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Abstract

We examine contagion and flight-to-quality phenomena implied by carry strategies. More
specifically, we analyze correlation dynamics between returns on a global equity index and
returns on an investment strategy with a long position in high-yield and a short position in
low-yield markets. Modeling information spillovers in a multivariate GARCH framework
reveals that correlation increases considerably in response to a negative stock market shock.
Moreover, a test for symmetry in exceedance correlation shows that correlation is indeed
significantly larger for joint market downturns as opposed to joint market upturns. Our
findings suggest that conditional correlation exposes carry traders to a severe diversification

meltdown in times of global stock market crises.
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1 Introduction

Nominal exchange rates frequently deviate by substantial magnitude from what is
thought to be a fair value. Carry speculators borrowing cheaply in currencies with rel-
atively low interest rates and lending for more elsewhere are often blamed for causing
such decoupling. The critics argue that carry traders run large risks. After all, un-
expected currency movements might quickly erase profits implied by cross-currency
interest rate differentials which are relatively small in comparison to volatility in for-
eign exchange markets. In this paper, we focus on yet another risk exposure incurred
by carry traders, viz correlation spillovers which are sometimes referred to as conta-
gion. More specifically, we analyze the variance-covariance dynamics between carry
trades and nominal returns on world stock markets in a multivariate GARCH (M V-
GARCH) as well as in an exceedance correlation framework. A thorough understand-
ing of variance-covariance spillovers is of crucial importance for optimal portfolio
decisions. Carry investors not taking account of time-variation in second moments
are likely to be over-invested in high-yield currencies which makes them prone to un-
expected diversification meltdowns in times of crisis. Moreover, a good description
of variance-covariance dynamics between currency and equity markets is important
for various other financial applications ranging from currency risk management to the
pricing of currency derivatives.

As a matter of fact, the standard carry strategy boils down to a double speculation
on uncovered interest rate parity (UIP) where investors hope to profit twofold from
risk premia in their favor. First, carry traders speculate that default-free investments in
high-yield currencies outperform default-free investments in domestic currency. Since
interest payments are known at the beginning of the contract period, the carry trader is
solely exposed to stochastic in exchange rate movements. He would incur a loss on his
foreign deposit if the domestic currency experienced an unexpected sharp apprecia-
tion. Instead of investing in foreign money markets, investors can alternatively lock in
interest rate differentials by entering a forward contract promising delivery of domestic
currency at some future date. Assuming rational expectations, the difference between
forward rates and future spot exchange rates is known as currency risk premium and is
precisely equal in magnitude to deviation from UIP. That is due to covered interest rate
parity which must hold permanently by virtue of arbitrage. ! In contrast to the forward
premium which measures the difference between forward rates and current spot rates,
the currency risk premium measures the difference between forward rates and future
spot rates and is only known ex-post. The second speculation concerns borrowing
costs and might be interpreted as a bet on UIP with reversed sign. By borrowing in
low-yield markets, carry traders hope to end up with lower borrowing costs than for
a comparable loan in domestic currency. As before, interest rates are known at the
time of entering a credit agreement and stochastic stems solely from foreign exchange
movements. However, the carry investor would now incur a loss on his foreign loan
if the domestic currency experienced an unexpected depreciation. Again, low foreign
interest rates could be alternatively locked in via forward markets by promising to
deliver foreign currency at some future date.

For some currencies, risk premia are surprisingly persistent meaning that forward

!Subsequently we use the expressions (currency) risk premium and deviation from UIP synonymously.
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rates systematically under- or over-predict future spot exchange rates. The Swiss Franc
(CHF), for instance, is a notorious low performer leaving investors usually with a neg-
ative currency risk premium. By contrast, money market deposits in commodity cur-
rencies such as the Australian Dollar (AUD), the Canadian Dollar (CAD) or the New
Zealand Dollar (NZD) performed relatively well historically. Our analysis is therefore
based on carry strategies where investors incur debt in CHF and invest the proceeds in
commodity currency deposits. Do persistent forward premia, a phenomenon which is
sometimes referred to as the forward rate puzzle, make certain currencies a foolproof
prey for carry traders? A note of caution is advisable, after all, deviation from UIP
is not simply a consequence of market irrationality. There exists increasing evidence
that deviation from UIP can be - at least partly - explained by exposure to systematic
or non-diversifiable risk (see, for instance, Sarkissian, 2003 or Lustig and Verdelhan,
2005). In virtually all asset pricing models, systematic risk is driven by a covariance
term between payoffs or returns and some explicit or implicit measure of utility. The
CAPM, for instance, postulates that the risk premium arises due to positive covariance
between returns on some asset ¢ and returns on the market portfolio whereas the latter
is seen as a proxy for agents’ total wealth and hence utility. In this paper, we demon-
strate that there exists a relationship between the sign and magnitude of currency risk
premia on the one hand and correlation between currency risk premia and returns on
global equity markets on the other. Whereas we initially take a static perspective in
the sense that correlation is calculated as a sample average, the paper’s main focus lies
in analyzing time-varying correlation within both a MV-GARCH and an exceedance
correlation framework. In the MV-GARCH section, we explore changes in correlation
between profits from carry investments and returns on global equities in response to
shocks in stock markets. Besides analyzing the aggregate carry effect, we find reveal-
ing to decompose the carry into two separate bets on UIP. This allows to track the
correlation dynamics of low- and high-yield currencies separately. The MV-GARCH
analysis leaves us with illustrative news impact surfaces (NIS) demonstrating the im-
pact of past asset price shocks in a three-dimensional graph. However, the results from
MV-GARCH estimation do not allow to straightforwardly determine whether move-
ments in correlation are large in a statistical significant sense. For that purpose, we
complementary calculate exceedance correlations which are defined as correlations in
the tails of a bivariate distribution. A test statistic for asymmetry allows to determine
whether exceedance correlations are significantly different in times of joint positive
market shocks as opposed to times of joint negative shocks.

As our analysis shows, unconditional correlation obscures the true magnitude of
correlation exposure. In fact, in volatile market environments and particularly during
market downturns, the correlation between equity markets and commodity currency
deposits increases considerably. Intuitively, the rise in correlation can be explained by
investors avoiding procyclical currency positions in periods of market turbulence. In
other words, a carry trader’s long position is subject to particularly unfavorable cor-
relation in times of general market downturns when diversification benefits would be
most desirable. To make things worse, correlation dynamics are precisely the other
way round on the borrowing side of the carry. In our empirical analysis, we assume
that carry traders’ long positions are financed by incurring debts on the Swiss Franc
(CHF) money market. Unfortunately, carry investors borrowing in CHF are moreover
penalized by unfavorable correlation characteristics. In contrast to commodity curren-
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cies, the CHF moves against the cycle which means that it has a tendency to appreciate
during global market downturns and to lose strength in boom phases. That explains
why the CHF is sometimes referred to as a safe haven currency. Obviously, a carry
trader holding a short position in CHF does not appreciate countercyclicality, since it
leaves him with a larger debt burden in times of stock market downturns. If, moreover,
correlation is conditioned on past asset price shocks or exceedance levels, borrowing
in CHF appears even less attractive. Our analysis reveals that the correlation between
CHEF deposits and equity markets gets considerably more negative in bear markets as
opposed to bull markets. Intuitively, that is what one would expect from a safe haven
currency which, as a consequence of flight-to-quality, is in particular high demand in
times of market turmoil. In short, we can say that carry traders face unfavorable cor-
relation exposure on their long as well as on their short position and this notably in
times of crises. Not taking account of that might result in an over-frivolous carry trade
activity.

2 Contagion literature

Our analysis is part of a broader literature on contagion which analyzes the disper-
sion of financial crises across assets and markets. As noted by Pericoli and Sbracia
(2003), there does not exist an unambiguous definition of contagion yet. Some pro-
pose to measure contagion as the probability of a shock conditional on the probability
of a shock in another market. Others define contagion as comovements in asset prices
which do not seem to be justified by changes in economic fundamentals. Again others
focus on volatility- rather than asset price spillovers. Our study is in accordance with
this latter definition, which defines contagion as a rise in covariance or correlation in
response to crisis. Crises are usually defined as times of large market downturns or
times of increased financial volatility. Alternatively, some authors define crises ex-
ogenously by some major geopolitical event such as the war in Iraq or September
11% 2001. Empirical research on variance-covariance spillovers is usually conducted
in a MV-GARCH framework. One of the earliest studies is from Longin and Solnik
(1995) who investigate variance-covariance spillovers between national stock market
indices. Introducing dummy variables to a bivariate constant correlation model, Lon-
gin and Solnik report an increase in correlation between national stock markets in
times of above average volatilities in US equity markets. However, they do not find
much evidence for asymmetric effects, which means that stock market correlation does
not seem to depend on whether the US stock market suffers a positive or a negative
shock. Longin and Solnik’s investigation is representative for the bulk of the conta-
gion literature, which usually analyzes spillover effects within the same asset class.
Usually, the focus is on covariance dynamics across national stock market indices.
By contrast, we are interested in spillover effects across asset classes, viz between
movements in global stock markets and foreign currency money deposits. Research
focusing on variance-covariance dynamics across asset classes is rare. One example
is a paper by Hartmann, Straetmann and de Vries (2001) who investigate spillovers
between stock and bond markets. However, they do not base their investigation on
a MV-GARCH analysis but on a conditional probability measure which captures the
probability of a crash given a downturn in another market. It is found that the prob-
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ability of a bond market crash conditioned on a stock market crash is relatively low.
Similar to our investigation is Capiello et al’s (2003) MV-GARCH study on correlation
dynamics between national stock- and bond markets. Like most studies on contagion,
they report an increase in correlation across national equity markets during crisis. In
addition, they provide evidence for a flight-to-quality phenomenon between stock and
bond markets. In contrast to contagion, flight-to-quality is defined as a decrease in
asset price covariance or correlation in response to market downturns. Divergence in
asset prices is a consequence of investors who reallocating wealth from risky to safer
assets as crises hit. Moreover, Capiello et al’s GARCH specification captures asym-
metric effects which allow to disentangle the covariance impact of positive as opposed
to negative asset price shocks. The inclusion of asymmetries proves to be crucial since
contagion and flight-to-quality phenomena depend not only on the absolute magnitude
of shocks but also - and probably even more importantly - on the shock’s sign. Baur
and Lucey (2006) do a similar study and find that the correlation between stock and
bond markets decreased significantly in the aftermath of the Asian crisis in October
1997 and also in response to the Russian crisis in June 1998. Furthermore, Baur and
Lucey study flight-to-quality effects by including gold as an additional asset. From a
methodological viewpoint, our study is closely related to those of Capiello et al. and
Baur and Lucey. We also investigate covariance spillovers across asset classes using an
asymmetric MV-GARCH specification. Moreover, by analyzing covariance dynamics
of commodity as well as safe haven currencies separately, we obtain contagion as well
as flight-to-quality effects. The main difference concerns the subject of investigation.
Whereas Capiello et al. and Baur and Lucey focus on spillover effects between eq-
uity and bond markets, our analysis disentangles correlation dynamics between equity
markets and returns on currency forwards. To the best of our knowledge, there does
not exist any such study yet. Tastan (2006), however, runs a MV-GARCH analysis
between movements in exchange rates and stock market returns. Since the bulk of
the variation in currency risk premia stems from exchange rate movements, Tastan’s
subject of investigation is related to ours. He finds significant GARCH effects and
concludes that average covariance measures obscure that conditional covariances vary
considerably over time. In contrast to our analysis, Tastan does neither focus on safe
haven or commodity currency effects, nor does he specify an asymmetric process.
The theory around exceedance correlation offers an alternative framework to ana-
lyze contagion and flight-to-quality phenomena. Judging by the number of studies, the
exceedance correlation literature is overshadowed by MV-GARCH analyses. Never-
theless, the framework allows to gain important complementary insights on variance-
covariance behavior. In contrast to MV-GARCH analyses, it notably provides a simple
framework to test whether asymmetric effects exhibit statistical significance.
Exceedance correlation is based on extreme value theory and measures how corre-
lation changes as one moves towards the outer tails of a multivariate - usually bivariate
- distribution. In a landmark paper, Longin and Solnik (2001) study conditional cor-
relations between international stock markets. They focus on asymmetric effects by
distinguishing between correlation in bull as opposed to correlation in bear markets and
find that a bivariate normal distribution provides a good description of correlation in
bull markets but underestimates correlation during market downturns. Ang and Chen
(2002) investigate correlation dynamics between US aggregate equity markets and sub-
portfolios sorted by characteristics such as size and book-to-market. They conclude
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that correlations are much larger for extreme downside moves in comparison to upside
moves of the same magnitude. Like Longin and Solnik they find that downside correla-
tions are larger than what would be implied by a normal distribution. A key innovation
of their paper is that they develop a procedure allowing to test whether exceedance
correlations differ in a statistically significant sense from correlations implied by some
prespecified distribution and whether there exist correlation asymmetries. However,
their procedure requires information about theoretical exceedance correlations of mul-
tivariate distributions which can only be obtained by diving into extreme value theory.
Besides the fact that closed-form calculations of exceedance correlations are rather
cumbersome, there remains the difficulty of choosing an appropriate benchmark dis-
tribution. Fortunately, Hong et al. (2003) suggest an alternative test for asymmetry
which circumvents both difficulties, rendering the exceedance correlation framework
more accessible for empirical work (see, for instance, Michayluk et al. (2006) who
investigate exceedance correlations between US and UK securitized real estate mar-
kets). In section 6, we analyze exceedance correlations between profits on carry trade
strategies and returns on world equity markets making use of Hong et al.’s (2003) test
procedure.

3 Data description

Our data set contains weekly observations from Friday, 11" April 1997 until Friday,
29" December 2006. This leaves us with a total sample size of 508 observations cov-
ering a period of almost 10 years. A weekly frequency was chosen because GARCH
effects were found to level off at longer frequencies such as monthly or quarterly in-
tervals. In fact, it is well possible that daily data leads to even more distinctive results.
Since we use data from various markets, a daily or even shorter frequency would,
however, complicate timing calibration enormously.

We use the world equity market total return index provided by Datastream to cal-
culate logarithmic returns on the global market portfolio. The excess market return
is obtained by subtracting the USD Euromarket rate for 1-week deposits from world
market returns. Euromarket rates are obtained from the Financial Times and exchange
rate data from Reuters. Deviation from UIP was calculated as follows:

WP g1 = if 44y — irgs1 + In(S141/51) (D

where uip; 111 denotes deviation from UIP between ¢ and ¢ + 1. z{ ¢+ 1 18 the foreign
1-week Euromarket rate, i; ;1 the corresponding domestic rate and s the exchange
rate. Note that all returns are expressed in logarithmic form. As mentioned previously,
a carry strategy boils down to a double speculation on UIP where investors hold a
long position in some high-yield currency and a short position in a low yield currency.
The returns on the carry investment are simply obtained by summing up currency risk
premia from long and short positions. Since uip; 11 measures deviation from UIP in
logarithmic terms, we must first run a transformation to obtain discrete returns. Only
then can we perform a cross-sectional summation. With deviation from UIP defined
as in equation 1, we can write:
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Tijttl = ln(l 4 eul'pz‘,t,t+1 _ e'U«ipj,t,tJrl) (2)

where 7;; denotes the logarithmic return on a carry trade investment with a long po-
sition in high interest rate markets ¢ and a short position in low interest rate markets j.
We calculate three carry strategies with investors holding a short position on the CHF
money market and going long in the AUD, the CAD or the NZD respectively. Analyses
in the main text refers primarily to the case of an USD-investor. The appendix contains
additional uncommented results taking the viewpoint of EUR- and GBP-investors. We
use DEM series prior to the launch of the EUR on January 1% 1999.

4 Preliminary analysis

Figure 1 shows a scatter plot with average currency risk premia on the vertical axis
and correlations between returns on foreign currency deposits and returns on global
equities on the horizontal axis. Note that the scatter cloud is upward-sloping, a phe-
nomenon which is also observed if the perspective of an EUR- or GBP-investor is taken
(see figures 5 and 6 in the appendix). That means that currencies with a positive risk
premium, on average, are exposed to higher correlation and therefore to more system-
atic risk in comparison to currencies providing a relatively low or even negative risk
premium. This observation is in contrast to that part of the literature which attributes
deviation from UIP to market anomalies and investor irrationality (see, for instance,
Froot and Frankel 1989 and Chinn and Meredith 1994). As figures 1, 5 and 6 indicate,
cross-market differences in currency risk premia can be explained - at least partly - by
differing exposures to systematic risk in terms of an unfavorable correlation exposure
with global equity markets.

Historically, USD-investors would have earned a sizable currency risk premium, on
average, by investing in AUD, CAD or NZD money markets. For that reason, we
assume that carry investors take a long position in one of these currencies which are
commonly referred to as commodity currencies. The reason is that they stem from
countries where exports of primary materials account for a relatively large fraction of
total GDP. This dependency makes currency movements prone to fluctuations in com-
modity prices and therefore to the state of the global economy (see Djoudad et al.,
2000 for an analysis of the relationship between commodity prices and fluctuations
in the AUD, the CAD and the NZD or Chen and Rogoff, 2002). On the other hand,
the CHF money market seems predestined for borrowing, after all, CHF interest rates
are much lower than in most other countries and interest rate differentials are surpris-
ingly stable. In fact, there exists extensive literature investigating the phenomenon of
the so-called Swiss interest rate island (see, for example, Buomberger, Hofert and van
Bergeijk, 2000 or Kugler and Weder, 2004). Even after accounting for currency move-
ments, debt in CHF would have been, on average, much cheaper than loans in almost
any other currency.

In table 1, we report distribution statistics for carry trade investments. It is assumed
that the carry trader invests in a deposit in AUD, CAD or NZD by borrowing on the
CHF money market. The returns of this zero fund investment are obtained by sum-
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Figure 1: Shows deviation from UIP in % p.a. on the vertical axis and unconditional
correlation between currency risk premia and returns on global equity mar-
kets on the horizontal axis. Calculations are based on weekly returns from
April 1997 to December 2006 denominated in USD.

ming up the two resulting currency risk premia.> As mentioned previously, interest
rate levels in commodity currencies are relatively high in comparison to comparable
investments in other currencies which renders them attractive for carry trade long posi-
tions. Over the last decade, for instance, average interest rates on 1-week Euromarket
deposits were 1.94% p.a. for weekly deposits in NZD and 1.81% p.a. for weekly de-
posits in AUD. Among our three commodity currencies, the lowest interest rate level
was obtained in CAD with 1.52% p.a. which is still higher than in most industrialized
countries. Whereas USD-investors had to settle for 1.48%, the corresponding rate in
the Euro-area was 1.38%. As expected, CHF investments were - accompanied by de-
posits in Japanese Yen (JPY) - at the very bottom of the league. A CHF Euromarket
deposit yielded only 0.76%, which renders the CHF debt market highly attractive for
carry trades. Besides interest rate differentials which are known at the time of entering
a trade, carry investors’ profits are driven by movements in exchange rates. The first
row of table 1 takes account of profits stemming from the exchange rate as well as the
interest rate side by showing average deviation from UIP. We report test statistics for
three carry trade strategies with investors entering a long position in either AUD, CAD
or NZD deposits by borrowing on the CHF money market. It can be seen that over the
last decade, all carry trade strategies yielded a positive average return in the range of
0.030% for the AUD-to-CHF and 0.049% for the NZD-to-CHF carry. Note that these
small numbers arise due to the fact that we report weekly returns. In annualized terms,

Note that it is not entirely correct to talk of returns when referring to carry trades. After all, the latter
are zero investments which do not require any upfront payment. Therefore, it would be more correct
to talk of profits in USD terms thereby assuming that the carry trader has an exposure of 100 USD
on the long as well as on the short side of the trade. For better comparability with interest rate levels
and returns from UIP speculation, we subsequently apply the terms profit and return synonymously
for carry trade investments.



4 Preliminary analysis

we receive 1.56% and 2.55% respectively which is relatively large in comparison to
interest rate levels. Note, however, that standard deviations for mean returns are large
which indicates that carry trade speculation is indeed a risky venture. The t-statistics
are far from significant at conventional significance levels so that the null hypothesis
cannot be rejected.

Table 1 reveals more interesting facts. Carry investments with a long position in
commodity currency markets and a short position in CHF exhibit strong positive cor-
relation with returns on the global equity market. We obtain a correlation coefficient
in the vicinity of 0.3 for all three strategies. In other words, carry investments are
strongly procyclical, generating profits during general market upturns and losses in
bearish market environments. Risk-averse investors try to avoid positive correlation
since it exposes their total wealth to large fluctuations. Moreover, as shown by the
values for kurtosis, all carry trade returns exhibit fatter tails than under normality. By
definition, the normal distribution has a kurtosis of 3 which lies below kurtosis values
reported in table 1. To make things worse, the carry suffers moreover from negative
skewness meaning that returns are asymmetrically distributed. More specifically, neg-
ative skewness signifies that the return distribution has a longer tail to the left than to
the right which means that carry trade investments entail a larger probability of making
a huge loss than of making a huge gain. Given anomalies in third and forth moments,
it is not surprising that the Jarque-Bera test is rejected for all strategies indicating that
carry returns are not normally distributed.® In summary, we can say that carry specu-
lation involves multiple risks stemming from unfavorable distribution characteristics.
Besides positive correlation between equity returns and profits from carry trades, con-
siderable excess kurtosis along with negative skewness is observed.

As mentioned previously, a carry trade can be decomposed into two separate UIP
components, viz a currency risk premium from a long position in a commodity cur-
rency and a risk premium from a short position in CHF money markets. In order to get
an insight into a carry trade’s underlying dynamics, table 2 reports statistics on each
of these components separately. We restrict annotations to table 2 which is based on
the perspective of an USD-investor. Results are however similar if the viewpoint of
an EUR- or GBP-investor were taken.* The first column of table 2 shows statistics on
deviation from UIP with respect to CHF deposits whereas columns to the right contain
distribution statistics on currency risk premia for commodity currencies. To empha-
size the difference between CHF and commodity currency investments, all statistics
are based on long positions. Note that results on currency risk premia with respect
to CHF long positions are usually the converse of those reported for commodity cur-
rencies. First, an USD-investor would have outperformed a corresponding domestic
investment by holding commodity currency deposits. For instance, an investment in
AUD money markets would have brought an outperformance of 0.027% per week
(1.4% p.a.). By contrast, CHF investments underperformed in comparison to the USD
money market by -0.016% (-0.8% p.a.). Second, the CHF investment seems to com-
pensate for underperformance by providing a hedge against stock-market downturns in
the form of a slightly negative correlation with returns on global equities. Hence, the
CHF seems to live up to its reputation as a safe haven currency providing protection

3See Jarque and Bera (1980) for a description of the Jarque-Bera test for normality.
“Results can be obtained from the author upon request.
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in turbulent times. On the other hand, the correlation between returns on commodity
currency deposits and returns on world equities are all strongly positive, which reflects
the procyclical stance of these markets. Third, whereas currency risk premia on CHF
deposits exhibit positive skewness, UIP deviations vis-a-vis commodity currency in-
vestments are negatively skewed. Positive skewness means that a series tail is longer
to the right than to the left. In other words, an investment in CHF entails a larger
probability of making a huge gain than of making a huge loss and vice versa for an
investment in commodity currencies. Intuitively, positive skewness is what one would
expect from a safe haven currency which is expected to appreciate sharply in the im-
mediate aftermath of a crisis. On the other hand, it is rather unlikely that a safe haven
loses much of its value within a short period of time. This results in a higher proba-
bility of large upward moves as opposed to large downward moves. Fourth, currency
risk premia with respect to commodity currency investments suffer from excess kur-
tosis. In contrast, the probability of large fluctuations in the value of CHF deposits is
slightly smaller than what would be implied by a normal distribution. In contrast to
the carry strategy, an isolated analysis of commodity currency investments and CHF
deposits generates less distinctive anomalies in kurtosis and skewness. As a conse-
quence, the Jarque-Bera test’s null hypothesis of normality cannot be rejected, neither
for commodity currency nor CHF risk premia.

The difference between commodity currency deposits and CHF investments is also
evident in figures 1, 5 and 6. Commodity currencies are located on the upper-right
which indicates that they provide above average risk premia while suffering from pos-
itive correlation. On the other hand, CHF deposits are located on the lower-left mean-
ing that negative correlation compensates investors for the negative average risk pre-
mium. In contrast to commodity currencies, the CHF moves against the cycle having
a tendency to appreciate during global market downturns and to lose strength in boom
phases. Obviously, a carry trader holding a short position in CHF does not appreci-
ate countercyclicality, since it leaves him with a larger debt burden in times of market
downturns.

The preceding analysis shows that a carry trader can expect to gain twofold from
currency risk premia in his favor. However, in order to take advantage of deviations
from UIP, he must take on board systematic risk exposing his long as well as his short
position to positive correlation with world equities. So far, the analysis is based on un-
conditional correlations which obscure the true magnitude of correlation exposure. In
the remainder of this paper, we show that a carry trader’s correlation exposure worsens
considerably if one switches from an unconditional to a more realistic time-varying
correlation perspective.

5 Correlation analysis in an asymmetric MV-GARCH
framework

Autoregressive conditional heteroscedasticity (ARCH) models have originally been
developed in the first half of the 1980s by Engle (1982) and were later extended by
Bollerslev (1986) to the more flexible GARCH framework. GARCH models allow
to forecast the conditional variance of a financial time series by an autoregressive
moving average structure where variances are driven by past asset price shocks and

11
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AUD - CHF CAD-CHF NZD -CHF

Mean 0.030 % 0.032 % 0.049 %
Stddev of Mean 0.074 % 0.066 % 0.076 %
T-statistic 0.404 0.486 0.649
Stddev 0.017 0.015 0.017
Skewness -0.564 -0.567 -0.437
Kurtosis 5.382 4.130 3.990
Maximum 0.054 0.038 0.053
Minimum -0.093 -0.067 -0.081
Jarque-Bera 144.783 53.339 36.204
Cor with wld mkt 0.345 0.267 0.296

Table 1: Descriptive statistics for returns on carry trades. The AUD-to-CHF column
is based on returns from a carry going long in AUD and short in CHF money
markets. The CAD-to-CHF and the NZD-to-CHF show analogous statistics
for CAD, respectively NZD investments. Calculations are based on weekly
returns from April 1997 to December 2006 denominated in USD.

CHF AUD CAD NZD

Mean -0.016 % 0.027% 0.033% 0.045 %
Stddev of Mean 0.064 % 0.067% 0.042% 0.072 %
T-statistic -0.249 0.401 0.784 0.629
Stddev 0.014 0.015 0.009 0.016
Skewness 0.108 -0.197 -0.019 -0.280
Kurtosis 2.881 3.335 3.384 3.404
Maximum 0.051 0.052 0.031 0.055
Minimum -0.043 -0.059 -0.030 -0.050
Jarque-Bera 1.349 5.465 2.935 9.821

Cor with world Mkt -0.060 0.320 0.330 0.260

Table 2: Descriptive statistics for currency risk premia for CHF, AUD, CAD and NZD
deposits. The statistics are based on weekly returns from April 1997 to De-
cember denominated in USD.

12
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an autoregressive variance component. But variances are not only driven autoregres-
sively as univariate GARCH specifications suggest. In addition, there seem to exist
significant variance-covariance spillovers across assets which can only be captured in
a multivariate GARCH (MV-GARCH) framework. The latter allows to model second
moments of systems with several assets simultaneously resulting in a process for the
conditional variance-covariance matrix. Obviously, contagion and flight-to-quality are
spillover phenomena which can only be modeled in multivariate settings. These are
considerably more complex than their univariate counterparts, after all, the dynamics
of every element in the variance-covariance matrix need to be modelled. As the system
is extended to more and more assets, the elements of the variance-covariance matrix
multiply to the square which results in an explosion of free parameters boding trou-
ble for estimation. To avoid parameter explosion, the econometrician either needs to
restrict the number of assets or chose a model specification which uses parameters par-
simoniously, usually at the cost of losing some of the model’s flexibility. We therefore
restrict analyses to a two-asset-system by only including time-series of global equity
market returns and some currency risk premium. This means that we are unlikely to
suffer from parameter explosion, irrespective of which model is chosen. However,
our choice of model is somewhat restricted by the requirement that it should capture
asymmetric effects. After all, contagion and flight-to-quality phenomena emerge pre-
dominantly during bear as opposed to bull markets. Put differently, the conditional
variance-covariance matrix between stock market returns and currency risk premia is
not only driven by the absolute magnitude of past shocks, but also - and maybe even
more importantly - by a past shock’s sign.

From the large universe of MV-GARCH models, we chose Engle and Kroner’s
(1995) BEKK specification in its fully-fledged form. In comparison to the widely
applied diagonal BEKK model, the fully-fledged version is richer in parameters. But
since we maneuver in a bivariate system, we are not much affected by parameter ex-
plosion and can easily cope with the fully-fledged specification. The latter brings the
advantage that it enhances model flexibility considerably leading to more detailed in-
sights into the dynamics of the variance-covariance matrix. The BEKK specification
postulates a quadratic form which brings the additional advantage of guaranteeing pos-
itivity of the variance-covariance matrix under relatively mild parameter restrictions.
Within the framework of their general dynamic covariance (GDC) model, which can
be seen as a more general version of the BEKK model, Kroner and Ng (1998) pro-
pose to include asymmetric effects. These allow to disentangle the impact of positive
from negative shocks. In analogy to Kroner and Ng’s GDC model, we incorporate
asymmetric effects in our BEKK specification. Finally, the BEKK model was chosen
because we encountered difficulties in estimating the dynamic conditional correlation
model recently introduced by Engle (2002) and extended to an asymmetric version by
Cappiello et al. (2003). It was notably found that the estimation results of the latter
depend crucially on the choice of start values.

The BEKK MV-GARCH(1,1,1) model is defined as follows:

Tt =1+ € 3)

where r; is a vector of excess returns. In our analysis, 7; is a bivariate vector denot-
ing excess returns on the global equity index and returns resulting from a commodity
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5 Correlation analysis in an asymmetric MV-GARCH framework

currency-to-CHF carry trade strategy. The term p is the corresponding vector of ex-
pected returns which we assume to be constant. We furthermore assume that the error
term ¢, follows a normal distribution given the information set €2;_;. In mathematical
terms, ¢; is written as follows:

€ | Q1 ~ N(0,Hy) 4)

with

H=C-C'+A¢ 16, A+ BH \B+Gnim G )

where H; denotes the conditional variance-covariance matrix. C, A, B and G are
n X n parameter matrices with C being lower triangular. The variance-covariance
matrix is thus driven by a constant term denoted as C'C”, previous return shocks €;_1,
an autoregressive variance-covariance component H; 7 and n;—;. The n x 1 vector
1¢—1 1s the asymmetric innovation term which corresponds to the value of €;_; if the
latter is negative and zero otherwise. In mathematical terms, ;1 is defined as follows:

n—1 = min(0, €,—1) (6)

The model is estimated in a two-step procedure. First, €; is obtained by demeaning 7;
(see equation 3). Secondly, €; are plugged into the cumulative log-likelihood function
given by:

tn 1« 1 <& PR
InL(0) = —— — 5 > inlH,| - 3 > H e (7)
t=1 t=1

where ¢ is the total number of observations, n is the number of assets and |H;| de-
notes the determinant of matrix H;. We subsequently estimate bivariate MV-GARCH
systems using Newton’s interior-reflective method to maximize the log-likelihood func-
tion.> As shown in section 4, the Jarque-Bera test leads to a rejection of the null
hypothesis of normality for all carry strategies. For that reason, we apply the Quasi
Maximum Likelihood estimator which allows to compute valid standard errors under

non-normality (see Bollerslev and Wooldridge, 1992).

5.1 GARCH results

Table 3 shows estimation results for three bivariate systems, each reporting on a differ-
ent commodity currency-to-CHF carry by taking the perspective of an USD-investor.°
The estimates c;;, a;;, b;; and g;; denote elements of the matrices C, A, B and G in
equation 5. Since the latter enter in quadratic form, each estimate influences several
elements of the variance-covariance matrix rendering interpretation of the estimation
output difficult.

>See Matlab’s Optimization Toolbox documentation and the references therein for a description of New-
ton’s interior-reflective optimization procedure.

%The appendix contains estimation output from the perspective of an EUR- and GBP-investor. Results
turn out to be very similar which is why we leave them uncommented.
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5 Correlation analysis in an asymmetric MV-GARCH framework

To see that, take estimate ago in the NZD-to-CHF example which has a value of
0.249 and a highly significant t-statistic of 3.84. The a-estimates correspond to the el-
ements of the A-matrix which capture the impact of past shocks to asset prices. Since
a2 influences the variance of the return on the carry investment as well as the covari-
ance between returns on the carry and returns on global equities, we cannot directly de-
termine one-to-one whether past shocks have a significant influence on variances, co-
variances or both. Nevertheless, table 3 allows to draw some conclusions. For instance,
b11 and bog are highly significant in virtually all estimations which is an indication for
autocorrelation in variance-covariance dynamics. Furthermore, most g-estimates are
positive in sign which provides evidence for an increase in the variance-covariance
matrix in response to downturn movements in returns. Moreover, most asymmetry
parameters have a t-statistic of at least 2 which shows that the inclusion of an asym-
metric component is important. By contrast, we cannot reject the null-hypothesis for
most a-estimates which indicates that the absolute magnitude of past shocks does not
matter once asymmetric effects are taken into account.

A better notion of the dynamics of the variance-covariance matrix H; can be gained
by investigating news impact surfaces (NIS). We therefore plot correlation surfaces
between returns on the global equity market and carry trades where we assume a long
position in a commodity currency and a short position in CHF money markets. In-
troduced by Kroner and Ng (1998), NIS are three-dimensional graphs plotting con-
ditional variances, covariances or correlations against past return shocks. We choose
a range from —3 to +3 standard deviations for return shocks to global equity mar-
kets and carry trade positions which results in a grid of shock combinations. The
elements of the variance-covariance matrix are then obtained by plugging generated
shock combinations into equation 5. Thereby, the conditional variance-covariance ma-
trix at time £ — 1, H;_1, is kept constant at unconditional levels. Since we are interested
in correlation dynamics, conditional covariances, H12 ¢, were divided by the product of
conditional standard deviations, |/ H11 ¢H22 ;. Finally, conditional correlations could
be plotted against generated shock combinations resulting in correlation surfaces as
shown on the left-hand side of figure 2. The top panel on the left is the correlation
surface of an AUD-to-CHF carry and the middle and lower panels show correlation
surfaces of a CAD-to-CHF and NZD-to-CHF carry respectively. The panels on the
right are explained below and show corresponding "average" correlation responses to
equity market shocks.

It can be seen that the shape of the correlation surface is very much the same for all
carry strategies. All graphs exhibit a considerable increase in correlation in response
to a negative shock to global equity markets. In other words, an investor with a stake
in a carry investment as well as in global equities suffers from diversification melt-
down during stock market crises. These are precisely the times when diversification
would be most desirable. By contrast, positive stock market shocks do hardly lead to a
change in correlation. This underlines the importance of including asymmetric effects
in GARCH specifications. Note as well, that correlation surfaces are for the greater
part located in positive correlation regions. That does not come as a surprise, after
all, it was shown in section 4 that unconditional correlation between carry trades and
global equity markets is considerably positive.

Be aware that NIS do not reveal anything about the occurrence probability of cer-
tain stock and carry trade shock combinations. If one falsely assumed equal occurrence
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USD perspective

AUD to CHF
0.8
f 06
o
ko
g 04
(=)
o
0.2
0
01 -0.05 0 0.05 0.1
CAD to CHF
1
5 08
5,
o
= 06
[
0.4
0.2
R -0.05 0 0.05 0.1
NZD to CHF
1
5 0.8
3
2 06
=)
o
0.4
0.2
01 -0.05 0 0.05 0.1
carmy trade shock stock market shock stock market shock

Figure 2: Correlation surfaces and "average" correlations between returns from a
carry strategy and returns on global equities from the perspective of an USD-
investor. The figures on the top are based on a carry going long in AUD
deposits by borrowing on the CHF money market. Estimation in the mid-
dle and bottom panels are analogous for CAD-to-CHEF, respectively NZD-to-
CHF carry trades. Estimation is based on weekly returns from April 1997 to
December 2006.
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USD perspective
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Figure 3: The correlation surface and "average" correlations between returns on a
CHF money market deposit and returns on global equity markets. Estimation
is based on weekly returns from April 1997 to December 2006 denominated
in USD.

probability of every point on the grid, a strongly distorted view of correlation dynam-
ics is obtained. To enhance explanatory power, we therefore extend NIS by a scatter
plot revealing how shock combinations occurred historically. Since we work with de-
meaned data, the bulk of the scatter points are located around the center of the grid.
That is unsurprising, after all, small shocks are more likely to occur than large shocks.
There emerges an additional pattern, viz negative shocks in global equities occur pre-
dominantly in times of negative shocks on carry trade investments and vice versa for
positive shocks. The scatter clouds are therefore upward pointing, which is not sur-
prising given the positivity of unconditional correlation estimates. Whether there is
an upward- or downward slope can be more clearly seen by putting a regression line
through the scatter cloud. The regression line can be interpreted as showing a kind of
"average" carry trade shock given a global equity market shock of certain magnitude.
To see the "average" correlation response more clearly, we cut the correlation surface
along the regression line. The result is depicted in the panels just beneath NIS’. It can
be clearly seen that the "average" correlation response is upward sloping for negative
shocks to stock markets. That holds for all carry strategies. Note that the difference
between the correlation at the center and the correlation in response to large stock
market downturns is relatively large in magnitude. In the CAD-to-CHF example, "av-
erage" correlation is slightly more than 0.2 at the center and increases to almost 0.8
on the very left of the graph, i.e. when the stock market experiences a drop of three
standard deviations. In contrast, correlation does hardly change in response to positive
stock market shocks. That is at least true for the CAD-to-CHF and the NZD-to-CHF
example. For the AUD-to-CHF carry investment, a decrease in correlation is observed
in response to a positive shock.

Decomposing carry trades into two separate currency risk premia allows to study
NIS for commodity currency and CHF money market deposits separately. Whereas
figure 3 shows correlation surfaces between returns on CHF deposits and returns on
global equity markets, figure 4 investigates corresponding correlation surfaces for
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USD perspective
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Figure 4: The correlation surfaces and "average" correlations between returns on a
commodity currency deposit and returns on global equity markets. The top
panels show correlation dynamics for AUD deposits whereas the middle and
the bottom panels depict corresponding graphs for CAD and NZD deposits,
respectively. Estimation is based on weekly returns from April 1997 to De-
cember 2006 denominated in USD.
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6 Exceedance correlation analysis

commodity currencies. In order that differences in variance-covariance dynamics
clearly crystalize, we assume long positions in both CHF and commodity currency
deposits. Notice the shape of the NIS for the conditional correlation between CHF
deposits and global equity markets. Conditional correlation is not only negative on
average but decreases significantly in response to a negative stock market shock. Ap-
parently, the CHF does come up to its reputation as a safe haven currency exhibiting
a particularly beneficial correlation structure in times of market downturns. Further-
more, the differing shapes of the NIS in response to positive and negative shocks pro-
vides evidence for considerable asymmetries. Conditional correlation decreases by far
more in response to negative stock market shocks in comparison to positive shocks
of similar magnitude. Note that movements in correlation are fairly small if we keep
stock market shocks constant and move along the money market axis. Correlations are
hence primarily driven by stock markets. Interestingly, the NIS for conditional corre-
lations between returns on global equity markets and returns on commodity currency
deposits is quite the opposite. As the bottom-left panel in figure 4 shows, deposits in
NZD exhibit increasing correlation in response to negative stock market shocks. Con-
ditional correlation is not only positive on average but seems to change unfavorably in
times of large downward movements in equity markets. Though a bit less pronounced,
the same can be said for correlation surfaces between equities and currency risk premia
on AUD, respectively on CAD investments. To see that more clearly, we again cut the
correlation surface along the scatter plot regression line. The resulting graphs shown
on the right-hand side can be interpreted as showing a kind of "average" correlation
response to shocks in global equity markets. For all commodity currencies, an increase
in "average" correlation is registered in the aftermath of equity market downturns. The
correlation dynamics between commodity currency investments and world equity mar-
kets are thus precisely opposite to the correlation between CHF deposits and equities.
That provides further evidence for the hypothesis that deviation from UIP is driven by
systematic risk as postulated by standard asset pricing theories such as the CAPM.

6 Exceedance correlation analysis

The preceding MV-GARCH investigation gave a good notion for correlation- and co-
variance dynamics by plotting illustrative NIS. The NIS in figure 3 show, for instance,
that the correlation between CHF deposits and equity markets becomes more negative
in periods of market downturns as opposed to market upturns. However, NIS do not
reveal whether such asymmetries are of significance in a statistical sense. The litera-
ture on exceedance correlation offers a variety of complementary tools for correlation
analyses, among others a simple procedure allowing to test for statistical significance
of asymmetric effects. In contrast to MV-GARCH specifications, in which variance-
covariance dynamics are modeled as a function of past asset price shocks and which
can be applied for variance-covariance forecasting, exceedance correlation measures
the correlation in the tails of a bivariate distribution.

Ang and Chen (2002) define exceedance correlation as the correlation between two
standardized variables, & and ¢, whereby both of these deviate from their mean by a
certain threshold level. Calculation is straightforward. First, observations are sorted
into subsets depending on how much they deviate from their mean. For that pur-
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6 Exceedance correlation analysis

pose, threshold levels, usually expressed in terms of standard deviations, are defined.
Second, exceedance correlations are obtained by calculating correlations within these
subsets. Technically speaking, we can say:

pH(9) = corr(d, g | &> 9,5 > )

|

p(0) =corr(z,9| 2 < —9,5 < —0) ®

where p (p~) denotes the correlation when both variables register an upward
(downward) increase of at least 1} standard deviations. Note that observations are
standardized which simplifies notation in that time-series means and variances can be
dropped from the right-hand side of equation 8. As emphasized by Longin and Solnik
(2001) and Forbes and Rigobon (2002), conditioning correlation on whether returns
increase by at least ¥ standard deviations introduces a conditioning bias. Longin and
Solnik show that a bivariate normal distribution with constant correlation implies a
tent-shaped exceedance correlation pattern. This means that exceedance correlations
calculated along the lines outlined above decrease with larger 13, even though the data
stems from a bivariate normal distribution where correlation is constant by definition.
A simple comparison of exceedance correlations at different threshold levels, ¥/, might
thus lead to the wrong conclusion that correlations decrease as markets become more
volatile. Longin and Solnik (2001) propose to compare empirical exceedance corre-
lations with correlations implied by a bivariate normal distribution. Ang and Chen
(2002) extend Longin and Solnik’s approach by developing a test statistic which quan-
tifies the degree of deviation between exceedance correlations implied by the data and
exceedance correlations implied by a bivariate normal or any other bivariate distri-
bution. If the discrepancy is too large, the data is inappropriately described by the
chosen distribution. By applying Ang and Chen’s test to two subsets separately, once
conditioning on upside moves (Z,4 | £ > 0,y > 0) and once on downside moves
(z,y | © < 0,9 < 0), one can assess whether there exist asymmetric correlation
effects. For equity markets, it is found that exceedance correlations on the downside
deviate considerably more from a bivariate normal than exceedance correlations on the
upside. Ang and Chen’s (2002) test procedure requires information on theoretical ex-
ceedance correlations of bivariate distributions which can only be obtained by diving
into extreme value theory. Besides the fact that closed-form calculations of exceedance
correlations are rather cumbersome, there remains the difficulty of choosing an appro-
priate distributional form. We subsequently follow Hong et al. (2003) who suggest
an elegant alternative for testing asymmetric correlations allowing to circumvent both
difficulties.

Hong et al’s (2003) test is based on the idea, that under symmetry exceedance corre-
lations on the upside should not be significantly different form exceedance correlations
on the downside. In terms of equation 8, the Hy-hypothesis demands that

Hy: pt()=p (=9)  forall I >0 9)

In other words, tail correlations of a symmetric distribution are a function of the
absolute distance measure | 9 | and do not depend on sign. Under the null hypothesis
of symmetry, all elements of the following vector must thus lie in the vicinity of zero:
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6 Exceedance correlation analysis

pr—p" =1p"(01) = p (=), 5T () = 5 (—0m)] (10)

where m denotes the number of exceedance levels. Introducing certain regularity
conditions, Hong et al. (2003) show that the vector o — 5~ is asymptotically normal
distributed with a mean of zero and a positive definite variance-covariance matrix ).
This allows to postulate a simple test statistic for the null hypothesis of symmetry, viz.:

Jp=t(pT —p7)Q (ot —p7) (11)

where ¢ denotes the number of observations. As ¢ approaches infinity, J, converges
towards a y-square distribution with m degrees of freedom.

6.1 Results

In this section, we calculate exceedance correlations between profits from carry-trade
investments and returns on the world equity portfolio. We thereby take the viewpoint
of an USD carry investor who borrows on the CHF Euromarket to invest the proceeds
in a commodity currency deposit. On average, such a strategy yields a positive return
and investors can expect to profit twice from a forward rate bias in their favor. First,
due to the low level of interest rates, debt in CHF is cheaper than debt in USD. Second,
by investing in commodity currencies which yield relatively high interest rates, the in-
vestor can, on average, expect an outperformance in comparison to a comparable USD
deposit. However, as shown in the preceding GARCH analysis, carry trades lead to
a double exposure to correlation risk. The correlation between returns on commodity
currency deposits and returns on global equity markets, becomes particularly unfavor-
able in times of stock market downturns. By contrast, the opposite pattern is observed
for CHF deposits which register a decrease in correlation with global equities as the
latter suffers a negative shock. Since our carry-trade investor has a short exposure
to the CHF money market, he is unfavorably affected by correlation dynamics on the
commodity currency deposit as well as on the CHF debt side.

Our calculation is based on four exceedance levels with ¢ = [0,0.33,0.66, 1].
In contrast to Hong et al. (2003) who include four cut-offs by setting ¢ equal to
[0,0.5,1,1.5], we choose a step-size of only 0.33 standard deviations. The optimal
number of exceedance levels and the optimal width for step-sizes depend crucially on
the sample size. The reason is that the number of observations decreases as we move
towards the outer tails of a distribution. Choosing too many exceedance levels or a
step-size which is too wide, might hence lead to inaccurate correlation estimates due
to lack of observations in outer buckets. On the other hand, we might lose valuable
information on asymmetry for extreme values if the number of exceedance levels is
insufficient or if the step-width is too narrow. While Hong et al’s data set includes
1825 weekly observations, our sample size contains merely 508 values which justifies
our smaller step-width.

Table 4 reveals asymmetric effects in correlations between returns on the world eq-
uity portfolio and profits from a carry trade strategy where investors buy commodity
currency deposits by incurring debts on the CHF money market. The second col-
umn provides y-square test statistics, whereas the third column shows corresponding
p-values. P-values reveal that only one symmetry hypothesis is rejected at the 10% sig-
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7 Conclusion

Jp pvalue pi —pT ps —py Py —ps pi— P

AUD-CHF 12 0.87 -0.08 -0.14 -0.12 -0.12
CAD-CHF 9.5 0.05 -0.25 -0.10 0.01 -0.53
NZD-CHF 1.6 0.81 -0.20 -0.15 -0.20 -0.09

Table 4: Exceedance correlations between returns on carry strategies and returns on
global equity. The first row is based on a carry with a long position in AUD
and a short position in CHF. The second and third rows are analogously cal-
culated for a carry with a long position in CAD and NZD deposits respec-
tively. The sample includes weekly returns from April 1997 to December 2006
denominated in USD.

nificance level, viz. for correlations between returns on global equities and returns on a
CAD-to-CHF carry. For that case, correlations are significantly larger in stock market
downturns as opposed to stock market upturns. Although we cannot reject the null of
symmetry for other strategies, it is interesting that almost all entries of the p™ — p—-
vector bear a negative sign. An exception is the CAD-to-CHF example for movements
exceeding 0.66 standard deviations where p™ — /p~ is slightly positive. Apart from
that, we observe that downside correlations are larger than corresponding upside cor-
relations for all strategies and at all exceedance levels. In other words, correlations be-
tween carry investments and equity market returns are larger during joint downturns as
opposed to joint upturns. Note moreover, that differences in exceedance correlations
are substantial in magnitude. For the [)j{ — py -entry in the CAD-to-CHF example,
the correlation difference amounts to -0.5328 which is large given that correlation is
bounded to values between -1 and +1. Similar conclusions can be drawn from tables
9 and 10 in the appendix which provide results from the viewpoint of an EUR- and
GBP-investor respectively. Note that from the perspective of an EUR-investor, Hong’s
test statistic indicates significant asymmetries for CAD-to-CHF as well as for NZD-
to-CHF carry trade investments. Another interesting observation emerges from tables
4,9 and 10. The pJr — p~-vector shows particularly large differences for the fourth
exceedance level, i.e. when movements exceed one standard deviation. It seems that
asymmetries widen as we move towards more extreme values. Intuitively, that could
be explained by safe haven characteristics of the CHF which unfolds its full strength
only in case of severe market downturns.

7 Conclusion

We show that carry trade positions are exposed to considerable correlation risk with
global stock markets. That is true for unconditional correlation and emerges even
more clearly if time-varying correlations are analyzed. A MV-GARCH analysis re-
veals that correlation between returns on the carry and returns on global equities are
not only positive on average, but change unfavorably in response to negative stock
market shocks. A considerable increase in correlation in periods of crises is observed
for all carry strategies, irrespective whether we take the viewpoint of an USD-, EUR-
or GBP-investor. Asymmetry in correlations is confirmed by an exceedance corre-

23
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lation analysis which measures the correlation in the tails of a bivariate distribution.
It is found that correlations are larger during joint downward moves as opposed to
joint upward moves with asymmetries being statistically significant at the 10% signif-
icance level for the CAD-to-CHF carries from the perspective of an USD-investor as
well as for the CAD-to-CHF and the NZD-to-CHF carries from the perspective of an
EUR-investor. Movements in correlation seem to be large in magnitude so that neglect
of time-variation in second moments might lead to severe portfolio misallocations in
terms of an ill-founded overweight in carry trade positions. Investors not aware of
conditional correlation dynamics might face an unexpected diversification meltdown
in times of crises when diversification is most desirable.

We argue that carry trades boil down to a double speculation on UIP. A decompo-
sition of carry trades into UIP components reveals that high-yielding commodity cur-
rencies are exposed to considerable contagion. This means that correlation between
global equities and currency risk premia on commodity currencies are not only posi-
tive on average but increase in response to negative shocks on global stock markets. By
contrast, a converse pattern is observed for long positions in CHF deposits which yield
much lower interest rates. In fact, unconditional correlation between currency risk
premia on CHF and global equities is negative and decreases in the aftermath of stock
market crises. The CHF seems to offer protection against diversification meltdown in
turbulent times thereby living up to its expectation as a safe haven currency.

Our analyses suggest that expected excess returns from UIP speculation are accom-
panied by systematic risks in terms of unfavorable exposure to global equity markets.
On the basis of these findings, we conjecture that a conditional CAPM which relates
excess returns to time-varying correlation risk with equity markets might get a long
way towards explaining the forward rate bias - at least for the polar currency pairs
investigated in this paper. That investigation is however left for future research.
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Figure 5: Shows deviation from UIP in % p.a. on the vertical axis and unconditional
correlation between currency risk premia and returns on global equity mar-
kets on the horizontal axis. Calculations are based on weekly returns from
April 1997 to December 2006 denominated in EUR.
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Figure 6: Shows deviation from UIP in % p.a. on the vertical axis and unconditional
correlation between currency risk premia and returns on global equity mar-
kets on the horizontal axis. Calculations are based on weekly returns from
April 1997 to December 2006 denominated in GBP.
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AUD - CHF CAD-CHF NZD -CHF
Mean 0.039% 0.045% 0.058%
Stddev of Mean 0.074% 0.066% 0.076%
T-statistic 0.525 0.690 0.757
Stddev 0.017 0.015 0.017
Skewness -0.531 -0.501 -0.410
Kurtosis 5.402 3.992 3.962
Maximum 0.055 0.039 0.052
Minimum -0.093 -0.065 -0.081
Jarque-Bera 143.727 41.332 33.073
Cor with wld mkt 0.517 0.617 0.459

Table 5: Descriptive statistics for returns on carry trades. The AUD-to-CHF column
is based on returns from a carry going long in AUD and short in CHF money
markets. The CAD-to-CHF and the NZD-to-CHF show analogous statistics
for CAD, respectively NZD investments. Calculations are based on weekly
returns from April 1997 to December 2006 denominated in EUR. Note that
prior to the introduction of the EUR on January I*' 1999, DEM data was

used.
AUD - CHF CAD-CHF NZD -CHF
Mean 0.000% 0.040% 0.052%
Stddev of Mean 0.077% 0.066% 0.076%
T-statistic 0.004 0.603 0.684
Stddev 0.017 0.015 0.017
Skewness -0.558 -0.526 -0.436
Kurtosis 5.419 4.022 3.985
Maximum 0.054 0.038 0.051
Minimum -0.093 -0.065 -0.081
Jarque-Bera 147.889 44.764 35.879
Cor with wld mkt 0.404 0.481 0.339

Table 6: Descriptive statistics for returns on carry trades. The AUD-to-CHF column
is based on returns from a carry going long in AUD and short in CHF money
markets. The CAD-to-CHF and the NZD-to-CHF show analogous statistics
for CAD, respectively NZD investments. Calculations are based on weekly
returns from April 1997 to December 2006 denominated in GBP.
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Jp pvalue pi —pT ps —py Py —ps pi— P

P

AUD-CHF 4.8 0.31 0.02 0.04 -0.05 -0.28
CAD-CHF 8.8 0.07 -0.18 -0.05 -0.24 -0.52
NZD-CHF 8.1 0.09 -0.12 0.01 -0.20 -0.34

Table 9: Exceedance correlations between returns on carry strategies and returns on
global equity. The first row is based on a carry with a long position in AUD
and a short position in CHF. The second and third rows are analogously cal-
culated for a carry with a long position in CAD and NZD deposits respec-
tively. The sample includes weekly returns from April 1997 to December 2006
denominated in EUR. Note that prior to the introduction of the EUR on Jan-
uary 1999, DEM data was applied.

Jp pvalue pf —pr py—py py —ps  pL P

P

AUD-CHF 4.6 0.34 -0.02 -0.09 -0.26 -0.32
CAD-CHF 3.6 0.46 -0.23 -0.14 -0.18 -0.20
NZD-CHF 6.1 0.19 -0.12 -0.11 -0.32 -0.29

Table 10: Exceedance correlations between returns on carry strategies and returns on
global equity. The first row is based on a carry with a long position in AUD
and a short position in CHF. The second and third rows are analogously
calculated for a carry with a long position in CAD and NZD deposits re-
spectively. The sample includes weekly returns from April 1997 to December
2006 denominated in GBP.
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EUR perspective
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Figure 7: Correlation surfaces and "average" correlations between returns from a
carry strategy and returns on global equities from the perspective of an EUR-
investor. The figures on the top are based on a carry going long in AUD
deposits by borrowing on the CHF money market. Estimation in the mid-
dle and bottom panels are analogous for CAD-to-CHEF, respectively NZD-to-
CHF carry trades. Estimation is based on weekly returns from April 1997 to
December 2006. Note that prior to the introduction of the EUR on January
1°" 1999 DEM data was applied.
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GBP perspective
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Figure 8: Correlation surfaces and "average" correlations between returns from a
carry strategy and returns on global equities from the perspective of an GBP-
investor. The figures on the top are based on a carry going long in AUD
deposits by borrowing on the CHF money market. Estimation in the mid-
dle and bottom panels are analogous for CAD-to-CHF; respectively NZD-to-
CHF carry trades. Estimation is based on weekly returns from April 1997 to
December 2006.
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