,, Aalto University
School of Business

Home bias in currency carry trade

Finance

Master's thesis
Jussi-Petteri Vaananen
2015

Department of Finance
Aalto University
School of Business


http://lib.aalto.fi
http://www.tcpdf.org

Aalto University Aalto University, P.O. BOX 11000, 00076 AALTO
School of Business www.aalto fi
n

Abstract of master’s thesis

Author Jussi-Petteri Vaananen

Title of thesis Home bias in currency carry trade

Degree Master of Science in Business Administration

Degree programme Finance

Thesis advisor(s) Professor Matti Suominen

Year of approval 2015 Number of pages 59 Language English

Abstract

This thesis documents home bias in currency carry trade: i.e. carry trade activity from the main
funding countries is biased towards investment countries that are located in the same region and
thus more familiar to investors. My research provides new insight to the forward premium puzzle
and arising currency carry trade excess returns stressing the importance of Switzerland, Japan and
U.S. as the main funding countries in their own region during the sample period from January
1999 to January 2014. Utilizing spot and forward exchange rates of 28 currencies from EMEA,
Asia Pacific and Americas, I form carry portfolios by sorting sample currencies based on their
forward discount and examine the risk-return relationship between the main funding countries’
funding liquidity measures and carry trade returns in these three regions. Furthermore, I test
whether the tightening funding conditions in the main funding country are associated with
currency crashes in the major investment countries located in the same region.

The results indicate that the main funding countries’ key volatility measures and liquidity
spreads have in general the highest explanatory power for carry trade returns in their own regions.
While the liquidity spreads produce less significant values relating to carry trade returns, they
prove to be more relevant measures when explaining the currency crashes in the major investment
countries. I show that the contemporaneous change in the Swiss and U.S. volatility measures can
alone explain around 20 percent of the regional currency carry trade returns and crashes in EMEA
and Americas, respectively, leaving other main funding countries’ volatility measures redundant.
In Asia Pacific, the changes in the key volatility measure have also delayed effect to carry trade
returns due to slow collective action of numerous Japanese retail investors. Japanese and U.S.
funding liquidity measures explain together one third of the carry trade excess returns and over 40
percent of the currency crashes in major investment countries in Asia Pacific region.

Keywords Carry trade, home bias, regionality, forward premium puzzle, funding liquidity,
implied volatility, risk aversion, TED spread, currency crash




,, Aalto-yliopisto Aalto -yliopisto, PL 11000, 00076 AALTO
Kauppakorkeakoulu www.aalto fi

Maisterintutkinnon tutkielman tiivistelma

Tekij& Jussi-Petteri Vadnanen

Tyon nimi  Carry trade -toiminnan painottuminen ldheisiin maihin

Tutkinto Kauppatieteiden maisteri

Koulutusohjelma  Rahoitus

Tyon ohjaaja(t) Professori Matti Suominen

Hyvaksymisvuosi 2015 Sivumaara 59 Kieli Englanti

Tiivistelméa

Tutkin carry trade -toiminnan painottumista maihin, jotka sijaitsevat l1dhella rahoitusmaata ja ovat
nidin ollen tutumpia sijoittajille. Tutkimukseni tdhdentdd Sveitsin, Japanin ja Yhdysvaltojen
merkitystd padrahoitusmaina omilla alueillaan tutkimusjakson aikana tammikuusta 1999
tammikuuhun 2014. Otokseni koostuu 28 valuutasta EMEA:n, Aasian ja Tyynenmeren sekia
Amerikan alueilta. Jaottelen valuutat termiini- ja avistakurssin erotuksen mukaan portfolioihin
omilla alueillaan ja tutkin riskin ja tuoton suhdetta kolmen péadrahoitusmaan
rahoituslikviditeettimittareiden ja carry trade -tuottojen valilld. Lisaksi selvitin miten tiukentuvat
rahoitusolosuhteet p&adrahoitusmaassa vaikuttavat valuuttaromahduksiin saman alueen
merkittdvimmissi investointimaissa.

Tulokset osoittavat, ettd padrahoitusmaiden volatiliteettimittarit sekd ero pankkien vilisen
koron ja valtion velkasitoumusten vililla selittavit yleisesti ottaen parhaiten carry trade -tuottojen
kehitystd omilla alueillaan. Vaikkakin TED spreadit tuottavat tilastollisesti heikkoja arvoja liittyen
carry trade -tuottoihin, niiden merkitys kasvaa huomattavasti selitettdessd valuuttaromahduksia
tarkeimmissd  investointimaissa. Yksinomaan muutokset Sveitsin ja  Yhdysvaltojen
volatiliteettimittareissa selittaviat omilla alueillaan noin 20 prosenttia carry trade -tuotoista ja
valuuttaromahduksista jattden muiden rahoitusmaiden volatiliteettimittarit tarpeettomiksi.
Aasian ja Tyynenmeren alueella keskeisen volatiliteettimittarin muutokset nidkyvit osittain
viiveelld carry trade -tuotoissa johtuen lukuisten japanilaisten yksityissijoittajien hitaasta
kollektiivisesta toiminnasta. Japanin ja Yhdysvaltojen rahoituslikviditeettimittarit selittaviat
yhdessd kolmasosan carry trade -tuotoista ja yli 40 prosenttia valuuttaromahduksista
merkittdvissd investointimaissa Aasian ja Tyynenmeren alueella.

Avainsanat Carry trade, home bias, rahoitus likviditeetti, implisiittinen volatiliteetti, riskien
valttiminen, TED spread, valuuttaromahdus
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1. Introduction

The currency carry trade is a popular trading stnatwhere one borrows in low interest rates
“funding currencies” and invests in high interestes “investment currenciesfccording to the
uncovered interest parity (UIRje carry gains arising from the differential beéwdoreign and
domestic interest rates are offset by the expedigreciation of the investment currency.
However, investment currencies have been foundpjresiate on average against funding
currencies, moving completely opposite directioratMine UIP would predict (see, e.g., Hansen
and Hodrick, 1980; Fama, 1984). Thus, an investoti@pating in currency carry trade would
earn the interest rate differential and also bérfedm the investment currency appreciation
during the holding period. This violation of theRJmakes the carry trade profitable on average

and it is known as the “forward premium puzzle".

The positive currency excess returns have beenlyvitcumented for the past three decades.
Although carry trade returns have decreased ower (see, e.g., Jylhd and Suominen, 2011), the
forward premium puzzle still exisEama (1984) suggests that if investment currenbediser
low returns during bad times, then carry trade ipgadre nothing but compensation for higher
risk-exposure. However, it has been difficult tentify risk factors behind carry trade returns.
Recent studies find that the time-varying risk prem on investment currenciesight reflect
crash risk or rardisastergsee, e.g., Brunnermeier, Nagel, and Pedersen,; FadBi, Fraiberger,
Gabaix, Ranciere, and Verdelhan, 2013; Farhi andb&bg 2011; Jurek, 2014; Ferreira Filipe
and Suominen, 2013) or the currencies might hafferdnt sensitivity to systematic risk factors
(see, e.g., Lustig and Verdelhan, 2007; Lustig, $2anov, and Verdelhan, 2011; Menkhoff,
Sarno, Schmeling, and Schrimpf, 2012; Verdelhari020While all these papers try to explain
average excess returns on carry portfolios wittbglaisk factors, my study aims to shed new
light to the forward premium puzzle by examining tisk-return relationship between regional

risk measures and carry trade returns.

1.1. Academic and practical motivation

In this thesis, | investigate home bias in caradé. Although home bias is well documented
phenomenon in equity markets, it has not been esiudefore in currency market to best of my

knowledge. Grinblatt and Keloharju (2001) find tkédtance, language and culture are all factors



influencing investors’ investment decisions. Peofptel familiar assets attractive and invest
heavily in those, while they put little or no capiait all in ambiguous assets (Barberis and Thaler,
2003). In the carry trade setting, this means thaestor would invest in high interest rate

countries located usually in the nearby region wsithilar cultural backgrounds.

Carry trades can have significant effects on fareéggxchange (FX) rates (Galati, Heath, and
McGuire, 2007). In general, high interest rate encres, which are targets for carry trades,
strengthen and funding currencies weakens (Burngidaenbaum and Rebelo, 2007). However,
from time to time fundamental shocks in the maikatl to a sudden unwinding of carry trades,
causing investment currencies to crash and fundoougrencies to appreciate sharply
(Brunnermeier and Pedersen, 200)e average daily trading in the global FX marlestiched

$5.3 trillion in April 2013 (Bank for Internation@ettlements, 2014). A better understanding of
what drives the carry trade returns and thus F&sratould be highly useful for the investors who

trade in these huge markets.

My study is motivated by the novelty paper from Bmarmeier et al. (2009), where they show
that funding liquidity measures predict exchange rmaovements. | find the results relating to
Chicago Board Options Exchange Market Volatilitgdéw (VIX) and TED spread, which is the
difference between the interest rates on 3-mortrbank loans and on 3-month Treasury bill
(T-Bill), especially interesting. They use VIX apeoxy of global risk aversion and TED spread
as an indicator of tightening funding liquidity. \&n investors become more risk aveesel
liquidity in the interbank market dries out, fundigonstraints force speculators to unwind their
carry trade positiong he investment currency depreciates as the spe@itzapital is withdrawn
resulting in carry trade losses. This negative ks spillover effects and is amplified as more

speculators unwind their positions causing thestment currency to depreciate even further.

Moreover, Ferreira Filipe and Suominen (2013) sttbat the funding risk in Japan, or in another
major funding country Switzerland, is a better nueasn explaining the carry trade returns than
funding conditions and funding risk in the U.S. ifhendings confirm the importance of
Japanese yen (JPY) and Swiss franc (CHF) as majdirfg currencies besides the United States
dollar (USD). Therefore, it is interesting to intigate more closely whether the funding liquidity
measures of these three main funding countries Havenighest explanatory power for carry
trade returns when the investment country is latagarby and is more familiar to the investors.



1.2. Research problem and purpose

In order to test the home bias in currency caragldr| sort the sample currencies into three
different groups according to their geographicatalmn: EMEA (Europe, Middle East and

Africa), Asia Pacific, and Americas. With this cgdeization, | try to capture both the distance
and cultural aspects. | argue that CHF, JPY and @&Dthe main funding currencies in their
own region. If investors prefer to invest in cuciEs that they are more familiar, then the
funding liquidity measures of Switzerland, Japad &hS. should have the highest explanatory
power for carry trade returns in EMEA, Asia Pacditd Americas, respectively. Instead of trying
to explain the currency carry trade excess retwits global funding liquidity measures, | focus

on corresponding regional measures with the aigetifng more significant results.

To measure the funding liquidity in different reg# | select one key volatility measure and
calculate TED spreads from each of the three maialihg countries. My data set contains at
most 28 different currencies and the sample pesmhs from January 1999 to January 2014.
Following Lustig and Verdelhan (2007), | form poitbs from the sample currencies by sorting
them based on their forward discount. My strateggoiborrow (invest in) the currency with the
smallest (largest) forward discount within its ovagion. As a robustness check | also consider
an alternative strategy where | go long (shortlthe three currencies with the three largest
(smallest) forward discounts. The portfolios arbatanced at the end of every month. | expect
the risk-return relationship between the main fagdtountries’ liquidity measures and regional
carry trade returns to be negative: when the kdgtity measures and TED spreads increases

the carry portfolios experience losses.

According to Brunnermeier and Pedersen’s (2009) ehod liquidity frictions, the tightening
funding conditions in funding country are linkedléwge depreciations in investment currency.
Hence, decreasing risk appetite and tightening ihgndiquidity in one of the main funding
countries should also be associated with curremaghes in that regions’ major investment
countries. | test this by estimating a probit modbkre the dependent variable takes value 1 if
crash happens and O otherwise. | define a crasi wie monthly return of carry portfolio is
lower than (minus) 1 standard deviation of its mesuduring the whole sample period.



1.3. Contribution to existing research

My empirical results provide evidence that cargde activity is biased towards countries that
are located in the same region than the main fgndountries and thus more familiar to
investors. | find the main funding countries’ kewplatility measures to be more significant
variables than the liquidity spreads when explarime regional carry trade returns. However,
the liquidity spreads become also more meaningfuérwexplaining currency crashes in the
major investment countrie3his is linked to the finding that the TED spreads only relevant

risk measures when there is turmoil in financiatkets.

In EMEA, the contemporaneous change in the Vdlgtihdex on the Swiss Market Index
(VSMI), can alone explain around 20 percent ofrégional currency carry trade returns, leaving
other main funding countries’ volatility measuresdundant. Also in Americas, the CBOE
Volatility Index, VIX, produces similar results and the most dominant variable when
explaining carry trade excess returns and curremr@ghes in that region. In Asia Pacific,
however, th&/olatility Index Japan (VXJ) and VIX are both reset variables. While the change
in VIX has larger contemporaneous effect to caragé returns, interestingly part of the effect of
increasing VXJ comes with delay as the collectigBoa of numerous Japanese retail investors
can be slow. When taking into consideration all filneding liquidity measures from Japan and
U.S., they can together explain one third of theycaade excess returns and over 40 percent of

the currency crashes in Asia Pacific region.

My findings stress the importance of Switzerlargpah and U.S. as the main funding countries
in their own region. The results imply that investparticipating in currency carry trade should
pay attention to the Swiss volatility measure$d investment country is located in EMEA, and
U.S. funding liquidity measures if the investmewoutry is located in Americas. Moreover,
when investing in Asia Pacific, also the U.S. furgdliquidity measures are of interest in addition
to the Japanese ones. Even though there are fesvspdqat examine carry trade returns of some
specific region or group of countries, my studyths first one to test how the geographical or
cultural distance from the main funding countryeafs carry trade activity to best of my
knowledge. This thesis contributes to the existiegearch by finding a home bias in currency

carry trade and thus shedding new light to the &mdaypremium puzzle.



1.4. Limitations of the study

My study has two main limitations. First, the cuncis that have only non-deliverable forward
(NDF) rates are excluded from the samipoukas and Zhang (2013) compare the performance
of NDF and deliverable forward carry trades andlfihat though they share common risk
factors, the NDF carry trades are driven by desretifrom covered interest parity (Cli)e to

currency convertibility restrictions and capitahtmls.

The NDFs are offered by major financial institusdn the over-the-counter market agwherally
used to hedge exposure or speculate on a moveurrency where local market authorities limit
such activity (see, e.g., Lipscomb, 2005; Doukas Zhang, 2013). An NDF is alike a regular
forward FX contract, except it does not requireptgl delivery of currencies at maturity and it
is usually settled in U.S dollars as the othereny, typically an emerging market currency with
capital controls, is “non-deliverable”. The currgraonvertibility restrictions and capital controls
make onshore interest rate unavailable to intesnatiinvestors, which means that the offshore
interest rates must be concluded from the NDF pridgdis may lead to a situation where the
onshore and offshore interest rates differs froohedher as a result of a number of factors, such
as market expectations and liquidity, perceivedhgea in foreign exchange policy, speculative
positioning, accessibility to onshore money marketsd the relation between offshore and
onshore currency forward markets (Ma, Ho, and Mé€al2004; Lipscomb, 2005). While the
CIP holds generally for deliverable forward curres¢ Doukas and Zhang (2013) find that the
gap between onshore and offshore interest ratBlfd¥ currencies is economically large (-3.5%
on annual basis), indicatirggviations from CIP in offshore markets and supgr@formance of

NDF carry trades.

Second, my estimates leave out of account bid-ps&ads on currency markets. An investor
implementing carry trade using forward markets bauysrward contract at the ask price when he
goes long on investment currency. After receiving corresponding currency at the end of the

contract, the investor converts the proceeds battk funding currency at the bid price. As a

! Argentine peso, Brazilian real, Chilean peso, @ti@mn peso and Peruvian nuevo sol were excluded fre
sample. These five currencies from Americas re@jiave only non-deliverable forward rates availaliéetsg from
March 29, 2004.



result, the expected cost for doing this tradeal the bid-ask spread on both the forward and
spot contract.

Taking into consideration the transaction costs ldoweduce the currency excess returns.
Actually, Burnside et al. (2007) argue, that cucsenarry trades may be difficult to carry out due
to the high transaction costs. Farhi et al. (2@I8hpute an average spread of 8 basis points for
spot rates and 9 basis points for forwards in teample of 32 countries during the period of
1996-2008. This would imply an annual cost arou@d asis points or 1 percent for a currency
pair with 12 trades per year. However, such spreatht exaggerate transaction costs on
currency markets, as investors may well roll oveirt positions each month instead of closing
them just to reopen them again next day (Gilmom ldayashi, 2008)This holds also for my
currency portfolios. Even if the annual transactosts would be around 100 basis points, all of
the portfolios would still have large positive egsaeturns. All in all, the bid-ask spreads do not
have a significant effect on my empirical findinggarding the explanatory power of different

volatility measures and liquidity spreads for tlaerg trade returns and currency crashes.
1.5. Structure of the study

The rest of the paper is organized as follows. i8e@ presents the theoretical background and
the previous empirical findings explaining the fard premium puzzle and carry trade excess
returns. In Section 3, | discuss my hypothesesti@ed presents the data and methodology used
in the study. In Section 5, | analyze the empirieaults relating to the risk-return relationship
between the main funding countries’ liquidity me&suand regional carry trade returns. Finally,

Section 6 concludes and gives suggestion for furésearch.

1.6. Definitions

Table 1 below explains the key terms used in tihesis in order to ensure that the reader is aware
of exact meanings and definitions of these fredyarged terms and also to make the reading of

the thesis easier.



Table 1: Definition of key terms

Carry trade

Forward discount (or
premium)

London Interbank Offered
Rate (LIBOR)

Liquidity spreads

A trading strategy in which an investor borrowsicurrency with a relatively low
interest rate and invests the funds in a curremgding a higher interest rate

The rate at which trader agrees to exchange onermy for another at some
specified future date

A currency trades at a forward discount (premiurhpwits forward price is lower
(higher) than its spot price

The tendency for investors make financial investtmé@mtheir home markets rather
than in foreign markets

An indication of the average rate at whisbme of the world’'s leading banks
charge each other fansecureghort-term loansn a given currency

| use the following commonly used indicators ofulidjty in interbank markets to
capture the funding liquidity in different markets:

. U.S. TED spread (TED) — the difference between 3mdSD LIBOR and
3-month U.S. Treasury bill

« Swiss TED spread (S-TED) - the difference betwden 3-month CHF
LIBOR and Switzerland’s 3-month federal money madebt register claims

- Japanese TED spread (J-TED) — the difference betwle 3-month JPY
LIBOR and the Japanese Government 3-month Bill

Uncovered interest rate parity UIP states that the difference between two cousitirgerest rates is equal to the

(UIP)

Volatility measures

expected change in exchange rates between thesgiesucurrencies

This hypothesis states that assuming risk neutralid rational expectations, the
forward exchange rate is an unbiased predictdnefuture spot exchange rate

| use the following measures of implied volatildfstock index options to capture
the risk aversion in different markets:

«  CBOE Volatility Index (VIX) — a measure of markeqpectations of volatility
over the next 30 day period conveyed by S&P 506ksitedex option prices

« Volatility index on the SMI (VSMI) — a duration-iegpendent index that
applies implicit variances to all Eurex-traded Siptions

« Volatility index Japan (VXJ) — a model-free indeXx market volatility
implicit in the bid and asked prices of Nikkei22tions




2. Theoretical background

In this section | provide an overview on the exigtliterature. First, | discuss about the forward
premium puzzle which refers to the well documergeapirical finding that high interest rate
currencies tend to appreciate on average relatiiew interest rate currencieshe failure of
unbiasedness hypothesis makes it possible for eulgter to pursue large excepted returns
through currency carry trad&he question then turns out to be whether the riigsliof this bias
are to be interpreted as a time-varying risk premar as systematic expectation erréneview
arguments both in favor and against these viewsllyj | present the novelty empirical findings
and theory behind the paper of Brunnermeier et(2009), where they show that funding

liquidity measures predict exchange rate movements.

2.1. Forward premium puzzle and carry trade excess retur

The forward premium puzzle and the arising caraglér strategy have been widely documented
for the past three decades. Large expected exegsas from currency carry trades challenge the
benchmark models in international macroeconomicdiyging out the failure of uncovered

interest parity and the fact that the forward rdtes not provide an unbiased forecast of the
future spot rate. Actually, in a regression of filmeire change in the spot rate against the forward
discount, the exchange rate was found to move actgxthe oppositéirection on average from

what was forecasted. This unexpected finding has beplicated several times, on various sets

of data, and with many refinemefts.

To fix the concept and terms, | define the k-periagrest rate of home and foreign country at
time t asif andik*, respectivelyS, is the spot rate at time t af@f is the forward rate at time t
for a trade to take place at time k. The grossrmefior lending in the domestic money market is

simply:
14 ik 1)

Assuming there are no arbitrage opportunitiespaestor should get same return than in (1) also

by converting currency at the spot exchange ratgder to lend in foreign currency and hedging

2 For surveys see Froot and Thaler (1990), Lewi8%).9Sarno (2005) or Engel (2013).



his exchange rate risk by buying home currenchenforward market. The return of this strategy
IS:
Fk
(1+ it*)S—tt @)
Since lending home currency and lending foreigmenay combined with a forward hedge are
both nominally riskless the investor should be filedent whether to choose either (1) or (2),

implying the covered interest parity condition:

(1+i) _F

(1+ik S, @)

The uncovered interest parity states that the bitrage condition is satisfied without the use of
a forward hedge against exposure to exchange iskeThen the interest differential between
home and foreign country should be an unbiased#&steof the future spot rate. Thus, one should

expect:
Serre = Ff + uppp (4)

where the forward rate equals the rational expectabf the spot rate at time t+k, given

information available at time t, and the error tery, is an expectational error.

The puzzle is that in a regression of the futurange in the spot rate against the forward
discount, not only do the regression estimatesthedslope coefficient to differ from unity but it

is even slightly negative on average, indicatingias in the forward exchange rates (Chinn,
2007). In order to take a closer look for the di#f@ components of the forward premium puzzle,
equation (4) can be rewritten by taking logarithifasdicated by lowercase letters) and

subtracting the current log spot ratefrom both sides:

Aserx = Bo + Br(fE — s¢) + Ter )

where the left hand side of the equation is ex fadste depreciation, defined as,., — s;, and
the term in the parentheses is the forward discdtouation (5) is a standard regression equation

used to test the unbiasedness hypothesis, wheer thwlnullg, = 0 andp; = 1, and the error
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term, #i;,,, equals to the forward market forecast error. Tind implies that there is no
systematic time-varying component to the forecagire: E;(As;.x) — (ft" — st) = f,. To be
more precise, the unbiasedness hypothesis is Bctaal joint hypothesis of rational
expectationsE; (As;4) = Asf, whereE(As;,;) is the mathematical expectation aksf is the

expectation held by investorgnd the condition of no time-varying risk premium; =

E;(Aspyy) — (ftk - St) —Bo = 0.

In a typical carry trade, an investor borrows fuimda low interest “funding currency” in order to
lend in a high interest “investment currency”. IfFUheld, the investor would expect to make zero
profits on average, because the interest diffembrfor forward discount) would reflect the
expected depreciation of the investment curren@ingg the funding currency. But the null
hypothesis of unbiasedness is almost always rejestatistically. In their paper, Meese and
Rogoff (1983) find that exchange rates changesviod near random walk, which gives investors
an opportunity to gain from the interest differahtvithout suffering from the depreciation of the
investment currency. That is only a near randonmkwas Fama (1984) shows that on average
investment currencies tend to even appreciate sigiia funding currencies. For instance, Froot

and Thaler (1990) find in their survey an averagj@reate of -0.88 fop;.

The puzzling result that the coefficient estimades typically negative suggests that the investor
implementing a carry trade would also benefit friiva investment currency appreciation during
the holding period on top of the forward discoustwever, Chinn and Meredith (2004) show
that while 8, is negative on average at short time periods (uonde year), the bias tends to
decrease at longer horizons. Furthermérankel and Poonawala (2010) argue that the forward
market in emerging currencies is less biased thanajor currencies and find the coefficient for
emerging market currencies to be on average sjigitibve zero. Also, recent studies report that
carry trade returns have decreased over time, stiggeevidence that the bias has decreased in
general over the last forty years (see, e.g., BitthSuominen, 2011).

There are several reasons why the forward premiuzale persists even when capital is perfectly
mobile according to the covered interest paritym@st all of the explanations fall into two
categories focusing either on the risk premium her invalidity of the rational expectations

hypothesis. Vast majority of the authors contribtethe first category and interpret the
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systematic component of the forward market’s fose@rors as a risk premium while at the
same time upholding the rational expectations Hyggis. The second category of explanations
question the validity of the rational expectatidngothesis and find that market participants
have systematic expectation errors, at least witiénsamplé.| will next review arguments both

in favor and against these different views.

2.1.1. Conventional risk-based explanations

Perhaps the most conventional explanation for thkeiré of UIP is that there exists a risk
premium which account for differences between etqeechanges and actual changes in spot
rates. However, it has been hard to come up wsthriased models that could fully explain the
forward premium puzzle. In a simplistic model, riglemium can be measured by assuming that
the exchange rate follows a random walk. This waudgest that the forward premium is the
risk premium. The problem with this model, howevetthat it is purely mechanical and does not

provide us any information with economic sourceisk (Burnside, 2008).

Engel (1996) provides a survey of the early attsmptmodel the risk premium, including tests
of the consumption CAPM and the latent variable et®das well as portfolio-balance and
general equilibrium models. He concludes that whkny things have been ruled out, we have
not yet found a model of expected returns thatths data. He stresses further, that in order to
explain the puzzle, the models need to generatelations between the risk premium and the

forward premium.

Since then, many other risk-based explanations haemn forwarded from presence of sticky
prices in general equilibrium models to consumpti@sed risk premiums and external habit
preferences. Engel (1999) examines the properfiekeorisk premium in sticky-price general

equilibrium models. He compares the two models b$tf@ld and Rogoff (1998) and Devereux
and Engel (1998), where monetary shocks will calmsges in consumption because of sticky
prices and risk premiums arise due to covariatibnomsumption and exchange rates. He finds
that while Devereux and Engel (1998) model is capabproducing large enough risk premiums
to match the data, it cannot generate correlatietwéen the risk premium and the interest

differential.

% The term, systematic expectation errors, is inéertd cover the important areas of learning, pesblpms, tests of
rational expectations based on survey data anchtfuels of irrational expectations and speculativieltes.
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More recently, Lustig and Verdelhan (2007) showbloyiding currency portfolios according to
their forward discount that UIP fails in the crassstion between the returns of high and low
interest rate currencies. They conclude that lageess returns can be achieved by simply
holding bonds from currencies with currently higiterest rates, which have higher loading on
US consumption growth risk. Burnside (2007) argussyever, that the stochastic discount
factor corresponding to Lustig and Verdelhan’s @0@hodel is uncorrelated to carry trade
portfolio returns and the forward premium puzzlenains a puzzle. Also Lustig et al. (2011)
favor a risk-based explanation and use a two-fact@mrest rate model to explain the cross-
sectional variation in average excess returns lmtvwegh and low interest rate currencies. Their
measure of volatility estimates the systematic mgkcurrency markets without using any
exchange rate or interest rate data. They findithétte times of high global volatility, investment
currencies tend to depreciate and funding currentémd to appreciate, which means that
investors load up on global risk by participatimgaurrency carry trade. Moreover, Verdelhan
(2010) shows how risk emerging from consumptionitsaaffects the carry trade returride
finds that during bad times at home country, theelstic interest rates are low, consumption is
close to the habit level and investors are molkeaigerse. The changes in exchange rates follow
domestic consumption shocks when the domestic iovés more risk averse than the foreign

investor in high interest rate country, implyingsgive currency carry trade excess returns.

Despite the latest developments in risk-based rsotety have not yet been able to fully explain
the forward premium puzzle. Burnside, EichenbautesKkchelski and Rebelo (2011) construct
stochastic discount factors from traditional riskasures such as consumption growth, stock
returns, etc., and find that these risk factors alestatistically uncorrelated with carry trade
excess return. The same is true for carry port$odiorted on the basis of the forward premium.
They make a straightforward argument — “withoutartance a risk-based story can’'t work”. If
expected excess return from currency carry traderszero, then the return must covary with

the risk factor.

2.1.2. Systematic expectation errors and rare disasters

Systematic expectation errors include learningppgEeblem and other sources of error patterns
that appear statistically significant within themgde (Frankel and Poonawala, 201The
definition itself does not necessarily mean thatkatparticipants are irrational. Among those
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who fall into the category of attributing the fingss of the bias to systematic expectation errors
are Froot and Frankel (1989). They demonstrate that standard tests for UIP produce
significantly different results when survey-baseeasures of exchange rate depreciation are used
and find that vast majority of the variation of tfmward discount seems to be related to

expected depreciation rather than a time varyisig premium.

As mentioned, the rejection of the rational expgates hypothesis does not necessarily mean that
market participants are irrational. It may be thmatrket participants’ forecasts are biased as they
are constantly learning about the economic enviemtiLewis (1989) is one of the early studies
incorporating Bayesian learning. In her paper, isestigates how the increase in U.S. money
demand in the early 1980s affected average dadlacést errors as the market was learning
about the new process of money. More recently, Betta and van Wincoop (2010) argue that
infrequent portfolio decisions can explain the fard/ premium puzzleThey show that little of
foreign exchange exposure is actively managed esviifare gains for doing so are generally
below fees charged. Because of this infrequentsaetimaking the impact of interest rate shocks
on exchange rates is delayed and leads to sulatextiess return predictability.

Another argument why the exchange rate puzzlestreight is a “peso problem”. Originally, the
peso problem referred to a situation where marlatigppants anticipate rare switches in
monetary policy that are infrequently obserfe@lassical example of this is from the early
1970s, when the Mexican peso traded at a forwacbdint for several years even though being
pegged to the United States dollar. Rogoff (198Ques that the forward discount seemed to be a
poor predictor of the change in the value of theopas the market participants were anticipating
a policy-driven devaluation of the peso, which dwt occur until 1976. The proposal that the
high measured excess returns are due to some uefieg@vent that has not materialized or is
insufficiently represented in the sample would iynphat carry trade returns that cannot be
explained with observed skewness might still bdarpd with unobserved skewness.

More recent literature around infrequent events léed to big negative payoffs tries to explain
the forward premium puzzle with “rare disaster” ralsd In the model of Farhi and Gabaix

(2011), countries differ in their exposures to rgiabal disasters according to a mean-reverting

* Early examples include Rogoff (1980) and Krask&8Q). For nice survey, see Lewis (1995).



14

process. Countries with high risk premium have dejpted exchange rate and high interest rate,
but as their risk premium mean reverts their exgbkarate appreciates, explaining why high
interest rate currencies appreciate on average.ekeny Burnside et al. (2011) argue that the
average payoff of the hedged carry trade is tosecto the average payoff of the unhedged carry
trade for peso problems or rare disasters to hesyilke. They document that even after covering
most of the downside risk with currency optionsrgdrades still seem to be profitable. Farhi et
al. (2013) decompose the currency risk premiaan@aussian and a disaster risk premium. They
form portfolios of hedged and unhedged carry textgess returns and find that although disaster
risk has a significant effect in explaining currgmeturns, it does not account for all carry trade
returns. On average, the disaster risk premiuma@xplover one third of carry trade returns in
their recent sample period, 1996-2011, but an tovesan still obtain significant excess returns
while being hedged against large currency crashesta the remaining Gaussian, non—disaster
risk. Also Jurek (2014) finds the excess returnsrah-hedged currency carry trades to remain
positive and statistically significant, indicatitizat the high returns to carry trades are not due t
peso problems. Further, he compares the returhedded and unhedged currency carry trades

and reports slightly smaller crash risk premiumtfa excess returns than Farhi et al. (2013).

2.2. Funding liquidity as a risk factor

The empirical failure of conventional risk models meso problem explanations has led to a
variety of alternative explanations of the retutoghe carry trade or, equivalently, the forward
premium puzzle. My research is inspired by the figygaper from Brunnermeier et al. (2009),

where they show that funding liquidity measuresdppteexchange rate movements. | find the
results relating to VIX implied volatility and TEBpread the most interesting. Both variables
seem to be negatively contemporaneously correlat#id currency excess returns, while the
explanatory power of TED spread is also statidycsilgnificant for carry trade returns a week

ahead.

Brunnermeier et al. (2009) empirical findings shaegeral features of the liquidity spirals that

arise in the theoretical model in Brunnermeier Bedersen (2009). They show that speculators
invest in securities with positive average retunu anegative skewness. The positive average
return is compensation for providing liquidity tbet market and the securities are negatively

skewed because of the market participants’ asynenetsponse to fundamental shocks. These
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shocks lead to speculator losses and are amplifteeh speculators unwind their positions as
they hit funding constraints. This causes the valuhe securities to depress even further leading
to increased funding problems and higher volatédibd margins in the market. On the contrary,

positive shocks leading to speculator gains arentensified.

What makes the model with liquidity frictions un&us that it offers an explanation to the
forward premium puzzle which is dependent neithemaconventional risk mechanism, nor on
peso problemslf we picture a standard exchange rate setting evhHdP holds, then a country
suddenly increasing its interest rate would attremt/ foreign capital which should lead to an
immediate appreciation of the currency followed dny expected future depreciation of the
exchange rate. In a model with liquidity frictionspwever, the currency only appreciates
gradually as investors respond to the interestinatease slowly. In the meantime, holding on to
the currency carry trade is profitable due to theiations from UIPThe effect of slow moving
capital is also documented in other markets (seg, Blitchell, Pedersen, and Pulvino, 2007;
Duffie, 2010).

Liquidity frictions have also a remarkable impattcurrency crashes. Currency carry trades are
usually highly leveraged and conducted by profesdionvestors (Galati et al., 2007). Local
equity is common collateral, so the market pridéscathe available collateral of investors. Also
banks in the main funding countries are large itorssin the local equity market themselves, so
when the volatility increases in the local stockked they are less likely to lend more money or
accept local equity as collateral (Ferreira Filgral Suominen, 2013). The deviations from UIP
are reduced when professional investors lever ep tiarry trades, but as a consequence also
investors’ risk of forced liquidation increases ({Bnermeier et al. 2009). Furthermore, it
becomes more expensive for investor to hedge thwy teade portfolios when the perceived
downside risk increases. These effects are havimggative impact in investors’ willingness to
speculate. Hence, in the face of shocks that leapéculator losses, the liquidity in the market
goes down and capital constraints are likely taoddredge funds and other speculators to unwind
their carry trade positions from investment currescwhich then crash due to the sudden capital
flight. Brunnermeier et al. (2009) find that catrades experience often losses exactly at the
times when speculators face funding problems.
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As discussed above, funding constraints seem tedpecially relevant during the times of
financial stress and increased risk aversi@munnermeier et al. (2009) show that the volume of
speculative trading and the carry trade returnsedses during the weeks when VIX index
increase. The VIX, which measures the implied vitthatof the S&P 500, is not mechanically
linked to exchange rates since it is derived frapity options. It is often referred to as the “fear
index” asduring periods of financial stress and steep madleetines, options tend to become
more expensive. Thus, the greater the fear in thekem, the higher the level of VIX. This
explains why the changes in implied volatility meas are also interpreted as changes in
investors’ risk aversion. When VIX increases, inwes lose their general appetite for risk, which
Is seen as decreased speculation in the FX marketunwinding of carry trade positions has

spillover effects on other speculators leadingviendarger losses.

As another proxy for funding liquidity, Brunnermeigt al. (2009) use the TED spread, which is
the difference between the 3-month London Interb@filered Rate (LIBOR), based on U.S.
dollar, and the 3-month U.S. T-Bill rate. This smtendicates liquidity in the interbank markets,
among other things. The LIBOR Eurodollar rate r@8euncollateralized lending in the interbank
market, which is subject to default risk, while thdill rate is riskless since it is guaranteed by
the U.S. government. When banks face liquidity pots their willingness to provide funding in
the interbank market weakens. This leads to iner@ashe TED spread and often decline in the
T-Bill rate due to a flight-to-liquidity or fightet-quality. Brunnermeier et al. (2009) show that
increase in the TED spread has similar but lessifgignt effects than a rise in VIX.
Furthermore, the TED spread is also correlated widtiry trade losses one week ahead. The
negative correlation between the TED spread amy t@de returns provides evidence in support
of the Brunnermeier and Pedersen (2009) theoreatiodlel of liquidity spirals.

Relating to findings above, Ferreira Filipe and @ueen (2013) also stress the importance of
funding constraints in currency speculation, butdfithat the funding risks in Japan and
Switzerland are better measures in explaining #rgydrade returns than funding conditions and
funding risk in the U.S. (such as the VIX and tHeDTIspread). They measure funding risk for
carry trades using the equity options’ implied ktatarket volatility and crash risk in Japan and
show that these measures can explain 42% of thehilgocurrency carry trade returns during

their sample period, 2000-2011. In addition, Ranadthd So6derlind (2010) argue that some
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currencies are viewed simply as safe havens angd tdred to appreciate when stock market
volatility increases. This result gives support Bounnermeier et al. (2009) findings that
unwinding of carry trades is correlated with VIX.elWkhoff et al. (2012) also confirm some
relevance for illiquidity as a risk factor. Howeydhey argue that the global volatility risk
obtained from currency markets dominates liquidisk and find that FX volatility can explain
the cross-section of interest rate-sorted currepastfolios. Furthermore, Melvin and Taylor

(2009) present financial stress index that haveespredictive power for carry trade returns.
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3. Hypotheses

Unlike the existing literature, which largely redi®n different global measures of risk when
trying to explain the positive excess returns ofreocy carry trade, my study provides an
alternative explanation to the forward premium peizzy finding home bias in the carry trades.
In this section, | outline the hypotheses that tasted later on in the empirical section of the

study. | also provide a brief theoretical backgmbiwehind the stated hypotheses.

The theoretical background for my study comes fitbi paper of Brunnermeier et al. (2009).
They show that decreasing risk appetite and tigh¢efunding liquidity affect the carry trade
returns. They use VIX as a proxy of global risk rai@n and TED spread as an indicator of
tightening funding liquidity. When VIX and TED s@@ increase, funding constraints lead to
increased volatility and increased margins, forcemeculators to unwind their carry trade
positions. The investment currency depreciatehaspeculative capital is withdrawn resulting
in carry trade losses. This negative shock hadospil effects and is amplified as more
speculators unwind their positions causing thestment currency to depreciate even further.

My main argument is that instead of trying to explae currency carry trade excess returns with
global funding liquidity measures, one should useresponding regional measures. Ferreira
Filipe and Suominen (2013) stress that funding taimg and funding risk in Japan or in another
funding country, Switzerland, are better measuregxplaining the carry trade returns than
funding conditions in the U.S. Their findings canfithe importance of Japanese yen and Swiss
franc as major funding currencies besides the dn8tates dollar. Nevertheless, one of these
three currencies is usually more often used asdirig currency in carry trades than the others,
depending on the investment currentyargue that CHF, JPY and USD are the main funding
currencies in their own region, and due to thisiaeglity the funding liquidity measures of
Switzerland, Japan and U.S. should have the highgdanatory power for carry trade returns in

EMEA, Asia Pacific and Americas, respectively.

H1: The main funding countries’ key volatility measuaad liquidity spreads have the highest

explanatory power for carry trade returns in theiwvn regions
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Carry trades are extremely difficult to track fréne available data which makes it challenging to
draw the lines for the principal regions of the mainding countries (Galati et al., 2007). One
reason to assume that there is regionality in daages is that investors prefer securities they ar
familiar with. The familiarity is widely documentggthenomenon in stock markePeople find
familiar assets attractive and invest heavily iosen while they put little or no capital at all in
ambiguous assets (Barberis and Thaler, 2003).drcdinry trade setting, this means that investor
would invest in high interest rate country locatgglially in the nearby region with similar

cultural background.

According to the model of liquidity frictions, theghtening funding conditions in funding

country are linked to large depreciations in inwestt currency. Hence, decreasing risk appetite
and tightening funding liquidity in one of the mdumding countries should be associated with
currency crashes in that regions’ major investmeodintries as the speculative capital is

withdrawn.

H2: Tightening funding conditions in the main fundaayntry are associated with currency

crashes in the major investment countries in tlegion

To test the hypotheses | use spot and forward exygheate data of 28 currencies commonly used

in carry trades. The data and methodology is desdrnn the following section.

® Coval and Moskowitz (1999) show that mutual fundnagers in U.S. favor stocks whose company heattusar
are located nearby their funds’ home office. Howev@oval and Moskowitz (2001) argue fund managers’
preference for the familiar stocks can be explaindgth information-based story. They stress thatdfunanagers
focus on local firms as they are cheaper to rebe&@dnblatt and Keloharju (2001) argue againstittiermation-
based explanation and find that distance, langwagk culture are all factors influencing investoirsvestment
decisions.
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4. Data and methodology

This section describes the currency spot and fatwaie data, formulation of carry trade excess
returns and construction of the carry portfoliosrtRermore, | present the risk measures used in
the empirical analysis and methodology appliechendtudy.

4.1. Data on spot and forward rates

My data set contains at most 28 different curres)ciacluding Australian dollar (AUD),
Canadian dollar (CAD), Chinese yuan (CNY), Czechuka (CZK), Danish krone (DKK), Euro
(EUR), Hong Kong dollar (HKD), Hungarian forint (HR), Indian rupee (INR), Indonesian
rupiah (IDR), Japanese yen (JPY), South Korean \{oRW), Malaysian ringgit (MYR),
Mexican peso (MXN), New Taiwan dollar (TWD), Newa&and dollar (NZD), Norwegian krone
(NOK), Philippine peso (PHP), Polish ztoty (PLNpund sterling (GBP), Russian ruble (RUB),
Singapore dollar (SGD), South African rand (ZARye8lish krona (SEK), Swiss franc (CHF),
Thai baht (THB), Turkish lira (TRY), and United &a dollar (USD).

The sample period spans from January 1999 to Ja2@dr4. The data for daily spot exchange
rates and daily 1-month forward exchange rates &D lare obtained from Barclays Bank
International and WM/Reuters via Datastream. Thevéod rates are available for CNY, KRW
and PLN starting from February 11, 2002 and for Ritdgting from March 29, 2004.

Following Lustig et al. (2011),exclude the following observations from my samgle to large
failures of covered interest parity in these coestrMalaysia from August 1998 to June 2005,
Indonesia from December 2000 to May 2007, and Tyfi@m October 2000 to November 2001.
In addition,Jones (2009) reports widespread deviations fronemealinterest rate parity during
the latest financial crisis in the fall 2008. Howevthese deviations have only limited effect on
the average excess returns during my whole sanmgriedy but as a robustness check, | also
present the results excluding the financial cyigisod®

® Jones (2009) show deviations from the CIP durimg financial crisis would have made it possible &or
arbitrageur to profit 126bp by borrowing in 12-mioitSD LIBOR and investing in 12-month EUR LIBOR.tR&s
of this magnitude in one of the 15 years of my dangan be considered as measurement error as thelg wnly
change the average return by around 8 basis points.
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Spot and forward rates to the other currencies thab are derived from the spot and forward
rates to USD assuming there are no triangularraggtopportunities:

Foreign currency _ USD

Home currency (6)

Home currency <D

Foreign currency/

Furthermore, | sort the sample currencies into ethdifferent groups according to their
geographical location: EMEA (Europe, Middle East aifrica), Asia Pacific, and Americas.
Table 2 shows this division between the regiongré&lare 12 currencies under EMEA, 13 under
Asia Pacific and three under Americas. The reasby Americas has only three currencies is
because most of the other candidates from thabmeguch as Argentine peso, Brazilian real,
Chilean peso, Colombian peso and Peruvian nuevchadl only non-deliverable forward rates

available and were therefore excluded from the $afmp

Table 2: Currencies by region

EMEA Asia Pacific Americas

Czech koruna (CZK)
Danish krone (DKK)
Euro (EUR)

Hungarian forint (HUF)
Norwegian krone (NOK)

Australian dollar (AUD)
Chinese yuan (CNY)
Hong Kong dollar (HKD)
Indian rupee (INR)
Indonesian rupiah (IDR)

Canadian dollar (CAD)
Mexican peso (MXN)
United States dollar (USD)

Polish ztoty (PLN)

Pound sterling (GBP)
Russian ruble (RUB)
South African rand (ZAR)
Swedish krona (SEK)
Swiss franc (CHF)
Turkish lira (TRY)

Japanese yen (JPY)

South Korean won (KRW)

Malaysian ringgit (MYR)

New Taiwan dollar (TWD)

New Zealand dollar (NZD)

Philippine peso (PHP)

Singapore dollar (SGD)

Thai baht (THB)

This table shows the sample currencies sortedré® theographical regions: EMEA (Europe, Middle
East & Africa), Asia Pacific, and Americas. The gdenperiod spans from January 1999 to January
2014. Due to data limitations in the forward markétY, KRW and PLN are included in the sample
starting from February 11, 2002 and RUB from Ma&® 2004 onwards. Also the following
observations are removed from the sample due ¢e failures of covered interest parity: MYR from
August 1998 to June 2005; IDR from December 2008&y 2007; TRY from October 2000 to
November 2001.

" Doukas and Zhang (2013) show that NDF carry tradesdriven by deviations from covered interesttpatue to
currency convertibility restrictions and capitahtls.
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4.2. Currency excess returns and carry portfolios

The carry trade strategy where one borrows in loigrest rate currencies and invests in high
interest rate currencies can also be implementatyusly spot and forward exchange rate
contracts (see, e.g., Galati et al., 2007). Theeesame practical benefits for using forward
currency markets instead of Treasury bill marketgorward currency markets the carry trade is
easy to implement and the contracts are subjetinional default and counter-party risk (Lustig
et al., 2011). The downside of forward currency ketis that it only exists for a limited set of

currencies and shorter time periods.

The empirical analysis is carried out at monthggfrency using end-of-month values. Following
Fama (1984), | use logarithms of spot and forwatchange rates for ease of exposition and
notation. | denote the log of the spot exchange ratunits of investment currency per funding
currency at time t by,, and the log of the forward exchange rate in umfitsivestment currency
per funding currency at time t bfy. So, whers increases the funding currency appreciates. The
monthly excess returp;,; on buying an investment currency in the forwardketiand then

selling it in the spot market after one month is:
Zer1 = ft = St+a (7)
The excess return can also be written as the lvgaia discount minus the rate of depreciation:
Zer1 = [t — S¢ — ASeqq 8)

whereAs;,; = s;+1 — S;. Akram, Rime and Sarno (2008) show that coveréerast rate parity
holds closely at daily and lower frequencies, iatitg that the forward discount is equivalent on
interest rate differentialf; — s; = if — i;. Accordingly, the log currency excess return equals

approximately the interest rate differential |dss tate of depreciation:
Zeyr ® U = Ip — ASpyq )

As discussed in Section 2.1., the failure of UlPkesathe carry trade profitable on average.
According to UIP, the expected excess return from darry trade should be zero because the
forward discount (or interest rate differentialfleets the expected depreciation of the investment

currency against the funding currency. However treoy to expectations, investment currencies
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tend to appreciate against funding currencies @mage. Knowing this, a speculator could try to
maximize his excess returns by finding a curreraly with largest forward discount, as he would
earn that differential and also benefit from theestment currency appreciation during the

holding period.

Following Lustig and Verdelhan (2007), | form potibs by sorting the sample currencies based
on their forward discount. My strategy is to borrgwvest in) the currency with the smallest
(largest) forward discount within its own regiorddnote this long-short strategy by HmL (High-
minus-Low). For robustness purposes, | also consider an alieendmL3 strategy for EMEA
and Asia Pacific regions. In this strategy | goddshort) in the three currencies with the three
largest (smallest) forward discounts. In Americagion, where there are only three sample
currencies, HmL3 strategy is not possible to im@amThe portfolios are rebalanced at the end

of every month.

During my sample period, Swiss franc, JapaneseayehUnited States dollar were typically
considered the standard funding currencies in their regions. Turkish lira, South-African rand
and Hungarian forint were some of the major investicurrencies in EMEA. They were all
included in the HmL3 portfolio over 85% of the timdoreover, Turkish lira was investment
currency approximately 80% of the time in HmL polits. In Asia Pacific, | went long mainly in

Indian rupee, Indonesian rupiah, New Zealand dealiet Philippine peso. In Americas, Mexican
peso was investment currency during the whole saupgtiod. Table A.1 in Appendix A shows

the breakdown of the carry portfolios’ funding andestment currencies.

4.3. Risk measures

The risk measures used in this study arpivalent to the funding liquidity measures in
Brunnermeier et al. (2009). They find that decreasglobal risk appetite, measured by VIX
implied volatility, coincides with reductions in espulator carry positions and carry trade losses.
Furthermore, they show that an increase in the Sgi@ad leads to tightening funding liquidity
and has similar effects than increase in the VIKalgh with less statistical power. Where
Brunnermeier et al. (2009) use only U.S. basedifgnliquidity measures in their study, | argue
that the key volatility measures and liquidity sgie of the other two major funding countries,

Switzerland and Japan, have higher explanatory pdevethe carry trade returns in their own
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regions. To examine this, | have selected one ldgtlity measure and liquidity spread from

each main funding country.

4.3.1. Volatility measures

Changes in implied volatility measures for optiaas be interpreted as changes in investors’ risk
appetite.When the volatility measure gets higher values stmes become more risk averse. In
the model of Brunnermeier et al. (2009), fall ie thyeneral risk appetite would lead to decreased
speculation in the currency market and carry tiadses as investors unwind their carry trade
positions. To capture the changes in investork dsersion in different regions, | use the
following three volatility measures: CBOE Market [&wlity Index — VIX, Volatility Index on

the Swiss Market Index (SMI) — VSMI, and Volatililgdex Japan — VXJ.

VIX measures market expectation of near term Mdlatconveyed by S&P 500 index option
prices. It is commonly used measure of risk aversiod market volatility in the U.S. While the
VIX is clearly one of the most important volatilitgeasures in Americas, it is also considered to
be the premier barometer of investor sentimenhénvthole world. The daily values for VIX are
retrieved from CBOE website.

VSMI model uses the implicit variances of all Eutexded SMI options of the same duration to
measure the pure volatility in the market. It ial that enables investors to monitor anticipated
fluctuations in the SMI index over the next morAls. Switzerland is the main funding country in
EMEA, the VSMI should also be the key measure ofdfog liquidity in that region. The daily

data for the VSMI is available via the SIX SwisscBange websitg.

VXJ is a model-free index of market volatility inigt in the bid and asked prices of Nikkei225
options traded at the Osaka Securities Exchangproltides a measure of how volatile the
Japanese stock market will be over the next makghlapan is the main funding country in Asia
Pacific, VXJ should also be the key measure of ilngptiquidity in that region. The data for VXJ

is available from Osaka University’s Center for 8tedy of Finance and Insurance web$ite.

8 http://www.cboe.com/micro/vix/historical.aspx
® http://www.six-swiss-exchange.com/indices/datatregstrategy_indices/vsmi_en.html
19 http://www-csfi.sigmath.es.osaka-u.ac.jp/en/attivij_download.php?
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4.3.2. Liquidity spreads

The interest rate difference between 3-month LIB&®E 3-month Treasury bill, known as TED
spread, is a commonly used indicator of liquidityinterbank markets. LIBOR rate indicates the
uncollateralized lending in the interbank markehjle/the Treasury bill rate is considered to be
riskless since it is guaranteed by the governmafiten banks face liquidity problems, the TED
spread generally increases. Brunnermeier et aD928how that a rise in the TED spread is
correlated with carry trade losses also with onekveelay. The negative correlation between
liquidity spreads and carry trade returns wouldvpte a strong link to the model of liquidity

friction from Brunnermeier and Pedersen (2009).

To capture the tightening liquidity in the diffeteregions, | compute the TED spreads for U.S.,
Switzerland and Japan. In order to separate these tiquidity spreads, | denote Swiss TED

spread by S-TED and Japanese TED spread by J-TEBspreads are calculated as
TEDt — i%IBOR _ ig'BILL (10)

where iL/BOR is the 3-month LIBOR rate anid Ll is the 3-month Treasury bill rate. In the
United States, TED is the difference between 3-im&sSD LIBOR and 3-month U.S. Treasury
bill. S-TED is the spread between the 3-month CHBQR and Switzerland’s 3-month federal
money market debt register claims, and J-TED issppread between the 3-month JPY LIBOR
and the Japanese Government 3-month Bill. | oliteerinterest rates for 3-month LIBOR and 3-

month government debt for U.S., Switzerland ancdddpm Datastream.

4.3.3. Correlation between the regional risk measures

Table 3 shows the correlation between the risk oreasduring the sample period. Forbes and
Rigobon (2002) find that there is a high level ddrket co-movement in all states of the world,
not only during the crises. As one could expedo dhe volatility measures of the main funding
countries are highly correlated. The end of the tmaalues of VSMI and VXJ have correlation
of 0.78, while the correlation between VIX and thtber two volatility measures is over 0.80

during the sample period.
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Table 3: Correlation matrix of key variables

This table shows the correlation between the keiabkes in my study. | use end of the month
values and the sample period spans from 1/199%2@14. VSMI, VXJ and VIX are the key
volatility measures in Switzerland, Japan and U$fspectively. They are all constructed
from options on their main stock exchange indiaas @present a measure of how volatile the
stock market will be over the next month. S-TEDTEB and TED are the differences
between the interest rates on 3-month interbanksloand 3-month government debt in
Switzerland, Japan and USA, respectively. Theseagiw indicate the liquidity in the
interbank market.

VSMI VXJ VIX S-TED J-TED TED
VSMI 1.00
VXJ 0.78 1.00
VIX 0.88 0.81 1.00
S-TED 0.45 0.53 0.46 1.00
J-TED 0.31 0.41 0.49 0.42 1.00
TED 0.37 0.46 0.43 0.76 0.35 1.00

Also the liquidity spreads from Switzerland and theited States seem to move together, with a
coefficient of 0.76. On the other hand, J-TED isyomeakly correlated with S-TED and TED.
This is partly do the fact that the spread betwi#en3-month JPY LIBOR and the Japanese
Government 3-month Bill has been rather flat dutimg sample period compared to noticeably
more volatile TED spreads in Switzerland and in ltheted States. Moreover, the correlation
between the key volatility measure and liquidityesal is between 0.41 and 0.45 in all regions.
This would imply that shocks that lead to increassl aversion or liquidity problems in the
banking sector do not necessarily occur simultasigourherefore, it is good to examine the
volatility measures’ and liquidity spreads’ expleorg power for carry trade returns both

separately and also at the same time.
4.4. Methodology

First, to test whether the carry trade returngalaed to volatility measures and liquidity spread

introduced above, | estimate the following univeieegression model for each portfglio

Zjt+1 = ﬁjo + ﬁj1RMt+1 + 41 (11)



27

Where | consider a given risk measur{l; = {VSMIt,VX]t, ViX;,S-TED;,]-TED;, TED,},
separately for portfolig at timet. ¢, is the error term, and other variables are asndfi
previously.Besides the level &M at the end of period t+1, | also test the explaryapower of
the change in risk measure during the 1-month gediefined as4ARM;,,; = RM;,; — RM,. If
the coefficientp;; is significant, then there is a risk-return redaship between that particular

risk measure and portfoljacarry trade returns.

My preliminary analysis indicates that the cornelatbetween the key volatility measures is quite
high. Therefore, | estimate a regression with of¢he volatility measuresis the dependent
variable and the other twas the independent variables. | use the residddlseoregression as
my orthogonal variable in the regression analysitest the key volatility measure’s explanatory
power in its own region on top of the other twoatdity measures. If the orthogonal variable is
statistically significant it indicates that the @mnlying volatility measure is the most dominant

risk factor in that region.

Next, | allow carry trade risk premium to stem fralifferent risk measures at the same time. |
use the following multivariable model to test whimhthe funding liquidity measures of the main
funding country explain the currency excess retumribat region.

Zjty1 = Bjo + BnAVMeyy + BioVM{Ly + BizALSEYy + BjalSit1 + €jea (12)

Where VM[* = {VSMI,,VX],;, VIX;} is the key volatility measure in regian at timet, and
LS = {S— TED:,]-TED,, TED,} is the liquidity spread in regiom at timet. Furthermore, |
investigate whether the risk measures have alsecantemporaneous relationship to currency

excess returns. | do this by adding 1-period lagggalanatory variables to equation (12).

To test the hypothesis that tightening of fundirmpditions in the main funding country are
associated with currency crashes in the investroeantries in that region, | estimate a probit
model where the dependent variable takes valuecagh happens, and 0 otherwise. | define a
crash (denoted by), when the monthly return of carry portfolio isMer than (minus) 1 standard
deviation of its returns during the whole sampleqze
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0 otherwize
In the probit model the probability of a crisisai:ion-linear function of the indicators:
Pr(Y = 1|X) = #(X'B) (14)

Where Pr denotes probabilitgp is the standard normal cumulative distribution afds the
vector of the explanatory variables introduced &bh@tatistically significant positive coefficients
would imply that increase in the funding liquiditisk indeed lead to a higher likelihood of

currency crashes.

| use robust standard errors in all regression tsaaied the reported“Ralues are adjusted’®
There are a total of 181 monthly returns per caostfolio, but because of the data limitations
discussed earlier, not all the currencies have m®hths of data. The empirical results are

presented in the next chapter.
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5. Analysis and results

This section presents the empirical results redatinthe risk factors behind currency carry trade
excess returns. First, | describe the summarysstsiof the carry portfolios’ excess returns.
Next, | study the risk-return relationship betwdkea main funding countries’ liquidity measures
and regional carry trade returns. This is doneitsy €xamining separately the characteristics of
key volatility measures and liquidity spreads, ahén combining them in a multivariable
regression model. Furthermore, | show the link leetvcurrency crashes in major investment
countries and the key risk variables in those megio

5.1. Summary of currency carry trade returns

Panel A of Table 4 reports the summary statistiocsaory portfolios’ monthly excess returns for
the entire sample period, 1/1999-1/2014. For eactigho, the average change in spot exchange
rate is lower than the average forward discounplying a positive mean return from the carry
trade strategy. Contrary to earlier studies thaehssed mainly major currencies from developed
countries, | find that the average change in saiat is positive for the carry portfolios. This give
some support to Frankel and Poonawala’s (2010)naegti that the forward market in emerging
currencies is less biased than in major curren@ssnost of the investment currencies in my
portfolios are from emerging markets. Another thpagsibly explaining the less biased forward
rates is that | use relatively recent dataset. Sibdies that find the exchange rate to move in the
oppositedirection from what the forward rate predicts hageally a sample period starting from
70s or 80s. This result is consistent with theifigd of Jylha and Suominen (2011), who state
that carry trade returns have decreased over tuhoeeover, the financial crisis during 8/2007-
3/2009 had a negative effect to the carry tradermst Panel B shows that, when excluding the
financial crisis period, the average change in sat# is close to zero or even negative for Asia

Pacific and Americas, but still significantly pagé for EMEA.

The average monthly returns are positive for eyastfolio and the HmL strategy in EMEA
generates the largest mean profit; 1.08% per montt2.97% per year. It has also the highest
annualized Sharpe ratio of 0.78. The large excessns stem from the long-short positions in
TRY/CHF, which is the prevailing currency pair 8@¥the time in the HmL portfolio in EMEA.
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Table 4: Monthly carry trade returns

This table reports the summary statistics of thenttnly returns for the carry trade portfolios, inding mean,
standard deviation (SD), skewness, kurtosis, aimadlSharpe ratio (SR) and median. The log currencess
returns are compute by subtracting the change éh epchange rates from the forward discount; = (f; —

s¢) —As;.,. The currency portfolios are formed by first sagtithe currencies in three different geographical
regions. In HmL strategy, | borrow (invest in) tberrency with the smallest (largest) forward distotHmL3
follows the same principle, but instead of one ency | go long (short) in the three currencies with three
largest (smallest) forward discounts. Data are hignfrom Barclays and Reuters (Datastream). PAnedports
the data for full sample period from 1/1999 to I/20Panel B excludes the financial crisis (8/2003/2009)
from the sampleAll moments are reported in percentage points.

Panel A: Full sample

EMEA Asia Pacific Americas
Portfolios
HmL HmL3 HmL HmL3 HmL
Forward discount 1.819 0.992 0.838 0.526 0.552
SD 1.638 0.653 0.841 0.322 0.398
Spot change 0.738 0.563 0.212 0.108 0.284
SD 4.651 2.850 4.460 2.125 3.022
Mean 1.081 0.429 0.626 0.418 0.267
SD 4.776 2.918 4591 2.160 3.078
Skewness -0.503 -0.355 0.089 -1.243 -0.774
Kurtosis 5.905 4573 5.329 7.480 5.820
Annualized SR 0.784 0.509 0.473 0.670 0.301
Median 1.528 0.717 0.821 0.710 0.327
Panel B: Full sample excl. financial crisis (8/2682009)
EMEA Asia Pacific Americas
Portfolios
HmL HmL3 HmL HmL3 HmL

Forward discount 1.876 0.994 0.850 0.521 0.562
SD 1.722 0.670 0.876 0.335 0.411
Spot change 0.671 0.457 0.012 -0.092 0.095
SD 4.319 2.555 4.278 1.791 2.759
Mean 1.205 0.537 0.838 0.613 0.467
SD 4.449 2.655 4.405 1.835 2.826
Skewness -0.307 -0.308 0.325 -0.380 -0.480
Kurtosis 6.692 5.181 5.892 3.766 4,752
Annualized SR 0.939 0.701 0.659 1.158 0.573

Median 1.481 0.717 0.826 0.770 0.407
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The HmL portfolio in Americas has the lowest averagturn; 0.27% per month or 3.21% per
year. One reason for the poor performance of Arasraompared to other regions is that it has
only three sample currencies of which Mexican pgedbe investment currency during the whole

sample period.

Burnside et al. (2008) report, the average exasssr of close to five percent for a simple carry
trade strategy based on up to 20 currencies ancutede monthly over the period 1976-2007. |
find similar average monthly returns for my HmL3rgbolios, while the returns of HmL

portfolios are higher in EMEA and Asia Pacific, almver in Americas. More surprisingly,

Burnside et al. (2008) observe an annualized Sheafe of 0.97 for the carry trade returns,
which is more than double that of the value-weidht& stock market over the same period. | do
not find as high level of annualized Sharpe ratiardy my full sample period, but when the latest
financial crisis is excluded, the average returhshe portfolios go up and standard deviation

down, leading to higher Sharpe ratios in Panel B.

In addition, we can see that the HmL3 portfolios ss volatile than the HmL portfolios in the
same region. Figure 3 in Appendix B shows the mignthrrency excess returns for the carry
portfolios. There are similarities in the monthéturns patterns of HmL and HmL3 portfolios’ in
the same region though HmL produces more extrenuesarlhe correlation coefficient between
HmL and HmL3 portfolios is 0.80 in EMEA and 0.78 Asia Pacific. Moreover, there is no

remarkable correlation between the monthly excetgns of carry portfolios’ in EMEA, Asia

Pacific and Americas. These findings would suggjest large movements in major investment

currencies have been somewhat regional.

Although carry trade is profitable on average, ¢éixehange rate speculation is often viewed as
being especially risky in that the carry portfolieave crash risk (negative skeweness) and fat-
tailed distributions (excess kurtosis). The skewnearies between the carry portfolios being
most negative for HmL3 in Asia Pacific and evewglsliy positive for HmL in Asia Pacific. All
the carry portfolios have fat tails. Brunnermeiegak (2009) state that the negative skewness or
excess kurtosis cannot be diversified away by agdiore currencies to the carry trade portfolio.

| also do not find any evidence that this coulddo@e at least with the simple equal-weighted
portfolio strategy | use in my study. The skewnessimL3 portfolio in EMEA is only slightly
less negative than the skewness of HmL portfolinal the crash risk of HmL3 portfolio in Asia
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Pacific is noticeably higher compared to HmL pditfo The fact that skewness of the carry

portfolios excess returns cannot be easily diviesibway by adding more currencies suggests
that currency crashes are correlated across ditfémgestment countries in the same region. The
relationship between the regional liquidity riskctiars and currency crashes is examined more

detailed in Section 5.3.

5.2. Regional carry trade returns and funding liquidreasures

In this subsection, | test the hypothesis thatritaen funding countries’ key volatility measures
and liquidity spreads have the highest explanapmyer for carry trade returns in their own
regions. First, the key volatility measures’ arglldity spreads’ relationship to currency excess
returns are examined separately. Thereafter tkebahind carry trade returns is allowed to stem

from multiple risk factors at the same time.

5.2.1. Risk aversion in the main funding countries

| find that all the volatility measures are negalyvcontemporaneously correlated with currency
excess returns, indicating carry trade losses dutlire months when investors’ risk aversion
increase. Brunnermeier et al. (2009) reports smnédaults for VIX using weekly data from eight
developed markets. In order to test the home hbiasairy trades, | compare the explanatory
power of VSMI, VXJ, and VIX for the carry portfolsd excess returns in EMEA, Asia Pacific,
and Americas. Results stating that the main fundiogntry’s volatility measure is the most

dominant in that region provide evidence for thgiorality.

Table C.1 in Appendix @isplays the results from the univariate regresietween the main
funding countries’ volatility measures and the nimbytexcess returns of carry portfolios in
different regions. In vast majority of the cases thange in the volatility measure during the one
month period has a much larger explanatory power ti@ carry trade returns than the
contemporaneous level. VXJ is somewhat an exempéisnt seems to be a more relevant risk
factor thanAVXJ when explaining the carry returns in Asia PiaciHowever, this is mainly due
to the latest financial crisis, as Panel B shoves the level of VXJ loses most of its explanatory
power when the crisis period is excluded. Thisasaonly case for VXJ as also the level of VSMI
and VIX seem to lose their meaningfulness in P&dFigure 1, shows the end of the month

values for the key volatility measures during thenple period. The level of volatility measures
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peaked remarkably high during the financial crigisplaining the high correlation of the carry
trade returns and the explanatory variable dutvag time. For instance, VXJ recorded a value as
high as 96.7 in the end of October, 2008, comptréahg time average of 26.2.
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Figure 1: Level of key volatility measures.This figure shows end of the month values for tleg kolatility
measures during the sample period of 1/1999-1/2U14.is the CBOE Volatility Index, VSMI is the votdity
index on the SMI, and VXJ is the Volatility Indexphn. These measures represent market's expestdtam
volatile the stock market will be over the next rifon

Unlike the level of the volatility measures, theange variables do not lose their explanatory
power when the financial crisis period is excludéd.EMEA and Americas the values of
AVSMI, AVXJ andAVIX stay almost the same in Panel B. In Asia Pacifine variables have
lower R values but are still statistically significant. Beefinding would suggest the change in
the volatility measure to be more relevant riskidachan the level, but in the times of large

financial distress the level becomes also signitica

Table C.1 gives initial evidence to support thedtppsis that the key volatility measures of the
main funding countries have the highest explanapmwer for the carry trade returns in their
own regions. In EMEA, thaVSMI has clearly highest adjusted;R7.7% in HmL portfolio and
20.4% in HmML3 portfolio. Also in Americas, th&VIX explains 19.8% of the HmL strategy
returns, dominating all the other variables. In Asga Pacific region, the results of the univariate

regression do not fully support my hypothesis,h&sAlVIX have larger adjusted ‘Rralues than
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AVXJ in both HmL and HmL3 portfolios. However, thevel of VXJ is almost as large A¥IX
for HmL3 in Panel A, but as discussed earlier se®its meaningfulness when the latest financial

crisis period is excluded from the sample.

As the volatility measures are highly correlated|do run a regression with one of the volatility
measure®s the dependent variable and the otherdwdhe independent variables, and use the
residuals of the regression as my orthogonal espteyp variable. Table 5 reports the
orthogonalized values fakVSMI, AVXJ and AVIX. Even when taking into consideration the
changes in VXJ and VIX, theAW SMI have adjusted Rvalues of 11.1% and 5.2% for HmL and
HmL3 portfolios respectively. TheAWXJ and AAVIX do not have any explanatory power for
the carry trade returns in EMEA, providing evidertbat the AVSMI is the most dominant
explanatory variable in the region. In AmericaaVeX is the only significant variable with
adjusted R value of 5.08%The a\VIX is also most dominant explanatory variable isia

Pacific, confirming the relevance aV1X in that region.

Table 5: Orthogonal volatility measure variables

This table documents the contemporaneous relaiijpristiween orthogonal volatility measure variatdes carr
portfolios’ monthly excess returns in different imts. The orthogonal variables are constructed by regrgsbke
volatility measure on the other two volatility measures of niaiming countries and using the residuals front
regression. VIX is the CBOE Volatility Index, VSNB the volatility index on the SMI, and VXJ ke Volatility
Index Japan. The change variables are denoteditay(d® In HmL strategy, borrow (invest in) the currency wi
the smallest (largest) forward discount. HmL3 falothe same principle, but instead of one currdngg long
(short) in the three currencies with the threedatdsmallest) forward discounts. The t-statisdies compugd using
robust standard errors and ***, **nd * indicates statistical significance at 1%, 586d 10% confidence lev
respectively. The reported? Ralues are adjusted®® Data are monthly and the sample period is 1/:992014.
Only significant values are shown in the table.

EMEA Asia Pacific Americas
HmL HmL3 HmL HmL3 HmL
Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat
OAVSMI -0.6218*** -4.47 -0.2667*** -2.64 —_— —_— —_—
0AVXJ —_— —_— —_— o —_—
0AVIX —_— —_— -0.3817** -2.97 -0.1776** -2.68 -0.2692** -2.47

const. 1.0809** 3.23 0.4289** 2.03 0.6263* 1.88 0.4180*** 2.66 0.2672 1.20

Adj. R? 11.07 % 5.17 % 4.53 % 4.42 % 5.08 %
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One reason whyVIX seems to be a better risk measure in Asia RaitibnAVXJ could be that
the USD is actually more popular funding currenoy the major investment countries in the
region than JPY during my sample period. Long-shmositions in INR/USD, PHP/USD,
IDR/USD, and NZD/USD are not uncommon at all. Timgerpretation of the findings would
fight against my hypothesis of regionality in catrgde. It might also be that the VXJ is not the
most optimal funding liquidity measure in the regias Ferreira Filipe and Suominen (2013)
show that their measure of funding risk in Japavés the U.S. measures redundaiawever,
their sample included only developed countries ahiiile major investment countries in my

sample are most of the time emerging countries.

In order to examine more closely the risk factoebibd the carry trade excess returns in Asia
Pacific, | also include one month lagged valuea\¥KJ andAVIX in the regressions due to the
slow moving capital. Table 6 presents the empinieallts of this regression for HmL and HmML3
portfolios in Asia Pacific. The 1-period lagga¥XJ is statistically significant in both portfolios
together with the contemporaneous level and chany&J, while the VIX variables have only
contemporaneous relationship with carry trade nstufhe Japan based volatility measures can
explain 11.1% of the currency excess returns in Hiottfolio and 29.0% in HmL3 portfolio.
Similarly, the B values for U.S. based volatility measures are %4ahd 27.4% in HmL and
HmL3 portfolios respectively.

The results would suggest tha¥1X has larger contemporaneous effect whigXJ is a better
measure when predicting the carry trade returnsmoeth ahead in Asia Pacific region. One
possible explanation for this is that large amoahtJapanese retail investors participate in
currency carry trades. The professional investardJiS., with highly leveraged large carry
positions, have to react fast to tightening fundiggidity as they hit the funding constraints. In
Japan, however, the collective action of numeretailrinvestors is slower explaining why part
of the effect of increasing risk aversion to carmeyurns comes with delay. Ferreira Filipe and
Suominen (2013) also argue that thepularity of carry trades amongst the Japanessl ret
investors is large enough to influence the globatency markets. Using stock market crash risk
in Japan, they find the unexpected component & tts be statistically significant when

explaining the carry trade returns up to three m®rghead. The predictive power of the key
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volatility measures one month ahead are not sigamti in EMEA and Americas, and are
therefore not separately displayed in this thesis.

The fact that the laggetlVXJ is only statistically significant in Asia Paicifsuggests that the
Japanese retail investors participate in carryegadainly in their own region. This gives support
to the home bias in carry trade in Asia Pacificretleough the U.S. based volatility measures
have approximately the same explanatory power Her éxcess returns in both portfolios. In
EMEA and Americas the main funding countries’ kejatility measures provide more explicit

evidence for the regionality hypothesis.

Table 6: Carry trade returns and volatility measures in Asia Pacific

This table shows the explanatory power of volatiiheasures in Japan and U.S. for the monthly carry
trade returns in Asia Pacific region. The changethé volatility measures are both contemporaneoals
lagged. VIX is the CBOE Volatility Index and VXJtise Volatility Index Japan. The change variables a
denoted by deltaA). In HmL strategy, | borrow (invest in) the curogrwith the smallest (largest) forward
discount. HmL3 follows the same principle, but @&t of one currency | go long (short) in the three
currencies with the three largest (smallest) fodwdiscounts. The t-statistics are computed usithgisb
standard errors and ***, ** and * indicates sttitial significance at 1%, 5%, and 10% confidenaele
respectively. The reported® Ralues are adjustec?® Data are monthly and the sample period is 1/2999
1/2014.

HmL HmL HmL3 HmL3

Coef. z-stat Coef. z-stat  Coef. z-stat Coef. z-stat

VXJ
LO. -0.0818**  -2.65 —_— -0.0691**  -3.75 —

AVXJ
LO. -0.1521%*  -3.46 —_— -0.1022**  -4.14 —
L1. -0.0896** -2.08 _— -0.0554** -2.09 _—

VIX
LO. _— -0.0735**  -2.11 _— -0.0548*  -2.44

AVIX
LO. _— -0.3393**  -5.65 _— -0.1973**  -5.40
L1. — -0.0790 -1.06 — -0.0645 -1.44

const. 2.7276%** 3.08 2.1956***  2.87  2.1938%* 4.62 1.5894**  3.43

Adj. R? 11.06 % 14.45% 28.98 % 27.37%
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5.2.2. Liquidity in the interbank markets

Here | use the TED spreads in Switzerland, Japdria8. to test how the tightening liquidity in
the interbank market affects the carry trade retimnEMEA, Asia Pacific and Americas. When
significant, the negative coefficients of the TEresads indicate that when banks face liquidity
problems the carry portfolios experience losse® fdsults on the liquidity spreads are not as
consistent as the findings related to the volgtititeasures discussed above. | find the liquidity
spreads to be statistically less significant thewolatility measures and their explanatory power

varies in different regions.

Table C.2 in Appendix Gisplays the contemporaneous relationship betwleenmain funding
countries’ liquidity spreads and the monthly excestirns of carry portfolios in different
regions. Overall, the results indicate that theles more important factor than the change in the
spread. Surprisingly, none of the variables arssitzally significant in EMEA, implying that the
liquidity spreads are not a risk factor at all liatt region. Moreover, in Asia Pacific S-TED and
TED are statistically significant while J-TED doest have any explanatory power for currency
excess returns. The?Ralue of S-TED is 6.3% in HmL portfolio and 15.28HmL3 portfolio.
TED has slightly lower Rvalues of 3.0% and 12.1% in HmL and HmL3 portfsliespectively.
Also in Americas S-TED has higher explanatory pofegrthe carry returns compared to TED
(9.8% vs 5.4%), and J-TED remains insignificant.

Figure 2 shows the end of the month values ofithedity spreads during my sample period. As
we can see, J-TED has been staying quite flat coedga TED and S-TED, partly explaining its
poor performance as a risk measure for highly uelatrry trade returns. TED and S-TED are
correlated with each other and have higher vargrnican J-TED. They both also record some
extreme values during the latest financial crisedact, if the crisis period is excluded from the

sample, the TED spreads in every funding countsg heir statistical significance.
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Figure 2: Level of liquidity spreads.This figure shows end of the month values for thaidlity spreads during the
sample period of 1/1999-1/2014. TED is the sprestgvben the 3-month USD LIBOR and the 3-month U.-Rilll
rate. S-TED is the spread between the 3-month CHBBOR and Switzerland’s 3-month federal money madedt
register claims. J-TED is the spread between th@B8th JPY LIBOR and the Japanese Government 3-nifith
These spreads are indicators of liquidity in ingerk markets.

The results from the univaritate regression wouldgest that the contemporaneous level of
liquidity spreads is only a relevant risk measuteirdy the times of large financial distress.
However, Brunnermeier et al. (2009) report that ¢hange in TED has a stronger predictive
relationship to the carry trade return in one walk&ad, and a smaller contemporaneous effect. In
order to test if the changes in the liquidity spiseave delayed effect on currency excess returns,
| also include one month lagged valueA®ED, AS-TED andAJ-TED to the regression.

Table 7 presents the empirical results of thiseegion for HmL portfolio in Americas. | find the
1-period lagged\TED to have strong predictive power for the caradée returns together with
the contemporaneous level of TED. The adjustédv@®ue of the regression is 9.9%. From
Switzerland based liquidity spread measures, onéy durrent level of S-TED is statistically
significant and explain 9.5% of the currency exaessrns. Further, both the current and lagged

values ofAJ-TED are significant but with lower adjustef\Rilue of 4.9%.
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Table 7: Carry trade returns and liquidity spreads in Americas

This table shows the explanatory power of the niading countries’ liquidity spreads for
the monthly carry trade returns in Americas. Thangfes in the liquidity spreads are both
contemporaneous and lagged. TED, S-TED and J-TEDRhardifferences between 3-month
LIBOR and 3-month Treasury bill in U.S., Switzeraand Japan, respectively. The change
variables are denoted by delt®).(In HmL strategy, | borrow (invest in) the curcgrwith

the smallest (largest) forward discount. The tistias are computed using robust standard
errors and ***, ** and * indicates statistical sigicance at 1%, 5%, and 10% confidence
level respectively. The reported® Ralues are adjusted’® Data are monthly and the
sample period is 1/1999 — 1/2014.

HmL HmL HmL

Coef. z-stat Coef. z-stat Coef. z-stat

TED
LO. -1.2522** -2.14 —_ -

ATED
LO. -0.5158 -0.54 —_ -
L1. -2.9456** -2.42 —_— -

S-TED
LO. _— -2.45577*  -2.89 _—

AS-TED
LO. _— 0.0442 0.04 _—
L1. —_— -1.1345 -0.75 —_—

J-TED
LO. —_— — -0.7563 -0.33

AJ-TED
LO. —_— — -17.3406** -2.40
L1. _— _— -9.2794* -1.93

const. 0.8719* 2.57 1.0063**  3.49 0.3732 0.93

Adj. R? 9.92 % 9.52 % 4.93 %

As the end of the month values of TED and S-TED laghly correlated during the sample
period, it is somewhat expected that also S-TER mEgnificant risk factor in Americas. The
result that the coefficient of 1-period lagg@dED is negative and statistically significant
supports Brunnermeier et al. (2009) finding th& thanges in TED spread have delayed effect
on carry trade returns. However, the results fromeAcas do not apply for the other regions.

One month lagged changes in the liquidity spreadsat statistically significant in EMEA and
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Asia Pacific. The reason for this might be that amanth lag is too long time period in general,
to capture the effect of tightening funding ligwydto carry trade returns. Nevertheless, Ferreira
Filipe and Suominen (2013) argue that the TED spreaot the most optimal risk measure even
for the weekly carry trade activity in AUD/JPY. Bhfinding, together with the fact that the
contemporaneous levels or changes in the liqugpieads do not have any explanatory power
over the carry trade returns in EMEA, suggest thatTED spreads are not a relevant risk factor

in every region.
5.2.3. Regional funding liquidity risk

Next, | test the relationship between the main flgdountry’s liquidity measures and the carry
portfolios’ excess returns in that region by allowithe funding liquidity risk behind the carry
trade returns to stem from both the volatility meas and liquidity spreads simultaneously. The
results provide more insight on which of the risktbrs are the most dominant in EMEA, Asia
Pacific and Americas. In general, | find strongdevice supporting the regional volatility
measures while liquidity spreads seem to be mdexasgt risk factors during times of financial
distress.

Table 8 reports the result of the regression betweain funding countries’ liquidity measures
and carry portfolios’ monthly excess returns iffafiént regions. It is evident thAVSMI is the
most dominant risk measure in EMEA. Inclusion ofest measures of funding risk does not
affect the results. In Asia Pacific, | have alsoluded the contemporaneous U.S. based funding
liquidity measures to the regression as they seefetrelevant risk factors in that region. For
HmL3 portfolio, VXJ andAVIX are the only statistically significant varialslexplaining one
third of the carry trade returns. For HmL portfol®TED is also statistically significant and
together with VXJ and\VIX they explain 16.3% of the carry trade returimrs Americas,AVIX

and TED are both statistically significant and hadgisted Rvalue of 22.2%.

In Panel B, | present the results for the sampldueling the financial crisis period. The results
are roughly the same for EMEA and Americas but isiaAPacific the adjusted *Rdrops

considerably when the recent financial crisis pkigexcluded from the sample. Also VXJ and
the TED spreads lose their significance confirntimg result that the level of volatility measures

and liquidity spreads are only relevant risk measwvhen there is turmoil in financial markets.
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Table 8: Regional carry trade returns and funding Iquidity

This table documents the contemporaneous relatipfiEiween the main funding countries’ liquidity aseresand
carry portfolios’ monthly excess returns in EMEAsiA Pacific and America¥IX, VSMI and VXJ are the mai
volatility indexes and TED, S-TED and J-TED are dliéerences between 3-month LIBOR and 8nth Treasur
bill in U.S., Switzerland and Japan, respectiv@llye change variables are denoted by deljalf HmL strategy,
borrow (invest in) the currency with the smalldatgest) forward discountHHmL3 follows the same principle, k
instead of one currency | go long (short) in thee¢hcurrencies with the three largest (smallestydod discounts.
The t-statistics are computed using robust standamts and ***, **, and * indicates statistical significance at ]
5%, and 10% confidence level respectively. The repbR values are adjusted®® Panel A reports the monthly
data for full sample period from 1/1999 to 1/20R4nel B excludes the financial crisis (8/2007 -089).

Panel A: Full sample

EMEA Asia Pacific Americas

HmL HmML3 HmL HmL3 HmL

Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat

VSMI -0.0139 -0.25 -0.0177 -0.59 _— _— _—
AVSMI  -0.4579*** -4.14 -0.2932** -4.82 _— _— _—

VXJ _— _— -0.1346*  -1.65 -0.0935** -2.67 _—
AVXJ _— _— 0.0481 0.64 -0.0029 -0.07 _—
VIX _— _— 0.0022 0.03 0.0301 0.87 -0.0205 -0.58
AVIX _— _— -0.3087** -2.69 -0.1642** -3.07 -0.2968*** -4.75

S-TED 0.1284 0.11 0.1104 0.15 _— _— _—
AS-TED 0.9359 0.73 0.4139 0.55 _— _— _—

J-TED _— _— 3.0202 0.92 0.2708 0.19 _—
AJ-TED — — -7.1484 -0.81 -1.3510 -0.37 —_—
TED _— _— 0.1245 0.13 -0.6552 -1.62 -1.1577*  -1.93
ATED — — -2.9970*  -1.93 -0.5431 -0.83 1.0985 1.19

const. 1.2850 1.27 0.7265 1.35 3.4193** 3.66 2.4357** 4.77 1.2737* 1.91

Adj. R? 16.65 % 19.46 % 16.31 % 33.13% 22.18%
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Panel B: Full sample excl. financial crisis (8/2682009)

EMEA Asia Pacific Americas

HmL HmL3 HmL HmL3 HmL

Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat Coef. t-stat

VSMI 0.0469 0.96 0.0215 0.82 —_— — —
AVSMI  -0.5055*** -4.71 -0.2862** -4.33 _— _— _—

VXJ — — -0.0741 -0.87 -0.0565 -1.47 —
AVXJ — — 0.0817 0.74 -0.0043 -0.08 —
VIX — — -0.0289 -0.38 0.0136 0.38 0.0023 0.06
AVIX — — -0.3160** -2.54 -0.1488** -2.65 -0.3176*** -5.11

S-TED 2.5148 1.05 1.0526 0.65 —_— — —
AS-TED -0.0924 -0.04 -0.5806 -0.37 —_— — —

J-TED — — 2.4746 0.67 -0.4325 -0.29 —
AJ-TED — — -6.5759 -0.65 -2.6237 -0.71 —
TED _— _— 0.9568 0.36 -0.4398 -0.52 0.6397 0.59
ATED — — -3.9012 -1.07 -0.4462 -0.36 -2.5270 -1.28

const. -0.2808 -0.30 -0.1343 -0.25 2.3864 1.38 1.8907*** 2.84 0.1150 0.15

Adj. R? 17.99 % 16.09 % 5.35% 8.93 % 17.86 %

Overall, | find the changes in the volatility meessi to be the most relevant risk factors
explaining the carry trade returns. Ba&ti'SMI and AVIX explain around 20% of the carry trade
returns in their own regions leaving other fundocauntries’ volatility measures redundant. In
Asia PacificAVIX has larger contemporaneous effect théiXJ, but when one month lagged
variables are introduced, the Japanese and U.8&tilitplmeasures have both approximately the
same explanatory power for carry portfolios’ excesrns. In Japan, carry trade is very popular
among retail investors and their collective actians slower than those of larger hedge funds,
explaining why part of the effect &V XJ to carry trade returns comes with delay. Tlyeillity
spreads have very limited explanatory power foryctmade returns in the same regression with
the key volatility measures. Even though the ewdetihat the main funding countries’ liquidity

spreads could explain the regional carry tradermstis quite weak, the TED spreads produce
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more significant results relating to currency cesshpresented in Section 5.3. This is linked to
the finding that the TED spreads are better measafefunding risk when there is lots of

turbulence in the market.

5.3. Currency crashes the major investment countries

In this subsection, | test my second hypothesisttiatightening funding conditions in the main
funding country are associated with currency crashethe major investment countries in that
region. When speculators face funding constraitisy are forced to unwind their carry trade
positions causing the investment currencies to edgpie. This negative shock has spillover
effects and is amplified as more speculative chpstabeing withdrawn from the investment

countries. | define a crash when the monthly retwfrcarry portfolio is lower than (minus) 1

standard deviation of its returns during the whedenple period. The results from the probit
model indicate that in addition to the changesaolatility measures, also the current level and

the TED spreads have explanatory power over thercay crashes.

5.3.1. Americas

Table 9 shows the explanatory power of funding ity for currency crashes in Americas.
Positive values on coefficients indicate that whenrisk aversion or TED spreads increases, also
the probability of crash in the investment curremoyreases. The results confirm that the U.S.
based funding liquidity measures are the most ogmt when explaining currency crashes in
Americas. The contemporaneous level and changelX tdgether with the 1-month lagged
ATED can explain 20.6% of the crashes. The fact #ist the level of VIX is positive and
statistically significant implies that the invesmmecurrency is more likely to crash when risk
aversion in U.S. is high. Also, the results relgtio one month laggefiTED are consistent with
the earlier findings that the changes in TED spiieace delayed effect on carry trade returns in

Americas.

As expected, the Swiss and Japanese funding liguittasures have less explanatory power for
currency crashes in Americas than the U.S. one#z&¥and based funding liquidity measures
have pseudo Rvalue of 12.9%, S-TED being the most significaatiable, and the Japan based

measures have the lowest pseudo#®ue of 11.9%, VXJ being the most significantiahle.



44

Table 9: Currency crashes and funding liquidity inAmericas

This table shows the explanatory power of fundiqgitlity for currency crashes in Americesgion. | estimate
probit model, where the dependent variable takksevaif crash happens, and O otherwise. | defineah when tt
monthly eturn of HmL portfolio is lower than (minus) 1 stemd deviation of its returns during the whole ska
period. VIX, VSMI and VXJ are the main volatilitpdexes and TED, S-TED and J-TED are the differeheéseel
3-month LIBOR and 3-month Treasury bill in U.S., ig&erland and Japan, respectiveljhe change variables
denoted by deltaA). In Model (1), | show that contemporaneous lemetl change in VIX and also thenientt
lagged ATED explain currency crashes. Model (2) and (3)wslibe results for Swiss anthpan based fundi
liquidity measures separately. Model (4) considdrsolatility measure variables andadel (5) all liquidity sprea
variables. The z-statistics are computed using sblstiandard errors and ***, ** and * indicates tigttcal
significance at 1%, 5%, and 10% confidence levebeetively. The last row shows pseuds-RReturns are montt
and the sample period is 1/1999 — 1/2014.

1) (2) 3 4 (5)
Coef. z-stat Coef. z-stat Coef. z-stat Coef. z-stat Coef. z-stat
VIX 0.0430** 2.15 — — -0.0006 -0.01 —
AVIX 0.1285**  2.05 —_— — 0.1285**  2.05 —_—
L1. 0.0541 0.88 —_— — 0.0541 0.88 —_—
VSMI — 0.0245 1.37 — -0.0020 -0.0¢ —
AVSMI —_— 0.0426 1.56 — -0.0059 -0.12 —_—
L1. —_— 0.0277 1.09 — -0.0161 -0.34 —_—
VXJ — — 0.0499** 294 0.0441 1.5¢ —
AVXJ —_— —_— 0.0145 0.62 -0.0535 -1.57 —_—
L1. —_— —_— 0.0071 0.38 -0.0239 -0.69 —_—
TED 0.4477 1.60 — — — -0.1110 -0.24
ATED -0.5891 -1.23 —_— — — 0.5857 1.11
L1. 1.0601* 1.88 —_— — — 1.3155**  2.20
S-TED — 0.5950**  2.03 — — 1.0113* 1.67
AS-TED — -0.2488 -0.56 — — -0.8668 -1.36
L1. —_— -0.6597 -1.42 — — -1.1062*  -1.96
J-TED — — -0.6392 -0.54 — -0.0661 -0.05
AJ-TED — — 3.1336 0.88 — -0.4925 -0.16
L1. —_— —_— 1.3635 0.51 — -0.2758 -0.09
const. -2.4441*+* 515 -1.8818** -501 -2.3822** .521 -2.3513** -535 -1.4403** -522
Pseudo R 20.61 % 12.93 % 11.92 % 18.06 % 10.95 %
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All in all, the key volatility measures have highetplanatory power for currency crashes than
the liquidity spreads. ThAVIX is the most significant volatility measure adeperiod lagged
ATED the most significant liquidity spread in Amexsc The evidence that USD is the main
funding currency in its own region is quite substnbut in order to find out whether the USD
carry trade activity is actually biased towards Aiges or if the USD is just dominant funding
currency globally,it is also necessary to examine more closely threenay crashes in Asia
Pacific and EMEA.

5.3.2. Asia Pacific

Table 10 shows the explanatory power of fundingitidy for currency crashes in Asia Pacific
region. As the Japanese funding liquidity measinege some predictive power for the carry
trade returns one month ahead, | also include ibghéagged variables to the probit model. First
| examine separately the Japan and U.S. key \itjatileasures’ explanatory power for currency
crashes in the investment countries in HmL3 padfdlfind that the contemporaneous levels and
changes in VXJ and VIX are all statistically sigeaint, though the Japanese volatility measures
have slightly higher pseudo?Rvalue of 19.4% compared to the U.S 17.9%. Thisltds
consistent with the findings in Section 5.2.1, alth the volatility measures have less
explanatory power for currency crashes than caaget returns in general. The Swiss funding
liquidity measures are not shown in the table a&s XYapanese and U.S. variables leave them
redundant.

| also test the explanatory Japanese and U.S TEEadp separately. The contemporaneous level
and 1-period lagged change in J-TED are statisticanificant and have pseudd Ralue of
9.5%. Likewise theATED in Americas, alsaJ-TED have delayed effect on currency crashes in
Asia Pacific, emphasizing the predictive power &DI'spreads. However, the level and change
in TED can explain 19.1% of the currency crasheésra Pacific, so it seems that TED have
larger contemporaneous effect than J-TED.

Moreover, the Japanese and U.S. funding liquidigasures can together explain over 40% of the
crashes in major investment currencies’ in Asiafiead conclude that the U.S. funding liquidity
measures are also highly relevant in Asia Paaifiaddition to the Japanese ones, and investors

should use the key measures from both countriesder to best explain crashes in this region.
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Table 10: Currency crashes and funding liquidity inAsia Pacific

This table shows the explanatory power of fundiggitlity for currency crashes in Asia Pacific ragio estimate
probit model, where the dependent variable takasevaif crash happens, and 0 otherwise. | defineaah when th
monthly return of HmL3 portfolio is lower than (minus)standard deviation of its returns during the wredenple
period. VIX, VSMI and VXJ are the main volatilitpdexes and TED, S-TED and J-TED are the differebetseer
3-month LIBOR and 3-month Treasury bill in U.S., i&erland and Japan, respectiveélihe change variables ¢
denoted by deltaA). In Model (1) and (2) | show that contemporanelewgls and changes in VXJ and VéXplain
currency crashes. Model (3) shows that the levelJ-GFED and also period laggedAVXJ are statisticall
significant. Model (4) shows that the contemporarsdevel of TED is more significant than its changeodél! (5)
considers all variables. The z-statistics are cdswguwsing robust standard errors and ***, ** andntlicate:
statistical significance at 1%, 5%, and 10% confiielevel respectively. The last row shows pseutio-Return:
are monthly and the sample period is 1/1999 — ¥201

(1) (2 3) (4) (5)

Coef. z-stat Coef. z-stat Coef. z-stat Coef. z-stat Coef. z-stat
VXJ
LO. 0.0571*+* 3.99 — — — 0.0648 1.38
AVXJ
LO. 0.0534*+* 2.64 — — — -0.0078 -0.18
L1. 0.0163 0.88 _ _ _ 0.0333 0.76
VIX
LO. — 0.0503*+* 3.23 — — -0.0075 -0.17
AVIX
LO. _ 0.0783** 2.92 _ _ 0.1375** 1.97
L1. — -0.0144 -0.46 — — -0.1134 -1.59
J-TED
LO. _ _ 2.2455*  2.07 _ 0.7869 0.38
AJ-TED
LO. — — 2.6452 0.78 — -3.2883 -0.96
L1. _ _ 8.5991*  2.33 _ 11.7725** 2.43
TED
LO. — — — 1.1620*** 4.24 0.6952 1.45
ATED
LO. _ _ _ 0.8854* 1.81 2.7711** 2.59
L1. — — — -0.2578 -0.62 0.3514 0.54
const. -2.7798*** -6.60 -2.4210*** -6.32 -1.6451*** -6.70 -1.8489** -8.21 -3.5704** -4.76
Pseudo R 19.44 % 17.92 % 9.45 % 19.08 % 40.81%
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5.3.3. EMEA

Table 11 shows the contemporaneous relationshiyvelaet main funding countries’ liquidity
measures and currency crashes in EMEA. The resadlisate that when investors become more
risk averse also the probability of currency crasimemajor investment countries increases. TED
spreads have hardly any explanatory power for thehes in this region. Even though in other
regions the changes in the main funding countrfE®Tspread have delayed effect on currency
crashes, the lagged variables are not statisticafjpificant in EMEA and are therefore not

included to the probit model.

From Switzerland based liquidity measur®¥SMI is the most significant and can explain
around 19% of the currency crashes in the HmL3f@at This result is similar to the findings
when explaining carry trade returns in EMEA. Howeve Japan and U.S. based liquidity
measures produce very much alike probabilitiectorency crashes in EMEA than th&/SMI.

The level and change in VXJ have even slightly ighseudo Rvalue of 21.4%; while\VIX

and TED can explain 17.3% of the crashes. Intergisti VXJ seems to be the most significant
variable in a probit model where all the volatilityeasures from each main funding country are

included to the regression.

If we compare these results to the ones reportegertion 5.2, the biggest change is that the
Japanese and U.S funding liquidity measures becgoare significant when explaining currency
crashes instead of carry trade returns. One re&somhis might be that the large sudden
depreciation of major investment currencies in EMEas been driven mainly by global shocks
which would explain why all the volatility measurgsoduce fairly similar probabilities. As
AVSMI is clearly the dominant variable when explagicarry trade returns in EMEA, it is
reasonable to assume that the crashes are due teittidraw of speculative CHF capital even

though at the same time VXJ and VIX have increased.

Overall, the key volatility measures have much argbxplanatory power for currency crashes in
EMEA than the liquidity spreads. In fact, none b&tTED spread variables are statistically
significant in a probit model that includes theuidjty spreads from each funding country. This
result is consistent with the earlier findings tethto liquidity spreads and carry trade returns in
EMEA.
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Taking everything into account it is reasonableatgue thatAVSMI is the key variable when
explaining carry trade returns and currency crashdSMEA. Also the fact, that Switzerland
based funding liquidity measures are not the magtificant ones in the two other regions,

provides further evidence of home bias in carrgdéran EMEA.

Table 11: Currency crashes and funding liquidity inEMEA

This table shows the contemporaneous relationsbipvden the main funding countries’ liquidity measuand

currency crashes in EMEA. | estiteaa probit model, where the dependent variablestalalue 1 if crash happe
and 0 otherwise. | define a crash when the montbtyrn of HmL3 portfolio is lower than (minus) lastlarc
deviation of its returns during the whole sampleiquk VIX, VSMI and VXJ are the main volatility indexes ¢
TED, S-TED and J-TED are the differences betweemo®th LIBOR and 3-month Treasury bilh U.S.,
Switzerland and Japan, respectively. The changahlas are denoted by delt®)(In Model (1), (2) and (3), Ihow
the results for Swiss, Japan and U.S. based furidjoglity measures separately. Model ¢onsiders all volatilit
measure variables and Model (5) all liquidity spreariablesThe zstatistics are computed using robust stan
errors and ***, ** and * indicates statistical significance at 1%4,%nd 10% confidence level respectively. The
row shows pseudo?®. Returns are monthly and the sample period B99'% 1/2014.

(1) (2) 3) (4) (5)
Coef. z-stat Coef. z-stat Coef. z-stat Coef. z-stat Coef. Z-stat
VSMI 0.0289 1.59 — — 0.0130 0.37 —
AVSMI 0.0857**  2.39 _ _ 0.0545 1.08 _
VXJ _ 0.0587** 3.83 _ 0.0883** 3.44 _
AVXJ — 0.0675** 3.34 — -0.0075 -0.24 —
VIX _ _ 0.0152 0.89 -0.0526 -1.1¢€ _
AVIX — — 0.1129** 2.75 0.0766 1.30 —
S-TED 0.6696 1.62 _ _ _ 0.5249 1.12
AS-TED 0.2686 0.54 — — — 0.6618 1.35
J-TED _ 0.1617 0.13 _ _ 0.6485 0.53
AJ-TED — 4.2093 1.15 — — 0.5608 0.16
TED _ _ 0.5982* 1.95 _ 0.2412 0.56
ATED — — -0.5078 -1.03 — -0.1314 -0.25
const. -2.0381*** -521 -2.8272** -6.25 -1.9057** -4.79 -2.7363** -581 -1.5841** -5.69
Pseudo R 18.95 % 21.24% 17.34 % 25.20 % 8.97 %
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6. Conclusions

The goal of my research is to provide new insighthte forward premium puzzle and arising
currency carry trade excess returns. | expect #reydrade activity from the main funding
countries to be biased towards investment counthes are located nearby and thus more
familiar to investors. Utilizing spot and forwardahange rates of 28 currencies form EMEA,
Asia Pacific and Americas, | examine the risk-retuelationship between the main funding
countries’ funding liquidity measures and carryd&gaeturns in these three regions. Furthermore,
| test whether the tightening funding conditionghe main funding country are associated with

currency crashes in the major investment counini¢isat region.

My empirical results provide support to the hypasikehat the main funding countries’ funding
liquidity measures have the highest explanatory gyofer carry trade returns in their own
regions. | find strong evidence that the Swissdrand the United States dollar are the main
funding currencies in EMEA and Americas, respedyiv8he contemporaneous changes in
VSMI and VIX can both alone explain around 20 patad currency carry trade returns in their
own regions, leaving other main funding countrieslatility measures redundant. In Asia
Pacific, the changes in VXJ have also delayed eftecarry trade returns due to slow collective
action of numerous Japanese retail investors. ptugides an explanation why VIX has larger
contemporaneous effect in this region. Howeveretiogr the funding liquidity measures from

Japan and U.S. can explain one third of the cuyrercess returns in Asia Pacific.

While the liquidity spreads (TED spreads) produess|significant values relating to carry trade
returns, they prove to be more relevant measurenvexplaining the currency crashes in the
major investment countries. This is related to fimeling that the TED spreads are better
measures of funding risk when there is lots of ulebce in the market. The U.S. and Japanese
TED spreads have also predictive power for theetuny crashes one month ahead in Americas
and Asia Pacific, respectively. However, in EMEAetiTED spreads have hardly any
significance. All in all, the results from a probitodel between the funding liquidity measures
and currency crashes are fairly consistent with fthdings relating to regional carry trade
returns, although, the large sudden depreciatiamabr investment currencies in EMEA seems
to happen in times when the risk aversion is higlo globally and TED has highly significant

explanatory power for crashes in Asia Pacific. Bwiss and U.S. funding liquidity measures
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can again explain around 20 percent of the currea@shes in EMEA and Americas,
respectively. Moreover, 40 percent of the crashasajor investment currencies in Asia Pacific
can be explained with the funding liquidity measuirem Japan and U.S.

The results that the main funding countries’ ligiyidneasures are the most dominant when
explaining currency excess returns in their ownamgndicate a clear home bias in carry trades.
Investor participating in currency carry trade ddopay attention to the changes in Swiss
volatility measures if the investment country ixdted in EMEA, and correspondingly, the
changes in the U.S. volatility measure and the TpBead are most relevant variables if the
investment country is located in Americas. Morepwshen investing in Asia Pacific, the

Japanese funding liquidity measures should be aoaniad by the U.S. ones.

My research primarily focuses on the funding ligiyjdneasures of the three main funding
countries: Switzerland, Japan and the United Staieget an even better understanding how the
geographical and cultural distance between funding investment countries affect investors’
carry trade activity, the further research coukbatonsider funding liquidity measures of other
important funding countries, such as the Unitedgdiom and Euro area. Moreover, instead of
sorting currencies to portfolios based on theiwkmd discount, one should concentrate on
specific currency pairs that have the desirableathiaristic. It could be argued that in some cases
the common cultural background can be more sigmfidactor than the actual geographical

distance between two countries.

Furthermore, it would be interesting to study mtiveroughly how the different investor types
affect the predictability of carry trade returnglaurrency crashes in major investment countries.
My results suggest that the collective actions wharous retail investors are slower than those
of larger hedge funds. A better understanding omatviype of investors are participating in a

certain carry trade could help speculators to benedre from the effect of slow moving capital.
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Appendix A.

Table A.1: Carry portfolios’ funding and investment currencies

This table shows breakdown of the carry portfolibgiding and investment currencies in EMEA, Asiaiff@ and Americas. In HmL strategy, | borrow
(invest in) the currency with the smallest (laryéstward discount. HmL3 follows the same princigheit instead of one currency | go long (shorthia three
currencies with the three largest (smallest) fodadiscounts. The values in the table indicate hfienathe currency has been chosen to the portfblimeing
100%. High refers to investment currencies and t@funding currencies. The sample period spans 99 to 1/2014 and the portfolios are rebalarated
the end of each month.

HmL HmML3 HmL HmL3 HmL

EMEA Asia Pacific Americas

High Low High Low High Low High Low High Low
CZK - - - 0425 1 AUD - - 0.243 - i CAD - 0.326
DKK - - - 0232 : CNY 0.006 - 0.166 0.094 : MXN 1.000 -
EUR - - - 0.685 i HKD - 0.088 - 0.580 i UsD - 0.674
HUF 0.088 - 0.878 - I INR 0.298 - 0.818 - :
NOK - - 0.077 0088 | IDR 0.260 - 0.552 - i
PLN - - 0028 - ! JPY - 0.884 - 1.000 !
GBP - - - 0.138 ! KRW - - - - i
RUB 0099 - 0.243 - I MYR - - - -
ZAR 0011 - 0851 - + TWD - - - 0.282
SEK - - - 0431 1 NzZD 0.061 - 0.536 - !
CHF - 1.000 - 1.000 | PHP 0.376 - 0.685 - :
TRY 0.801 - 0923 - | SGD - 0028 - 0895 |

THB - - - 0.149
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Figure 3: Carry portfolios’ monthly currency excessreturns. This figure shows the mdmly currency exce:
returns for the carry portfolios in EMEA, Asia Placiand Americas.The log currency excess returns are compu
subtracting the change in spot exchange rates thhenforward discountz,,; = (f; — s;) — As.44. IN HML strategy
| borrow (invest in) the currency with the small@strgest) forward discounHmL3 follows the same principle, |
instead of one currency | go long (short) in thee¢hcurrencies with the three largest (smallestydod discounts
Data are monthly, from Barclays and Reuters (Degast). The sample period is from 1/1999 to 1/2014.
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Table C.1: Carry trade returns and key volatility measures

This table documents the contemporaneous relafiprmtween the main funding countries’ volatilityeasures and the carry portfolios’ monthly excess
return in EMEA, Asia Pacific and Americas. VIX, V$Mnd VXJ are the main volatility indexes in U.Switzerland and Japan, respectively. The change
variables are denoted by delt®).(In HmL strategy, | borrow (invest in) the curegrwith the smallest (largest) forward discount. E8rfollows the same
principle, but instead of one currency | go lonbofs) in the three currencies with the three largemallest) forward discounts. The t-statistice ar
computed using robust standard errors and *** arid * indicates statistical significance at 1%, 5#tg 10% confidence level respectively. The repoRe
values are adjusted®® Panel A reports the monthly data for full sangeiod, 1/1999 — 1/2014. Panel B excludes thenfita crisis (8/2007 — 3/2009).

Panel A: Full sample
EMEA Asia Pacific Americas
HmL HmL HmL
Coef. t-stat Adj.R? Coef. t-stat Adj.R? Coef. t-stat Adj.R?
AVSMI -0.4476%** -5.14 17.73 % -0.2704*** -3.78 6.67 % -0.2521 *** -3.57 1341 %
AVXJ -0.1879%+ -3.09 6.35 % -0.1838*** -2.93 6.60 % -0.1537** -2.53 10.57 %
AVIX -0.2803** -2.60 6.13 % -0.3788*** -5.95 12.67 % -0.3131**+* -4.16 19.55 %
VSMI -0.0872 -1.50 1.54 % -0.1362*** -3.19 5.00 % -0.1042** -2.34 6.68 %
VXJ -0.1210%** -2.78 5.00 % -0.1392%** -4.59 7.42 % -0.1047**+* -2.74 9.47 %
VIX -0.0651 -1.21 0.69 % -0.1348*** -3.22 5.25 % -0.0920** -1.98 5.46 %
HmL3 HmL3
Coef. t-stat Adj.R? Coef. t-stat Adj.R?
AVSMI -0.2930%*** -5.92 20.44 % -0.1804*** -3.16 13.97 %
AVXJ -0.1545%** -4.88 11.96 % -0.1311** -2.54 15.88 %
AVIX -0.2420%*** -4.33 12.81 % -0.2270%** -4.40 20.90 %
VSMI -0.0636* -1.88 2.44 % -0.0837** -2.34 8.92 %
VXJ -0.0873*** -3.38 7.19 % -0.1067*** -4.35 20.61 %
VIX -0.0517 -1.56 1.56 % -0.0934*** -2.81 12.01 %
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Panel B: Full sample excl. financial crisis (8/2682009)

AVSMI
AVXJ
AVIX

VSMI
VXJ
VIX

AVSMI
AVXJ
AVIX

VSMI
VXJ
VIX

EMEA Asia Pacific Americas
HmL HmL HmL
Coef. t-stat Adj.R? Coef. t-stat Adj.R? Coef. t-stat Adj.R?
-0.4843*** -4.81 18.13 % -0.1847*** -3.00 2.15% -0.2531%** -4.62 12.06 %
-0.1914** -2.28 2.65% -0.1496** -2.09 1.42 % -0.2066*** -2.96 8.85 %
-0.2743*** -2.81 4.82 % -0.3054*** -3.93 6.26 % -0.3227*** -4.81 18.06 %
-0.0128 -0.21 -0.59 % -0.0845** -2.21 1.03% -0.0532 -1.48 0.97 %
-0.0873* -1.66 0.65 % -0.1107** -2.30 1.46 % -0.0544 -1.21 0.60 %
0.0000 0.00 -0.63 % -0.0923** -2.12 1.24% -0.0359 -0.75 0.06 %
HmL3 HmML3
Coef. t-stat Adj.R? Coef. t-stat Adj.R?
-0.2803*** -4.58 17.01 % -0.1221%** -4.29 6.38 %
-0.1445** -2.55 4.62 % -0.1048*** -2.66 515%
-0.2174*** -3.85 8.98 % -0.1587*** -3.98 10.09 %
-0.0164 -0.52 -0.47 % -0.0217 -1.28 0.00 %
-0.0696** -2.12 1.64 % -0.0594** -2.46 2.84 %
-0.0124 -0.42 -0.54 % -0.0414* -1.93 1.54 %
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Table C.2: Carry trade returns and liquidity spreads

This table documents the contemporaneous relatiph&tween the main funding countries’ liquiditysads and the carry portfolios’ monthly excessrretu
in EMEA, Asia Pacific and Americas. TED, S-TED air@ED are the differences between 3-month LIBOR 3umdonth Treasury bill in U.S., Switzerland
and Japan, respectively. The change variablesesreted by deltaX). In HmL strategy, | borrow (invest in) the curogrwith the smallest (largest) forward
discount. HmL3 follows the same principle, but @t of one currency | go long (short) in the theaeencies with the three largest (smallest) fodvar
discounts. The t-statistics are computed usingsosiandard errors and ***, **, and * indicatesti&tcal significance at 1%, 5%, and 10% confideleel

respectively. The reported’ Ralues are adjusted’® Data are monthly and the sample period is 1/21992014. The results excluding the recent firgnci
crisis are not statistically significant, and drerefore not shown separately in this table.

AS-TED
AJ-TED
ATED

S-TED
J-TED
TED

AS-TED
AJ-TED
ATED

S-TED
J-TED
TED

EMEA Asia Pacific Americas
HmL HmL HmL
Coef. t-stat Adj.R? Coef. t-stat Adj.R? Coef. t-stat Adj.R?
-1.3558 -1.15 -0.07 % -3.4643 -1.20 2.86 % -1.1221 -0.78 0.24 %
-5.1214 -0.37 -0.38 % -9.5810 -0.85 0.13% -17.5871** -2.34 4.57 %
-0.4264 -0.29 -0.51 % -3.7173** -2.61 3.75% -0.6878 -0.54 -0.23 %
-1.3998 -0.95 0.63 % -3.2306*** -3.75 6.32 % -2.6527*** -2.84 9.76 %
-4.5129 -1.16 0.53 % -0.7777 -0.24 -0.52 % -2.3064 -0.94 0.12%
-0.9173 -0.89 0.20 % -1.8979* -1.92 2.95% -1.6605** -2.36 541 %
HmL3 HmML3
Coef. t-stat Adj.R? Coef. t-stat Adj.R?
-1.0157 -1.50 0.17 % -0.3716 -0.20 -0.38 %
-4.3672 -0.59 -0.21 % -5.0028 -0.83 0.28 %
-0.6431 -0.81 -0.24 % -1.3332 -1.44 1.94 %
-0.9923 -1.07 1.05% -2.3020*** -3.32 15.22 %
-1.5971 -0.69 -0.19 % -2.5789 -1.34 1.17 %
-0.7396 -1.15 0.76 % -1.6938*** -2.94 12.05 %




