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Abstract

In this paper we derive the measure of position-unwinding risk of cur-
rency carry trade portfolios, which covers the moment information,
from the currency option pricing model. We show that high interest-
rate currencies are exposed to higher position-unwinding risk than
low interest-rate currencies. We also investigate the sovereign CDS
spreads as the proxy for solvency of a state and find that high interest-
rate currencies load up positively on sovereign default risk while low
interest-rate currencies provide a hedge against it. Sovereign credit
premia, as the dominant economic fundamental risk, together with
position-unwinding likelihood indicator as the market risk sentimen-
t, captures over 90% of cross-sectional variations of carry trade ex-
cess returns. Sovereign default risk also explains large proportions of
the cross sections of currency momentum and volatility risk premium
portfolios. We further identify sovereign default risk as the country-
specific fundamental risk that drives market volatility, and its global
contagion channels. In this context, the forward premium puzzle can
be understood as a composite story of sovereign credit premia, global
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liquidity imbalances and reversal. We also propose a threshold carry
trade strategy, which is immunized from crash risk and hence presents
a new challenge to theories attempting to explain the puzzle.
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1. Introduction

According to the Uncovered Interest Rate Parity (UIP) condition, if the
investors with rational expectations are risk-neutral, the changes in the bi-
lateral exchange rates will eliminate any profit arising from the appropriate
interest differential. However, numerous empirical studies show that the
appreciations of low interest-rate currencies do not compensate for the corre-
sponding interest rate differentials. Instead, the high interest-rate currencies
tend to appreciate rather than depreciate. Carry trade, as one of the most
popular trading strategies in the foreign exchange (FX) market, exploits the
profits from the violation of UIP by investing in high interest-rate currencies
while financing in low interest-rate currencies. The excess returns of car-
ry trades give rise to the so-called “forward premium puzzle” (Hansen and
Hodrick, 19805 |Famal, [1984)): a projection of the forward premium onto the
interest differential produces a coefficient that is closer to minus one than
plus one. Given the high liquidity in global FX market and the free mobility
of international capital, it is difficult to justify the unreasonably long-existing
profits of carry trade strategied!] Time-varying risk premia is a straightfor-
ward and theoretically convincing solution towards this puzzle in the eco-
nomic sense that high interest-rate currencies deliver high returns merely
as a compensation for high risk exposures during periods of turmoil (Fama,
1984} |[Engel, |1996; (Christiansen, Ranaldo, and Soderlind, 2011)). |Verdelhan
(2010) shows that agents with preference settings in|Campbell and Cochrane
(1999) can generate notable deviation from UIP due to the consumption
habit. Infrequent currency portfolio decision is another possible solution
that also accounts for “delayed overshooting” (Bacchetta and Van Wincoop,

2010). Burnside, Eichenbaum, and Rebelo (2009)) argue from the perspective

L Although this type of trading strategies had suffered substantial losses since the out-
break of sub-prime mortgage crisis during 2007 (particularly after the bankruptcy of
Lehman Brothers in the mid of September 2008, see Figure in Appendix , it
recovered soon around the mid of 2009 and the losses are relatively small compared to its
historical cumulative returns (Brunnermeier, Nagel, and Pedersen, [2009).



of market microstructure that it is the adverse selection from which the for-
ward premium puzzle arises. Burnside, Han, Hirshleifer, and Wang| (2011)
further suggest a behaviorial explanation of investors’ overconfidence for the

forward bias.

Bansal and Dahlquist| (2000)) are the first to examine the cross-section
relations between currency risk premia and interest rate differentials. They
show that UIP works better for currencies that experience higher inflation
rates. In the more recent empirical literature, |[Lustig, Roussanov, and Verdel-
han| (2011) introduce a portfolio-sorting approach using forward discounts in-
to the study of currency carry trades. Instead of analysing individual curren-
cies, they focus on currency portfolios facilitating the elimination of a large
amount of time-varying country idiosyncratic characteristicﬂ in order to
overcome the problem that these characteristics are potentially time-varying
across countries, and to concentrate on their common characteristics. For
those currencies that Covered Interest Rate Parity (CIP) holds, sorting by
forward discounts is equivalent to sorting by interest rate differentials (see
Akram, Rime, and Sarno, 2008). Lustig, Roussanov, and Verdelhan| (2011)
demonstrate that the first two principal components of the excess returns
of the these portfolios account for most of the time series variations. The
first principal component (PC}) is essentially the average excess returns of
all portfolios, which can be interpreted as the average excess returns of a
zero-cost strategy that an investor borrows in USD for investing in the glob-
al money market outside U.S., so-called “dollar risk factor” (GDR). It is an
intercept (level) factor because each portfolio shares roughly the same expo-
sure to it. The second principal component, (PC5), is a slope factor in the
sense that the weight of each portfolio, from the one containing the highest

interest-rate currencies to the one made up of low interest-rate currencies,

2As highlight by |Cochrane (2005), the prices of individual assets are highly volatile
and thereby their expected returns, covariances and betas become difficult to measure
accurately. a portfolio approach reduces the volatilities by diversification.



decreases monotonically from positive to negative. It is also very similar to
the excess returns of another zero-cost strategy with long positions in high-
est interest-rate currencies funded by short positions in lowest interest-rate

currencies. Hence, we call it “forward bias risk factor”, denoted by HM Lpp.

The two common factors first documented in [Lustig, Roussanov, and
Verdelhan| (2011)) are the key ingredients for a risk-based explanation of cur-
rency carry trades’ excess returns. The risk factors identified by this data-
driven approach are in fact in line with Arbitrage Pricing Theory by [Ross
(1976)) while other standard risk factors, such as consumption growth (Lustig
and Verdelhan, 2007) measured by durable Consumption-based CAPM (C-
CAPM) setting of [Yogo| (2006), Chicago Board Options Exchange’s (CBOE)
VIX index as the measure of volatility risk, T-Bill Eurodollar (TED) Spread-
s as the illiquidity risk indicator, Pastor and Stambaughls (2003) liquidity
measure, and |Fama and French| (1993) factors, do not covary enough with the
currency excess returns to explain the profitability of carry trades (Burnside,
2011; [Burnside, Eichenbaum, Kleshchelski, and Rebelo, 2011). Grounded
on the theoretical foundations of Merton’s (1973) Intertemporal CAPM (I-
CAPM)E], Menkhoff, Sarno, Schmeling, and Schrimpf (2012a)) propose the
global volatility (innovation) risk (GVI) of FX market instead of HM Lpx
as the slope factor that, along with GDR as the level factor, also successfully
explains the cross sectional excess returns of currency carry trades. They
show that high interest-rate currencies deliver low returns in the times of

high unexpected volatility while low interest-rate currencies offer a hedge a-

3The ICAPM model assumes that investors are concerned about the state variables,
which exert evolutionary influences on the investment opportunities set. Market-wide
volatility (not the idiosyncratic volatility) is a good proxy for the investment sentiment
of market states. As the result, a risk-averse agent wishes to hedge against unexpected
changes (innovations) in market volatility, especially during the period of high unexpected
volatility the hedging demand for assets that have negative exposures to systematic volatil-
ity risk drives up the prices of these assets. |(Campbell (1993)), |Ang, Hodrick, Xing, and
Zhang] (2006), |Adrian and Rosenberg (2008|) have made remarkable extensive researches
on the volatility risk of stock markets.



gainst high volatility risk by yielding positive returns. However, these studies
haven’t bridged the gap between currency risk premia and macroeconomic

fundamentals.

One contribution of our research to empirical asset pricing of currency
carry trades is that we rationalize the carry trades’ excess returns from the
perspective of sovereign credit risk as the dominant macroeconomic funda-
mental (country-specific) risk, which is strongly supported by our empirical
results. The investigation is founded on the theory of a country’s external ad-
justment to the global imbalances through the valuation channel of exchange
rates (Gourinchas and Rey, 2007). The heterogeneity in countries’ ability to
produce financial assets for global savers determines the dynamics of bilateral
exchange rates in allocating portfolios between the imperfectly substitutable
foreign and domestic assets (Caballero, Farhi, and Gourinchas, 2008]). The
currency of a debtor country must offer a risk premium for the financial
intermediaries to absorb the exchange rate risk associated with the global
imbalances arising from international capital flows (Gabaix and Maggiori,
2014)), but it is exposed to large depreciation risk when their risk-bearing
capacity declines, e.g. high market risk sentiment and funding liquidity con-
straint (Brunnermeier and Pedersen, 2009; Ferreira Filipe and Suominen,
2013). Moreover, global imbalances are the crucial macroeconomic determi-
nant of sovereign credit risk. [Hilscher and Nosbusch| (2010) emphasize the
volatility of terms of trade as the key component. Durdu, Mendoza, and
Terrones| (2013) show that a country with weak solvency needs to respond
strongly to the Net Foreign Assets (NFA) to keep it on a sustainable path.
In particular, Schularick and Taylor| (2012)) demonstrate that a credit boom
is a powerful predictor of financial crises, only in which currency carry trades
suffer substantial losses. However, global imbalances is weakly correlated
with the financial distresses. This is why we resort to sovereign credit risk
that embraces the information not only on global imbalances but also on

financial distress.



Our investigation is also rooted in the implicit sovereign component of
the term structure models of interest rates and currency forward rates. The
yield curve factors forecast future spot rate movements of foreign exchange
market from one month to two years ahead, which is robust to controlling
for other predictors (Ang and Chen, |2010; Chen and Tsang), 2013)). Clar-
ida, Davis, and Pedersen’s (2009) study indicates that yield curve factors
are strongly correlated with carry trade excess returns. By decomposing the
yield curve, |Cochrane and Piazzesi (2009)) incorporate bond risk premia in
an affine term structure model. [Longstaff, Pan, Pedersen, and Singleton
(2011) decompose the term structure of sovereign CDS spreads (Pan and
Singleton, 2008)) and find a strong association between macroeconomic fac-
tors and the default risk component. In the multi-factor, two-country term
structure and exchange rate model built by |Ahn (2004), exchange rate risk
premia are shown to be a function of the differentials in the sovereign bonds
risk premia. In particular, both the short-term interest rates and the term
spreads may be decomposed into the market liquidity risk component and
a sovereign credit risk component that even short rates reflects the rollover
risk of maturing debt and refinancing constraint of a country in short run
(see |Acharya, Gale, and Yorulmazer, 2011; He and Xiong), 2012 for the anal-
yses of stock market). The currencies of debtor countries offer risk premia
to compensate foreign creditors who are willing to finance the domestic de-
faultable borrowings, such as current account deficits. The business cycle
theory of sovereign default proposed by Mendoza and Yue (2012) also im-
plies that countercyclical sovereign credit risk may account for the currency
risk premia. The advantage of tracking sovereign risk by a country’s CDS
spreads rather than its Net International Investment Position (NIIP) is that
we cannot observe the net foreign assets in monthly frequency (see Lane and
Milesi-Ferretti| (2007)) for annual panel data), but we can trade currencies on

their sovereign CDS spreads daily.

Another contribution of our research is that we, motivated by the crash



risk story about currency carry trades of Brunnermeier, Nagel, and Pedersen
(2009), originally derive the position-unwinding likelihood indicator of carry
trade portfolios from the extended version of classical option pricing model
(Black and Scholes, [1973; [Merton, (1974) for foreign exchanges by |Garman
and Kohlhagen| (1983)). That the crash (jump) risk is priced in currency ex-
cess returns is also stressed by other scholars’ recent studies, such as | Jurek
(2007)), [Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan| (2009), Chernov,
Graveline, and Zviadadze (2012). And the option prices might in principle
uncover latent disaster risk of exchange rates (Farhi and Gabaix} 2008)). We
thereby adjust the position-unwinding likelihood indicator for skewness and
kurtosis by Gram-Charlier expansion for standard normal distribution den-
sity function. The position-unwinding risk factor is highly correlated with
the global (dollar) risk factor, which may be deemed as supportive evidence
for Brunnermeier, Nagel, and Pedersen’s (2009)) liquidity spiral story. Carry
trade excess returns portray the “self-fulfilling” behavior that investors boost
the price (appreciation of a currency) in good times and realize their profits
by unwinding carry positions in bad times, triggering further dips. Curren-
cy carry trades give rise to global liquidity transfer. The liquidity will keep
injecting into the high interest-rate currencies and generates the negative
skewness phenomenon against the low interest-rate currenciesﬂ (and that’s
why the position-unwinding likelihood indicator is closely associated with
the global skewness factor we construct) as long as the position-unwinding
likelihood does not exceed a critical value of sustainable “global liquidity im-
balances”, which is intimately related to the market sentiment and economic
fundamentals, e.g. the mismatch between short-term and otherwise maturing
external debts and the pledgeable value of external assets of a nation, and the
funding liquidity constraints (Gabaix and Maggiori, 2014). As pointed out by
Hellwig, Mukherji, and Tsyvinski (2006), the UIP may be attributable to the

4See Plantin and Shin| (2011). They build a strategic games framework to demonstrate
the destabilizing effect of currency speculative positions.



self-fulfilling expectations and multiple equilibria that traders have heteroge-
neous private information about the likelihood of a devaluation. When the
line is believed to be crossed over, the traders begin to unwind their positions
as the bubble-correcting behavior of the market (Abreu and Brunnermeier,
2003)), followed up by abrupt price reversal and liquidity withdrawal from
the investors (Plantin and Shin| 2011). The liquidity eventually dries up,
leading to the crash of high interest-rate currencies (dramatic depreciation-
s relative to the low interest-rate currencies). In this paper, we employ a
Smooth Transition Model (STR) to identify this threshold level implied by
the position-unwinding likelihood indicator. This will be discussed in detail

later in this paper.

Furthermore, we show that the two-factor model of sovereign credit risk
and position-unwinding risk performs well and has a robust performance
in terms of cross-sectional pricing power in our data. Also following the
economic intuition of the position liquidation story of currency crashes, we
further construct aggregate realized skewness and kurtosis factors as proxy
for crash risk. The global skewness factor again highly correlated with the
global (dollar) risk factor. The position-unwinding risk of carry trades is
closely linked with the aggregate level of volatility and skewness risk in FX
market. Position-unwinding likelihood indicator and global skewness risk as
intercept factorsE] mutually confirm that large depreciations usually are rarely
an individual currency’s behavior but the systemic risk of the global market
or the regionally integrated market that currencies tend to depreciate sharply
against USD at aggregate level during the high volatility regime, indicating
the ‘safe haven’ feature of USD-denominated assets. This also suggests that
although there was an initial shock to the U.S. economy in 2008, overall,
the negative effect of the spillover of this shock to the global economy was
even greater. Thus, we suggest the position-unwinding likelihood indicator

as the gauge of market risk appetite, and propose an alternative carry trade

STheir correlations with PCy are consistently very low, see Table
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strategy that is immunized from crash risk by analyzing the threshold level.

We also examine the robustness of our main findings in various speci-
fications without altering their qualitative features: (i) We use alternative
measure of sovereign credit risk based on government bonds, which explains
the excess returns of currency carry trades as well as the factor directly im-
plied by the currencies and the innovations in global sovereign CDS spreads.
(ii) By double sorting of the currencies on both sovereign CDS spreads and
equity premia, we show that equity risk premium is not priced in the cross-
section of currency carry trade excess returns. (iii) We winsorize the sovereign
credit factor series at 95% and 90% levels, and confirm that this factor does
not represent a peso problem. The factor price of the sovereign credit risk
is statistically significant, about 3.3% per annum. (iv) We show that sort-
ing currencies on their betas with sovereign credit risk is quite similar but
not identical to those sorted on forward discounts. Currency portfolios dou-
bly sorted on betas with both sovereign credit risk and position-unwinding
risk also exhibit monotonic patterns in returns along both dimensions and
are more close to currency carry portfolios. (v) Given that the position-
unwinding risk and innovations in global CDS spreads are not return-based
series, by building a factor-mimicking portfolio, we're able to confirm their
validity and reliability as arbitrage-free traded factors. (vi) We verify that
position-unwinding likelihood indicator is a good proxy for global crash risk
by introducing two additional (moment) factors, global skewness and kur-
tosis risk. Moreover, we shows that it is trivial to adjust the standard nor-
mal probability distribution for skewness and kurtosis in the option pricing
model to compute the position-unwinding likelihood indicator of carry trade
positions. (vii) We compare the cross-sectional asset pricing power of our
slope factor with volatility and liquidity factors and show that the sovereign
credit risk dominates liquidity risk but not volatility risk. (viii) We assess
the abrupt changes in risk exposures of the currency carry portfolios in a

two-state Markov regime-switching model with smoothed transition prob-



abilities and find that linear factor model is satisfactory and nonlinearity
does not capture much additional cross-sectional variation. (ix) We find that
the sovereign credit risk factor can also price the cross sections of currency
momentum and volatility risk premium portfolios (see Huang, MacDonald,
and Zhao| [2013). (x) We use both linear and nonlinear Granger causality
test to analyze the dynamics among risk factors, and identify not only the
sovereign credit risk as an impulsive factor that drives other country-specific
factors, such as volatility and liquidity risk, but also the spillover channel of
the contagious country-specific risk to the global economy, and according-
ly propose the practice of a currency trading strategy that carry positions
are immunized from crash risk through the analysis of the threshold level of

position-unwinding likelihood indicator.

The rest of this paper is organized as follows: Section [2| introduces the
measure of position-unwinding risk of carry trades by currency option pricing
model. Section [3| describes the theoretical foundations for sovereign credit
premia based on existing theories. Section [4| provides the information about
the data set used in this paper, and the approaches for portfolio and risk
factor construction. In Section [5} we introduce the linear factor model and
the estimation methodologies. In Section [6, we show the empirical results,
compare the asset pricing performance of our benchmark model with others,
and discuss the implications for forward premium puzzle. Section [7] presents
several additional robustness checks for our findings. In Section [§, we inves-
tigate the factor dynamics by both linear and nonlinear Granger causality
tests. A threshold carry trade strategy is put forward in this section. Conclu-
sions are drawn in Section [9} The main findings of this paper are delegated
to Appendix [A] while Appendix [B] is complementary for additional interests

in the intermediates of the empirical tests.



2. Measuring Position-unwinding Risk

Carry trades has been a very popular strategy in the FX market, and has
experienced several periodsﬂ of “dramatic position-unwinding” in the past
30 years. Burnside, Eichenbaum, Kleshchelski, and Rebelo (2011) find that
standard business cycle risk factors are unable to account for these major
shortfalls of carry trades. Using currency options to protect the downside
risk, they construct hedged carry positions and show that the payoffs to such
hedged strategies are very close to those of unhedged carry trades. This result
may imply the mispricing of currency options (particularly those trading
away from money) used for hedging the carry positions, as pointed out by
Farhi and Gabaix! (2008), that option might in principle uncover the latent
disaster risk. This is because if the crash risk of the underlying asset is ignored
or underestimated, a currency option would be significantly undervalued, and
in this situation the payoffs to the hedged carry trades could be different from
those of the unhedged positions. This difference in between unhedged and
hedged carry trade portfolios can be justified as the variance risk premium
(Carr and Wu, [2009)), the skewness risk premium (Kozhan, Neuberger, and
Schneider}, |2013)), or even the kurtosis risk premium. Jurek! (2007) shows that
the excess returns of a crash-neutral currency carry position are statistically
indistinguishable from zero. The crash risk premia contribute 30% — 40%
to the total currency risk premia. In this sense, we put forward a measure
of position-unwinding risk of currency carry trades from the option pricing
model and argue that one possible way to understand the excess returns of
the carry trades lies in the changes in the non—risk—neutra]m market sentiment

of the probability that the positions might be unwound.

We build the position-unwinding likelihood indicator in a similar way to

SThey’re around the second quarter of 1986 - the mid of 1986, the last quarter of 1987
- the first quarter of 1988, the mid of 1992 - the mid of 1993, the first quarter of 1995, the
mid of 1997 - the mid of 1998, the mid of 2008 - the mid of 2009.

"The term “risk neutrality” here does not refer to the “no-arbitrage” condition.
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Vassalou and Xing/s (2004)) for evaluating the default risk premia in equity
returns. We use the canonical option pricing formula (Black and Scholes;
1973)) as they do. The difference is that their strike prices are the book value
of firm’s liabilities, as in Merton (1974), while we set the strike prices to
be the forward rate so that both of the CIP and UIP are embodied in the
option pricing model. We also compute the currency option prices based on
Garman and Kohlhagen[s (1983)) version for currency option valuation for
hedging the carry trade positions. The higher moments, such as skewness
and kurtosis are ignored in these option pricing models. However, for the
currency carry trades, |Brunnermeier, Nagel, and Pedersen| (2009) show a
negative cross-sectional correlation between interest rate differentials and
empirical skewness, also the implied (risk neutral) skewness of the out-of-
money option “risk reversals”. The tail risk is of paramount importance for
illuminating currency crash premia (Farhi, Fraiberger, Gabaix, Ranciere, and
Verdelhan, 2009) and the jump risk account for 25% of the total currency
risk, and as high as 40% during the turmoil periods (Chernov, Graveline, and
Zviadadze, 2012)). They also show that the probability of the depreciation
jump of a currency is positively associated with the increase in its interest
rate. Moreover, if agents are averse to kurtosis, which measures the dispersion
of the extreme observations from the mean, this is consistent with Dittmarfs
(2002) nonlinear pricing kernel framework. Hence, we adjust the option
pricing model by introducing the third and fourth moments as the higher

order terms expansion.

2.1.  Currency Option Pricing Model

It is assumed that the spot rates S; of a currency pair (indirect quotesﬁ)
follows a geometric Brownian motion (GBM) of the form with an instanta-

neous drift © and an instantaneous volatility o:

8Units of foreign currency per unit of domestic currency (USD).

11



dSt:MStdt+UStdW (1)

where W is the standard Wiener process. Then the value of the spot

rates at any time ¢+7' is given by:

2

In St+T =In St + (,u — %) T +o0o ﬁ€t+T (2)
where

W4T - W
t+T = JT

N(0,1) is the Gaussian i.i.d. standard normal distribution. The value of

and g7~ N(0,1) (3)

a call option for a currency pair with the strike price of X; and the time to

maturity of 7" at time ¢ is:

¢ = Sy exp(—r T)N(dy) — X exp(—r; T') N(d2) (4)

For the put option:

pe = X; exp(—r; T)N(—=ds) — S; exp(—r; T)N(—d;) (5)

where

In(S;/Xe) + (rf —re +30%) T
dy = 2 and dy=dy—oVT (6
1 T 2= ©)

e, 77 denotes domestic (U.S.) risk-free interest rate, and foreign risk-free

interest rate, respectively. N(-) is the cumulative density function of standard
normal distribution. We can reproduce the currency prices for hedging the
carry trade positions by setting X; = F; and the implication of CIP, then
Equation @ is simplified as:

oT oT
2

d1 = and dg = — 5 (7)
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Now, we turn to the application of this model for evaluating the position-

unwinding risk.

2.2.  Position-unwinding Likelthood Indicator

Under the condition that CIP holds, we have:

Ltry=0+7rf)— (8)

F} is the forward rate with the same maturity of 7" as r, and 7. Therefore,
In F,—InS; >~ r; —r;. When r; > r,, implying F; > S, a U.S. investor takes a
carry position to short USD for long foreign currencies which is equivalent to
betting on S; 7 < F;. This means that the future sport rate of the USD will
not appreciate as much as the CIP predicts or even will depreciate because
of the failure of UIP, which claims that Sy r = E[Siir|S:] = Fi. If the
U.S. investor does not enter a forward contract for the carry position he
has already taken, the amount of the assets in USD on his wealth balance
sheet will be (1+47}) S;/ St while 1417, is the amount of USD-denominated
liabilities that he has to pay back at ¢t+7. Thus, if it turns out that S;, 7 > F;
at time t+ T, the U.S. investor will go bankrupt and have to liquidate his carry
position. Then, the position-unwinding probability of a currency pair i at ¢
is the probability that the S; 1 will be greater than the F;.

Q/Jt_’_T =Pr (St-i-T Z Ft | St) =Pr (lnSt+T Z lnFt | In St) (9)
We can rewrite the position-unwinding risk for any long position of carry
trades by plugging Equation into Equation @:
o2
wt+T:Pr (lnSt—lnFt—i— (/,L—?)T+U\/T€t+TZO> (10)

Equation can be rearranged as below:

13



(11)

_ 1,2
Yo = Pr <_ln(St/Ft> i Ll < 8t+T>

o VT

Similarly, the position-unwinding probability for any short position in a

currency pair ¢ at ¢ is given by:

(12)

oVT

We define the distance to “bankruptcy” (DB) for a FX trader, then the

position-unwinding risk for a single currency pair is computed as follows:

_ 1.2
bion— Dr (_m(st/Ft) +(u—1La)T . 6t+T>

In(Sy/F) 4+ (n—30°) T

DBy .7 =— 13

t+T o \/T ( )
1 —Pr(DByr) if the currency is in long position;

Vyr = . . . (14)
Pr (DB, 1) if the currency is in short position.

where Pr(DByyr) = N(DByir). DByyr tells us by how many standard
deviations the log of the ratio of S;/F; needs to deviate from its mean in order
for the “bankruptcy” to occur. Notice that value of the currency option does
not depend on g but DB;;r does. This is because DBy, 1 is determined
by the future spot rates given in Equation @ At time t+T, we use the
conditional mean ;7 over a period of T from time ¢ for the estimation of
1, and the conditional volatility 0,7 over a period of T from time ¢ for the

estimation of o.

So far, we use the theoretical distribution implied by standard option pric-
ing models, which is standard normal distribution. However, N(-) does not
represent the true probability distribution of the currency returns because the
tail risk of the currencies (skewness and kurtosis) is considerably significan-

t. Noting that the first four moments of the underlying asset’s distribution

14



should capture most of the information for option valuation (Jarrow and Rud-
d, [1982), the standard definition of Hermite Polynomials (Stuart and Ord,
2009) series is truncated after its fourth term for the skewness-and-kurtosis
augmented probability density function of standard normal distribution (see
Backus, Foresi, and Wu, |2004):

h(z) =n(z2) |1 - %Hg,(z) + g H4(z)] (15)

where

H, = (-1 1
) n(e) = (-1 T (16)
Equation ([15)) can be rewritten as:

h(z) = n(z) [1 - %(23 ~32)+ 5@4 622+ 3)] (17)

where n(z) is the probability density function of standard normal distribu-
tion. a represents the order of the moment. ¢, k denotes the excess skewness,
and excess kurtosis, respectively. These terms are estimated by the methods
of realized moments similar to realized volatility (see e.g. |Andersen, Boller-
slev, Diebold, and Labys, |2001)). The details will be discussed in Section .
z here is actually the values of DB;,r. Hence, the skewness-and-kurtosis
adjusted Pr (DB, ) is:

-1+ %(3,2 — 23 nz)  (18)
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As the historical observations of the position-unwinding behavior of carry
trades is a collapse across these currency portfolios, we then compute the

aggregate level of the position-unwinding risk for the whole FX market as:
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Kiir
1

PUWiir = 7— > iagr (19)
t+

i=1

where K, 7 is the number of the currencies available at time ¢+7T. Strictly
speaking, PUW, . r is not a “bankruptcy” probability faced by the FX traders
because it does not correspond to the true probability of unwound positions
in large observations across business cycles. Therefore, we call PUW, . the
“position-unwinding likelihood indicator”, which corresponds to the excess
returns of currency carry trades over the period of T from time ¢. Reassur-
ingly, we will show that it is a good proxy for currency crash risk in Section
Bl confirmed by the global skewness (GSQ) factor. It is also robust to the
unadjusted PUW since the adjustment for both skewness and kurtosis is

very trivial compared with the magnitude of probability distribution.

3. Sovereign Credit Premia

In this section, we provide the theoretical foundations that link the excess
returns of currency carry trades to the sovereign credit premia through two
sources. One is a possible joint affine term structure model of interest rates
and sovereign CDS spreads that market liquidity component and sovereign
credit component are decomposed from the interest rates. We also count on
the models of global imbalances that underscores the valuation channel of a
nation’s net foreign asset holdings towards exchange rate adjustments, and

the liquidity provision role of financial intermediaries.

3.1. Joint Affine Term Structure Model

The arbitrage-free term structure models (AF-TSM) of interest rates are
an affine dynamic function of a set of state vector with restrictive assumption-

s, allowing us to separate risk premia from risk-adjusted expectations about
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future short rates. The affine sovereign CDS model is useful for gauging the
sovereign credit risk in currencies when jointly valuated with the interest
rates. The TSMs of interest rates are well explored jointly with the UIP of
currencies both theoretically and empirically but the TSMs of sovereign CDS

are rarely linked to the study of forward premium anomaly.

Backus, Foresi, and Telmer| (2001)) translate Fama/s (1984) condition for
forward premium anomaly into restrictions on the pricing kernels, adapt
those to the affine interest rate term structure models of [Duffie and Kan
(1996) class, and reveal that several alternative models (e.g. |Cox, Ingersoll,
and Ross, [1985) all have serious shortcomings in depicting the behavior of
both exchange rates and interest rates in terms of the positive probability
of negative interest rates or heterogeneous effects of factors on pricing ker-
nels across different currencies. |Bekaert, Wei, and Xing (2007)) show that
deviations from the Expectations Hypothesis of the Term Structure (EHTS)
can only explain a minor fraction of the failure of UIP in the long run and

imposing the EHTS does affect the currency risk premia.

Ahn| (2004) studies the joint dynamics of interest rate term structures
and exchange rates and shows that the currency risk premia are necessary
to equalize the sovereign bond premia. |Alvarez, Atkeson, and Kehoe, (2009)
point out that the risk premium of a currency pair is approximately equal to
its interest rate differential. |Clarida, Davis, and Pedersen| (2009) show that
the yield curve level factor is positively correlated with carry trade excess
returns while the slope factor negatively, and the relationships are regime-
irrelevant. The predictability of currency risk premia by the information
extracted from the term structures of interest rates is consistent with the
“no-arbitrage” condition (Diez, [2009). |Ang and Chen| (2010)) find that yield
curve predictors, e.g. term spreads and changes in interest rates, are capable
of forecasting currency excess returns up to 12 months ahead. They also

stress that any variable that impacts the price of sovereign bonds can poten-
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tially improve forecasting exchange rate movements. |Chen and Tsang] (2013)
provide supportive evidence that the forward premium puzzle can be related
to the inflation and business cycle risks via the yield curves. Nevertheless,
Inci and Lu| (2004)) point out that currency risk premia are also attributable

to other factors that does not lie in the yield curves.

The existing literature has established a strong relationship between the
macroeconomy (such as monetary policy, real output growth, inflation, etc.)
and the yield curve using either VAR with orthogonal factors (see |Ang and
Piazzesi, 2003) or dynamic factor approach with Kalman filter (see Diebold,
Piazzesi, and Rudebuschl 2005; [Diebold, Rudebusch, and Boragan Aruo-
bay, [2006; |Rudebusch and Wu, 2008} for latent factor analysis, specifical-
ly, level, slope, and curvature). [Hordahl, Tristani, and Vestin| (2006]) build
a joint econometric model of macroeconomic and term-structure dynamic-
s with forward-looking setting that has comparable explanatory power for
yield curves to those based on unobservable factors. [Bikbov and Chernov
(2010) show that macroeconomic variables explain 80% of the variation in
short rates, 50% of the slope, and roughly 50% to 70% of the term premi-
a. Pan and Singleton| (2008) explore the nature of the default arrival and
recovery/loss implicit in the affine term structure of sovereign CDS spreads
and reveal a close linkage between the unpredictable component of the credit
events and the measures of macroeconomic policy, global risk aversion, and
financial market volatility. All the evidence suggests the information about
the sovereign credit risk as a composite indicator for macroeconomic con-
ditions can be straightforwardly related to the changes of interest rates or
term spreads, and thereby can be the possible solution to the forward pre-
mium puzzle. A joint valuation of the term structures of the interest rates,
sovereign CDS spreads, and forward rates of currencies’| is desirable in order

to extract the implicit sovereign credit risk component from the yield curve

9See Lustig, Stathopoulos, and Verdelhan| (2013)), who provide the first study of the
term premia of currency carry trades.
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for explaining the failure of UIP.

The reduced-form term structure model of sovereign bonds that are sub-
ject to default risk presented by Duffie and Singleton| (1999)) is an ideal an-
alytical framework. Diebold, Li, and Yue (2008) further propose a global
extension of |Diebold and Li/s (2006) dynamic version of [Nelson and Siegel’s
(1987) TSMIT], allowing for both global and country-specific factors. Their
model explains a large fraction of the yield curve dynamics and offers a guid-
ance for the joint modeling in a global context. By decomposing the term
structure of sovereign CDS spreads, |Longstaft, Pan, Pedersen, and Single-
ton| (2011) show that the default risk component is more associated with
the global risk than with the country-specific risk. |Cochrane and Piazzesi
(2009) build an affine TSM that incorporates bond risk premia by decom-
posing the yield curve. Furthermore, given that sovereign credit premia not
only is the risk in medium and long run but also, more importantly, represent
the short-run rollover risk of maturing debts and refinancing constraint by
the pledgeable claims (Acharya, Gale, and Yorulmazer, |2011; He and Xiongj,
2012)), both the short-term interest rates and the term spreads thereby can
be decomposed into the market liquidity premium component and sovereign
credit premium component for bridging the global liquidity imbalances (first
component) and sovereign default risk (second component) with the excess
returns of currency carry trades. Introducing the model is not the purpose

of this paper, thereby it is not formulated and discussed in detail here.

3.2. Valuation Channel and Funding Liquidity Constraint of

Global Imbalances

Gourinchas and Rey| (2007) show that the external imbalances of a coun-

try must contains information about future portfolio returns on net foreign

OTmposing [Nelson and Siegel’s (1987) structure on affine arbitrage-free TSMs can
greatly facilitates the estimation and improve performance for forecasting (Christensen,
Diebold, and Rudebusch), 2011])).
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assets and/or future path of current account surplus. A country currently
running net external debt will inevitably experience a depreciation in its cur-
rency that is attributable to international financial adjustments through the
balance sheet effect of the intertemporal budget constraint. Exchange rates
not only adjust through the bilateral trade channel (Obstfeld and Rogoft]
1995)) but also open a valuation channel on the external assets and liabilities
that transfer wealth from creditor countries to debtor countries. They find
that external imbalances predict the exchange rates at 1-quarter horizon a-
head and beyond. |Abhyankar, Gonzalez, and Klinkowska| (2011)) manage to
price a large proportion of the variation in the cross-sectional excess returns
(quarterly) of currency carry portfolios using conditioning information of a

forward-looking net foreign assets via a standard C-CAPM.

Moreover, some recent studies reveal that market attitude towards crash
risk (e.g. Baek, Bandopadhyaya, and Dul, 2005; Borri and Verdelhan| 2011)),
macroeconomic fundamentals such as the volatility of terms of trades (see
Hilscher and Nosbusch, |2010), and financial fragility (e.g. |Ang and Longstaff]
2013) are well embodied in sovereign credit premia in terms of statistical and
economic significance. Durdu, Mendoza, and Terrones| (2013) also show that
the solvency of a state responds sufficiently to the external adjustments,
suggesting that sovereign credit risk plays a pivotal role of “meta informa-
tionEf’ about external imbalances. (Caceres, Guzzo, and Segoviano Basurto
(2010) further accentuate the proper management of the debt sustainabili-
ty and sovereign balance sheets as the necessary conditions for preventing
the sovereign default risk from feeding back into broader financial instability.
Sovereign spreads thereby contain complex information for the valuation of
currency risk premia in response to external adjustments of a nation. |Ca-
ballero, Farhi, and Gourinchas| (2008)) propose another analytical framework
of global imbalances that emphasizes the countries’ ability to produce finan-

cial assets for global savers/insurers. Gabaix and Maggiori| (2014)) show that

1Tt refers to the concept of the information on information in informatics.
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the currency of a debtor country must offer a risk premium for the financial
intermediaries to absorb the exchange rate risk associated with the global
imbalances arising from international capital flows, but it is exposed to the
depreciation risk when their risk-bearing capacity declines, e.g. high market

risk sentiment and funding liquidity constraint.

All the above-noted studies suggest a plausible linkage between curren-
cy premia and sovereign credit risk. A country with high sovereign default
risk displays a high propensity to issue debts denominated in foreign (safe)
currencies to make its debts more appealing to investors, and offers a high
interest rate to attract foreign savings for funding its external deficit. Typi-
cally, when a country’s external debts are denominated in foreign currencies,
any initial depreciation of domestic currency as a consequence of e.g. a per-
manent negative demand shock will impose a destabilizing effect on the its
net foreign asset positions via valuation channel, i.e. an increased burden
of external obligations. The exchange rate will be forced to depreciate even
greater or overshoot its long run equilibrium value to restore the external
balance via the trade channel. The capital flight triggered by the weakened
external imbalance will further result in a speculative attack and a crash on
the debtor’s currency. Given that the external liabilities of a creditor country
are primarily denominated in domestic (safe) currency, even if it encounters
with a negative global demand shock, any initial depreciation of the creditor’s
currency will bring a stabilizing effect via both valuation and trade channel.
So during an economic recession (high volatility regime) the low sovereign de-
fault risk and low interest-rate currencies tend to appreciate against the high
sovereign default risk currencies which offer high interest-rates for servicing
its external liabilities. In contrast, during the expansion phase of the busi-
ness cycle (low volatility regime), optimistic prospects in the future economy
makes investors less risk-averse and more willing to take upon large posi-
tions of risky assets of the debtor country, including the high yield and high

default risk sovereign debts. Appreciation pressures on the debtor’s risky
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currency made by this behavior alleviates its debt burden but deteriorates
the trade balance, which, in turn, increases sovereign credit risk. The relief
in debt burden and the global demand of risky assets drive the debtor coun-
try to finance it external deficit via the issuances of more sovereign debts,
rather than to depreciate its currency (destabilization). The liquidity keep-
s injecting into the debtor country to support its debt financing, creating
the “global liquidity imbalances” (Gabaix and Maggiori, 2014) among the
economies. However, when the liquidity dries up due to the funding liquidity
constraint of financial intermediaries, and the pledgeable claims of debtor
countries may not meet the short-run rollover needs of the maturing debts,
then the liquidity will be withdrawn and the capital flow will reverse. The
liquidity spiral brings about the crash of the debtor’s currency. As for the
creditor country, the heavier burden of the sovereign debts it is servicing
brought by the depreciation pressure on its currency can be compensated
by the amelioration of the trade balance and the decline in sovereign credit
risk (stabilization). The retreat of liquidity back to the creditor country will
give rise to the appreciation of its currency. This is concordant with (Clarida,
Davis, and Pedersen’s (2009) findings that UIP holds when volatility is in
the top quartile and that yield curve premia comove with the currency risk
premia. Following this economic logic, we would expect a strong relationship

between the currency risk premia and the sovereign credit risk.

4. Data, Portfolio Sorting and Risk Factors

Our data set, obtained from Bloomberg and Datastream, consists of spot
rates and 1-month forward rates with bid, middle, and ask prices, 1-month
interest rates, 5-year sovereign CDS spreads, at-the-money (ATM) option
1-month implied volatilities, 10-delta and 25-delta out-of-the-money (OT-
M) option 1-month risk reversals and butterflies of 35 currencies: EUR
(EMU), GBP (United Kingdom), AUD (Australia), NZD (New Zealand),
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CHF (Switzerland), CAD (Canada), JPY (Japan), DKK (Denmark), SEK
(Sweden), NOK (Norway), ILS (Israel), RUB (Russia), TRY (Turkey), HUF
(Hungary), CZK (Czech Republic), SKK (Slovakia), PLN (Poland), RON
(Romania), HKD (Hong Kong), SGD (Singapore), TWD (Taiwan), KRW
(South Korea), CNY (China), INR (India), THB (Thailand), MYR (Malaysi-
a), PHP (Philippines), IDR (Indonesia), MXN (Mexico), BRL (Brazil), ZAR
(South Africa), CLP (Chile), COP (Colombia), ARS (Argentina), PEN (Pe-
ru), all against USD (United States); and corresponding countries’ equity
indices (MSCI) and government bond total return indices (Bank of Ameri-
can Merrill Lynch and J.P. Morgan TRI)H in USD.

Our sample period is restricted by the availability of sovereign CDS his-
torical data, which only dates back to 2001 and begins with a limited coverage
of countries. The unragged data for our sample countries starts from 2004,
according to the database of Markit'¥] and CMA Datavision] To ensure
consistency of time frame across assets, the sample period is chosen from
September 2005 to January 2013 in a daily frequency. Furthermore, there
is no existing sovereign CDS for EMU as the whole, thus we calculate its
proxy spread as the external-debt weighted sovereign CDS spreads of EMU’s
13 main member countries, Germany, France, Italy, Spain, Netherland, Bel-
gium, Austria, Greece, Portugal, Ireland, Slovenia, and Luxembourg, which

account for over 99% of the EMU’s GDP on average in our sample period.

2There are 26 countries’ data available: EMU, Great Britain, Australia, New Zealand,
Canada, Switzerland, Norway, Sweden, Denmark, Russia, Turkey, Hungary, Czech Repub-
lic, Poland, Japan, South Korea, Hong Kong, Taiwan, Singapore, China, India, Malaysia,
Thailand, Indonesia, South Africa, and Mexico. China and India are only available from
July 2007.

13Markit is also a leading global financial information services provider of independent
data, valuation and trading process across all asset classes, also with a specialization in
CDS data.

14CMA Datavision is the world’s leading source of independent accurate OTC market
pricing data and technology provider, typically specializing in the sovereign CDS pricing.
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4.1.  Portfolio Sorting

All currencies are sorted by forward premia from low to high, and allo-
cated to five portfolios, e.g. Portfolio 1 (Cy) consists of the short position
of currencies with the lowest 20% interest-rate differentials (lowest forward
premia) while Portfolio 5 (C5) is the long position of currencies with highest
20% interest-rate differentials (highest forward premia). The portfolios are
rebalanced at the end of each forward contract according to the updated
forward rate. The average monthly turnover ratio of five portfolios is about
25%, thereby the transaction costs should be considered for evaluating the
profitability of carry trades. The log excess returns of a long position zrf,

at time t+1 is computed as:

L B A _ (B A
xrig =i =T+ 5. —Si = fi — St (20)

where f, s is the log forward rate, and spot rate, respectively; Superscript
B, A denotes bid price, and ask price respectively. Similarly, for a short

position the log excess returns zry,, at the time ¢+1:

xrfﬂ = _ftA + Sgl (21)

Currencies that largely deviate from CIP are removed from the sample for
the corresponding periodﬂ IDR from the end of December 2000 (September
2005 in our data) to the end of May 2007, THB from the end of October
2005 to March 2007, TWD from March 2009 to January 2013. And due to
the managed floating exchange rate regime of CNY, we also exclude it for
the whole sample periods. Table below shows the descriptive statistics

of currency carry portfolios.

157ZAR from the end of July 1985 to the end of August 1985, MYR from the end of
August 1998 to the end of June 2005, TRY from the end of October 2000 to the end of
November 2001, UAE (United Arab Emirates) from the end of June 2006 to the end of
November 2006. These currencies or periods are not included in our data.
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[Insert Table about here]

(1 is Cy is long position. The statistics of portfolio mean, median, and
standard deviation in excess returns all exhibit monotonically increasing pat-
terns. We also see a monotonically decreasing skewness from C to C, except
that the skewness of C} is a little bit higher than that of C5, probably due to
the time span limitation. We will show in the empirical tests section that the
position-unwinding risk matches with the skewness of excess returns of each
carry trade portfolios. The unconditional average excess returns is 2.39%
per annum from holding the equally-weighted foreign-currency portfolio, re-
flecting the low but positive risk premium demanded by the U.S. investors
in holding foreign currencies. There is a sizeable spread of 2.29% per annum
between Cy and Cy over the sample period when currency carry trades have
suffered a huge loss in the September of 2008. The currency carry portfolios
are adjusted for transaction costs, which is quite high for some currencies
(Burnside, Eichenbaum, and Rebelo, 2006). Monthly excess returns and fac-
tor prices are annualized via multiplication by 12, the standard deviation is
multiplied by v/12, skewness is divided by /12, and kurtosis is divided by 12.
All return data are in percentages unless specified. The Sharpe ratios are not
as high as usual because our data span the recent financial crunch period (See
Figure ) for the cumulative excess returns of five currency carry port-
folios (long positions) in the sample period. The cumulative excess returns
of carry trades plummeted during the 2008 crisis but the positions recovered

soon after a few months, especially for the high interest-rate currencies.

4.2.  Risk Factors

We also follow Lustig, Roussanov, and Verdelhan| (2011)) to construct the
dollar risk factor (GDR) and forward bias risk factor (HM Lpp):
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5
1
GDR = - > PFLpp, (22)

j=1

HMLpp = PFLpps — PFLpg, (23)

G DR has a correlation of 0.99 with PC and is almost uncorrelated with
PC5 in our data. HM Lrp is 0.90 correlated with PC5, however, remains a
considerable correlation of 0.39 with PClm. Therefore, strictly speaking, it
is not a pure slope factor. However, its correlated part may offer valuable
information about the contagious country-specific risk that may spill over

and contaminate the global economy.

In addition, we demonstrate the construction of other risk factors used
in this paper, including the factors of sovereign credit risk, equity premium

risk, currency crash risk, volatility risk, and liquidity risk.

4.2.1.  Sovereign Credit

Foreign investors require compensation for a sudden devaluation of the
local currency when a default on government bonds occurs. If the sovereign
credit risk explains the cross-section of the excess return of currency carry
trades, then high sovereign CDS-spread currencies are expected to be asso-
ciated with high interest rates and tend to appreciate against low sovereign
CDS-spread currencies that are expected to be accompanied with low interest
rates. The countries with weak solvency conditions have higher propensity
to issue sovereign debts denominated in foreign (safe) currencies. Currencies
of debtor-countries offer risk premia to compensate foreign creditors who are
willing to finance the domestic defaultable borrowings. We evaluate sovereign

default risk by the excess returns of a strategy that invests in the highest %

16See Table for principal component analysis of currency carry portfolios, and
Table @ for the correlations between risk factors and principal components.
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sovereign default risk currencies funded by the lowest % sovereign default risk
currencies as Fama and French| (1993) did for their size (market capitaliza-

tion) factor:

HMLgsc = PFLscy — PFLgcy, (24)

Sovereign credit risk has a correlation of 0.71 with PCy, and is almost
orthogonal to PCy (with a correlation of —0.08) and it can therefore be re-
garded with more accuracy as a slop factor. Since it is positively correlated
with the slope factor, the factor price of sovereign credit risk is expected to be
positive. Ideally, high interest-rate currencies should be positively exposed
to sovereign credit risk while low interest-rate currencies with negative ex-
posures provide a hedge to it (see principal component analysis of currency
carry portfolios in Table . We also directly employ the AR(1) innova-
tions in global (equally-weighted) sovereign CDS spreads (GSI) as the slope

factor to price the cross section of currency carry trades.

4.2.2.  Equity Premium

Foreign investors require a compensation for the risk to hold the local-
currency denominated stock shares in a distressed market, which is usually
accompanied with low interest rate policy. Since there is a high possibility
of persistent recession trap, the risk of capital flight will lay considerable
downside pressure upon the local currency. To check if any compensation for
this type of risk is implied in currency excess return as well, it is necessary
to examine the average excess return differences among the portfolios that
are doubly sorted on both sovereign CDS spreads and equity premia over

the U.S. markedﬂ. Constrained by the availability of the currencies, we sort

1"De Santis and Gerard| (1998)) employ a conditional ICAPM with a parsimonious mul-
tivariate GARCH process to unveil the currency risk implied in total equity premia. One
can follow their approach to ask the reverse question simply by conditioning the currency
premia on the equity risk. This would be our next task to decompose currency risk premia.
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the currencies into 3 x 3 portfolios. Each dimension is partitioned into three
portfolios, containing the currencies with the sort base in ascending order,
denoted by “L” for low level, “M” for medium level, and “H” for high level
of either sovereign CDS spreads or equity premia. This approach matches

the currency sorting on sovereign default risk above:

HMLgp = PFLgpy — PFLgpy, (25)

Figure[B.2] shows a very intriguing pattern that the equity premium risk
seems to be priced in currency excess returns. A U.S. investor is compensated
in terms of the appreciation of the local currency, not only for holding equities
in a distressed market but also for investing in a boom equity market, which
might be rationalized as a compensation for the crash risk of bubbles in an
overheated economy. As a result, we do not see any favourable monotonic
pattern of excess returns in the equity premia dimension. Clearly, on the
other dimension, we observe a monotonic increase in excess returns of the

currency portfolios sorted by sovereign CDS spreads in ascending order.

4.2.83.  Position-unwinding Risk and Currency Crashes

In the research of Andersen, Bollerslev, Diebold, and Labys| (2001) and
Menkhoff, Sarno, Schmeling, and Schrimpf] (2012a)), volatility risk is mea-
sured with “realized” feature that assumes a zero unconditional mean of
daily returns. This assumption embeds the martingale properties in daily
return series. We follow this method to construct two factors that is mean-
t to measure the crash risk in the FX market. At time ¢+7, the realized
moments, realized volatility (G,7), realized (excess) skewness ($yr), and
realized (excess) kurtosis (A;17) over the period of T' (time-to-maturity of

the forward contract) for individual currency i are modelled as:

28



(26)

(27)

(28)

where e; - represents daily returns and 7’ is the number of trading days
available over the period of T from t. We substitute the annualized valued™
Oit4T - V/N; and ftir+7 - N7 in to Equation for the calculation of distance
to “bankruptcy”, which is then the input of Equation (14]). By combining
it with the adjusted values of ¢ ;o7 /T, and R o7 /Ty as the input of
Equation , we get the position-unwinding likelihood indicator &iHT for
individual currency. Finally, we can compute the aggregate level of position-
unwinding risk PUW by Equation . As shown in Figure ., position-
unwinding likelihood indicator is closely associated with dollar risk (with
a high negative correlation of —0.92) and with forward bias risk (with a
correlation of —0.42). Therefore, we expect negative exposures of currency
carry portfolios to PUW and a negative factor price. Currencies with higher
position-unwinding likelihood will increase the risk premia of the portfolio

into which it is allocated.
[Insert Figure[A.1l about here]

There is a large literature that stresses the role of skewness in asset pric-

ing exercise. Kraus and Litzenberger (1976|) show that investors are in favour

8N, is the number of trading days in a year and then 7' = - in Equation .

9Time-aggregation scaling adjustments are necessary to match the statistical moment
estimates with the option pricing model over the forward contract maturity 7', based on
the assumption of i.i.d. returns.
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of positive return skewness under most preferences. As a result, it is ratio-
nal to require more compensation for assets with negative return skewness.
Grounded in Merton’s (1973) ICAPM where skewness is also viewed as state
variable that characterize investment opportunities, (Conrad, Dittmar, and|
\Ghysels| (2013)), and |Chang, Christoffersen, and Jacobs (2013) find strong

evidence in the cross-sectional pricing power of skewness on excess returns

in stock market. Now we apply their thoughts to the FX market.

As emphasized by Harvey and Siddique (2000), the skewness of the re-

turns distribution is also important for asset pricing, typically the crash risk

for currency carry trades (Jurek, 2007; Brunnermeier, Nagel, and Pedersen|,
2009} [Farhi, Fraiberger, Gabaix, Ranciere, and Verdelhan, 2009, [Chernov,

\Graveline, and Zviadadze, |2012)), we also construct two other moment factors

for measuring currency crash risk (besides the position-unwinding likelihood
indicator) in the way that is grounded in the theories of moment risk premia
developed by |Carr and Wu (2009), Neuberger| (2012). We can simply take

the average of individual currency’s skewness and the changes in kurtosis at

aggregate level as in Equation (19)).

Kivr .
1 i+ T

GKTpp = — KZ” Bfsssr (30)
o Kt+T i—1 TT

The skewness does not need to be signed by the interest rate differentials

or equivalently by the forward premium, because skewness is already associ-

ated with the interest rate differential (Brunnermeier, Nagel, and Pedersen,
2009). For instance, the excess returns of low interest-rate currenciesl?l ex-

hibit negative skewness and vice versa for high interest-rate currencies. If

20The exchange rates are in indirect quotes against USD, hence they have negative
interest rate differentials.
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crash risk explains carry trade excess returns, the portfolios are expected to
have negative exposures to the global skewness factor and the factor price
should be negative. The global kurtosis factor is constructed to match the
concept of crash risk. Positive excess kurtosis is also called a Leptokurtic dis-
tribution (characterized by high peak and fat tail relative to standard normal
distribution) in which volatility is driven by a few extreme events, and vice
versa for Platykurtosis (negative excess kurtosis). Table below shows the
comovement of global skewness and kurtosis risk with dollar risk. PUW has
a high positive correlation with GS@Q of 0.85. Since GSQ directly measures
the tail risk associated with the underlying position, PUW possesses the
consistent economic intuition of crash risk. Because the position-unwinding
risk is closely associated with the skewness of the portfolio excess returns
which is already shown highly related to the interest rate differentials (see
Brunnermeier, Nagel, and Pedersen), [2009), it is straightforward to expec-
t the portfolio with higher interest-rate currencies to have higher exposure
to PUW. GKT is regarded as the volatility of volatility, and hence the

complementary measure to volatility risk gauged by the second moment.
[Insert Figure[A.2] about here]

We also construct the aggregate-level moment risk premium factors, i.e.
variance risk premium, skewness risk premium, and kurtosis risk premium,
as the difference between the realized moments (ex-post realizations) and it-
s corresponding option-implied risk neutral moments (ex-ante expectations)
using model-free approach@ rather than direct calculations by [Breeden and
Litzenberger’s (1978) method. They reflect the risk premia charged by in-
vestors for the difficulty to hedge their positions. But we find little evidence
of the cross-sectional pricing power by these moment risk premium factors
at aggregate level. The result for moment risk premia is not reported in this

paper but we will be glad to provide on request.

21See |Bakshi, Kapadia, and Madan| (2003) for details; Please also refer to our relevant
paper “Global Currency Misalignments, Crash Sensitivity, and Moment Risk Premia”.
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4.2.4. Volatility and Liquidity

We employ [Menkhoff, Sarno, Schmeling, and Schrimpf/s (2012al) innova-
tion of using an AR(1) process (GVI) in the global FX volatility (GV L) as
the proxy for volatility risk in FX market, and compare it with the simple
changes in Chicago Board Options Exchange’s (CBOE) VIX index (AVIX)
that is adopted e.g. by |Ang, Hodrick, Xing, and Zhang] (2006).

GV Lyr = %Z <KLT Z |6i,7|) (31)

TET €K,
where K, denotes the number of currencies available on day 7. We then
exploit a market microstructure approach that measures illiquidity risk in FX
market as the global relative FX bid-ask spreads (GLR) (see also Menkhoff,
Sarno, Schmeling, and Schrimpf], 2012a), and compare it with the changes in
T-Bill Eurodollar (TED) Spreads Index (ATED)@ as used by, for example,
Brunnermeier, Nagel, and Pedersen| (2009).

1 S, — SE

T ieK,

CLRur = 7>

TeT

where a superscript, M, denotes the mid price of spot rates. This measure
is grounded in (Glosten and Milgrom(s (1985) theory which is the first to
investigate the adverse selection behavior in market transactions. They show
that informational asymmetry leads to positive bid-ask spreads. |Amihud
and Mendelson| (1986) further set forth a model that predicts the market
observed expected returns as an increasing and concave function of the bid-
ask spreads, wherein expected holding periods play a vital role. |Amihud

(2002) show that expected excess returns in equity markets represents an
illiquidity premium@.

22Qriginally, it is a 3-month index. Thus, it has to be divided by 1 to match the monthly
excess returns.
23The difference is that he measures illiquidity as the average daily ratio of absolute
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5. Linear Factor Model and Estimation Method-
ologies

In this section, we introduce the linear factor model for time-series and
cross-sectional analyses of the tested assets, and the econometric methodol-

ogy to estimate the model.

5.1. Linear Factor Model

Here we briefly summarize the methodologies used for risk-based expla-
nations of the currency carry trades’ excess returns. The benchmark asset
pricing Euler equation with a stochastic discount factor (SDF) implies the

excess returns must satisfy the no-arbitrage condition (Cochrane, 2005):

]Et[th : ITj,t+1] =0 (33>

where E;[ -] is the expectation operator with the information available at
time . The unconditional moment restrictions is given by applying the law

of iterated expectations to Equation (33):

E[my - xrj,] =0 (34)

The SDF takes a linear form of:

mtzg-[l—(xft—p)Tb} (35)

where ¢ is a scalar, zf; is a k x 1 vector of risk factors, p = E[xf;], and b is
a conformable vector of factor loadings. Since £ is not identified by Equation
(35), we set it equal to 1, implying E[m,| = 1. Rearranging Equation (34)
with Equation gives:

return to dollar volume across stocks. But this measurement is not exploitable for FX
market since it is a highly liquid market with massive daily trading volume. Instead, we
adopt relative bid-ask spread approach.

33



E[zr,) = cov]zr, - xf,"] - b (36)

or

Elzr;| = cov]zr;,, ofi] E;f%zf Yafar b (37)
[\ ~ v \T—/
Bj

where X, .r = E[(zf; — p)(zfi — p)T]. Equation is the beta represen-
tation of the asset pricing model. §; is the vector of exposures of portfolio j
to n risk factors, it varies with the portfolios. A is a k x 1 vector of factor
prices associated with the tested risk factors, and all portfolios confront the
same factor prices. The beta representation of the expected excess returns

by our two-factor linear model can be written as:

E[zr;:] = Bjpvw - Apuw + Bjsc - Asc (38)

The subscripts denote the corresponding risk factors. The higher position-
unwinding risk (PUW), the higher expected excess returns of the currency
carry trades. Thereby, we expect negative betas (Spyw ) and negative factor
price (Apyw) across all portfolios. The exposures to the sovereign credit risk
(HM Lg¢) vary across the portfolios. Its factor price (Ag¢) should be positive,
high expected excess-return portfolios should have a positive beta (Sg¢) while
low expected excess-return portfolios with a negative beta provide a hedge

against sovereign credit risk.

5.2.  Estimation Methodology

We reply on two procedures for the parameter estimates of the linear
factor model: Generalized Method of Moments (Hansen, [1982), as known
as “GMM”, and Fama-MacBeth (FMB) two-step OLS approach (Fama and
MacBeth| 1973)).
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5.2.1.  Generalized Method of Moments

In the first procedure, we estimate the parameters of the SDF - b and p -
using the GMM and the moment restrictions in Equation which can be

rewritten as:

E{zre - [1 - (af; — p)" 0]} =0 (39)

The GMM estimators of p is set equal to a vector of the sample mean of
risk factors, zf. While b is given by:
7 T S laT s
b= (g Wi Sinag ) S Wi (40)
where f]xmf is the sample covariance matrix of zr; and zf;, Wy is a
weighting matrix, Zr is the sample mean of excess returns. Then the es-
timates of factor prices A = ixf’mf 13, where ﬁ]xf@f is the sample covariance
matrix of zf;. Following |Burnside (2011), we include an additional set of
corresponding moment restrictions on the factor mean vector and factor co-

variance matrix:

ary - [1— (zfy — p) T b]
9(¢r,0) = afy —p =0 (41)
(@fe = p)(afe = p)T = Bapar

where 6 is a parameter vector containing (b, p, ¥ur.f), ¢¢ represents the
data (zr, zf;). By exploiting the moment restrictions E[g(¢;, 8)] = 0 defined
by Equation , the estimation uncertainty@ is thus incorporated in the
standard errors of A, and this method of point estimates is identical to that of
Fama-MacBeth two-pass OLS approach (see Burnside), 2011). The standard
errors are computed based on Newey and West’s (1987) VARHAC procedure
with the data-driven approach of Andrews’s (1991) optimal number of lags

2474 is due to the fact that factor mean vector and covariance matrix have to be esti-
mated.
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selection in a Bartlett kernel. In the first stage of GMM estimator, Wy =
I,; In the subsequent stages of GMM estimator, Wy is chosen optimally.

The empirical results for the first stage GMM and the iterate-to-convergence
GMM are reported.

5.2.2.  Fama-MacBeth Approach

Additionally, we report the empirical results from the second procedure,
FMB estimates. The first step is a time-series regression of each portfolio’s
excess returns on proposed risk factors to obtain corresponding risk expo-

sures:

xrj = o + B pow PUW, + Bjsc HM Lscy + €54 (42)

where ¢, is i.i.d. (0, 0]25). The second step is a cross-sectional regression
of each portfolio’s average excess returns on the estimated betas from the

first step to acquire the risk prices:

Irj = Bj,PUW Apuw + Bj,SC - Asc (43)

Since PUW has a correlation of —0.24 with the slope factor, it may have
a cross-sectional relation with the currency carry portfolios with statistically
significant factor pricﬂ. It also seems to serve as a constant that allows
for a common mispricing term as it is highly correlated (—0.75) with the
level factoﬂ Therefore, we do not include a constant in the second step of
FMB. The estimates of the risk prices from FMB is numerically identical to
those from GMM. The standard errors adjusted for measurement errors by
Shanken[s (1992)) approach are also reported besides Newey and West| (1987))

25We find the position-unwinding likelihood indicator alone captures over about 55% of
the cross-sectional variation of currency carry trade portfolios with statistically significant
factor price.

26See also Burnside| (2011); Lustig, Roussanov, and Verdelhan| (2011) on the issue of
whether or not to include a constant.
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HAC standard errors with automatic lag length selection (Andrews, 1991)).

The predicted expected excess returns by the model is thereby i]mwf IS,
and the pricing errors are the model residuals ¢ = xr — XA:xr’xf b. Then a
statistic for over-identifying restrictions, N & Vy'é, can be constructed to
test the null hypothesis that all pricing errors across portfolios are jointly
zero, where N is the sample size, Vy is a consistent estimate of asymptotic
covariance matrix of v/ N é and its inverse form is generalized. The test
statistic is asymptotic distributed as y? with n — k degrees of freedom. We
report its p — values based on both [Shanken| (1992) adjustment and |[Newey
and West| (1987) approach for FMB procedure, and the simulation-based
p — values for the test of whether the Hansen-Jagannathan (Hansen and
Jagannathan| [1997) distance (HJ — dist) is equal to zerd®| for the GMM
procedure. The cross-sectional R? and Mean Absolute Errors (MAE) are
also reported. When factors are correlated, we should look into the null
hypothesis test b; = 0 rather than \; = 0, to determine whether or not to
include factor j given other factors. If b, is statistically significant (different
from zero), factor j helps to price the tested assets. A; only asks whether
factor j is priced, whether its factor-mimicking portfolio carries positive or

negative risk premium (Cochrane, [2005)).

6. Empirical Results

In this section, we show and discuss the empirical results from the asset
pricing tests. The factor prices are all annualized. By using a different

slope factor rather than the forward bias risk constructed directly from the

2"THansen-Jagannathan (Hansen and Jagannathan, [1997) distance gives a least-square
distance between the tested pricing kernel and the closest pricing kernel among a set of
pricing kernels that price the tested assets correctly. It is calculated by a weighted sum
of random variables that follow a x? distribution. For more details, see |Jagannathan and
Wang| (1996)); |Parker and Julliard, (2005)).
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currency carry portfolios with a persistent monotonic excess returns pattern,
we no longer need to restrict the intercept betas that 8,1 = 3,5, and the slope
betas that 8.5 — 5.1 = 1. As a result, we are able to observe more objective
estimates on global risk exposures of the lowest and highest interest-rate
currencies portfolios. The following paragraphs will reveal that the higher
interest-rate currencies are exposed to higher systematic risk, which is not

detectable when imposed with above two restrictions.

6.1. Sovereign Credit as the Dominant Fundamental Risk

The top panel of Table shows the asset pricing results with GDR
and HM Lgc. The highest interest-rate currencies are positively exposed
to sovereign credit risk and the low interest-rate currencies offer a hedge
against it. The risk exposures are monotonically increasing with the interest
rate differentials. The cross-sectional R? is very high, about 0.93ﬂ. The
coefficients of 3, b and A\ are all statistically significant. The statistically
significant price of sovereign credit risk is 3.287% per annum, and the Mean
Absolute Error (MAE) is about 30 basis points (bps), which is very low.
The p — values of x? tests from [Shanken| (1992) and [Newey and West| (1987)
standard errors, and those of the H.J —dist (Hansen and Jagannathan, 1997)
all suggest to accept the model. By using alternative slope factor to relax the
constraints on s of the lowest and highest interest-rate currencies portfolios,
we are able to detect that the exposures to the global risk increase with the
interest rate differentials. Since the interest rate differentials covary with
skewness of the portfolio excess returns, the global risk represents the crash
risk and this can be confirmed by our other two risk factors PUW and GSQ.

[Insert Table about here]

Table below shows the the asset pricing results with GDR and
HM Lpc, which is the principal component of HM Lgc and HM Lpg. So

2850 do the time-series R?s that are persistently over 0.90 across portfolios.
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HMLpe can be deemed as the sovereign credit risk implied in the forward
bias risk. The empirical results are very similar to those obtained from using
the direct sovereign credit risk measure, with a little higher factor price of
5.695% per annum and an even higher R? of 0.968. This might mean that
there is informational “noise” captured by HM Lgc that is not valuable for
explaining currency carry trade excess returns. However, we will verify that
this noisy component is not useless in the next test. The model is also
confirmed correct by x? and H.J — dist tests, with a MAE of about 19 bps.

[Insert Table about here]

Both orthogonal components (to HM Lp¢) of forward bias and sovereign
credit risk factors, HM Lpp, and HM Lg¢, , do not capture additional cross-
sectional variations of currency carry trades. These findings confirm that
sovereign credit risk is a good substitutive slope factor. In fact it is even
better than the forward bias risk because it not only relaxes the estimation
restrictions, but also offers a traceable source of risk against which we are
able to hedge.

6.2. Alternative Measures of Sovereign Credit Risk

We also resort to government bonds for an alternative measure of sovereign
credit risk by sorting government bond total return indices into five portfo-
lios based on their respect redemption yields. By doing this, we not only
form the government bond portfolios for robustness test later, but also eval-
uate the sovereign credit risk from the excess returns of a total-return-index
investment strategy that holds long positions in the highest 20% sovereign
default risk government bonds funded by the lowest 20% sovereign default
risk government bondg?}

HMLgp = PFLgps — PFLap. (44)

29Please refer to Table for descriptive statistics of government bond portfolios.
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In Figure[A.3] as shown below, we can see the inextricably tied-up fluctu-
ations of the three factors, HM Lrg, HM Lsc, and HM Lg g, implying that
forward premia, to some degree, represent the sovereign credit risk, which
could be the dominant source of country-specific fundamental risk priced
in cross section of currency carry trade excess returnﬂ. The correlation
between HM Lsc and HM Lgg is 0.96, which mutually manifests that our
measures are valid for evaluating sovereign credit risk and the short-term
exchange rates move in the directions to compensate for sovereign credit
risk. This means that when holding high default risk sovereign debts de-
nominated in local currencies, the investors still confront a high probability
of large currency devaluations that may not yet be compensated enough by
the bond yields. However, it seems that in the short run the demand for the
government bond holders to hedge currency devaluation risk would be small
because, according to our empirical results, the currencies of high sovereign

default risk tend to appreciate in short run.

The bottom panel of Table shows the asset pricing results with
GDR and HM Lgg. Again, we can see monotonic exposures of the currency
carry portfolios to HM Lgg. Our alternative measure of sovereign credit
risk from government bonds total return indices has slightly higher cross-
sectional pricing power (an R? of 0.952). Again, the coefficients of 3, b and
A are all statistically significant. The price for sovereign credit risk implied
in government bond is much higher, 9.544% per annum, owing to greater
variation in the factor as the compensation for liquidity risk; and the Mean
Absolute Error (MAE) is still low, about 27 bps. The p — values of x?
tests and the H.J — dist all suggest to accept the model. These results
add additional credibility on the measure of sovereign credit risk and its

cross-sectional pricing power. The success of the pricing power of sovereign

30Tn time-series analysis, both HM Lgc and HM Lgp cannot outperform HM Lyp in
pricing the currency carry portfolios since the forward bias risk is directly constructed from
the portfolios themselves. And these portfolios already shows a persistently monotonic
pattern in excess returns.
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credit premia measured by government bonds is consistent with the findings
by [Ludvigson and Ng (2009)) that investors must be compensated for the
countercyclical sovereign credit premia, which is strongly associated with
macroeconomic activity. In this economic sense, our findings to some extent

testify that the disconnect puzzle of currency risk premia may not exist.
[Insert Figure [A.3] about here]

Figure shows the aggregate level of sovereign CDS spreads across
over 30 countries and its innovations of AR(1) process. There are pronounced
upswings at the outbreaks of the Subprime Mortgage Crisis and Sovereign
Debt Crisis in Europe, during which currency carry trade position began to
unwind. Table further confirms that the global sovereign credit risk
proxy GSI is able to price about 0.786 of the cross-sectional variation of
the currency carry trade portfolios with statistically significant factor price

(—0.943 per annum) while passing the pricing-error and HJ — dist tests.
[Insert Table about here]

Since our two-factor models with alternative measures of sovereign default
risk explain a large proportion of the cross-sectional variance of currency car-
ry trade excess returns, it is reasonable to believe that one solution towards
forward premium puzzle is sovereign credit premia, even in short run. Be-
cause sovereign credit premia not only reflect a country’s medium to long
run risk, but also indicate the short-run rollover risk of maturing sovereign
debt, which would particularly be exacerbated during the market liquidity
deterioration (Acharya, Gale, and Yorulmazer, |2011; He and Xiong, [2012)).

6.3. Forward Position-unwinding Premia

To show that the position-unwinding likelihood indicator is a good mea-
sure of global (crash) risk, we run time-series and cross-sectional regressions

of currency carry portfolios on PUW and H M Lg¢ as our benchmark model.
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[Insert Table about here]

As shown in Table above, the lower (negative) skewness (crash
risk) of the excess return distribution (see Table , the higher position-
unwinding risk of the corresponding carry trade position, in terms of lower
negative factor exposures. Brunnermeier, Nagel, and Pedersen| (2009) find
a strong correlation between the interest rate differential and the crash risk
measured by skewness of individual currency, which is further conformed
by the carry trade portfolios conducted in asset pricing literature, such as
Lustig, Roussanov, and Verdelhan| (2011]), Menkhoff, Sarno, Schmeling, and
Schrimpf (2012a)). Our data also exhibits very similar but not exact results,
possibly owing to the fact that the time span of our data is not long enough.
Nevertheless, we may still reach a quite robust conclusion that the higher
interest-rate currencies are exposed to higher position-unwinding risk when
allocated into the carry trade portfolios, as the correlation between interest
rate differentials and the skewness of the excess returns’ distribution is well
established. We will show that this conclusion is also robust to using the
global skewness factor (GSQ) as the proxy for crash risk (in the horse race

section), and the PUWy 4 that is unadjusted for skewness and kurtosis.

In both cases, the coefficients of 3, b and \ are all statistically significant.
The prices for position-unwinding risk are consistently negative as expect-
ed, —27.269% per annum for PUW and —27.420% per annum for PUW{ 4,
respectively. The R?s are 0.912 and the MAEs are also approximately the
same, about 32 bps. The p—values of x? tests and the H.J — dist all suggest
acceptance of the model. These empirics add additional credibility to the

measure of position-unwinding risk and its cross-sectional pricing power.

6.4. Factor-mimicking Portfolios

To better scrutinize the factor price of the global sovereign credit risk

(innovations) and position-unwinding risk in a natural way, it is necessary to
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convert it into a return series by following Breeden, Gibbons, and Litzenberg-
er| (1989), Ang, Hodrick, Xing, and Zhang| (2006) to build a factor-mimicking
portfolio of position-unwinding likelihood indicator. If this factor is a traded
asset, its risk price should equal to the mean return of the traded portfolio

for satisfying the no-arbitrage condition.

We regress the risk factor xf; (GSI and PUW respectively) on the vec-
tor of excess returns of five carry trade portfolios xr; to obtain the factor-

mimicking portfolio xrparpy:

rfy = a+ o+ (45)

where v; is i.i.d. (0,07 ). Then the factor-mimicking portfolio zrpyp; =

~

B’ xr; is given by:

argry = —0.015 - ariy + 0.098 - 219y — 0.063 - 23, — 0.061 - 274y — 0.049 - 275,

Trpw s = 2.222 - ar1y — 1.330 - w1y, — 0.287 - argy — 3.749 - argy — 0.295 - a5,

The factor-mimicking portfolio of innovations in global sovereign credit
risk (GSIpyp) is —0.62 correlated with forward bias factor, that of position-
unwinding risk (PUWpgpp) is —0.93 correlated with dollar risk factor. It is
natural to expect this high correlation since they play a role of slope, and
level factor, respectively. The estimated annualized factor price of the global
sovereign CDS spreads (innovations) N;MFP = —0.504% per annum, which is
very close to the average annual excess return of the factor-mimicking portfo-

lio Zr&M? = —0.512% per annum. That of position-unwinding risk AL =

—16.361% per annum, and there is a monthly nuance to ZrkMy = —16.162%
per annum. These results confirm that the risk price of our factors, GSI
and PUW are arbitrage-free and has economically meaningful implications
for dynamic hedging against currency sovereign credit and crash risk, espe-

cially we will show that by analyzing the threshold level of PUW we’re able
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to predict the position-unwinding behavior of the market before any finance

turmoil occurs.

[Insert Table about here]

6.5. Horse Races

We run two horse races of the sovereign credit risk, one with volatility
risk measures, i.e. global FX volatility (innovation) risk factor (GVI) by
Menkhoff, Sarno, Schmeling, and Schrimpf (2012a), and simple changes in
Chicago Board Options Exchange’s (CBOE) VIX index (AVIX); another
one with illiquidity risk measures, i.e. global FX bid-ask spreads (GLR), and
changes in T-Bill Eurodollar (TED) Spreads Index (AT ED). Our empirical
results corroborate Bandi, Moise, and Russell's (2008) evidence that stock
market volatility drives out liquidity in cross-sectional asset pricing exercises,

FX market shares this similarity.

[Insert Table about here]

[Insert Table about here]

In the horse races, AVIX cannot dominate HM Lgo and the cross-
sectional pricing power does not improve much (see Table . As shown
in Table when racing with GV I, the estimates of b and A\ with respect
to HM Lgc become statistically insignificant in pricing the cross section of
currency excess returns, although both factor exposures exhibit monotonic
and statistically significant patterns in time-series regressions. This is caused
by multicollinearity problem that GV I dominates H M Lg¢ in cross-sectional
regression. The rationale behind this suggests that there must be some other
ingredients containing valuable information about the cross section of curren-

cy excess returns that drives the cross-sectional volatility in the FX market,
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but sovereign credit risk already constitutes a major part of the FX volatility
innovation because HM Lgc and HM Lgp as the proxy for sovereign default
risk both possess very close cross-sectional pricing power to GV I. When
comparing GV I with the direct measure of sovereign credit risk using the
innovations in global sovereign CDS spreads G.SI, we find neither of them
can dominate in both cross-sectional and time-series dimensions, and both
factor prices are statistically significant (see Table . Thereby, we take a
further step to employ both linear and nonlinear Granger causality tests to
show that sovereign default risk leads to innovations in global FX volatility

in the Section |8 of this paper.
[Insert Table about here]

G LR performs badly in terms of statistically insignificant parameter esti-
mates when racing with HM Lgc (see Table . While Table shows
that HM Lgc also dominates AT ED in both time-series and cross-sectional
regressions. Unlike HM Lgc, ATED loses its monotonic risk exposure pat-
tern and its estimates of b and A become very statistically insignificant. A-
gain, this is not surprising because AT ED is also an indicator of credit risk
in the general economy while HM Lg¢ is constructed directly from the cur-
rency excess returns, admittedly, it should be more specialized in gauging
(sovereign) credit risk in currency market. Given the fact that credit risk
and liquidity risk are always the twins that interact dynamically in the glob-
al economy, credit risk is usually the trigger of liquidity risk, and liquidity
risk sequentially amplifies credit risk. So we should expect that HM Lgc

overwhelms AT ED in terms of cross-sectional risk information.

[Insert Table about here]

[Insert Table about here]

To summarize, global FX volatility risk cannot dominate sovereign default

risk in pricing the cross section of currency carry portfolios. Sovereign default
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risk is the dominant country-specific fundamental risk in terms of persistent
monotonic time-series factor exposures and very high cross-sectional pricing
power. Follow the economic intuition, sovereign credit conditions should be
the driver of volatility and illquidity risk in FX market and the reverse may
not necessarily be true. These will be testified by both linear and nonlinear

Granger causality later in this paper.

7. Robustness

We stick to conditional risk premia, since it is more reasonable to look at
the empirical results obtained from managed investments that in reality FX
traders open, close, or adjust their positions based on daily updated informa-
tion. Given the sample period is not long enough, splitting sample by time
and/or category (advanced economieﬂ and emerging market) is not ideal
because these will introduce measurement errors in betas in terms of small-
er variations in their estimated values, which will in turn make the market
prices appear higher and less accurately estimated than on full sample. How-
ever, our reported results are still robust to peso problem, state-dependent
factor exposures, beta-sorted portfolios and nonlinearity checks besides al-
ternative measures of sovereign credit risk and crash risk, and unadjusted
position-unwinding likelihood indicator, and factor-mimicking portfolios. By
removing the illiquid currencies from the portfolios, we also confirm that our
asset pricing results remain qualitatively very similar. These results are not

presented in this paper, again we will be glad to provide on request.

31 Although currencies of these countries are involved in over 90% of the daily trans-
actions in FX markets, the average excess returns of their carry trade portfolios do not
exhibit the monotonic patterns during the financial crunch because these positions were
unwound in distinctive ways of collapse.
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7.1. Peso Problem

To show that the sovereign credit risk does not represent a “peso problem”
because sovereign default is a rare event and the factor price for GST is very
small, we winsorize the sample outliers of the G\ST at the 95% and 90% levels,
respectively, to cut off the spikes, since Burnside, Eichenbaum, Kleshchelski,
and Rebelo (2011]) argue that the key characteristics of a peso state is a high

value of SDF|, not large losses in carry trades.

[Insert Table about here]

As shown in Table[A.15] we still obtain very robust empirical results with
R?s of from 0.850 to 0.862. The quantitative changes are the estimates of
risk exposures and factor prices of GSI, and the price of the factor estimated
with it. Due to the winsorization, the variance of GSI becomes smaller,
hence Aggr would naturally become smaller as well. The factor prices and
loadings (bgss) remain statistically significant, —0.486% per annum when 5%
of the extreme observations are excluded; —0.443% per annum when 10% of
the extreme observations are excluded. So, the qualitative attributes of the

sovereign credit risk story about the UIP puzzle do not change.

7.2.  Regime-switching Erposures

Regime-switching models are popular among scholars for conducting time-
series analysis, ranging from [Hamiltons (1989)) business cycle application to
Ang and Bekaert/s (2002) asset allocation application, and can be employed
to evaluate the possibility of abrupt changes in risk exposures. We consider
a simple two-state (1) Markov regime-switching model that uses the filter-
ing procedure of Hamilton| (1990)) and the smoothing algorithm of |Kim and
Nelson| (1999, 2003):

Ty, = { O‘% + By A+ Blyps -l + G i =05 (46)
7 G+ Bapr W+ Bjaps - 2f +Gu i =1
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where xff, and zfy denotes level, and slope factor, respectively; (;; is
i.i.d. (0, 032-7(). The matrix II consists of the transition probabilities, e.g. pig

denotes the transition probability from state 1 to state 0:

I = (47)

Poo  Pio
Po1 P11

We reject the null hypothesis of linearity except for the portfolio with
lowest interest-rate currencies. However, the validity of the LR-statistic for
linearity test is questioned by [Terasvirta, (2006) because it does not have a
standard asymptotic y? distribution. And the turmoil-state regime does not
last for more than three months except for the portfolio with high interest-
rate currencies. The Wald test is employed for testing identical parameters
and systematically alternating regimes (opposite to arbitrarily switching be-
tween two regimes) in terms of smoothed transition probabilities. And the

Wald statistics are computed by asymptotic covariance matrix.
[Insert Table about here]

The Wald tests suggests that we reject the null hypotheses of no difference
in parameter estimates between two regimes, except for portfolio Cy, and the
Bscs of portfolio Cy and Cy. This means that the regime dependence is main-
ly driven by the assessment of systemic (position-unwinding) risk exposures
(Bpuw ). We argue that it is not necessary to consider regime-switching risk
exposures in the cross-sectional asset pricing exercise for the following two
reasons: (i) The average duration of high volatility regime for portfolio (1,
C3, and Cy is very short (1-month, 1-month, and 2.5-month, respectively),
and the shifts only occur three times on average. Comparing this to the time
length of the data, the impact of the shifts is trivial on each portfolio. (ii)
The slope factor plays a “solo” role in the cross section of currency carry
trades (see the factor loadings in Table . Even though portfolio C'; and
Cs are substantially affected by the regime switching, the changes in their
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exposures to sovereign default risk are not statistically significant, as indi-
cated by the Wald tests. (iii) The linear factor models already perform quite
well, with a cross-sectional R? persistently over 0.90. The remaining cross-
sectional variance that can be captured by state-dependent risk exposures is
limited. The cross-sectional R* obtained from regime-splitting regressions in
the second stage of FFM B approach does not improve much. We further ex-
amine the quadratic effect of position-unwinding risk and do not find notable

improvement in explaining the cross-sectional variations.

7.3.  Beta-sorted Portfolios

We adopt 60-month rolling window for the estimation of betas which
is commonly used for the studies in the field of stock markets because it
always generates relatively stable parameter estimates. We do not need to
dynamically rebalance our portfolios over the sample period as the rank of
the factor exposures across currencies is quite stable in our data. Instead,
we sort the currencies into portfolios according to their average betas. Table
[A.14] Table shows the descriptive statistics of the currency portfolios
sorted on betas with H M Lg¢, and doubly sorted on betas with both HM Ls¢e
and PUW , respectively.

[Insert Table about here]

CHF and JPY are the currencies with the lowest and the third lowest
exposure to sovereign credit risk, their average Sgc over the sample period are
—0.794 and —0.658 respectively. These results are coherent with the findings
by Ranaldo and Soderlind| (2010) that CHF and JPY are characterized as
“safe-heaven” currencies because they have negative exposures to risky assets
and appreciates when market risk increase. Intriguingly, JPY is also the
currency with the lowest position-unwinding risk, it has a unique positive
average Opyw of 0.014, while all other currencies all have average negative

Bpuws. This implies a weak hedge position of JPY for global currencies
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against position-unwinding risk. CHF’s average Bpyw is —0.145, a medium

position-unwinding risk exposure among the currencies in the sample.

[Insert Table about here]

The countries with the highest exposures to HM Lgo are “BRIq?_Z[’,
“MIST”, and “CIVETS?]" coined by Jim O’Neil in Goldman Sachs’ “Glob-
al Economic Paper” series in order to differentiate them from a variety of
emerging markets. The corresponding average Bgcs of these currencies are
shown in the parentheses in descending order: COP (1.107), TRY (1.102),
ZAR (0.931), MXN (0.801), INR (0.559), BRL (0.489), KRW (0.471), IDR
(0.452). The next group contains the currencies of the countries from “EA-
GLES@ Nest” members, e.g. PHP, PEN, MYR, ARS. Nordic currencies,
such as SEK, NOK, and DKK, feature safe assets with respect to low neg-
ative Bgc. All these countries do not have a common level of exposures to
the PUW. AUD and NZD, among the most popular carry trade curren-
cies, are in the group of high position-unwinding risk. HKD with an average
Bpuw = —0.003 seems to be isolated from the position-unwinding risk, as
it is known pegged to USD, which provides additional supportive evidence
that our position-unwinding likelihood indicator essentially substantiates the

(global) dollar risk as a systematic risk.
[Insert Figure[A.5l about here]

Furthermore, the excess returns and forward discounts “f — s” increase

monotonically with both Bsc and Spyw dimensions across portfolios, which

32Except for China which is excluded in our currency portfolio, and Russia which ranks
medium in the exposure to sovereign credit risk.

33Except for Vietman and Egypt which are not included in our sample.

3EAGLEs is a grouping acronym created by BBVA Research in late 2010, standing
for Emerging and Growth-leading Economies, whose expected contribution to the world
economic growth in the next 10 years is greater than the average of the G6 advanced
economies (G7 excluding U.S.).
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confirms that our beta-sorted portfolios reproduces the cross section of cur-
rency carry portfolios’ excess returns. However, the skewness of our beta-
sorted portfolios exhibit very similar, but not exactly the same, pattern of
those sorted on forward discounts. Moreover, unlike the volatility of the cur-
rency carry portfolios, the portfolios sorted solely on [sc does not show a
monotonic pattern. These suggest that sorting currencies on fBgc alone is
closely related to, but not utterly identical to the currency carry portfolios.
Sorting currencies on both B¢ and Spyw is much more close to the cur-
rency carry portfolios in terms of volatility and skewness patterns, because
the position-unwinding risk drives volatility innovations in FX market. This
reasonably suggests that forward bias risk reflects not only sovereign cred-
it premia but also forward crash premia, as it is correlated with both level
factor and slope factor@.

7.4. Currency Momentum and Volatility Risk Premium Port-

folios

Besides global government bond market, we further look into global equity
market. The equity momentum factor (see |Jegadeesh and Titman| (1993,
2001) is given by the differences in the excess returns between the top 20%
winner portfolio and the bottom 20% loser portfolioPlease refer to Table (B.3.

for descriptive statistics of equity momentum portfolios.:

HMLgy = PFLgys — PFLeara (48)

It would be interesting to check if equity momentum risk is also priced in
currency carry portfolios as well. However, we don’t find any supportive evi-
dence. We then turn to the currency momentum strategy. Menkhoft, Sarno,
Schmeling, and Schrimpf] (2012b) argue that it is the limits to arbitrage that

35Figure shows the cross-sectional fitness of five currency carry portfolios of six
different models.
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prevent this type of trading profitability from being exploitable. We offer ev-
idence analogous to that of Avramov, Chordia, Jostova, and Philipov| (2007))
in equity market that stock momentum is mainly found in high credit risk
ﬁrmﬂ which are subject to illiquidity risk. And the difficulty in selling short
can hinder the arbitrage activity as well. The top panel of Table be-
low reveals that sovereign credit risk (HM Lg¢) drives currency momentum
over our sample period in which the investors have experienced Subprime
Mortgage Crisis and Europe Sovereign Debt Crisis. We also find strictly
monotonic risk exposures across currency momentum portfolios, winner cur-
rencies load negatively on H M Lgc while loser currencies positively, implying
that winner currencies perform well when sovereign credit risk is low and los-
er currencies provide a hedge against it when sovereign credit risk is high.
This is concordant with poor performance of currency momentum strategy
during the recent period of credit crunch. The factor price of HM Lgc is
negative, so sovereign credit risk offers a high premium about —13.496% per
annum (with an acceptable statistical significance) to the currency momen-
tum investors. This model has a R? of 0.651 with a MAE of about 42 bps,
and is accepted by x? and H.J — dist tests for zero pricing errors. Sovereign
credit risk is the only factor that yields statistical significant factor price and
good cross-sectional pricing power among the canonical risk factors used in
this paper and Huang, MacDonald, and Zhao| (2013).

[Insert Table about here]

We also investigate the currency volatility risk premium strategy by test-
ing the cross-sectional pricing power and statistical significance in factor price
of each of these canonical risk factors, and find that only the sovereign credit
risk contributes to the volatility risk premia. The bottom panel of Table
indicates that the profit brought by a trading strategy which bor-

rows low downside-insurance-cost (high volatility risk premium) currencies

36For instance, those whose corporate bonds are rated at non-investable grade.
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to invest in the currencies characterized by high position-protection cost (low
volatility risk premium) can be understood from the angle of sovereign credit
risk as well. The crash-averse investors are actually paying an insurance pre-
mia to protect their currency positions against sovereign credit risk implied
in the currencies (Huang, MacDonald, and Zhaol 2013). Higher sovereign
default probability makes the downside risk of a currency more expensive to
hedge. The price for this factor to this trading strategy is 5.198% per annum
and statistically significant. The cross-sectional R? is 0.820 with a MAE of
approximately 55 bps. The x? and HJ —dist tests all indicate that the model

is correctly specified.

8. Factor Dynamics and Application

The existing literature in empirical asset pricing of currency carry trades
do not highlight the spillover effect of country-specific fundamental risk to
the global economy nor test the impulsive country-specific risk that drives
others of its kind. The contagion channels can be international trade linkages
(e.g. Krugman, 1979; [Eichengreen, Rose, and Wyplosz, |1996)), international
bank lending (e.g. Kaminsky and Reinhart} {1999, 2000; Allen and Gale,
2000; |[Van Rijckeghem and Weder, 2001)), international portfolio holdings
and rebalancing (e.g. [Kodres and Pritsker, 2002; Pericoli and Sbracia, 2003)),
or more generally speaking, international capital flows, such as sudden stop
and flight-to-quality (see |Calvo, [1998; [Forbes and Warnockl, 2012). There
are various econometric techniques that can be employed for testing factor
dynamics, which, however, is not the main purpose of this paper. Therefore,

we only choose both linear and nonlinear Granger causality test.

The interactions between the global risk factor and country-specific factor
is the principal concern of testing contagion. Position-unwinding likelihood

indicator is embedded with the global risk aversion. At the early stage of the
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financial crisis, global risk aversion is a significant factor influencing sovereign
CDS spreads; and at the later stage, country-specific factor, such as short-
term refinancing constaint and long-term fiscal sustainability, becomes more
important and begins to feed back into broader financial instability (Cac-
eres, Guzzo, and Segoviano Basurtol 2010)). Furthermore, hedging design of
currency portfolios against idiosyncratic risk can be oriented by testing the

stimulative source of risk among the country-specific factors.

We employ both linear and nonlinear Granger causality tests to identify
which factor drives the cross-sectional risk, and to investigate the dynam-
ic propagation between global risk and country-specific risk, especially the
spillover of the country-specific risk to the global economy, because the de-
gree of Granger causality in the asset return-based risk factors can also be
viewed as a proxy for the spillover of information among market participants
as suggested by some recent relevant research, e.g. [Danielsson, Shin, and
Zigrand (2009), Battiston, Delli Gatti, Gallegati, Greenwald, and Stiglitz
(2012)), and [Billio, Getmansky, Lo, and Pelizzon| (2012)). Hiemstra and Jones
(1994) propose a nonparametric test for general (both linear and nonlinear)
Granger non-causality (HJ-test), which is questioned by Diks and Panchenko
(2006)). They show that HJ-test tends to incur spurious discovery of nonlin-
ear Granger causality, and the probability to reject the Granger non-causality
increases with the sample size. Instead, they provide an alternative nonpara-
metric test for nonlinear Granger causality that circumvents the problem in
HJ-test through replacing the global statistic by the average of local condi-
tional dependence measures. We follow their method to test the nonlinear
Granger causality among risk factors. The bandwidth of 1.50 is chosen to
accommodate the sample size. We adopt Akaike’s Final Prediction Error (as
known as AIC) as the lag-length selection criterion because Anderson (2004)
find that Akaike’s Final Prediction Erroif’| works quite well for small samples

37 Although nonlinear techniques suggested by [Tjgstheim and Auestad (1994) might
improve the accuracy, they’re very difficult to implement.
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even if the true model is nonlinear, and contrarily, Schwarz (Bayesian) Infor-
mation Criterion (SIC) and Hannan-Quinn Information Criterion performs

poorly unless the sample size is large enough.

8.1.  Impulsive Country-specific Risk

Table shows that sovereign credit risk seems to be the impe-
tus of other country-specific factors: HM Lgc both linearly and nonlinearly
Granger causes HM Lpg, GVI, AVIX, and ATED. And the reverse is not
true except that HM Lrg and ATED feedback into HM Lgc nonlinearly.

[Insert Table about here]

The relationship between HM Lgc and GLR seems to be dynamic and
nonlinear. From the aspect of market microstructure, liquidity spreads (bid-
ask spreads) are endogenously set by the market makers, whose reaction
function to perceived sovereign credit risk should be nonlinear to rationalize
this nonlinear and dynamical Granger causality between HM Lgc and GLR.
All these with the asset pricing tests vindicate that sovereign credit risk is

the dominant country-specific fundamental risk.

8.2.  Global Contagion

Table reveals the spillover of country-specific risk to the global
economy. Sovereign default risk (H M Lg¢) is contagious to the global money
market (GDR) and drives the currency crash risk (GSQ@), which in turn
amplifies the global volatility risk (both GV I and AVIX).

[Insert Table about here]

Baek, Bandopadhyaya, and Du (2005) find that the market risk appetite
imposes larger impact on the bond yield spreads than the economic funda-

mentals. The mechanism is reverse in currency market that the market risk
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sentiment, e.g. the FX volatility innovation (GVI), broad market volatility
(AVIX), and position-unwinding likelihood indicator (PUW) are driven by
the sovereign credit risk measured directly in the currency excess returns.
Moreover, GV I is naturally triggered by the position-unwinding likelihood,
which measures the precautionary risk attitude of the investors. PUW is also
fed into AVIX. We also find that position-unwinding risk of the currency
carry trades is driven by AVIX and by the forward bias risk (HM Lpg).

8.3.  Threshold Trading

Given that the position-unwinding likelihood indicator measures the prob-
ability of the currency crashes against the speculative carry trade positions
taken by the investors, and that it solely represents the (global) systematic
risk in terms of high correlation with the equally loaded PC of the currency
carry portfolios and also with the global skewness risk (GSQ) while is nearly
uncorrelated with the PCy that can be intensified by the (country-specific)
forward bias risk (see Table [A.18]), we can continue earning on the forward
bias risk as long as the positions are not forced unwounded. However, once
the currency crashes in the opposite direction of the carry trade positions,
the risk reverses and we will suffer losses by taking up any more forward bias
risk. So focusing on the position-unwinding risk is the principal concern of

currency carry trades.

In this section, we propose an alternative carry trade strategy that is
immunized from currency crash risk by identifying the threshold level of the
position-unwinding likelihood indicator. |Brunnermeier and Pedersen, (2009),
Clarida, Davis, and Pedersen (2009) reveal the regime-sensitivity of Fama
regression parameters that the fs are much smaller than unity or even neg-
ative during the tranquil period and shift to positive values or even become
greater than unity during the turmoil period. Thus, we can gain both statis-

tical and economic significance by analyzing the transition dynamics between
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regimes, e.g. reverse the carry trade positions during the currency crashes.
And according to the reality observed in our data, the position-unwinding
behavior would be triggered when PUW exceeds a certain precautionary
threshold. The procedure to search for the threshold level could be done us-
ing a Smooth Transition Model (STR) specifying that the carry trade excess
returns depend linearly on H M Lgp and nonlinearly on GDR. The nonlinear
relationship is dependent on the level position-unwinding likelihood. More

generally, our model is given by:

xrj = (04? + B? )+ (04]1- + B} D) - ws v, ¢5) + G (49)

where ¢, is i.4.d. (0,07.). PUW acts as the transition variable »; and
w(+) is the transition function which is conventionally bounded by zero and
one. 7; > 0 denotes the slope parameter that determines the Smoothnesﬁ
of the transition from one regime to the other. When ~; approaches zero, the
STR process reduces to a linear model; and as «y; goes to infinity, the STR
process becomes an absolute two-regime threshold model with abrupt tran-
sition (Tong, 1990). ¢; is the threshold level of the abruptness in transitional
dynamics. f{ (f}) is a vector of risk factors that enter the linear (nonlinear)
part of the STR model. Two types of transition functions (Terasvirta and
Anderson, |1992) universally appeal to scholars and they are:

Logistic STR Model (LSTR):

w(ve vy, ¢5) = {1+ exp[—y; (e — )]} (50)
Exponential STR Model (ESTR):

w(v; ), ¢5) = 1 — exp[—7;( — ¢;)°] (51)

Unlike the ESTR model, the LSTR specification accounts for asymmetric

realizations of the transition variable at two sides of the threshold level. We

38This implies that there exists a continuum of states between two polar regimes.
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follow Terasvirta/'s (1994)) methodology to choose the appropriate STR model
and utilize LM —test for examining the null hypothesis of no remaining non-
linearity (Eitrheim and Terasvirta, |1996)). That no residual autocorrelation

in the STR model is confirmed by [Terasvirta’s (1998 procedure.
[Insert Table about here]

The threshold levels of the position-unwinding risk in-sample (2005 Septem-
ber - 2009 September) are indicated in Table[A.19] that a PUW above 0.462
is suggested as a signal for reverse the positions of conventional carry trades.
In our principal trading rule, we use ex-ante 3-month moving average of
PUW for comparison with the threshold level of 0.462. Moreover, that the
PUW becomes persistently volatile during the recent financial crisis is note-
worthy. As a result, we set the ex-ante 12-month PUW volatility as the
complementary trading rule, which suddenly exceeds 15% at the outbreak
point and remains above this level in the aftermath of the financial crunch.
If it drops below 15%, the positions are reversed back to the plain vanilla

carry trade strategy.

[Insert Figure[A.6l about here]

Figure [A.6] show that the cumulative excess returns of the threshold
carry trade strategy is immunized from currency crashes, in comparison with
the plain vanilla one. The out-of-sample performance (2009 October - 2013
January) of this trading strategy is better. The annualized (compounded)
excess return of the threshold carry trading strategy is about 9.41%, which is
much higher than that of the plain vanilla one (1.98%). And it has a Sharpe
ratio of 0.78, more than twice as big as its original version. The success of
our novel strategy lies in the fact that the risk of currency carry trades is

highly predictable by our position-unwinding likelihood indicator.
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9. Conclusions

In this paper we argue that what we label sovereign credit condition is
the dominant fundamental risk that drives the cross-sectional excess returns
of currency carry trades. This conclusion is based on the striking and robust
time-series and cross-sectional evidence presented here. The cross-sectional
pricing power of sovereign credit does not reflect a “Peso problem” and it im-
pulsively drives other country-specific risk, such as volatility and liquidity risk
in both linear and nonlinear Granger causality tests. High interest-rate cur-
rencies load up positively on sovereign default risk while the low interest-rate
currencies provide a hedge against it, which is consistent with the external
valuation adjustment story of (Gourinchas and Rey (2007). A country with
high sovereign default risk displays high propensity to issue debts denomi-
nated by foreign (safe) currencies to make them more appealing to investors,
and inclines to offer high interest rate to attract foreign savings for funding
its external deficit. The destabilizing effect on a debtor’s currency drives the
currency risk premia. This is robust to alternative measure of sovereign de-
fault risk directly by government bonds. Given that sovereign credit premia
contains substantial information about the macroeconomy (Ludvigson and
Ngj, 2009)), currency risk premia does not disconnect from their fundamentals.
The sovereign credit premia not only reflects a country’s medium to long run
fundamental risk, but also response to short-run rollover risk of maturing
debt and liquidity constraint of a nation. Interest rates imply market lig-
uidity premium component and sovereign credit premium component, which

should be taken into account for measuring the “effective” forward premia.

We also explain a “self-fulfilling” nature of currency carry trades accord-
ing to the analysis of position-unwinding risk. Its factor-mimicking portfolio
confirms that position-unwinding risk is an arbitrage-free traded asset. It is
fed by the forward bias risk in both linear and nonlinear Granger causality

tests, in which complicated global contagion channels are highlighted. The

59



position-unwinding likelihood indicator is also consistent with the liquidity
spiral story of Brunnermeier, Nagel, and Pedersen| (2009)) as it measures the
currency crash risk in terms of high correlation with the global skewness
factor. We show high interest-rate currencies are exposed to higher position-
unwinding (crash) risk than low interest-rate currencies, owing to the global
liquidity transfer brought by carry trades themselves. Once the risk-bearing
capacity (e.g. funding liquidity constraint) of the financial intermediaries
is unable to sustain the “global liquidity imbalance”, the global liquidity
reversal /withdrawal of the investors triggers currency crashes (Gabaix and
Maggiori, |2014). Accordingly, we propose a threshold carry trade strategy
that is immunized from currency crash risk and earns a much higher annu-
alized excess return than the plain vanilla one. Our threshold carry trades is
a risk-managed strategy, it works because it eliminates the exposure to the
crashes and increases the Sharpe ratio substantially (approximately three
times as big as its original version). This presents a new challenge to any

theory that attempts to explain currency carry trade excess returns.
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Appendix A.

Table A.1. Descriptive Statistics of Currency Carry Portfolios

All Countries with Bid-Ask Spreads
Portfolios Co Cl 02 03 04 05 Avg. H/L
Mean (%) -2.28 0.45 1.57 244 294 457 239 229
Median (%) -6.35 3.67 3.71 6.02 834 11.17 533 274
Std.Dev. (%) 7.40 7.41 856 9.31 10.61 10.71 8.69 7.86

Skewness 0.14 -0.16 -0.26 -0.56 -0.53 -0.51 -0.49 -0.17
Kurtosis 0.17 018 021 0.82 062 057 0.60 0.11
Sharpe Ratio -0.31 0.06 0.18 0.26 0.28 0.43 0.28 0.29
AC(1) 0.01 0.01 -0.09 0.05 015 0.14 0.07 0.14

This table reports descriptive statistics of the excess returns in USD of currency carry
portfolios sorted on 1-month forward premia. The 20% currencies with the lowest forward
premia are allocated to Portfolio Cy, and the next 20% to Portfolio Co, and so on to
Portfolio Cs which contains the highest 20% forward premia. Portfolio Cy is Portfolio
(1 in short position and others are in long positions. The portfolios are rebalanced at
the end of each former forward-rate agreement according to the updated contract. ‘Avg.’,
and ‘H/L’ denotes the average excess returns of five portfolios in long positions, and
difference in the excess returns between Portfolio Cs and Portfolio Cy respectively. All
excess returns are monthly and adjusted for transaction costs (bid-ask spreads) with the
sample period from September 2005 to January 2013 with daily availability. The mean,
median, standard deviation and higher moments are annualized (so is the Sharpe Ratio)
and in percentage. Skewness and kurtosis are in excess terms. AC(1) is the first order
autocorrelation coefficient of the monthly excess returns in monthly frequency.
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Log Excess Returns (Monthly)

Figure A.1. Position-Unwinding Risk (Skewness-&-Kurtosis Adjusted)
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This figure shows skewness-and-kurtosis adjusted position-unwinding likelihood indicator
(PUW) of the currency carry trades in comparison with [Lustig, Roussanov, and|
[Verdelhan(s (2011)) dollar risk (GDR) and forward bias risk (HM Lpp) from September
2005 to January 2013.
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Log Excess Returns (Monthly)
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Figure A.2. Dollar Risk vs. Crash Risk
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This figure shows global skewness risk (GSQ) and global kurtosis risk (GKT) both as the
proxy for currency crash risk in the graph for easier comparison with [Lustig, Roussanov |

land Verdelhan's (2011) dollar risk (GDR) from September 2005 to January 2013.
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Log Excess Returns (Monthly)

Figure A.3. Forward Bias Risk vs. Sovereign Credit Risk
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This figure shows sovereign credit risk (HM Lgc implied by currencies, and HM Lgpg
implied by government bonds) in comparison with [Lustig, Roussanov, and Verdelhan/s
(2011)) forward bias risk (HM Lppg) from September 2005 to January 2013.
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Global Sovereign CDS Spreads

Figure A.4. Global Sovereign CDS Spreads: Aggregate Level & Shock
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This figure shows global sovereign CDS spreads at aggregate level of the whole sample
countries with equal weights (GSR), and the innovations of its AR(1) process without a
constant (GSI) from September 2005 to January 2013.
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Table A.14. Currency Portfolios Sorted on Betas with HM Lsc

All Countries without Transaction Costs
Portfolios L LM M UM H Avg. H/L
Mean (%) 1.71 215 226 3.24 4.07 269 2.36
Median (%) 291 473 453 491 748 538 3.1
Std.Dev. (%) 9.33 10.57 7.27 520 10.64 8.60 9.42

Skewness -0.07 -0.26 -0.34 -0.25 -0.41 -0.27 -0.22
Kurtosis 0.03 026 035 015 049 0.26 0.60
Sharpe Ratio 0.18 0.20 0.31 0.62 0.38 0.34 0.25
f—s(%) -0.77 0.69 149 430 505 215 5.82

This table reports descriptive statistics of the excess returns of currency portfolios sorted
on individual currencies’ average Bsc, which are the risk exposures to HM Lgc (sovereign
credit factor), from September 2005 to January 2013. The rolling window of 60 months is
chosen to obtain stable estimations of Bgc with very low volatility. The rank of individual
currencies’ risk exposures is relatively persistent to the sorting over the sample period,
hence the portfolios do not need to be rebalanced during the whole sample period. The
20% currencies with the lowest Sgc are allocated to Portfolio ‘L’ (Low), and the next
20% to Portfolio ‘LM’ (Lower Medium), Portfolio ‘M’ (Medium), Portfolio ‘UM’ (Upper
Medium) and so on to Portfolio ‘H’ (High) which contains the highest 20% Ssc. ‘Avg.’,
and ‘H/L’ denotes the average excess returns of five portfolios, and difference in the ex-
cess returns between Portfolio ‘H’” and the Portfolio ‘L’ respectively. All excess returns
are monthly in USD with daily availability and adjusted for transaction costs (bid-ask
spreads). The mean, median, standard deviation and higher moments are annualized and
in percentage. Skewness and kurtosis are in excess terms. The last row (f — s) shows the
average annualized forward discounts of five portfolios in percentage.
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Actual Excess Returns (% p.a.)

Figure A.5. Cross Sectional Goodness of Fit: Currency Carry Portfolios
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This

figure shows the cross-sectional predictive power of position-unwinding risk and sovereign
credit risk on five currency carry portfolios. The excess returns are in percentage per

annui.
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Table A.17. Linear & Nonlinear Granger Causality Tests for Impulsive
Country-specific Risk

Linear Nonlinear

HM Lgc does not Granger cause HM Lppg 0.01 0.02
HM Lgp does not Granger cause HM Lgc 0.37 0.03
HM Lgc does not Granger cause GV I 0.03 0.04
GV I does not Granger cause HM Lgc 0.63 0.73
HM Lgc does not Granger cause AVIX 0.04 0.07
AV IX does not Granger cause HM Lgc 0.92 0.41
HM Lgc does not Granger cause ATFED 0.00 0.03
ATED does not Granger cause HM Lgc 0.29 0.05
HM Lgc does not Granger cause GLR 0.25 0.07
GLR does not Granger cause HM Lgc 0.44 0.10
HM Lgc does not Granger cause HM Lgp 0.03 0.05
HM Lgp does not Granger cause HM Lgo 0.65 0.12
HM Lgc does not Granger cause HM Lgy,  0.05 0.22
HM Lgp does not Granger cause HMLge  0.70 0.19

This table reports the p — values of linear and nonlinear Granger causality tests (see
Hiemstra and Jones, [1994; |Diks and Panchenkol [2006|for details) for the impulsive country-
specific risk. The first column lists the null hypotheses to be tested. Due to the limited
sample size, Akaike’s Final Prediction Error (also as known as AIC) is chosen as the lag-
length selection procedure rather than Schwarz (Bayesian) Information Criterion (SIC) or
Hannan-Quinn Information Criterion (see [Anderson, 2004] for details). The bandwidth of
1.50 is chosen according to the sample size. The sample period is from September 2005 to
January 2013.
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Log Excess Returns (Monthly)

Figure A.6. Cumulative Excess Returns of the Alternative Currency Carry
Portfolio: Threshold Trading on PUW
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This figure shows the cumulative excess returns of an alternative carry trade strategy that
is immunized from currency crashes, in comparison of the traditional long-short strategy.
It trades on the threshold level of position-unwinding risk that investing in the highest
interest-rate currencies funded by the lowest interest-rate currencies during the tranquil
period and reverse the positions once the threshold level of position-unwinding likelihood
indicator is reached. The out-of-sample period is from October 2009 to January 2013.
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Appendix B.

Figure B.1. Cumulative Excess Returns of Currency Carry Portfolios Sorted
on Forward Discounts
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This figure shows the cumulative excess returns of currency carry portfolios sorted on
forward discounts and in long positions from September 2005 to January 2013. PFLq,
PFLy, and PFLj3, PFL,, and PF Ly denotes the currency carry portfolios with lowest,
lower medium, medium, higher medium, and highest forward discounts, respectively.
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Log Excess Returns (Monthly)

Figure B.2. Currency Portfolios Doubly Sorted on Sovereign CDS Spreads
and Equity Premia
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This figure shows the average monthly excess returns of nine currency portfolios (the
vertical axis) that are sorted on both sovereign CDS spreads and equity premia over U.S.
market from September 2005 to January 2013. EPp, EPy;, and EPy denotes the low,
medium, and high equity-premium currency portfolios, respectively. The horizontal axis
represents the level of sovereign CDS spreads of currency portfolios in ascending order.
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Table B.1. Principal Component Analysis of Asset Excess Returns

Currency Carry Portfolios
Ch Co Cs Cy Cs Variance (%)

PC; 0876 0.946 0.959 0.952 0.904 86.120
PCy 0442 0.143 -0.043 -0.157 -0.368 7.552
Total 93.672

Government Bond Portfolios
B By B3 By Bs  Variance (%)

PCy 0.741 0932 0951 0.919 0.831 77.120
PCy 0.635 0.111 0.049 -0.252 -0.469 14.035
Total 91.155

Equity Momentum Portfolios
E1 E2 E3 E4 E5 Variance (%)

PCy 0956 0976 0.977 0.974 0.958 93.730
PCy 0.259 0.066 -0.015 -0.067 0-.242 2.699
Total 96.429

This table reports the principal component coefficients of currency carry, government
bonds, equity momentum portfolios. PCj, PC5 denotes the first principal component,
and the second principal component, respectively. The last column shows the share of
the total variance (in %) explained by each common factor. The last row provides the
cumulative share of the total variance (in %) explained by the first two common factors.
The sample period is from September 2005 to January 2013.
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Table B.2. Descriptive Statistics of Government Bond Portfolios

All Countries without Transaction Costs
Portfolios B By Bs By Bs Avg. H/L
Mean (%) 3.87 393 550 575 762 534 3.76
Median (%) 3.5 7.53 882 10.14 10.54 812 7.05
Std.Dev. (%) 6.30 8.45 828 1257 16.72 1046 15.54

Skewness 0.07 -0.20 -0.13 -0.37 -0.27 -0.18 -0.36
Kurtosis 0.02 019 014 038 053 025 0.60
Sharpe Ratio 0.61 0.47 0.70 044 046 053 0.24
AC(1) -0.09 -0.18 -0.09 -0.01 0.04 -0.06 0.08

This table reports descriptive statistics of the excess returns in USD of government bond
(total return) indices portfolios with 5-year maturity sorted on 1-month lagged redemption
yield. The 20% equity indices with the lowest lagged redemption yields are allocated to
Portfolio By, and the next 20% to Portfolio By, and so on to Portfolio By which contains
the highest 20% lagged redemption yields. The portfolios are rebalanced simultaneously
with the the currency portfolios, hence the excess returns have the same duration. ‘Avg.’,
and ‘H/L’ denotes the average excess returns of five portfolios, and difference in the excess
returns between Portfolio B and Portfolio By respectively. All excess returns are monthly
and unadjusted for transaction costs with the sample period from September 2005 to
January 2013 with daily availability. The mean, median, standard deviation and higher
moments are annualized (so is the Sharpe Ratio) and in percentage. Skewness and kurtosis
are in excess terms. AC(1) is the first order autocorrelation coefficient of the monthly
excess returns in monthly frequency.
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Table B.3. Descriptive Statistics of Equity Momentum Portfolios

All Countries without Transaction Costs
Portfolios Eq E, E3 E, E5 Avg. H/L
Mean (%) 1.33 1.59 298 444 474 3.01 341
Median (%) 9.80 14.85 15.68 15.60 16.99 14.58 5.03
Std.Dev. (%) 25.62 25.60 26.06 26.52 30.88 26.94 15.27

Skewness -0.28 -0.40 -0.46 -0.47 -0.46 -0.04 -0.17
Kurtosis 0.25 045 0.63 0.67 0.67 053 0.33
Sharpe Ratio 0.05 0.06 0.11 0.17 0.15 0.11 0.22
AC(1) 0.10 0.22 0.20 0.20 0.19 0.20 -0.18

This table reports descriptive statistics of the excess returns in USD of equity momentum
portfolios sorted on 1-month lagged equity-index excess returns. The 20% equity indices
with the lowest lagged excess returns are allocated to Portfolio F;, and the next 20%
to Portfolio F5, and so on to Portfolio E5 which contains the highest 20% lagged excess
returns. The portfolios are rebalanced simultaneously with the the currency portfolios,
hence the excess returns have the same duration. ‘Avg.’, and ‘H/L’ denotes the average
excess returns of five portfolios, and difference in the excess returns between Portfolio
E5 and Portfolio Fp respectively. All excess returns are monthly and unadjusted for
transaction costs with the sample period from September 2005 to January 2013 with daily
availability. The mean, median, standard deviation and higher moments are annualized
(so is the Sharpe Ratio) and in percentage. Skewness and kurtosis are in excess terms.
AC(1) is the first order autocorrelation coefficient of the monthly excess returns in monthly

frequency.
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Table B.4. Correlations between Risk Factors and Principal Components

Currency Bond Equity

PCy PCs PCy PCy PCy PCy
GDR 0.999 0.047 | 0.915 0.205 | 0.837 0.047
rPuw -0.750 -0.243 | -0.396 -0.196 | -0.485 -0.184
GSQ -0.837 -0.019 | -0.785 -0.146 | -0.697 -0.003
GKT 0.158 0.041 | 0.127 0.080 | 0.123 -0.118
HMLpp 0.390 0.904 | 0.156 0.820 | 0.566 -0.088
HMLsc -0.082 0.712 | -0.106 0.697 | 0.287 0.038
GSI -0.722 -0.310 | -0.443 -0.310 | -0.630 -0.211
HMLgp 0.693 0.551 | 0.561 0.752 | 0.829 0.005
HMLgy 0329  0.203 | 0.307 0.128 | 0.340 0.925
GVI -0.629 -0.369 | -0.443 -0.369 | -0.582 0.065
AVIX -0.541 -0.431 | -0.374 -0.475 | -0.703 -0.122
GLR -0.268 -0.178 | -0.205 -0.218 | -0.299  0.048
ATED -0.084 -0.176 | -0.092 -0.115 | -0.201 -0.087

This table reports the correlations between risk factors and the principal components of
currency carry, government bonds, equity momentum portfolios. PC7, PCy denotes the
first principal component, and the second principal component, respectively. The sample
period is from September 2005 to January 2013.
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