turning to the SMOM!* estimates, we find that the treatment effect, i.e. the difference-in-
difference estimator, is significantly positive in all three specifications. This implies that
systematic excess returns contain momentum, consistent with Zhang (2022), in conformity
pricing regimes rather than in contrarian pricing regimes. Presumably, it is precisely this
strength of factor momentum that explains why systematic excess returns in contrarian
pricing regimes do not negatively predict short-term excess returns for the carry risk factor
HMLX and thus do not seem to contribute to realigning prices with the equilibrium condition
of Menkhoff et al.'s (2012a) currency pricing model.

We note that while the coefficients of the control predictors mostly have signs consistent with
those reported in the literature (e.g., Bakshi & Panayotov, 2013), they are mostly
insignificant. Thus, with respect to Ac"'?, our results support the notion of Bakshi and
Panayotov (2013) that global FX Iliquidity may be of secondary importance at short
frequencies, i.e. weekly or even monthly. The lower predictive power of Ac'X is most likely
due to the simultaneous use of CT'X, as these two predictors have a Spearman rank
correlation of 0.36, which is highly significant.

The only surprise is the significance of the negative coefficients on AGSCI in contrarian
pricing regimes, which turn out to be periods of low global FX volatility. Given that AGSCI
is significantly and highly positively correlated with sMOM!* but essentially uncorrelated
with iMOMYX, this result suggest that commodity currencies may play a role in explaining

why systematic excess returns do not contribute to restoring the second core prediction, i.e.
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the ‘in equilibrium’ condition of Menkhoff et al.'s (2012a) currency pricing model. This

relationship may be fruitful, but we leave it for future research.

4.5.3.3 C(CVaR-Trend and idiosyncratic momentum

The Spearman rank correlation between CT and iMOM is -0.05, which is slightly but
statistically significantly negative. The negative correlation suggests that a reversal strategy
may benefit from sorting dependently on CVaR-Trend as the control variable (the first
sorting variable) and on idiosyncratic momentum as the risk dimension to be priced (the
second sorting variable). This is because a univariate sort on idiosyncratic momentum yields
a low (high) iMOM portfolio that is distorted by currencies that have not experienced an
increase (decrease) in CVaR. A reversal strategy that avoids holding unprofitable but not
unexpectedly riskier currencies and avoids selling profitable but not unexpectedly less risky
currencies should therefore better capitalise on the cross-sectional information about the
ongoing price adjustment that reconciles prices with the risk-based explanatory approach of
the Menkhoff et al. (2012a) currency pricing model.

To test these predictions, at the end of each week in the period from 6 January 1999 to 15
February 2023, all currencies are allocated into three groups based on an ascending sort of
CVaR-Trend as the control variable. Within each control variable group, the three currencies
are then sorted into three portfolios based on an ascending sort of idiosyncratic momentum. A
currency is classified as ‘low iMOM’ (‘high iMOM’) if it has an iMOM lower (higher) than
two-thirds of the currencies in the same CVaR-Trend tertile. We choose a tertile sort on
iIMOM; within CT; tertiles as this breakpoint selection is consistent with the suggestions of
Lambert et al. (2020) and the recent literature (e.g., Cespa et al., 2022).

We then regress the risk-adjusted excess returns relative to the risk factors DOL, HML* and

VOL of the nine portfolios formed from the conditional double sorting on the two pricing
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regime dummy variables with no intercept to test whether the alphas are equal to zero in each
pricing regime. Panel A of Table 4.6 shows that in contrarian pricing regimes, currencies in
the high (low) CVaR-Trend tertile appear to perform particularly well (poorly) precisely

when they exhibit lower (higher) levels of idiosyncratic momentum.

Table 4.6
Pricing classifier and double sorts on CVaR-Trend and idiosyncratic momentum

Panel A: Excess returns of portfolios sorted by CVaR-Trend and iMOM

Conformity pricing regimes

CVaR-Trend CVaR-Trend

X 1 2 3  HML o 1 2 3 HML

1 0.02 0.03 0.07 0.05 1 0.00 0.00 0.04 0.04

% 2 0.07 0.03 -0.01 -0.08 % 2 0.04 0.01 -0.03 -0.07

p= 3 0.01 -0.01 0.01 0.00 p= 3  -0.01 -0.04 0.01 0.02
HML -0.01 -0.04 -0.06 HML -0.01 -0.04 -0.03

Contrarian pricing regimes

CVaR-Trend CVaR-Trend

X 1 2 3 HML a 1 2 3 HML

1 -0.08 -0.05 0.10 0.18" 1 -0.03 0.00 0.16™ 0.19™

% 2 -0.07 -0.04 -0.12 -0.05 % 2  -0.03 0.01 -0.06 -0.03

p= 3 -0.19"" 0.01 -0.05 0.14° p= 3 -0.13" 0.06 0.01 0.14"
HML -0.11 0.06 -0.15 HML -0.10 0.06 -0.15"

Panel B: Excess returns of a cross-sectional currency reversal strategy

Conformity pricing regimes Contrarian pricing regimes
X 0.06 0.29™
o 0.05 0.29"

Note: Panel A of Table 4.6 shows the average excess return (rx) and the average risk-adjusted excess return (o)
in percent per week for portfolios dependent sorted by CVaR-Trend and iMOM, as well as for the long-short
difference portfolios HML in each tertile of CVaR-Trend and iMOM, following conformity and contrarian
pricing regimes. Panel B shows equivalent information for a cross-sectional currency reversal strategy that is
long (short) in the low (high) iMOM portfolio within the high (low) CVaR-Trend tertile following conformity
and contrarian pricing regimes. *, ** and *** indicate significance according to Newey-West (1994) HAC
standard errors at the 10, 5 and 1% level, respectively. The sample period is January 1999 to March 2023.
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This is because the average risk-adjusted excess return of 0.16% (-0.13%) per week is both
economically and statistically highly significant with a t-statistic of 3.80 (2.60). These results
confirm the prediction that controlling for CVaR-Trend improves the performance of reversal
strategies based on idiosyncratic momentum.

Consequently, as shown in Panel B of Table 4.6, the average risk-adjusted excess return of a
cross-sectional currency reversal strategy that is long in the high CT and low iMOM
portfolio, i.e. in ‘high-risk loser’ currencies, and short in the low CT and high iMOM
portfolio, i.e. in ‘low-risk winner’ currencies, is 0.29% per week, which is both economically

very large and highly statistically significant with a t-statistic of 4.30.

4.6 Conclusion

The objective of this study is to investigate the value of forward-looking information about
future violations of the equilibrium expectation of the two-factor currency pricing model of
Menkhoff et al. (2012a). The main contribution of our paper to the literature is the
construction of a predictive indicator, called the ‘pricing classifier’, which defines a
minimum requirement for the contribution of the long position in the investment currency to
the expected risk-adjusted performance of the carry trade. The pricing classifier predicts
‘conformity’ (‘contrarian’) pricing regimes when it predicts that the performance of the
investment currencies will be too poor to be consistent with the underlying risk-based
explanation of the two-factor currency pricing model of Menkhoff et al. (2012a).

The second result is that for the funding and investment currencies that together form the
carry trade strategy, the difference in excess returns between periods of high and low global
FX volatility innovation is significantly larger, i.e. more positive for funding currencies and
less negative for investment currencies, in contrarian than in conformity pricing regimes. We

refer to this phenomenon as ‘contrarian currency pricing’ when both the negative impact of
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high global FX volatility innovations on currency excess returns and thus the relevance of
systematic volatility risk, i.e. the negative exposure of investment currencies to volatility risk,
diminish in contrarian pricing regimes. Third, we find clear implications for a reduced
equilibrium model in contrarian pricing regimes, where one would favour omitting the
systematic HML!X risk factor, as it appears to have little power to price the cross-section of
G10 currency excess returns in these periods. As a direct consequence of this result, an
investor would prefer not to enter into a carry trade in contrarian pricing regimes because the
carry trade is a priori expected to perform too poorly and it is therefore undesirable to expose
investment capital to the negative systematic volatility risk of the carry trade.

Finally, we provide empirical evidence that contrarian pricing regimes reveal a predictable
reversal component in currency excess returns. We find that idiosyncratic momentum
(changes in risk) negatively (positively) predicts short-term excess returns for the carry risk
factor HML*. Consequently, a reversal strategy that avoids holding unprofitable but not
unexpectedly riskier currencies and avoids selling profitable but not unexpectedly less risky
currencies is very successful in exploiting the cross-sectional information about this
adjustment, which in turn aligns prices more closely with the risk-based explanatory
approach of the Menkhoff et al. (2012a) currency pricing model.

Our findings have important implications for the management of portfolios invested in G10
currencies. Since we find that the pricing classifier predicts a contrarian pricing regime in
almost a quarter of the entire period under consideration, it allows to better time the
construction of a portfolio strategy according to the conventional carry trade investment rule
and to better assess the prospects of success. Moreover, our contribution to the understanding
of pricing in contrarian pricing regimes contributes to a unified explanation of the cross-

section of G10 currency excess returns.
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5.1 Introduction

Solnik (1974) showed that investing in global equities allows investors to benefit from
international portfolio diversification, which is a natural consequence of Markowitz's (1952)
mean-variance portfolio optimisation. The benefit of international diversification comes from
the fact that monetary policies and business cycles are not perfectly correlated across
countries. This allows investors to reduce the systematic risk arising from purely domestic
sources that affect companies' cash flow prospects and the discount rates used to value those
cash flows (Bekaert & Hodrick, 2018). However, exchange rate risk can have a significant
impact on the overall risk-return profile of foreign currency investments when converted into
domestic currency, so investors need to decide to what extent they want to hedge. That is,
they need to find an optimal currency overlay, i.e. a currency strategy that optimally
complements a predetermined long position in a foreign equity portfolio (Barroso et al.,
2021; Opie & Riddiough, 2020).

However, there is still no consensus in the literature on how to optimally hedge foreign
exchange risk, although the prevailing view since Solnik (1993) has been that the highest
benefits can be achieved through a hedging strategy that is neither fully hedged nor
unhedged. In particular, there is a growing body of literature suggesting that investors can
effectively diversify their existing international equity portfolio with specific FX investment
styles. Such a ‘separate’ currency investment approach requires the construction of an
independent currency portfolio, which is then combined with a global equity portfolio (Opie
& Riddiough, 2020). Previous research has shown that overall portfolio performance can be
significantly improved if investors are not restricted to hedging only existing currency
exposures, but also establish strategic currency positions to profitably participate in
speculative currency movements (e.g., Barroso & Santa-Clara, 2015; Barroso et al., 2021;

Dupuy, 2021; Kroencke et al., 2014; Mulder & Tims, 2018; Opie & Riddiough, 2020).
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In particular, our paper contributes to the literature studying this specific type of currency
hedging by extending recent findings on the predictability of contrarian pricing regimes.
These are periods in which the negative effect of high global FX volatility innovations on
currency excess returns documented in Menkhoff et al. (2012a) seems to be absent and the
specific carry trade strategy using two currencies on both the investment and funding legs,
i.e. Lustig et al.'s (2011) currency risk factor HMLX, is found to be unable to explain the
cross-section of G10 currency excess returns (Hertrich, 2024).

Given that the carry trade is well established as a popular FX strategy among institutional
currency fund managers and accounts for a large share of trading volume in FX markets (e.g.,
Aloosh & Bekaert, 2022; Galati et al., 2007; Pojarliev & Levich, 2008), we expect that this
ex ante available information on the profitability of carry trades should be relevant for the
construction of an augmented carry trade strategy, i.e. a novel FX investment style that we
call the ‘contrarian pricing trade’. We then ask whether adding the contrarian pricing trade to
a benchmark portfolio of a US investor internationally invested in the G10 currency
economies significantly improves the overall performance of the portfolio.

The remainder of the paper is structured as follows. Section 5.2 presents the literature review
and discusses how this paper contributes to the relevant literature. Section 5.3 provides an
overview of our methodology for assessing the diversification benefits of FX investment
styles, presents the data and explains the calculation of the benchmark portfolio return
without and with adjustment for FX investment styles. We also describe the inclusion of FX
transaction costs, equity rebalancing costs and margin requirements. Section 5.4 explains the
three FX investment styles, carry, momentum and value, which we use as a benchmark for
the diversification benefits of the contrarian pricing trade, the construction of which is also
explained in this section. Section 5.5 then presents the empirical results, while section 5.6

summarises the key findings and their main implications.
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5.2 Literature review

There is an ongoing debate in the literature on how to optimally hedge currency risk. Initial
approaches include the extreme of full hedging (e.g., Perold & Schulman, 1988; Solnik,
1974) or leaving currency exposure unhedged (e.g., Froot, 1993). Perhaps even more
extreme, Black (1989) suggests that a universal hedging strategy is optimal for all investors,
regardless of portfolio composition and reference currency. Campbell et al. (2010) argue that
holding unhedged equity positions in currencies that are negatively correlated with
international equity markets is a natural hedge because an appreciation of the foreign
currency will partially offset low foreign currency equity returns, thereby obviating the need
for further hedging. However, De Roon et al. (2012) argue for unhedged foreign equity
positions, as natural hedging typically involves selling currencies with the highest returns and
buying safe haven currencies with the lowest returns, thereby negatively affecting overall
portfolio performance. Solnik (1993) showed that the optimal hedging strategy depends on
the individual portfolio composition due to cross-correlations between different currencies
and asset classes, as well as on investor preferences. This implies that neither fully hedged
nor unhedged can be optimal and that, contrary to Black (1989), there is no universal hedging
ratio. These findings are strongly supported by Glen and Jorion (1993), who find that adding
currency hedging strategies that exploit the predictability of currency excess returns from
forward discounts to a portfolio of stocks and bonds statistically significantly improves
portfolio performance. Similarly, Campbell et al. (2010) suggests that timing the tilt of the
currency overlay towards higher-yielding currencies improves overall portfolio performance.

In this respect, research on optimal currency hedging has benefited immensely from recent
advances in the predictability of excess returns from the information contained in currency
characteristics and risk premia (e.g., Della Corte et al., 2016a; Dupuy, 2015; Fan et al., 2022;

Gao et al., 2019; Lettau et al., 2014; Lustig et al., 2011; Menkhoft et al., 2012a; Verdelhan,
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2018; Zhang, 2022). For example, Opie and Riddiough (2020) develop an approach that
exploits information from a predictable component in the two global risk factors of the Lustig
et al. (2011) currency pricing model. Filipozzi and Harkmann (2020) show that carry trades
play a crucial role in the optimal hedging of currency risk. Barroso et al. (2021) propose a
currency hedging strategy that incorporates the predictive information contained in several
currency characteristics such as interest rates, value, carry and momentum. Most relevant to
our study, Hertrich (2023) shows that a variable capturing the magnitude of the recent change
in risk, called CVaR-Trend, predicts the cross-section of G10 currency excess returns, and
Hertrich (2024) shows that forecasts of mean spot returns of currencies and their conditional
value at risk allow to predict violations of the ‘in equilibrium’ condition of Menkhoff et al.'s
(2012a) currency pricing model, and that there is information about reversals necessary to
restore this condition. We contribute to this strand of the literature by showing that this
predictable component of violations of the Menkhoff et al. (2012a) currency pricing model
allows to augment the carry trade strategy, which is then a strong diversification instrument
for US investors holding a portfolio of global equities, as it significantly improves the overall
portfolio performance, which was not investigated by Hertrich (2023, 2024).

In addition, the success of currency overlay strategies appears to increase with the complexity
of the econometric models used, as these models appear to capture the multivariate
distribution of asset and currency returns more effectively (e.g., Boudoukh et al., 2019;
Christensen & Varneskov, 2021; Cho et al., 2019; De Roon et al., 2003; Hsu et al., 2008;
Polak & Ulrych, 2024). Furthermore, there is growing evidence in the literature that hedge
effectiveness and portfolio performance can be improved by using tail risk measures such as
Value at Risk or Expected Shortfall instead of variance, especially in combination with
dynamic estimation techniques (e.g., Alvarez-Diez et al., 2016; Guo & Ryan, 2018; Harris &

Shen, 2006; Topaloglou et al., 2002). We contribute to these two strands of literature by
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showing that the information embedded in changes in the level of the conditional value at risk
of currencies provides valuable predictive information for effectively diversifying a global
equity portfolio.

Finally, our paper contributes in three aspects to the strand of research that examines whether
overall investment performance is improved when the objective is to add strategic currency
positions to a portfolio rather than to hedge existing currency exposures. Kroencke et al.
(2014) and Opie and Riddiough (2020) find evidence that the FX investment styles carry
trade, momentum and value offer economically large and significant diversification benefits
beyond those of hedging currency risk. Das et al. (2013), Barroso and Santa-Clara (2015),
Mulder and Tims (2018) and Reichenecker (2019) also show that strategic currency positions
can improve the risk-return profile of a benchmark equity portfolio. First, we provide
evidence that the suitability of conventional carry trades as a diversification instrument for a
global equity portfolio declined significantly after the global financial crisis, a finding that is
not reflected in Kroencke et al. (2014) or in subsequent studies. However, this finding is
consistent with evidence showing that the performance of conventional carry trade strategies
declined sharply after the global financial crisis (Fan et al., 2022). Second, we show that the
contrarian pricing trade is highly profitable in its own right and competes very successfully
with carry, momentum and value, especially in the post global financial crisis era. Third, we
show that the contrarian pricing trade has safe haven characteristics as defined by Baur and
McDermott (2010), as it significantly improves the risk-return profile of a global equity
portfolio during periods of market turmoil. Ranaldo and Soéderlind (2010) also examine the
safe haven characteristics of currencies, and Habib and Stracca (2012) examine the factors
that determine the safe haven characteristics of a currency. However, they examine individual
currencies rather than FX investment styles, so they do not take into account the predictive

information contained in the risk premia in the cross-section of currency excess returns.
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5.3 Empirical research design

5.3.1 Methodology

To analyse the diversification benefits of the contrarian pricing trade and competing FX
investment styles, we take the perspective of a US investor holding a predetermined GDP-
weighted global equity portfolio of developed economies. We focus on the economies with
the most liquid currencies, the G10 currencies, to avoid selection bias and to make our study
comparable to previous literature that has examined the diversification potential of FX
investment styles (e.g., Barroso et al., 2021; Campbell et al., 2010; Kroencke et al., 2014;
Opie & Riddiough, 2020). Moreover, the contrarian pricing trade exploits violations of the
Menkhoff et al. (2012a) currency pricing model when applied to G10 currencies, and may not
be applicable to emerging market currencies without adjustment, as these currencies are
intertwined with their sovereign credit risk and have a different composition of currency risk
premia than G10 currencies (Daniel et al., 2017).

We choose to weight global equities according to their relative share of GDP based on
purchasing power parity, as this is consistent with DeMiguel et al. (2009), who show that
more sophisticated approaches, such as mean-variance optimisation, do not outperform a
naive strategy in terms of Sharpe ratio. Since a simple benchmark portfolio also facilitates the
attribution of diversification benefits, the literature typically uses benchmark portfolios that
are equal-weighted (e.g., Campbell et al., 2010; Filipozzi & Harkmann, 2020; Opie &
Riddiough, 2020; Reichenecker, 2019), value-weighted (e.g., Barroso et al., 2021) or GDP-
weighted (e.g., Kroencke et al., 2014; Opie & Riddiough, 2020). Section 5.3.3 describes the
calculation of the benchmark portfolio return in more detail.

We then add one of four different FX investment styles, either carry, momentum, value or
contrarian pricing, to the GDP-weighted global equity portfolio to test their diversification

benefits. Section 5.3.4 details the calculation of the FX investment style augmented
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benchmark portfolio. As fund managers are typically mandated to hedge only existing FX
exposures, we acknowledge that this strategy is not always feasible. However, with a less
restrictive mandate, this strategy provides diversification benefits by relaxing the constraint
on currency weights (e.g., Kroencke et al., 2014; Opie & Riddiough, 2020).

Following the literature (e.g., Barroso et al., 2021; Kroencke et al., 2014; Opie & Riddiough,
2020), we measure the diversification benefits of FX investment styles mainly as the increase
in the Sharpe ratio of the benchmark portfolio when they are added. We choose this approach
because Sharpe ratios can be formally compared to assess whether one ratio is statistically
higher than another, even in the presence of non-normal return distributions and serial
correlation, using the studentized time series bootstrap test of Ledoit and Wolf (2008).
Following Ledoit and Wolf (2008), we approximate the unknown distribution function of the
studentized difference between two Sharpe ratios by a distribution obtained from bootstrap
resamples generated using the circular block bootstrap of Politis and Romano (1992) to
account for serial correlation. This involves resampling 5000 bootstrapped sequences of pairs
from the observed excess return pairs with replacement. We use their calibration procedure to
determine the data-dependent optimal block size. The standard error of the estimated
difference between two Sharpe ratios is then computed from the bootstrapped data and used
to construct a t-test for the difference between the two Sharpe ratios.

In assessing performance, we take into account rebalancing costs for equities, transaction
costs for currencies and margin requirements for forward contracts, as frictions have a non-
negligible impact on the performance of currency trading strategies (e.g., Barroso et al., 2021;
Menkhoft et al., 2012b). Section 5.3.5 describes in more detail how we incorporate currency
transaction costs and equity rebalancing costs.

In order to assess the effective diversification benefits of the FX investment styles as

comprehensively as possible, we look beyond the full observation period to include the two
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periods before and after the global financial crisis, as well as alternating periods of low and
high market stress, to analyse the risk-return profile of the strategies in extreme market
conditions. We also distinguish between conformity and contrarian pricing regimes to test
whether the contrarian pricing trade is able to improve the performance of the benchmark

portfolio in the two periods on which its construction is based.

5.3.2 Data and investigation period

The US investor is assumed to be exposed to currency risk against the Australian dollar
(AUD), British pound (GBP), Canadian dollar (CAD), euro (EUR), Japanese yen (JPY), New
Zealand dollar (NZD), Norwegian krone (NOK), Swedish krona (SEK) and Swiss franc
(CHF). Each equity market in the ten economies is represented by the corresponding Morgan
Stanley Capital International (MSCI) Total Return stock market indices. Consumer Price
Index (CPI) and Gross Domestic Product (GDP) based on purchasing power parity are from
national statistical offices and have been standardised by Refinitiv for comparability. Foreign
exchange data on forward rates and corresponding spot rates are from WM/Refinitiv. We
follow Burnside et al. (2011a) and multiply GBP/FCU quotes by USD/GBP quotes to obtain
the longer sample of spot rates against the dollar. Interest rates are implied rates derived from
forward rates quoted against the US dollar, where the US dollar rate is equal to the 3-month
Treasury bill rate, converted to a weekly frequency (e.g., Barroso et al., 2021). We use the
Office of Financial Research's Financial Stress Index (OFR FSI) to assess the level of market
stress in global financial markets. The OFR FSI aggregates information from 33 financial
market variables to provide a daily measure of systemic financial stress.

We choose a weekly data frequency, consistent with Hertrich (2024), to efficiently forecast
the distribution of G10 currency excess returns. All data refer to Wednesdays because Dao et

al. (2016) find evidence of a weekend overreaction in the exchange rates of seven major



156 5 Diversification Benefits of the Contrarian Pricing Trade

currency pairs, all of which are G10 currencies. Consequently, we follow the suggestion of
Chong and Miftre (2010) not to use Friday's closing or Monday's opening prices in order to
avoid distorting excess returns caused by unusually high or low weekend price gaps and
subsequent price reversals. As the currency dataset includes the euro, the first portfolio
formation takes place on 6 January 1999, the first business Wednesday of the euro, to avoid a
look-ahead bias, resulting in a study period of 13 January 1999 to 21 June 2023. The holding
period is one week, so portfolios are rebalanced at the end of each week. The last portfolio
rebalancing takes place on 14 June 2023, so there are 1276 weekly returns of the FX
investment styles and the equity benchmark portfolio available for empirical analysis.

Since the OFR FSI only goes back to January 2000, we extend its time series of financial
stress signals back to January 1999 using the Federal Reserve Bank of St. Louis Financial
Stress Index. In addition, since we need weekly data to construct the value strategy, but CPI
data are only available at monthly frequency, we follow the literature (e.g., Barroso & Santa-
Clara, 2015) and carry forward the most recent value to the intervening weeks until the next
update. While we can construct the carry trade strategy for the first time using forward and
spot rates available on 6 January 1999, for the momentum (value) strategy we use currency
excess return (CPI) data going back to 21 October 1998 (21 July 1993). In order to construct
the contrarian pricing trade on 6 January 1999, we need to estimate the joint distribution of
spot returns of the G10 currencies for the first time on 25 March 1998, as we need 42 initial
weekly CVaR forecasts over the period 25 March 1998 to 6 January 1999 to calculate the
variable CVaR-Trend. To this end, we use a time-varying t-copula with skewed t-GJR-
GARCH margins as proposed by Hertrich (2024), using spot price data from 6 June 1990 to
25 March 1998. Note that all one-week-ahead forecasts used to construct the pricing classifier
and the contrarian pricing trade are made in an out-of-sample framework with increasing

window length to avoid look-ahead bias.
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5.3.3 Benchmark portfolio return

Suppose that at the end of week t, a share w; of a dollar is used to buy an asset in the foreign
equity market of country j. To this end, wj; DCU must first be exchanged for wj; - S;; FCU.
The asset has a discrete return of Rj 1 = (Pj+1/Pjt — 1), so that at the end of week t+1 the
return is ®j¢ - Sj¢ - (1 + Rje+1) (e.g., Campbell et al., 2010). We assume full investment, so that
the sum of the shares invested in all ten countries equals one. Furthermore, let F; denote the
one-week forward rate in units of foreign currency per US dollar at time t and maturity at t+1,
and S; denote the corresponding spot rate at time t. Following Menkhoff et al. (2012a), we
denote discrete (logarithmic) rates by uppercase (lowercase) letters. To keep the notation
consistent, we refer to the US dollar (USD) as the domestic currency (DCU) and assign it the
index ‘d’, so that the index numbers j = 1,...,n denote the foreign currencies (FCU) in the
sample. Since the domestic forward and spot exchange rates are constant over time and equal
to one, the gross return of the unhedged benchmark portfolio, converted into US dollars, is as

follows (Campbell et al., 2010):

n

S.
unhedged >t
RBr,lt+61 sd— 1+ g (1 +Rd,t+l) + Z o S;Hl (1 +Rj,t+1) (5.1
i=1 J>

If an unhedged portfolio is now combined with a style-based FX strategy, the problem is that
the performance contribution of the FX strategy is based on a hedging contribution and a
speculative contribution, which means that the diversification benefits cannot be assessed
without bias (e.g., Kroencke et al., 2014). This is because short positions in the foreign
currency correspond to hedging positions until the full hedge is reached, while long positions
and additional short positions exceeding the full hedge serve to benefit from the appreciation
or depreciation of the foreign currency. To properly assess the diversification benefits of FX
investment styles, we need to disentangle the hedging contribution from the speculative

contribution of their return contribution to the benchmark portfolio. In particular, we aim to
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avoid alternative hedging styles that cause deviations from a full hedge that are consistent
with FX investment styles and thus more speculative, and thus follow the literature (e.g.,
Barroso et al., 2021; Campbell et al., 2010; Opie & Riddiough, 2020) and use a full hedge to
determine the benchmark portfolio return. That is, we implement a full hedge at the end of
week t by entering into forward contracts to sell mj - Sjtunits of FCU at the end of week t+1
at a forward price of Fj;. The amount o - Sj; can be exchanged at the forward price Fj,
while the realised return wjt - Sjt - (1 + Rj+1) - j¢ - St must be converted at the spot rate
Sier1. This gives the following return denominated in DCU at the end of week t+1 (Campbell

et al., 2010):

n

hedged__ .
RB,t+1 =-1+ g (1+ Rd,m) +Z
j=1

wj’t - Sj,t . (1 + Rj,t+1) ) wj’t . Sj,t n wj’t . Sj,t (52)

Sj Sj e Fi

In line with the idea of taking a short position in the foreign currency to hedge the currency

risk of a foreign investment, the return can also be written as follows:

Oj¢ " Sje (1 + R‘,tﬂ) Si+1 - Fiy
it L R Sk
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= Sit+1
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Thereby, we calculate the log excess return of buying (selling) the foreign currency at time t
in the forward market and selling (buying) it one week later at time t+1 in the spot market as

follows (Lustig et al., 2011):

Fis- Siget
rX_]%t-H =In <% =1 - s (5.4)
j,t+

S',t+1 - F',t
erS,tH =In (% = Sj 1 - fi (5.5)
It
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If a portfolio is fully hedged against foreign exchange risk, forward contracts must be entered
into, for which a margin must be deposited, resulting in a return on the collateral and a
reduction in the capital available for equity investments. Often, research simply assumes that
margin requirements for forward contracts are zero (e.g., Campbell et al., 2010; Kroencke et
al., 2014). However, as the margin must be provided from the available investment capital,
there is a trade-off between investments in domestic equities, foreign equities and currencies.
This is because the required margin reduces the investment capital available for foreign
equity investments. Ignoring margin requirements would therefore result in higher portfolio
weights for both equity and FX investment styles than is actually possible, thereby
overstating their performance contribution to a fully hedged or FX style augmented global
equity portfolio (Barroso et al., 2021).

Consequently, the actual invested share (DZ’t is equal to the intended share wqy, since the
domestic investment does not need to be hedged against exchange rate risk. However, in the
case of foreign investment, the intended share wj; must be scaled by 1 + ¢, where c

corresponds to the required margin, in order to obtain the share (D; . actually invested. Since

the margin for institutional investors is between 5% and 15% of the forward contract volume

for liquid G10 currencies, we assume a margin requirement for forward contracts of 10%, i.e.

¢ = 0.10. The deposited collateral c - o;)i . 1s then ‘only’ invested at a ‘risk-free’ interest rate

and does not earn the equity return Rj., but ij,tﬂ, which is equal to the return on an

investment at the implied foreign interest rate. The gross return of the benchmark portfolio
fully hedged against foreign currency risk using the excess return of a short currency position
is thus (Barroso et al., 2021; Campbell et al., 2010):

hedged __ *
RB,t+1 =-1+ O ¢ (1 + R‘d’t+l)

n
S S.
* 7.t S * 1,t f
mj,t S_ (1 + Rj,t+1 + RXj,Hl) +c- (Dj,t : S (1 + Rj,t+1) (56)
ot j,t+1

j=1
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5.3.4 FX investment style-adjusted benchmark portfolio return

Following Bakshi and Panayotov (2013), we do not use leverage, which means that we limit
the strategic short (‘Pts ) and long (PH) currency positions of the FX investment styles to an
absolute demand for forward contracts of half a dollar each. Therefore, at the end of each
week, the net forward demand of an FX investment style invested in two currencies across all

G10 foreign currencies accumulates to 1:

n n
— S L
Z \Vj,t - Z \Vj,t + \Vj,t (57)
=1 =1

However, as the collateral for the demand for forward contracts of these separate currency
positions in the FX investment styles must be provided by initially available investment
capital, the predetermined shares wj; and wq¢ cannot be achieved but must be adjusted in

advance (Barroso et al., 2021):

n n

oagf l1-c¢ Z Vi | O and (D‘d’t= l1-c Z Vi, | ®ag (5.8)

=1 =1

Again, the share 03<*1,t actually invested at the end of week t is equal to oa'd,t, since there is no
need to hedge domestic investments against currency risks. However, for foreign

investments, oait is obtained by scaling oait by 1 + c. The share that bears interest at the risk-

free rate is thus ¢ - %L, (\yjt + oojit). Therefore, the gross return of the FX investment style-

adjusted benchmark portfolio is:
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5.3.5 Currency transaction costs and equity rebalancing costs

We calculate currency excess returns adjusted for transaction costs using bid-ask quotes for
spot and forward rates to avoid overstating the performance of FX investment styles.
However, Lyons (2001) has shown that the indicative spreads reported by WM/Refinitiv are
much higher than the spreads actually paid by retail and institutional investors. We follow the
literature and apply a scaling of 50% of the bid-ask spread (e.g., Menkhoff et al., 2012b).
However, especially for recent years, even halving the bid-ask spread can significantly
underestimate the returns of a foreign exchange trading strategy, which is why even a 25%
scaling is recommended (e.g., Cespa et al., 2022; Gilmore & Hayashi, 2011).

In addition, some studies assume full portfolio turnover in each period (e.g., Barroso et al.,
2021; Lustig et al., 2011), but this biases the results in favour of the most static strategy. In
recent years, the literature has recognised that forward contracts can be rolled over at a much
lower cost using FX swaps to extend currency positions, but often assumes that rollover costs
are negligible, so that bid-ask spreads are only applied to volumes where there has actually
been a change in the overall portfolio position (e.g., Della Corte et al., 2016b; Kroencke et
al., 2014; Menkhoff et al., 2012a). However, as Darvas (2009) shows, neglecting rollover
costs can also bias the results. Therefore, we charge a cost equal to half the bid-ask spread of
the swap points to roll over the forward contract. To open a new position, we charge half the
spot spread plus half the swap point spread. To close an existing position, we charge half of
the previously unsettled spot spread. In total, the transaction costs for opening and closing a
new position are the full spot spread and half the swap point spread. Table 5.1 shows how we
calculate currency excess returns at the end of each week, following Darvas (2009).

In order to take into account the transaction costs associated with the currency transactions of
the FX style-adjusted benchmark portfolio, we proceed as follows. First, at the end of each

week, for each FX investment style, we calculate the difference between the excess return
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excluding transaction costs and the excess return net of bid-ask spreads, taking into account
changes in the strategy composition and charging transaction costs depending on whether a

currency enters, remains in or exits the FX investment style portfolio, as shown in Table 5.1.

Table 5.1
Currency excess returns net of bid-ask spreads

Long position

Exits in t+1 Remains in t+1
FP FP
Enters in t E 1 L
.61 S t+1
Remains in t Mg S
emains in - 5
i1 Sisr1 + 0.5[F-FP-SH+S; ]
Short position
Exits in t+1 Remains in t+1
. Sp S 1
Enters in t %ﬂ-l Ja -1
it Jit
R ns in t SJb,tﬂ 1 Sj,tﬂ
emains in LA -
Fj,t Fj,t +0.5[ ja,t +S t]

Note: Table 5.1 provides an overview of the calculation of the currency excess return net of bid-ask spreads.

We then subtract this excess return difference, i.c. the transaction costs of the FX investment

style, from the gross return RB)ifldJ . Second, we proceed in the same way to account for

changes in the full currency hedge positions that occur when the GDP-weighted actual share
o;, invested in foreign equity markets changes. That is, if (D; . remains unchanged, we

Js

maintain the corresponding short position in the foreign currency, but subtract the rollover
costs from RBt Xadj e o;)Jt increases (decreases), the transaction costs for the opened (closed)
FX-adj

short position in the foreign currency are deducted from Rg.,". Third, due to price

fluctuations, a portfolio rebalancing of the equity positions is required to adjust the actual
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value shares (Dj(? and mg? of the current holdings at the end of each week to their strategic

target weighting oaj’i . and w(’;’t for the following week’s holding period. (DS) and wﬁ? are

calculated as the quotient of the values actually held in the equity positions and the total value
of the portfolio at the end of each week t. We follow the literature and assume rebalancing

costs of 50 basis points relative to the volume to be reallocated, so that the rebalancing costs

to be deducted from RFBﬁlldj at the end of each week are then calculated as follows (e.g.,

Barroso et al., 2021; DeMiguel et al., 2009):

(5.10)
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5.4 Foreign exchange investment styles

5.4.1 Carry trade

The carry trade strategy is based on the empirically well-documented ‘forward premium
puzzle’ (Fama, 1984), which states that, contrary to uncovered interest parity (UIP),
currencies with high (low) interest rates tend to appreciate (depreciate) rather than depreciate
(appreciate), resulting in the interest rate differential between the two currencies not being
offset by exchange rate changes in the same period. There is evidence that a carry trade,
which involves borrowing in (funding) currencies with the lowest interest rate differential
relative to the US money market and investing the amount in (investment) currencies with the
highest interest rate differential relative to the US money market, is highly profitable (e.g.,
Burnside et al., 2011a; Galati et al., 2007). Assuming that covered interest parity (CIP) holds,
which is empirically supported by Akram et al. (2008), we derive interest rate differentials

from FX forward discounts (e.g., Lustig et al., 2011):

Fio- S
fdj,t=ln( . sjtj > =fi; - s (5.11)
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Following the literature, we then create a carry trade by first sorting all foreign currencies
into nine portfolios according to increasing forward discounts and then going long in
portfolio nine with the highest forward discount currencies and short in portfolio one with the

lowest forward discount currencies (e.g., Lustig et al., 2011; Menkhoft et al., 2012a).

5.4.2 Momentum trade

Since Jegadeesh and Titman (1993) empirically documented the momentum effect in equity
markets, evidence of the momentum phenomenon has also emerged in foreign exchange
markets (e.g., Menkhoff et al., 2012b; Okunev & White, 2003). A momentum strategy is a
long-short portfolio constructed by buying ‘winner’ currencies, defined as currencies with
high past cumulative excess returns, and selling ‘loser’ currencies, defined as currencies with
low past cumulative excess returns. Since currencies are less affected by liquidity problems
and momentum returns are indeed higher when the last month is not skipped (Asness et al.,
2013), we use the average log excess return of a long position in the foreign currency over the
last three months (or 12 weeks) as the conditioning variable for the momentum strategies

(Kroencke et al., 2014):
MOM;, = — z rl (5.12)

=11
Similar to the carry trade, we sort the foreign currencies into nine portfolios based on an
ascending sort of momentum. We then create the momentum trade by going long the ninth
portfolio and short the first portfolio, using the recent winner currencies for the investment

and the recent loser currencies for the funding leg (e.g., Menkhoff et al., 2012b).

5.4.3 Value trade

Following Asness et al. (2013), we define the value of a foreign currency relative to the

domestic currency at the end of week t as the 5-year change in purchasing power parity. This
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is the negative of the S5-year return on the exchange rate, which is measured as the log
difference between the spot exchange rate today and the average spot exchange rate from 4.5-
5.5 years ago, plus the log difference in the rates of change between the domestic and the
foreign CPI over the same period. Consequently, we calculate the FX value for a foreign

currency as follows (Asness et al., 2013)

APPP; = - [In(S;,) - In(S;,)]
+ ([In(CPIy,) - In(CPly,)] - [In(CPL,) - In(CPL,)]) (5.13)

where the average spot exchange rate from 4.5-5.5 years ago is calculated as follows

921}

1
it = 35 Z Sj,tx (5.14)
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and the average consumer price index from 4.5-5.5 years ago is calculated in the same way
for all countries, i.e. also for the domestic country, as follows:

235

S 1
CPIt = 5 Z CPIt—‘E (5. 1 5)
T=286

A real appreciation (depreciation) of an FCU against the DCU from the average point in time
five years ago until today has occurred if APPP; > 0 (< 0). In this context, APPPy; increases
(decreases) both in the case of a nominal appreciation (depreciation) of an FCU against the
DCU and in the case of a smaller (larger) change in the price level in the foreign country than
in the domestic country. Since foreign currencies where APPPy; is below (above) zero can be
considered ‘undervalued’ (‘overvalued’), we sort the currencies into nine portfolios based on
a descending sort by value. Again, we construct the value trade by going long the ninth

portfolio and short the first portfolio (e.g., Asness et al., 2013; Opie & Riddiough, 2020).
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5.4.4 Contrarian pricing trade

We propose an augmented carry trade, which we call the contrarian pricing trade (CPT). We
construct this currency strategy by first determining whether the pricing classifier of Hertrich
(2024) predicts a conformity or a contrarian pricing regime for the following week. Second, if
a contrarian pricing regime is predicted, we conditionally double-sort on a variable that
captures a recent change in conditional value at risk (CVaR), called CVaR-Trend (CT), and
on idiosyncratic excess return momentum (iIMOM). Following Hertrich (2024), we apply a
tertile sort on iIMOM; within CT; tertiles. We then construct the CPT strategy by buying
(selling) the low (high) idiosyncratic momentum currencies in the high (low) CVaR-Trend
tertile. Third, if a conformity pricing regime is predicted, we conditionally double-sort on
forward discount and CVaR-Trend. Following Hertrich (2023), we apply a tertile sort on CT;
tertiles within fd; tertiles. We then construct the CPT strategy by buying (selling) the high
CVaR-Trend currencies in the high (low) forward discount tertile.

We refer to Hertrich (2023, 2024) for more details on the construction of the pricing
classifier, the CVaR-Trend variable and the rationale for the two double-sorting approaches.
However, we outline the main arguments on which we base our contrarian pricing trade.

The pricing classifier is an ex-ante indicator that predicts violations of the ‘in equilibrium’
prediction of the Menkhoff et al. (2012a) currency pricing model, which is that during
periods of low global FX volatility, the carry trade must generate a higher positive excess
return per unit of systematic risk (i.e. volatility risk) taken than the strategy of shorting the
funding currencies in order to generate a positive risk premium for the negative covariation of
the investment currencies with global FX volatility innovations. To construct the pricing
classifier at the end of each week t, we need the one-step-ahead forecasts of the mean excess
return and the CVaR of the spot returns for the three strategies: the carry trade and a short

(long) position in the lowest (highest) forward discount, i.e. in the funding (investment)
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currencies. We refer to these variables as r’i;tc T r’icg’t, r’ih and CVaR, (YD), CVaRa(YE,t),
CVaRa(Y{jt). Furthermore, we require the betas of the carry trade and the short position in the

funding currency with global FX volatility innovations, denoted as BtCT and Bts The pricing

classifier is then constructed at the end of week t as a four-week moving average as follows

(Hertrich, 2024):

(— R SCT R
lz CvaRa(Y{jH‘:) I'X%,tﬂ (2Bt+1 ) CvaRa(Yg,tﬂ:) ) rxlg,tﬂ (5.16)
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The pricing classifier takes a (positive) negative value, indicating a conformity (contrarian)
pricing regime, when the investment currencies are likely to perform well (poorly), thus
making it more attractive to engage in a carry trade (short only the funding currencies), which
is consistent (contrary) to the in equilibrium prediction of Menkhoff et al.’s (2012a) currency
pricing model. Hertrich (2024) shows that the carry risk factor HML'* actually performs
poorly in contrarian pricing regimes and cannot explain the cross-section of G10 currency
excess returns. Furthermore, he shows that there are excess return reversals in contrarian
pricing regimes, bringing prices in line with the risk-based explanation of Menkhoff et al.
(2012a), as the cross-sectional average level of idiosyncratic momentum (CVaR-Trend)
negatively (positively) predicts short-term excess returns of the carry risk factor HMLFX,
This CVaR-Trend predictor was introduced in Hertrich (2023). Merton's (1987) model of
capital market equilibrium suggests that when investors are under-diversified with respect to
higher-order moments of the excess return distribution, currencies with higher left-tail risk
should be priced lower to compensate for the higher probability and magnitude of large losses
associated with them (e.g., Atilgan et al., 2020). Consequently, an increase (decrease) in the
predicted conditional value at risk (CVaR) should be associated with an instantaneous

depreciation (appreciation) of the quoted currency, providing the necessary discount
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(premium) in spot prices, as investors demand (accept) a higher (lower) risk premium, i.e. a
higher (lower) expected excess return, to be willing to hold the quoted currency with high
(low) left-tail risk (e.g., Fama, 1970; Hertrich, 2023).

However, if investors underreact to persistent changes in the level of CVaR, a discount
(premium) to account for an increase (decrease) in CVaR will not be immediately reflected in
spot prices through the sale (purchase) of the quote currency, but will only materialise over
time as information about a persistent change in CVaR gradually diffuses through the market
(e.g., Atilgan et al., 2020; Hertrich, 2023). For this reason, those currencies that have
experienced the largest increase (decrease) in CVaR and, at the same time, the largest
discounts (premiums) in spot prices due to the concomitant depreciation (appreciation) of the
quote currency are most likely to have, and, as the empirical evidence in Hertrich (2023)
shows, will ultimately have, high (low) risk premiums to compensate for their high (low)
CVaR levels. Hertrich (2023, 2024) calculates this variable CVaR-Trend by first subtracting
the moving average of the L previous CVaR forecasts from the CVaR forecasts at the end of

week t to obtain the trend signal CS. with a window length of L:

CT/a\Ra(Yj,t-L) +...+ CVaR (Y1)

Csj,t,L = CVaRa(Yj’t) - L

(5.17)

Second, following the suggestion of Han et al. (2016), he averages over all trend signals at
lag lengths of 1-, 2-, 4-, 10-, 21-, 31-, and 41-weeks, corresponding to 5-, 10-, 20-, 50-, 100-,
150-, and 200-days, to obtain the indicator CTj, named CVaR-Trend.

Consequently, the prediction of a contrarian pricing regime suggests that an investor should
avoid engaging in a carry trade. Instead of a forward discount sort, a tertile sort on iMOM;
within CT; tertiles is appropriate as it allows for a currency reversal strategy in contrarian
pricing regimes that buys (sells) those currencies that have become unexpectedly riskier (less

risky) while they have experienced low (high) average idiosyncratic excess returns in the
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past, providing the discount (premium) to allow for higher (lower) excess returns in the
future. As a result, this double sort allows the contrarian pricing trade to avoid buying
unprofitable but not unexpectedly riskier currencies and to avoid selling profitable but not
unexpectedly less risky currencies in contrarian pricing regimes.

To calculate the idiosyncratic excess return momentum, we first regress the excess returns on
the systematic risk factors DOL and HML' from Lustig et al. (2011) and VOL from

Menkhoff et al. (2012a) at the end of each week, as in Zhang (2022) and Hertrich (2024):
rij,t = [systematic excess return]| + [idiosyncratic excess return]

FX
- BJPOL- DOLt+[3jVOL-VOLt+BjHML -HMLFX] + o+ 8] (5.18)

We standardise the residual excess returns by their standard deviation over the three-year
estimation period before adding the alpha (Gutierrez & Prinsky, 2007) and then obtain the
idiosyncratic momentum as the average of the volatility-scaled idiosyncratic log excess

returns in the 12-week period preceding the end of week t, as in Hertrich (2024):
! 0
iMOMj,t — Z I_XL,ldlosyncratlc (519)

Furthermore, Hertrich (2023) shows that funding currencies tend to experience an increase
(decrease) in CVaR when they appreciate (depreciate) and subsequently have low (high)
future excess returns. However, this phenomenon only occurs when the HMLFX risk factor is
a significant driver of the cross-section of G10 currency excess returns. Although this inverse
asymmetric volatility effect seems counterintuitive at first sight (e.g., Bekaert & Wu, 2000;
Glosten et al., 1993; Wang & Yang, 2009), we expect it to occur in conformity pricing
regimes because it can be fully rationalised with the Menkhoft et al. (2012a) currency pricing
model. Periods of high global FX volatility are likely to be periods in which funding

currencies experience an increase in CVaR.
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This is almost certainly a consequence of the construction of the global FX volatility risk
factor (Menkhoff et al., 2012a). Low future excess returns following periods of increasing
CVaR may therefore simply reflect the fact that funding currencies have appreciated during
periods of market turmoil, providing a hedge against volatility risk, and investors are then
willing to pay a premium, i.e. accept low risk premia, for insurance against future systematic
volatility risk.

Thus, a tertile sort on CT; tertiles within fd; tertiles allows the contrarian pricing trade in
conformity pricing regimes to avoid buying investment currencies that offer a discount that is
insufficient to compensate for the higher probability and magnitude of large losses associated
with their higher CVaR level, and to avoid selling funding currencies that do not command a
premium sufficient for the insurance provided, i.e. that do not sufficiently compensate for the

higher probability and magnitude of large gains associated with their higher CVaR level.

5.5 Empirical results

5.5.1 Performance of FX investment styles

Panel A of Table 5.2 shows that the fully hedged global equity portfolio has an annual excess
return of 5.38% and a Sharpe ratio of 0.37, which is very similar to previous evidence (e.g.,
Barroso et al., 2021; Opie & Riddiough, 2020). Furthermore, Panel A of Table 5.2 shows that
the carry (value) trade has an average annual excess return of 2.62% (2.76%), which is
slightly lower than that documented in Asness et al. (2013) for the period 1979-2011. Figure
5.1 shows that this discrepancy is due to the near-zero excess returns of the two trades in the
period following the global financial crisis. This phenomenon of performance loss is well
documented in the literature (e.g., Fan et al., 2022; Opie & Riddiough, 2020). Moreover,
Panel A of Table 5.1 confirms the evidence (e.g., Brunnermeier et al., 2008; Kroencke et al.,

2014) that the carry trade has a highly negatively skewed return distribution and a high
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positive kurtosis, suggesting that it is susceptible to crash risk (e.g., Farhi & Gabaix, 2016),
which is also reflected in its significantly higher maximum drawdown compared to the value
trade and the contrarian pricing trade. As the carry trade also has the highest correlation with
the benchmark portfolio of the four FX investment styles, it may be significantly less suitable
as an effective diversification instrument after the global financial crisis than before. In
contrast, the return distribution of the value trade is almost symmetrical and has a much lower

kurtosis.
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Figure 5.1. The figure presents the cumulative return on $1 invested in the benchmark, i.e. the fully hedged
global equity portfolio (FHB), and the four FX investment styles, contrarian pricing trade (CPT), momentum
trade (MT), carry trade (CT) and value trade (VT), as described in Section 5.4. Geometric cumulative returns
use discrete excess returns over the US Treasury rate, net of rebalancing and transaction costs. The sample
period is January 1999 to June 2023.
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This results in a lower maximum drawdown, which together with a higher Sharpe ratio and a
lower correlation to the benchmark portfolio suggests that the value trade could be more
attractive as a diversification instrument than the carry trade, especially in the post global
financial crisis period. For the momentum trade, however, we find in Panel A of Table 5.2
and Figure 5.1 that it does not perform very well at any point in our data sample, with an

average annual excess return of -0.96%.

Table 5.2
Performance of FX investment styles

Panel A: Descriptive statistics

FHB CPT MT CT VT
Mean 5.84 6.17 -0.96 2.62 2.76
Std 15.83 5.84 7.12 6.86 6.57
SR 0.37 1.06 -0.14 0.38 0.42
Skew -0.68 0.48 1.32 -1.28 -0.05
Kurt 4.56 5.72 20.12 12.35 7.86
MDD 53.12 10.29 35.31 26.76 13.94
COR 0.32 -0.18 0.41 0.31

Panel B: Sharpe ratio differences

FHB 0.01 0.09 0.95 0.81
CPT 0.00 0.01 0.01
MT 0.09 0.02
CT 0.89

Note: Panel A reports summary statistics for the benchmark, i.e. the fully hedged global equity portfolio (FHB),
and the four FX investment styles, contrarian pricing trade (CPT), momentum trade (MT), carry trade (CT) and
value trade (VT), as described in Section 5.4. Mean refers to the average annual excess return. Std is the
annualised volatility. SR is the annualised Sharpe ratio. Skew and Kurt are the skewness and kurtosis of the
weekly excess returns. MDD is the maximum drawdown, calculated as the maximum percentage decline below
the local maximum cumulative return using geometric chaining. COR refers to the sample correlation between
the benchmark FHB and FX investment styles. Panel B reports p-values (following Ledoit & Wolf, 2008)
testing the differences in the Sharpe ratio between all combinations of the five strategies. The statistics refer to
excess returns over the US Treasury rate, net of rebalancing and transaction costs. A margin requirement of 10%
is assumed for forward contracts. The sample period is January 1999 to June 2023.
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However, this is consistent with the earlier findings of Menkhoff et al. (2012b) and Asness et
al. (2013), as the higher average excess returns of momentum trades they find were mainly
generated in the 1970s to 1990s. Indeed, Zhang (2022) and Opie and Riddiough (2020) also
find evidence that the performance loss of momentum trades after the turn of the millennium
and especially after the global financial crisis is substantial.

At first glance, the high positive skewness of the momentum trade might suggest that its
downside risk should be limited, as negative excess returns are relatively close to the mean.
However, its high excess kurtosis and the fact that it has the largest maximum drawdown of
the four FX investment styles indicate that the compensation for very high negative excess
returns, and hence the recovery from large drawdowns by sufficiently high positive excess
returns, has apparently not materialised, resulting in the lowest average excess return and
Sharpe ratio of the four FX investment styles. These results are broadly consistent with
evidence that momentum trades are subject to considerable crash risk (Daniel & Moskowitz,
2016), suggesting that despite being negatively correlated with the benchmark portfolio, the
momentum trade may perform too poorly on average to ultimately be an effective
diversification instrument.

Notably, the contrarian pricing trade offers an average annual excess return of 6.17%, which
is more than double that of the carry and value trades and even higher than the benchmark
portfolio. Furthermore, because CPT's high excess returns are positively skewed and have a
positive excess kurtosis, large positive excess returns are likely to occur much more
frequently with CPT than with the other FX investment styles. As a result, CPT has the
lowest maximum drawdown, which, given its high excess returns, results in the fastest
expected recovery from maximum drawdown. Figure 5.1 supports the view that the

contrarian pricing trade has significantly outperformed the other three FX investment styles
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for most of the sample period, and also generated substantial positive cumulative excess
returns during and after the global financial crisis and during the Corona pandemic.

Finally, Panel B of Table 5.2 shows that the Sharpe ratio of CPT of 1.06 is fairly large and
statistically significantly higher than the Sharpe ratio of the benchmark portfolio and the
other three FX investment styles. Notably, the higher Sharpe ratio is the result not only of a
higher average excess return, but also of lower volatility, suggesting that managing the
conventional carry trade construction by taking into account CVaR forecasts is not only
supported by theory, but actually leads to a significant increase in efficiency. This is also
reflected in Figure 5.1, which shows that the trajectory of CPT's cumulative excess return is

much smoother than that of the other strategies.

5.5.2 Diversification effects

This section presents the results of the investigation into the diversification benefits of FX
investment styles for a US investor holding a global portfolio of equities from the economies
of the G10 currencies. Table 5.3 shows that we do not find an economically or statistically
significant diversification benefit for the momentum trade, a result that is in line with the
literature, as Kroencke et al. (2014) and Opie and Riddiough (2020) already document that
this FX investment style does not provide any diversification benefit if only developed
market equities and currencies are considered, and Barroso et al. (2021) also reject the null
hypothesis of a difference in Sharpe ratios of the Sharpe ratio test of Ledoit and Wolf (2008)
for the momentum trade, interestingly with the same p-value of 0.40. In addition, Table 5.3
shows that adding the contrarian pricing trade, the carry trade and the value trade to the
benchmark portfolio provides economically significant diversification benefits to the global
equity investor, as the average annual excess return increases from 5.84% to 11.48%, 8.01%

and 7.99% respectively. However, the annualised standard deviation of the benchmark
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portfolio also increases when combined with these three FX investment styles, with the result
that although the Sharpe ratio is higher over the entire sample period, the diversification
benefits for the global equity investor are only statistically significant for the contrarian

pricing trade, where the Sharpe ratio increases from 0.37 to 0.66 (p-value less than 1%).

Table 5.3
Diversification benefits of FX investment styles

Benchmark portfolio augmented by FX investment styles

FHB CPT  MT CT VT
Mean 584 1148 430 8.0l 7.99
Std 1583 1736 1491 1841  17.57
SR 037 066 029 043 045
p-value (0.00)  (0.40)  (0.36)  (0.31)
Skew 0.68 -041  -048  -1.03  -0.63
Kurt 456 452 231 833  6.05
MDD 53.12 4421 4939  62.84 4193

Note: Table 5.3 reports the average excess return (Mean), standard deviation (Std), Sharpe ratio (SR) in
percentage points (p.a.) as well as skewness (Skew), kurtosis (Kurt) and maximum Drawdown (in percentage
points) of the fully hedged global equity portfolio (FHB) without and with supplementation by contrarian
pricing trade (CPT), momentum trade (MT), carry trade (CT) and value trade (VT). P-values (according to
Ledoit & Wolf, 2008), testing the differences in the Sharpe ratio to FHB, are reported in parentheses. The
statistics refer to excess returns over the US Treasury rate, net of rebalancing and transaction costs. A margin
requirement of 10% is assumed for forward contracts. The sample period is January 1999 to June 2023.

This finding contrasts with the literature (e.g., Barroso et al., 2021; Kroencke et al., 2014;
Opie & Riddiough, 2020), which documents significant diversification benefits from adding
carry and value trades to an existing international equity portfolio. Specifically, we find that
the carry trade significantly worsens the skewness and inflates the kurtosis of the benchmark
portfolio, which on average limits the upside potential and increases the downside risk, as
evidenced by an 18% increase in the maximum drawdown. Strikingly, although the return

distribution of the value trade is almost symmetrical, this advantage cannot be sufficiently
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exploited when added to the benchmark portfolio to generate a significant performance gain
or reduce the overall portfolio skewness.

To better understand this contradiction, we consider the two subperiods 01/1999 to 12/2009
and 01/2010 to 06/2023 in Panel A of Table 5.4. We choose this sample split because the
diversification benefits of FX investment styles have not been specifically studied in the post
global financial crisis period, although it is well known in the literature that the performance
of these three FX investment styles declined significantly after the global financial crisis
(e.g., Fan et al., 2022; Opie & Riddiough, 2020; Zhang, 2022). Panel A of Table 5.4 clearly
shows that the first subperiod, 01/1999 to 12/2009, which is characterised by the dotcom
bubble and the global financial crisis, represents a rather difficult environment for global
equities, as reflected in the much lower Sharpe ratio of 0.07 for the benchmark portfolio. In
contrast, the second subperiod, 01/2010 to 06/2023, is characterised by a very strong
performance of the global equity benchmark portfolio, reflected in a higher Sharpe ratio,
driven by both higher annual excess returns and a lower annualised standard deviation.

Panel A of Table 5.4 also shows that carry and value trades statistically significantly improve
the Sharpe ratio of the benchmark portfolio only in the first subperiod, but not in the second
subperiod. In fact, the results indicate that the individual performance of the two FX
investment styles must be too low to successfully diversify the benchmark portfolio, as they
even tend to worsen its Sharpe ratio in the second subperiod due to an increase in volatility,
although this decrease is not significant. The momentum trade again shows no effective
diversification benefit for both subperiods. This is striking because our results suggest that
there has been no economically or statistically significant effective diversification benefit
from carry, value and momentum trades for a US global equity investor since the global
financial crisis. Since the significant and large diversification benefits of carry and value

trades have been shown by Kroencke et al. (2014) for the period 02/1981 to 12/2011, by Opie
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and Riddiough (2020) for the period 01/1987 to 07/2017, and by Barroso et al. (2021) for the
period 01/1986 to 12/2016, we conclude that their overall results must be largely driven by
the high performance of FX investment styles in the period before the global financial crisis,

but do not hold for the period after the global financial crisis.

Table 5.4
Diversification benefits of FX investment styles in subperiods

Panel A: Performance after the global financial crisis

January 1999 — December 2009 January 2010 — June 2023

FHB +CPT +MT +CT +VT | FHB +CPT +MT +CT +VT
Mean 1.26 8.57 1.91 5.52 6.23 957 1385 6.25 10.03 942

Std 1691 17.78 1644 1944 17.79 | 1488 17.01 13.53 17.54 17.41
SR 007 048 0.2 028 035 | 064 081 046 057 0.54
p-value (0.00) (0.78) (0.06) (0.03) (0.08) (0.15) (0.34) (0.21)

Panel B: Performance in conformity and contrarian pricing regimes

Conformity pricing regimes Contrarian pricing regimes

FHB +CPT +MT +CT +VT | FHB +CPT +MT +CT +VT
Mean 939 14.75 797 1198 12.54 | -4.63 1.82 -6.52 -373 -544

Std 1584 17.86 15.09 18.62 17.62 | 1572 15.75 1426 17.71 17.34
SR 059 083 053 064 071 | -029 0.12 -046 -0.21 -0.31

p-value (0.00) (0.58) (0.57) (0.21) (0.00) (0.28) (0.51) (0.90)

Note: Table 5.4 reports the average excess return (Mean), standard deviation (Std) and Sharpe ratio (SR) in
percentage points (p.a.) of the fully hedged global equity portfolio (FHB) without and with supplementation by
contrarian pricing trade (CPT), momentum trade (MT), carry trade (CT) and value trade (VT). P-values
(according to Ledoit & Wolf, 2008), testing the differences in the Sharpe ratio to FHB, are reported in
parentheses. The statistics refer to excess returns over the US Treasury rate, net of rebalancing and transaction
costs. A margin requirement of 10% is assumed for forward contracts. Panel A provides information on the
diversification benefits within the two subsamples January 1999 — December 2009 and January 2010 — June
2023. Panel B distinguishes between the periods identified by the pricing classifier as conformity or contrarian
pricing regimes within the entire sample period from January 1999 to June 2023.

On the contrary, the contrarian pricing trade, when added to the benchmark portfolio,

achieves a statistically significant improvement in the Sharpe ratio in both subperiods, as
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shown in Panel A of Table 5.4, and thus over the entire sample period, as shown in Table 5.3.
These performance gains are mainly achieved through a higher average excess return, with
volatility comparable to the other three FX investment styles. In particular, Table 5.3 shows
that the contrarian pricing trade is able to contribute its high performance to the benchmark
portfolio in such a way that a desirable combination of reduced skewness and reduced
kurtosis is achieved, which increases the upside potential and limits the downside risk.

In Panel B of Table 5.4, we find that the two double sorting procedures which are required to
construct the contrarian pricing trade depending on the pricing regime perform well, as it is
possible to statistically significantly improve the Sharpe ratio of the benchmark portfolio in
both conformity and contrarian pricing regimes. In contrast, the other three FX investment
styles do not significantly improve the Sharpe ratio of the benchmark portfolio when added,
either in contrarian or in conformity pricing regimes. Notably, the global equity portfolio
appears to significantly underperform in contrarian pricing regimes. According to the pricing
classifier, contrarian pricing regimes are periods when investment currencies are likely to
underperform, which typically occurs during periods of market turmoil (e.g., Menkhoff et al.,
2012a). Since equity returns are known to be inversely related to innovations in aggregated
volatility (e.g., Ang et al., 2006), this raises the question of whether the pricing classifier
simply repackages the global FX volatility innovation risk factor of Menkhoff et al. (2012a)
or some other financial stress indicator. We address these concerns empirically in the
following section.

From a theoretical perspective, however, there are several arguments against this view. First,
the pricing classifier is an ex-ante indicator, while financial stress indicators typically
measure the level of market turmoil ex-post. As Hertrich (2024) points out, since predicting
future periods of high or low global FX volatility innovations is inherently difficult, if not

unpredictable, it is unlikely that the pricing classifier captures information that will be
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measured by financial stress indicators in the future. Second, as shown in Panel B of Table
5.4, the annualised volatilities of conformity and contrarian pricing regimes are quite similar
and, if anything, suggest that contrarian pricing regimes are periods of lower volatility,
contradicting the view that contrarian pricing regimes are periods of market turmoil. Third,
the pricing classifier also predicts contrarian pricing regimes when the predicted performance
of funding currencies appears to be so poor that shorting them appears to be profitable.
However, the first core prediction of the two-factor currency pricing model of Menkhoff et al.
(2012a) is that funding currencies would be expected to generate rather low positive excess
returns in periods of market turmoil, as they are supposed to be hedges. This also contradicts

the view that contrarian pricing regimes may simply be periods of market turmoil.

5.5.3 Are FX investment styles safe havens?

Baur and McDermott (2010) argue that it is important to distinguish between assets that
provide diversification benefits on average, but not necessarily when they are most needed,
i.e. in times of market stress or turmoil, and so-called ‘safe havens’ that provide positive
returns and performance enhancement in adverse market conditions, while the rest of the
portfolio delivers negative returns. In order to assess the state of the global financial market
in terms of market turmoil, at the end of each week t, i.e. at the end of the strategies' holding
period, we determine whether the OFR Financial Stress Index is positive (negative) and thus
the level of financial market stress is above (below) the average level. We first present a
graphical analysis to assess whether it is likely that the prediction of contrarian pricing
regimes by the pricing classifier is simply driven by adverse market conditions. In doing so,
we also consider global FX volatility, as suggested by Menkhoff et al. (2012a), since the
construction of both the pricing classifier and global FX volatility is based on their currency

pricing model, and therefore the two may capture similar information.
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Figure 5.2. The top panel of this figure shows a time series plot of the Office of Financial Research's Financial
Stress Index on the right y-axis and the pricing classifier on the left y-axis. The bottom panel shows a time series
plot of global FX volatility on the right y-axis and the pricing classifier on the left y-axis. Shaded areas in the
figure correspond to NBER recessions. The sample period is January 1999 to June 2023.
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Figure 5.2 shows several spikes in the pricing classifier, with positive (negative) values of the
pricing classifier indicating periods when the performance of the investment currencies is
expected to be consistent (inconsistent) with the second core prediction of the two-factor
currency pricing model of Menkhoff et al. (2012a). Interestingly, the pricing classifier seems
to suggest that an investor prefers to enter into a carry trade during periods of market
turbulence, as it shows positive values during the dotcom bubble or the Corana pandemic, but
especially during the global financial crisis.

Consequently, despite Menkhoff et al. (2012a) finding that periods of high global FX
volatility innovation are periods of poor carry trade performance, the pricing classifier
suggests that the carry trade still performs well enough to expose investment capital to the
negative systematic volatility risk of the carry trade. Overall, however, Figure 5.2 suggests
that contrarian pricing regimes tend not to be periods of high financial market stress. This is
also supported by the fact that the time series of the pricing classifier has a Spearman rank
correlation with the time series of the OFR Financial Stress Index (global FX volatility) of
-0.05 (0.17), while the two indicators of market turbulence have a correlation of 0.47.

Panel A of Table 5.5 shows that the three FX investment styles carry, contrarian pricing and
value trade lead to a statistically significant improvement in the Sharpe ratio of the
benchmark portfolio during market turmoil. In particular, contrarian pricing and value trade
improve the negative average excess return of the global equity portfolio from -7.91% to
-1.64% and -3.43% respectively, providing economically significant diversification benefits.
However, while the momentum trade slightly improves the negative excess return and
reduces volatility, which leads to an improvement in the Sharpe ratio of the benchmark
portfolio when added, as shown by the modified Sharpe ratio of Israelsen (2004), the
improvement is ultimately too small so that the momentum trade fails to provide statistically

significant diversification benefits during periods of above-average financial market stress.
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Table 5.5
Safe haven characteristics of FX investment styles

Panel A: Performance of benchmark supplemented by FX investment styles

Above-average financial stress Below-average financial stress

FHB +CPT +MT +CT +VT | FHB +CPT +MT +CT +VT
Mean -791  -l1.64 -7.17 -531 -3.43 | 16.53 21.67 1322 1836 16.86

Std 20.71 22.62 18.65 24.09 23.03 | 1034 11.56 11.01 12.14 11.56
SRmodifed 1638 -37.1 -133.7 -127.9 -79 | 1.60 1.87 120 151 146
SR 038 -0.07 -038 -022 -0.15| 1.60 1.87 120 151 146
p-value (0.00) (0.99) (0.08) (0.02) (0.02) (0.01) (0.54) (0.30)

Panel B: Performance of FX investment styles

Above-average financial stress Below-average financial stress

FHB CPT MT CT VT FHB CPT MT CT VT
Mean -791 525 -032 167 359 | 1653 688 -147 336 211

Std 2071 699 897 819 6.09 | 1034 476 526 560 533
SRmedified _163.8  0.75 -2.87 020 045 1.60 144 -773 060 0.40

SR -038 0.75 -0.04 020 045 1.60 144 -028 0.60 0.40
p-value

FHB 0.00 044 0.05 0.02 0.70  0.00 0.02 0.00
CPT 0.08 0.09 047 0.00 0.03 0.01
MT 0.60 0.25 0.02  0.09
CT 0.50 0.59

Note: Panel A of Table 5.5 reports the average excess return (Mean), standard deviation (Std) and Sharpe ratio
(SR) in percentage points (p.a.) of the fully hedged global equity portfolio (FHB) without and with
supplementation by contrarian pricing trade (CPT), momentum trade (MT), carry trade (CT) and value trade
(VT) for periods of above-average and below-average financial stress. Periods of above (below) average
financial market stress are identified by positive (negative) values of the OFR Financial Stress Index. P-values
(according to Ledoit & Wolf, 2008), testing the differences in the Sharpe ratio to FHB, are reported in
parentheses. Panel A also shows the modified Sharpe ratio of Israelsen (2004) in order to correctly assess
performance rankings during periods of negative excess returns. Panel B shows equivalent information, but for
the individual FX investment styles. P-values (according to Ledoit & Wolf, 2008), testing the differences in the
Sharpe ratio between all combinations of the five strategies are reported in the last section of Panel B. The
statistics refer to excess returns over the US Treasury rate, net of rebalancing and transaction costs. A margin
requirement of 10% is assumed for forward contracts. The sample period is January 1999 to June 2023.
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Panel B of Table 5.5 confirms that the three FX investment styles, carry, contrarian pricing
and value, but not momentum, provide diversification benefits during periods of above-
average financial market stress, as the Sharpe ratio tests show that their performance is
indeed statistically significantly better than that of the benchmark portfolio. As a result, these
three FX investment styles, but not the momentum trade, possess the characteristics of safe
havens as defined by Baur and McDermott (2010), as they provide positive excess returns to
investors during periods of market turmoil when global equity prices are falling.

It is worth noting, however, that although the contrarian pricing trade is often simply the
extension of the carry trade by a second sort on CVaR-Trend in periods of market turmoil,
this extension leads to significant outperformance of the standard carry trade investment rule,
as the contrarian pricing trade achieves a Sharpe ratio of 0.75, almost four times that of the
carry trade (0.20). It is also noteworthy that Panel A of Table 5.5 shows that in periods of
below-average financial stress, the high Sharpe ratio of the benchmark portfolio of 1.60 can
be statistically significantly improved to 1.87 by adding the contrarian pricing trade, while
adding the carry or value trade slightly reduces the Sharpe ratio to 1.51 and 1.46 respectively,
and adding the momentum trade actually leads to a deterioration of the Sharpe ratio to 1.20.
In addition, Panel B of Table 5.5 shows that the Sharpe ratio of the benchmark portfolio is
similar to that of the contrarian pricing trade, but statistically significantly higher than that of
the other three FX investment styles during periods of below-average financial stress. This
implies that the carry and value trades tend to provide diversification benefits not so much
because of their average performance, but rather because they are safe havens, i.e. they move
on average in the opposite direction to global equities in times of market turmoil. However,
the momentum trade is not a safe haven in times of market turmoil, nor does it perform well
during periods of below-average financial stress, making the currency momentum trade a

poor diversifier for a global equity portfolio.
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In contrast, Table 5.5 shows that the contrarian pricing trade acts as a safe haven for investors
in times of market turmoil and is also able to statistically significantly improve the risk-return
profile of the benchmark portfolio in times of below-average financial market stress. This
gives the contrarian pricing trade a significant advantage as a diversification instrument over
the carry and value trades for global equity investors, as we cannot determine in advance the
future level of financial market stress and thus the optimal entry point to take advantage of

the safe haven characteristics of these two FX investment styles.

5.6 Conclusion

We propose an extended carry trade, which we call the contrarian pricing trade, that exploits
the predictability of conformity and contrarian pricing regimes. A conformity (contrarian)
pricing regime is a period in which the carry trade offers a (higher) lower expected reward to
risk ratio per unit of systematic volatility risk taken than the strategy of only shorting the
funding currencies, and in which it is thus more (less) attractive to engage in a carry trade
instead of only shorting the funding currencies, consistent with (contrary to) the equilibrium
prediction of the Menkhoff et al. (2012a) currency pricing model (Hertrich, 2024).

The contrarian pricing trade is constructed in conformity pricing regimes by extending the
standard carry trade investment rule with a conditional double-sort on forward discount and a
variable that captures a recent change in the conditional value at risk, called CVaR-Trend
(Hertrich, 2023). In this way, the contrarian pricing trade only buys investment currencies
that offer a discount sufficient to compensate for the higher probability and magnitude of
large losses associated with their higher level of risk, and only sells funding currencies that
offer a premium sufficient to compensate for the higher probability and magnitude of large
gains, or insurance against volatility risk, associated with their higher level of CVaR. For

contrarian pricing regimes, however, the forward discount sorting is omitted and replaced by
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a conditional double-sort on CVaR-Trend and idiosyncratic excess return momentum. In this
way, the contrarian pricing trade avoids buying unprofitable but not unexpectedly risky
currencies, and avoids selling profitable but not unexpectedly less risky currencies in
contrarian pricing regimes.

The main objective of this paper is to analyse whether the contrarian pricing trade offers
diversification benefits to a US investor who is internationally invested in the equities of the
G10 currency economies. As benchmarks, we include in our analyses three conventional FX
investment styles, namely the carry, momentum and value trades, which are known to be
profitable in their own right (e.g., Asness et al., 2013; Lustig et al., 2011; Menkhoff et al.,
2012b) and to provide diversification benefits for a global equity portfolio (e.g., Kroencke et
al., 2014; Opie & Riddiough, 2020).

Our results show that the contrarian pricing trade economically and statistically increases the
Sharpe ratio of the benchmark equity portfolio when added, not only over the entire sample
period from January 1999 to June 2023 and for both conformity and contrarian pricing
regimes, but also during periods of above- and below-average financial market stress and for
the periods before and after the global financial crisis. In contrast, carry and value trades only
show diversification benefits in the period prior to the global financial crisis, not so much
because of their average performance, but rather because they are safe havens, i.e. they
provide positive excess returns to investors during periods of market turmoil when global
equity prices are falling. Notably, the carry and value trades actually tend to worsen the
performance of the benchmark portfolio during periods of below-average financial market
stress and in the aftermath of the global financial crisis. For the momentum trade, however,
we find no diversification benefits, regardless of the time period or market conditions
considered. These results show that the performance loss experienced by the three traditional

FX investment styles, carry, momentum and value, since the global financial crisis (e.g., Fan
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et al., 2022; Opie & Riddiough, 2020; Zhang, 2022) has also significantly impaired their
ability to be good diversifiers.

These results have two main implications. First, for investors planning to establish strategic
currency positions to diversify their existing portfolios, our study provides insight into how
information about the risk factors driving currency excess returns can be a fruitful source for
constructing currency overlays. Second, the performance of future currency overlay strategies
should also be measured against the contrarian pricing trade, as beating a fully hedged

benchmark is not enough to claim success.
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6 Conclusion

This dissertation began with the question of whether changes in individual foreign exchange
rate risk affect the pricing of G10 currencies. It has been quite a journey to find initial
answers to this question, as there is very little in the empirical asset pricing literature on the
subject, particularly for foreign exchange markets, where the implications of equilibrium
pricing models are not yet sufficiently clear. To get closer to an answer, this initial question is
essentially broken down into four central research hypotheses to understand under what
conditions and in what way changes in exchange rate risk affect currency pricing.

The second chapter begins by explaining that, according to the unbiasedness hypothesis, non-
zero currency excess returns should not exist. Consequently, a relationship between changes
in currency risk and expected excess returns requires forward rates to be biased predictors of
future spot rates. However, the large body of empirical literature on the success of carry
trades suggests that this condition is likely to be met. After discussing common explanations,
section 2.2 focuses on the most important approach according to the current state of the
literature, which argues that the unbiasedness hypothesis fails because investors demand a
risk premium as compensation for being exposed to systematic volatility risk. That is,
consistent with the fundamental financial principle that a risk-averse investor will demand
higher (lower) future excess returns to hold currencies with higher (lower) future risk, low
(high) interest rate currencies must in equilibrium offer a low (high) risk premium because
they perform particularly well (poorly) in periods of market turbulence.

As discussed in sections 2.3.1 and 2.3.2, both its theoretical basis in Merton's ICAPM and its
empirical support from the ‘on average’ perspective of currency pricing suggest that the
power of systematic volatility risk to drive prices is likely to set the framework for changes in
idiosyncratic currency risk to affect currency prices. Thus, the ‘first’ central research

hypothesis asks whether there are periods when this risk-based explanation fails to explain
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the cross-section of currency excess returns. The answer provides an indicator in section 4.3
we call the ‘pricing classifier’, which predicts conformity (contrarian) pricing regimes when
the carry trade offers a higher (lower) expected excess return per unit of systematic volatility
risk taken than the strategy of shorting the funding currencies, implying that the relevance of
systematic volatility risk for currency pricing is high (low), consistent with (contrary to) the
‘in equilibrium’ prediction of the Menkhoff et al. (2012a) currency pricing model.

The theoretical justification for the role of changes in idiosyncratic risk in currency pricing,
as discussed in section 2.3. 3, comes from Fama's (1991) remark on the joint hypothesis
problem, since the failure of the carry trade risk factor to price the cross-section of G10
currency excess returns may reflect both a misspecification of the market equilibrium model
due to the omission of idiosyncratic risk (the ‘second’ central research hypothesis) and
market inefficiencies affecting price adjustment (the ‘third’ central research hypothesis).

The third chapter then focuses simultaneously on the second and third central research
hypotheses by testing whether a variable we call ‘CVaR-Trend’, which captures changes in a
currency's individual CVaR, can price the cross-section of G10 currency excess returns in
periods when the carry trade cannot. Idiosyncratic CVaR, as a proxy for idiosyncratic risk,
may have pricing power because, as explained in sections 2.3.4 and 2.3.5, Merton's (1987)
model of capital market equilibrium assumes that, if investors are under-diversified with
respect to higher-order moments of the excess return distribution, currencies with higher left-
tail risk should, in equilibrium, offer higher excess returns to compensate for the higher
probability and magnitude of large losses associated with them. Changes in CVaR become
relevant when information about a persistent change in CVaR diffuses only gradually through
the market and, as a result, investors underreact to persistent changes in the level of CVaR,
implying that an appropriate discount (premium) to account for an increase (decrease) in

CVaR is not immediately reflected in spot prices but only materialises over time.
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The empirical findings in chapter three confirm the interplay between these two theoretical
frameworks, as those currencies that have experienced the greatest increase (decrease) in
CVaR and, at the same time, the greatest discounts (premiums) in spot prices due to the
concomitant depreciation (appreciation) of the quote currency will ultimately have high (low)
risk premiums to compensate for their high (low) CVaR levels.

The fourth chapter then links the first to the second and third central research hypotheses. The
results show that, first, these idiosyncratic price adjustments drive currency pricing in
contrarian pricing regimes, as a dependent double sort on CVaR-Trend and idiosyncratic
momentum explains the cross-section of G10 currency excess returns. Second, idiosyncratic
momentum (CVaR-Trend) negatively (positively) predicts short-term excess returns of the
carry trade risk factor. This implies that there are contrarian pricing regimes, as both funding
and investment currencies are among those that have experienced an increase in CVaR and
where prices are still adjusting due to an underreaction to the persistence of CVaR. It is only
when the discount built into spot prices through low idiosyncratic excess returns is sufficient
that both investment and funding currencies again have higher expected future excess returns,
which then leads to a lower (higher) expected future excess return on the strategy of shorting
the funding currency (buying the investment currency), which then restores the ‘in
equilibrium’ condition of Menkhoff et al.'s (2012a) currency pricing model.

The initial results in Section 3.4.3, and then in more detail in sections 5.4.4 and 5.5, also
provide evidence that changes in CVaR affect currency pricing in conformity pricing
regimes, albeit the causal mechanism that links the first to the second and third central
research hypotheses is somewhat different. In periods when the carry trade risk factor is a
significant driver of the cross-section of G10 currency excess returns, investment currencies
behave as expected when Merton's (1987) model is combined with the possibility of

underreaction to the persistence of CVaR. That is, the mechanism outlined above applies here
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as well, as investment currencies price in a discount (premium) through low (high) excess
returns over time, while experiencing an increase (decrease) in CVaR to provide the required
higher (lower) risk premium. However, funding currencies experience an increase (decrease)
in CVaR when they appreciate (depreciate) and subsequently have low (high) future excess
returns. This is initially counterintuitive as it represents an inverse asymmetric volatility
effect. One interpretation is that the asymmetric investment preferences associated with high
and low forward discounts are likely to cause this phenomenon. If investors tend to go short
rather than long in currencies with low forward discounts in order to use the negative interest
rate differential to fund their long position, they are likely to perceive an appreciation of a
funding currency as riskier than a depreciation. A second interpretation relates this
phenomenon to the currency pricing model of Menkhoff et al. (2012a). Low future excess
returns on funding currencies following periods of increasing CVaR may reflect the fact that
they have appreciated during periods of market turbulence, providing a hedge against
systematic volatility risk, and that investors are then willing to pay a premium, i.e. accept low
risk premia, for insurance against future systematic volatility risk.

As explained in section 2.3.6, the ‘fourth’ central research hypothesis of this dissertation then
asks in chapter five whether the theoretical implications and empirical findings of the
previous two chapters can be used to construct a new currency trading strategy that not only
survives the impact of transaction costs and margin requirements, but also provides
diversification benefits to a global equity investor. The resulting FX investment style, which
we call the ‘contrarian pricing trade’, is an extension of the conventional carry trade
investment rule. In contrarian pricing regimes, we remove the forward discount sorting and
replace it with a conditional double-sorting on CVaR-Trend and idiosyncratic excess return
momentum. The contrarian pricing trade then buys (sells) the low (high) idiosyncratic

momentum currencies in the high (low) CVaR-Trend tertile, which allows it to avoid holding
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unprofitable but not unexpectedly riskier currencies and to avoid selling profitable but not
unexpectedly less risky currencies in order to benefit from excess return reversals that bring
prices in line with the risk-based explanation of Menkhoff et al. (2012a). In contrast, in
conformity pricing regimes, the contrarian pricing trade is based on the first sort on forward
discount and then applies a dependent second sort on CVaR-Trend to buy (sell) the high
CVaR-Trend currencies in the high (low) forward discount tertile. This allows the contrarian
pricing trade to avoid buying (selling) investment (funding) currencies that offer (command)
a discount (premium) that is insufficient to compensate for the higher probability and
magnitude of large losses (gains) associated with their higher CVaR level.

The results in chapter five show that the contrarian pricing trade economically and
statistically increases the Sharpe ratio of the benchmark equity portfolio when added, not
only over the entire sample period from January 1999 to June 2023 and for both conformity
and contrarian pricing regimes, but also during periods of above- and below-average financial
market stress and for the periods before and after the global financial crisis. In addition, the
contrarian pricing trade outperforms the conventional FX investment styles carry, momentum
and value, both in terms of individual performance and as a diversification instrument for
global equity investors. Since the contrarian pricing trade essentially evolves the conventional
carry trade investment rule, we conclude this dissertation as follows.

The three key findings, first, the pricing classifier as a mispricing indicator that signals when
to avoid carry trades, second, the sorting variable CVaR-Trend that highlights the relevance
of changes in individual risk for currency pricing, and third, the predictability of excess return
reversals in contrarian pricing regimes that reveals price adjustments towards equilibrium,
improve our understanding to explain the cross-section of G10 currency excess returns and
exploiting their implications helps to mitigate the shortcomings of the carry trade strategy

following the global financial crisis.
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