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Abstract

Carry trades consistently generate high excess returns with high Sharpbratios
are subject to crash risk. | take a closer look at the link between the carry trade
returns and the stock market to understand the riskdvied and to determine
when and why currencgrashes happen. Every perjod sort currencies of
developed and emerging economies by their interess aauwg form portfolios to
diversify the idiosyncratic risk. Firstt find a strong negative relationshiptbeen
portfolio returns and skewness of exchange rate changes. JrsKaginess and
coskewness with the stock market have a much greater explanatoryipaher
crosssection of excess returtban consumption and stock market betas. But
separating the anket beta into upside and downside betas improves the validity
of the CAPM significantly. Downside beta has a much greater explanatory power
than upside betand it correlatesvith coskewnesslmost perfectly. This means
that carry trades crash exactly iretlworst states of the worldvhen the stock
market gos down. After controlling forcountry risk the downside beta premium

in the currency market is comparable to that in the stock market and eefials 2
percentage points p.a. | also find that coumisk proxies well for the downside
beta and skewness. This suggdahtst there is owinding of carry trades and a
Afl i ght when the stack marketplungesnd that lower interestrate
currenci es bagennFmallalestimatefegen Highenwnside betas

of the top portfolios and | find an even greater explanatory power of the downside
beta in the early 2000s. The growing volume of carry activities might have
contributed to the closer link between the currency and the stock markets.
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1. Introduction

There are several puzzles in international finance, which challenge the traditional theory.
Among them is the forward premium puzzler thke violation of the Uncovered Interest Parity
(UIP). According to the UIP, absence of arbitrage ensures that investmetifferent currencies
with different levels of the local interest rates do cartsistentlygenerate excess returhecause
negdive interest rate differential is compensalgdthe expected exchange raggpreciaion of the
target currencyor the forward premiumn reality, though, this does not happen. Furthermore, the
opposite is observed quite often: higiterest currencies tento appreciate while lovinterest
currencies tend to depreciaten average (Fama984). Then, investment in higmterest currencies
consistently yields higher returns than invesgént in lowinterest currenciesThis empirical
6anomal yo6 hpppularityefdcarty trade$ lare investment strategywhere an investor
borrows in lowinterest currencies and invests into higterest currencieand, thus, enjoys the
positive interest rate differential together with a positive exchangeeairn

UIP assumes riskeutrality of investors. But if investors are Hakerse, investments in high
interest currencies should yield higher returns than investments #interest currencies, if the
former are more risky than the latter. Thus, daary trade is a sufficiently risky strategy, then the
high returns to carry trades, observed empirically, are not an anomaly Btitadlarry trades also
have high Sharp ratios, so the volatility of returns is not an adequate risk m8dwuefore, bere
is a quickly emerging literature which tries to understand and measure the risks involved in carry
trades.

Lustig and Verdelhan (2007) look at carry trades through the Consumption CAPM lenses, and
find thatreturns of highinterest currencies emove wth US nondurable and durable consumption
growth, while returns of lowinterest curencies serve as hedge agailgial consumption risk.
Hence, they conclude, theveragehigh returns of carry trades are a mere compensation for the
consumption sk because carry trades yield low returns when consumption growth is low and the
marginal utility of wealth is highThe relevance ofthe Consumption CAPM framework for
explaining currency returns was also confirmed by De SeamdFornari (2008) for several
Eurgoean countries.

Also, carry trades seem to perform poorly in kigtatility regimes.Menkhoff et. al (2009)
find that returns to carry trades correlate negatively wihvolatility in the currency market
Furthermore,their volatility proxy explains the returnsf five currency portfolios, sorted by the
interest rate, wellRonaldo et al. (2009) distinguish between regimes of high and low volatility in
the currency and stock marketssing different volatility proxies (e.gmplied volatility in the
currency maket, VIX, TED, bid-askspread, etc.and find thatheircarry trade strategy has a much
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higherexposure to thetock market irhigh-volatility regimes.Clarida et al. (2009) estimate that the
coefficient in the 6Fa main high BXvelailsyiregimés anid sarng r e a t
trades generate losses in such periods, despite their average high profitalsiiyar conclusion

was drawn in Brunnermeier et al. (2008) for sen®gjorsinglecurrenciesrather than for portfolios

of currencis. The authors find that there is a negative relationship between currency interest rates
and skewness of returns, so that higierest currencies (i.e. the investment currencies) are subject

to crash risk, with the crashes happening in periods of higtihty, asmeasured by VIX.

This paper contributes to the above literature by studyirgperformance of currency
portfolios, sorted by the interest rate. In particular, | take a closer look at the link between the
currency and stock markets and study thekstmarket risk of carry trades. Thigoe of riskis also
explored inCa mp b e | | et al . (2010) and Ronaldo and S
of developed countrieCampbell et al. (2010find a positive correlation of the Australian dollar
and the Canadian dollar with the global equity markets and a negative correlation of the euro and
the Swiss franc (the Japanese yen, the British pound and the US dollar fall in the middle of the two
extremes)A highf r equency anal ysilsnd(2009) lRaves & dimilarpattekn: S° d
the Swiss franc anthe Japanese ydand to a lesser extent the euappreciate whethe US stock
market goes down, whilethe opposite is observed for the British poufidh e nsafe h a
properties of the Swiss fina and the Japanese yamne confirmed in periods of political, natural or
financialdisastersusing a disaster dummglthough these two studies do not look at carry trades
explicitly, their findings suggest that tieeis a particular relationship betwedaotal interest rates
and the hedging properties athe currenciesln both papers, the currencies which go against the
stock market are the ones which are the most common funding currencies for carry trades (the
Japanese yen and the Swiss franc), evhile currencies with the highest exposure to the stock
market are the usual tagcurrenciesHence, carry trades may be prone to high stock market risk
and this idea is explored thoroughly in this paper.

Instead of looking at single currencidsorm portfolios of currencies sorted by the interest
rate. This allowsme todiversify away the idiosyncratic risk and concentrag on those properties
which are attributable to currencies with different levelgtdrest rate | include 47 developed and
energing economies in the sample, and hence | provide evidence focla wider spectrum of
currenciesthan in the papersited above, which concentrate on several currencies of developed

countries.

2 According to the UIP, this coefficient should equal to 1, but empirically it wasasd to be close to zero or even
negative Burnside et al., 2006).
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First, | confirm the finding of Brunnermeier et al. (2008gt there is a strong negative
relationship between portfoliceturnsand skewness of return§hus, carry trades are subject to
occasional crashesdaving more countries in the sammed forming portfoliosshowsthat the
range of skewness, alvas returns, is much greater than in Brunnermeier et al. (2008), and the
relationship between the two is more pronounced. But this relationship disappears if portfolios are
sorted once by the average interest,raistead of the monthly rebalancing. eéfafore, | conclude
that low skewness is a property of currencies witfh lcontemporary interest ratesid as the
interest rate in aountry decreases, the exchange s&ktavness approaches zero.

Second, | find a positive relationship between portfoditurns and consumption and stock
market betas of exchange rate returh$igherinterest currencies have relatively higher
consumption and stock market exposure, while-iotgrest currencies can hedge against these
risks. This is in line with the finding®f Lustig and Verdelhan (2007) and Campbell et al. (2010).
But, in the crossection of currency portfolio returns, the explanatory power of consumption and
stock market betas is much lower than that of skewness and coskewness with the stock market.
Therdore, the asymmetry of currency ratershould be taken into accouanhd the threenoment
CAPM explains the crossection of currency portfolio returns well.

If carry trades are subject to crash risk, measured by skewness, a natural question arises when
these crashes happdrhis paper contributes along this dimension by studying coskewness with the
stock market and the downside risk of carry trades. Low negative coskewness -aritdrigbit
portfolios suggests that these portfolios have negative retunesstock market volatility is high.

This finding goes in line with the papers on the performance of carry trades in different volatility
regimes, discussed abogut high stock market volatility is usually observed in periods of crashes.
Then the dowside beta, which conditions on negatsteck marketeturns should be a relevant
measure othe riskiness of currency portfolio$ndeed, there is a very strong relationship between
portfolio returns and the downside betdSgure 1) The downsid betas of the higinterest
portfolios are much highehta n t h e i rbetad,swiclasughests thaigh interest portfolios
crashin the worst states of the wondhen the stock market plunges. The lowestrest portfolio,

the funding portfolio, orthe contrary, has a negative downside beta. Therefore, these currencies
appreciate when the stock market goes down, and, hence, can serve as a hedging inButiment.
there is no significant relationship between portfolio returns anat tigside beta This is a
predictable result because whie stock market return is highe maginal utility of wealth is low

and performance of assets in these states isoriatportant for an investoilhe appropriateness of

the downside beta and not of the upsideales a risk measure was also confirmed in the cross

section of stock returns (Ang et al., 2006).



Figure 1. Downsiderisk of 10 currency portfolios
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In the crosssectionof currency porfolio returns separating the stock market beta into upside
and downside betas improves the validitylef C APM significantly. The twebeta CAPM explains
about 70 percent of the variation of portfolio excess returns, and the explanatory pthedhcee
momenttwo-beta CAPM is even higheHence, | concludehat the high returns of carry trades is
not a free lunch, but rather a compensation for the high dowmsidestrisk, which isso important
for an investoand cannot be diversified away

Next, | look at he country risk of the currency portfolios, measured by Fitch country rating.
Although there are occasional periods when countries with low (high) rating turn out to be in
low(high)-interest portfolios, on average, there is a strong negative relatiorethipdn a portfolio
interest rate and its country ratirtdigh-interest currenciebave high risk of default and need to be
compensated for this riskwvhile lowinterest currencies are almost riskle€®untry risk proxies
well for the market risk of the erency portfolios i.e. risky currencies have high downside betas
and negative skewness and coskewnessT hi s suggests t hat wherhteer e i
stock market plunges, and the lowaserestlowest o unt ry ri sk porhdwdmnd. s
Ronaldo and S°derlind (2009) al so f i nldpareseaf e
yen, but I confirm this in a more general setting for diversified portfolios of currencies.

This findingsuggests a reasavhy carry trades craskVhen the stock market return is low,
increased risk aversion of investdqesg. due to narrow framing as in Barberis, Huang and Santos,
2001, or due to habits, as @ampbell and Cochrane, 1999, avidrdelhan, 200) may leadto
Aflight to ¢gamangbtheysada,flighivfftom cisky highterest currencies to relatively
riskless lowinterest currencies. Since carry trades are long in the former and short in the latter, they
crash.

The main claim of this paper is thaigh returns otarry trades & a compensation for their

high downsidemarket risk, which is nodiversifiable. Is this compensation fair relative to other
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asset rarkets? To answer this questibmompare downside risk premiums in the currency and
stock markets. | estimate the dowrsidsk premium in the crossection of stock portfolios, sorted

by their individual downside betas. Such sorting allows concentrating on the downside risk in the
stock market, while diversifying away other risks. The downside risk premium in the currency
market appears to be much higher than in the stock market due to higher range of returns and lower
range of downside betas. But, after controlling for the country risk of the currency portfolios, the
downside beta premium shrinks and becomes comparablatant the stock market (about42

percent per annumjherefore, the high returns of carry tradee a compensation for both the
downside risk and the country default risk, which actually go Hastthnd.The country default risk

is unobservable intheasmp | e ( a @ pes o 0camnotberestimgtad ditedtlyeimihe saame d
way as thedownside riskis estimated Therefore, the country rating is used to measur8ut
investors may still demand a compensation fdndeed, nany papers find that agnificant part of
unhedged carry trade retur ns si{esw Barnstloeng, &008;at i c
Jurek, 2008; Fahri et al., 2009)

The findings of this paper are robust in a more recent péritg first decade of the 21
century. Thedlownside market risk of carry trades has even increased, and the explanatory power of
the two-beta CAPM in the crossection of currency returns is now even higheutr€ncycrashes
have become less significant, but more systematic. The rising volume ofreae\activity (Galati
et al, 2007) might have contributed to the closer link between the currency and stock markets.

The rest of the paper is organized as follolassection 2, | lay out the thremoment CAPM
to motivate why asymmetry of return distution should be pricean equilibrium Section 3 is
devoted to the description of data, portfolio formation and portfolio statistics. Section 4 looks at the
explanatory power of consumption and stock market betas, skewness and coskewness of exchange
rate eturns with the stock market returns in the cresstion of the currency portfolio returns,
while section 5analyses the downside risk in detail. In section 6, | look at the country risk of
portfolios. Section 7 is devoted to comparison of the downsittepriemiuns in the currency and
stock markets. Section 8 lays out the most recent evidanden section 9l check the robustness

of my results ibetas are timevarying instead of being fixed. Section d®ncludes.

2. Three-moment CAPM
Since currency returns are distributed asyatrically (Brunnermeier at al., 28)) we should
call for a model where the third moment is pridethe three moment CAPM.The tree moment

CAPM goes back to Kraus and Litzenberd@®76), wherethere is preference fogystematic

3 Although nonsystematic skewness of exchange rate returns partially reflect this risk in long enough samples.
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skewnessBut for a diversifyinginvestor, it is coskewness with the market which is important.
Intuitively, adding an asset with high coskewness to a market portfolio increases the skewness of
the portfolio, and, hence, suahasset is valuabland its expected return should be lower.

To show how coskewnesmnters the asset pricing equatblay out the 3moment CAPM,
developed by Harvey and Siddique (200The firstorder condition for a utilitymaximizing

representative investor is the following standard pricing equation:

E[(1+R)m,]=1 1)
whereR 41 is the total return on asseandm; is the stochastic discount factor, which is equal to
the marginal rate of substitution between perioasdt+1.

To produce he threemoment CAPM, the authors assume that the marginal rate of

substitution is quadratic in the market return
M, =a +b Ry +¢ RI\Z/I 41 (2)

Here, the market return serves agroxy for the growth in the marginal utility, e.g. when the
mar ket return is positive, the investoro6s wea
The above expression can be derived Ryaading the marginal rate of substitutittnthe

second order

rn[+1 :1+%m,t+l+%%,t+l+OW) (3)

where the utility functiorof wealthU(W,) has the following propertiedJ'(W,) >0, U"(W,) <0
and U"'(W,) > 0. The third property ismplied by nonrincreasing absolute risk aversjomhich is
an important property othe utility function of a riskaverse investo(Arrow, 1964). Then
a, =1+0o(W,), b<0 andc>0 in equation (2)

Expanding the expectation in equation (1), we obtaanfoiowing expression for asseet

1 B Covt[rn[+11(1+ Ri,t+1)]
Et[mHl] Et[rnHl]

Substituting the expression for the stochastic discount factor (2) into equation (4) and

E[1+ R,Hl] = (4)

assuming the existence of a conditionally 1iske asset, the shdrs obtain the following asset
pricing equation:
Et [ri ,t+1] = A’l,tcovt[ri 41 rM ,t+1] + /12,ICOVI[ri 41 rl\i ,t+l] (5)

whereriw1 IS the excess return on assetps+1 is the market risk premium, ar® ; and ey are

functions of the expected market excestsirn, variance arskewnessnd expectation and variance



of the squared market excess return. What is important isyhand ey ; are the same across all
assets,A,, >0 and 4,, <0.

According to equation (5)an asset with higher covariance with the markeetrn (higher
beta) should have a higher expected return while an asset with higher covariance with the squared
market return (higher coskewnessjould hae a lower expected retuiWhile a higher beta makes
an asset more risky and less attractive, a higher coskewness increases the attractiveness of an asse
since adding such an asset to a portfoloeases the skewnesstbé portfolio return.

It shouldbe pointed out, thaf ¢; in equation (2) is zeras tis also zero, andie are back to

the standard CAPM, where ortlge market beta is priced.

3. Data and descriptive statistics

The rest of the paper is devoted to the empirical analysis.data covesrthe period from
January 199Quntil April 2009 at a monthly frequency. Earlier years are not analyzed dtieto
predominance of fixed exchange rate regimes in many countries in the sample. The sample of
countries consists of7fddeveloped and emerging economieghvgignificant volume of currency
turnover according to BIS (2007). The full list of countries and the respective periods of available
data is provided ithe gppendix.

For each countryl collect the beginningf-period threemonth Treasury bill ratéor the
return of a comparable instrumeathd the engdfthemonth exchange rate against the US dollar
An increase in the exchange rate means appreciation of the respective currency against the US
dollar. The exchange rate data is corrected for denomima(seethe gopendix for details)Since
the analysis is performed from the viewpoint of a US investalso collect time series of the US
stock market returndJS nondurable consumption and US ndaorable CPIThe data is taken from
the Global FinanciaDatabase. MSCI index serves as a proxy for the US stock market index.
Individual stock returns are taken from CRSP.

Since the period of available daftar some countriess shorter than the period of the study
and since the periods of fixed exchange n&tgimes are dropped otite nhumber of crossectional
observations varies from month to mob#gtweer27 and43.

Following Lustig and Verdelhan (20Q7)sort the countries by the local interest ratery
month and form three sets of equally weighfeartfolios: 5 10 and 25 portfolios-or instancein
the Sportfolio set portfolio 1 consists of 20 percent of countries with the lowest interest, rates
portfolio 2 consists of the next 20 percent of countries in the rap&imdy so on. Soin each set
portfolio 1 always contains the countries with the lowest interest, ratele portfolios 510 and 25

always contain the countries with the highest interest rates. Obvidugigrtfolios are mostly
8



diversified while 25 portfolioseach consisting of 4.countries on averagare rather noisy The
monthly rebalancing ensures that the portfoliesemble carry trade portfolioe composition of
which changes over times relative interest rates changeshould be noted thabantries do move
across pdfolios quite often.

Table 1 presents descriptive statistics of 10 currency portfoliise first row shows the
difference between the average monthly portfolio interest rate and the US interest rate. The interest
rate differential is monotonically incasing with the portfolio rank due to the sorting procedure.
Portfolios 1 and 2 consist of the usual funding currencies while portfolios of higher rank consist of
investment currencies. The second row shows average monthly exchangeuraePortfoliosof
higher rank do seem to depreciate more than the bottom portfolios, but the exchange rate
depreciation does not offset the gain from the interest rate differential, as predicted by the UIP, so
that the total portfolio return (rows three and four) is almmonotonically increasing with the
portfolio rank. This confirms the profitability of carry trades. For example, a -aevestment
strategy of borrowing portfolio 1 and investitige proceedsn portfolio 10 generated an average
return of about 24 perceper annum in the studied perod

Table 1 Descriptive statisticsof 10 currency portfolios

1 2 3 4 5 6 7 8 9 10
1 Interest rate differential (p.m.) -0.18 -0.03 0.05 0.11 0.17 027 040 059 102 3.77
2 ERreturns(p.m) 0.13 -0.08 0.06 024 002 001 -021 -0.24 -0.34 -1.85
3 Total excess returns (p.m.) -0.05 -0.11 010 034 019 0.27 019 036 068 1.92
4 Total excess returns (p.a.) -0.63 -1.38 122 411 223 329 225 430 812 2308
5 Standard deviation 177 200 226 201 238 242 243 279 269 4.09
6 Market beta of EReturns -0.01 0.06 006 004 010 0.11 0112 0.16 0.24 0.127
7 Skewness of EReturns 0.76 -0.15 -0.34 -0.22 -0.69 -0.47 -0.82 -0.54 -2.38 -2.61
8 Coskewness of EReturns 0.59 -0.87 -1.47 -0.53 -0.99 -0.72 -1.14 -1.50 -1.55 -2.56
9 Average# of currencies 368 373 368 360 365 356 340 325 328 334

Note: All returns are in percentage points. The sample period is 2G99
0 p . denotesper montly 6 p e aniburd

Rows five to eight show various risk charaa#cs of the currency portfoliofortfolios of
higher rank have higher standard deviation of returns and stock market betas of exchange rate
return€ and, hence, are more risk§ut, even for the top portfolioshe market beta®f 0.140.17
are very lov in comparison with betasf individual stocksand are hard to ratiotize the high

portfolio returns and high Sharp ratiokhis suggests that the stock market beta is not an adequate
singlemeasure of currency risk.

4 Descriptive statistics of 5 and 25 portfolios looks similarly.

® Returnsdo not take into account transaction costs.

® | also estimate stock market betas of portfolio total returns. The estimates are almost the same since interest rates are
very persistent and the variation in the total returns comes primarily from variatexchange rates. More details are
available in section 7.
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Indeed, rows seven and eight showatthurrency return distributions are very asymmetric.
Returns of portfab 1 are positively skewed, wdh means that the probability of a significant
appreciation is higher in comparison with a symmetric distribution. Skewness is decreasing with the
portfolio rank, reaching high negative levels for portfolios 9 and 10. Therefore, currencies of high
interest rate countries are subject to occasional signifaegmteciationsThis confirms the finding
of Brunnermeier et al. (2@) that carry trades are subjeot crashesand extends ifor a much
greater number of countries and for diversified portfolios of cuiesndhe seven major currencies
studied in Brunnermeier et al. (2Z8)Care in portfolios 15 (of the 10portfolio set) and the skewness
of these mdividual currenciesestimated by the authorns comparable to my estimates of skewness
of portfolios 5. But | show that the relationship between interest rates and skewness is far more
generahnd far more significant in a bigger sample of developeteanerging economies.

Figure 2(except the bottomight panel)shows the relationship between currency portfolio
returns and skewness for the three sets of portfolios. Portfolio 1 always has a negative return and a
positive skewness, while th@gh-interestportfolios have high returns and high negative skewness.
The five portfolios, which are well diversified, lie on a straight line almost perfdcetlgeneral,
there is a pronounced negative linear relationship for all portfolio wéts high R. Therefore, the
higherthe interestatein an economy, the highéne crash risk of the domestic currenayeasured
by unconditional skewnes8ut the crash risk of carry trades, which go long in the top portfolios
and short the bottom portfolio, is evemore significant, since a positive skewness of the short

portfolio means a negative skewnegshe strategy o&ninvestor.
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Figure 2. Skewness and excess returns of currency portfolios
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The bottoraright panel of Figure 2 shows the relationship between returns and skewness for
ten currency portfolios which are sorted once by the average interest rate during kheeriod.
Hence, the set of countries in each portfolio is fixed in the whole period. We see that the
relationship between portfolio returns and skewness disappears. Therefore, high negative skewness
is indeed a characteristic of currencies with higkenrest rates, and as the interest rate in a country
falls, skewness of the currency returns increases (approaches zero).

Coskewness, estimatéal a time seriesegres®n of exchange rateeturnson squared stock
market returnsaand reported in row 8 of Téb 1, shows the asymmetry of the currency return
distribution against the distribution of the stock market returns. Like skewness, it is positive for
portfolio 1 and significantly negative for highterest portfolios. High negative coskewness
indicates tht a portfolio has low returns in per®df high stock market volatility, and investing in
suchaportfolio increases the crash risk fninvestor.According tothe threemoment CAPM, it is
the coskewness which is important for a diversifyimyestor, rathethan skewnesd here is a very
close relationship between skewness and coskewness of the ten currency portfadiosugdests

that if a portfolio crashes, it crashes in periods of high stock market volaaifiti this crash risk is
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far more significanfor high-interest currencies’he same conclusion has been drawmMankhoff
et. al (2009), Ronaldo et al. (2009) and Clarida et al. (208@) different proxies for volatility.

4. Beta, skewness and coskewness

It follows from the descriptive statisticsf ohe currency portfolioghat there is a specific
relationship between interest rates and exchange rate risksinteghst currenciesiave higher
stock market beta and lower skewness and coskewness with the stock market. A questias arises
to which risk masurebestexplains the crossection of returnsin other words, which asset pricing
model is more relevant for explaining carry tradéumes: CAPM, consumption CAPM, three
moment CAPM or another one, if any?

Table 2 presents the resultskEfmaMacBeh (1973) crosssectional estimations for the sets
of 10 and 25 currency portfolidsl run horse races betweatiernatve asset pricing models with
different risk measures (beta, skewness or coskewness of exchange rate changes) as explanator)
variables.The dependent variable is the total annualiegcesseturn of a portfolip which equals
the sum of the interest rate differenfaald the exchange rate return

Specifications (1jand (2) are 6Gnsumption CAPM and Shadintner CAPM, respectively.

Both non-durable consumption beta and stock market beta are statistically signifecahthave
coefficients of the right sigralthough their explanatory power, measured ByiRquite low(34

and 42 percent, respectivelfgonsumption CAPM was first proposedaagelevant modedf carry
trade returnsby Lustig and Verdelhan2007). The authors find that returns of higiterest
portfolios correlate with the real consumption growth significantly while low interest portfolios
serve as a hedge against consumptisk. rTherefore, the high returns of carry trades are a
compensation for bearing consumption ritkshould be notedhat the validity of CCAPM was
justified by the authors only after inclusion of durable consumption beta, whiledurahle
consumption b alone did not have much of explanatory power.

Specifications (3) and (4) test the validity of skewness and coskewness for explaining the
crosssection of returns.Both measures of asymmetry have negatsmtistically significant
coefficients asskewness of a portfolio falls by 1, the portfolio expectedessreturn rises by 6
percentage pointsSince skewness of the most risky currency portfolioppraximately-3, we
would expectts return to be 1®ercentage points higher than an expected retuamasset with
perfectly symmetric return§kewness and coskewness have much greater explanatory power than

consumption and stock market betas. For example, skewness alone explains 70 percent of the

" Estimation results for 5 portfolios are very similar and are not reported due to the low number efexticysal
observations.
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variation in returns of 10 currency portfolios, whileamet beta explains only 42 percent oéiid
consumption beta explains even less (34 percahtconditional skewnesslso has a highr
explanatory powethancoskewnessvhich suggests that carry trade returns compensate an investor
for bearingtherisk of non-systematic currency crashesghich isparticularlyhigh for highinterest
currencies

Specification (5) ighe three moment CAPMAdding coskewness to market beta increases R
from 42 to 55 percent or from 4 to 23 percent, depending on the portfolio setit&wtontrolling
for coskewness, stock market beta becomes insignificant, and only coskewness is priced. The
estimate of the premium of coskewness remains the,S&numes not increase in comparison with
specification (4)and adjusted Reven falls Therefore,beta does not have any explanatory power
in addition to coskewness, and wignificanceof beta in specification (2) can be explained by the
fact that there is a high correlatiohbetawith skewness-0.80) and coskewness(.85)

The resultof the test ofthe three moment CAPM are comparable to those of Harvey and
Siddique (2000), who test it for the US stock market. The authors findthbatddition ofa
coslewness factor tohe CAPM and everio thethreefactor FamaFrench model increases Rr
industry, size B/M and momentum portfolios, and that the coefficiehtoskewness is negative
and botrstatistically and economically significarithe coskewness premium in the stock market is
on average3.6 percemge pointgper annum, which is similar to my estimates e $ercerdage
points But, contrary to my results for currencies, market beta remains significant after controlling
for coskewness.

The above tests demonstrate thghhinterest portfolios are more risky in all respects: they
have higher risk of nosystanatic crashegmeasured skewness)igher risk of crashes in periods
of high stock market volatility(measured by coskewnessand higher stock market and
consumption betas. At the same time, the lovilestrest portfolio (the funding portfolio) servesaas
hedge against stock market and consumption risks and has positive skewness and coskewness. Bu
amongalternative assgdricing models, the crash rismeasured by skewnesscoskewnesseems
to be more important in explaining the cregction of retins.

It should be pointed out that theintereepts in specifications (1)-(5) are almost
indistinguishable from zero, vidh suggests that no otherthogonalrisk is pricedin the currency
market and CAPM(especially its 3moment versionjs a relevat modelfor explaining carry trade

returns
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Table 2. Fama-MacBeth crosssectional regressions

Dependent variable: Total annualizegcesseturns
@) 2) (©) 4) ) (6) (@) 8 ) (19
PanelA: 10 portfolios

Beta 0.28* 0.80* 0.25
[6.27] [6.52] [2.02]
Skewness -0.06**
[-7.35]
Coskewness -0.06* -0.06* -0.06*
[-6.75] [-5.36] [-5.34]
Upside beta -0.56+* -0.24*  -0.03
[-4.96] [-2.43] [-0.35]
Downside beta 0.50** 0.46** 0.e4**
[6.93] [6.68] [6.93]
AB 0.40**
[6.80]
Intercept -0.001 -0.03 0.004 -0.02 -0.02 0.07** -0.03 0.003 -0.01 0.001
[-0.04] [-1.84] [0.26] [-1.38] [-1.57] [4.45] [-1.63] [0.18] [-0.81] [0.08]
R 0.34 0.42 0.70 0.55 0.55 0.21 0.66 0.68 0.7 0.79
Adjusted R 0.26 0.35 0.66 0.50 0.43 0.11 0.e2 0.64 0.61 0.69
MSE 0.2 0.25 0.13 0.20 0.20 0.35 0.15 0.14 0.13 0.0
PanelB: 25 portfolios
Beta 0.07** 0.22** -0.001
[3.25] [2.6Q] [-0.01]
Skewness -0.06**
[-6.63]
Coskewness -0.04**  -0.04** -0.06**
[-5.22] [-5.06] [-5.91]
Upside beta -0.33** -0.25%* -0.25**
[-4.17] [-3.32] [-3.28]
Downside beta 0.3** 0.28** 0.43**
[5.58] [5.02] [6.07]
AB 0.27**
[5.79]
Intercept 0.03* 0.02 0.006 0.008 0.01 0.06** 0.002 0.02 0.02 0.03*
[2.14] [1.51] [0.41] [0.53] [0.95] [3.66] [0.11] [1.34] [1.23] [2.08]
R 0.04 0.04 0.50 0.22 0.23 0.17 0.26 0.35 0.35 0.44
Adjusted R 0.00 0.00 0.48 0.18 0.16 0.13 0.2 0.32 0.29 0.36
MSE 0.9 0.50 0.30 0.43 0.42 0.45 0.41 0.37 0.37 0.33

t-statistics are in brackets.
** and * denote significance at 1% and 5% respectively.

5. Downside risk

High-interest currencies have high returns which compensate an investbedringthe risk of
occasional crashesvhich is measured by skewnegse these crashes really occasional, or is there a
systematic relationship between these crashes and the performance of the stock Toagkest®er this
question | look separately apside and downside stock market betdsurrency portfolios. To estimate the
two betas, | run the following time series regression for each currency portfolio j:

Aery =a; + fr, +o,dummyr

8 | concentrate on the analysis of stock market betas, sinck strket betas seem to have more explanatory power
than consumption betas of currency portfolios.
14



where Aer, is the exchange rate return of polig j, r is the stock market return and

mt

>0

dummy = {O' e < O. Then ] = B, is the estimate of downside beta, afifl = 8, + J; is the estimate

mt
of upside betaDownside beta shows the extent to which aseaseturn varies with the stock market return
given the stock market goes down. Similarly, upside beta is conditional on positive stock market
performance. High downside beta means that an asset performs poorly in bad states of the world when the
marginalutility of wealth is high. Hence, assets with high downside beta should have high expected returns
to be attractiveAssets with high upside bedae on the contraryattractive anghould have lower expected
returns ceteris paribus But since the mangal utility of wealthdecreasesvhen the stock market goes up,

upside leta is not agnportantas downside betas a risk measure
| also calculatea statisticAB, which measures asymmetry in the two bet®&; = B, — ;. This

statisticis a sngle risk factor which combines the information contained in the two betas and treats the two
betas asymmetrically since their influence on expected returns is the oppbsitdigherAB, the less
attractive is the assdiecausehe asset has higher dogide beta and lower upside beta, both of which is bad
for an investar

Figure 3 illustrates the relationship between excess returns and upside and downside b&Bas and
statisticsfor the three portfolio set¥Ve can see in column 1 that there is a praced positive relationship
between excess returns and downside shetith high R.° Low-interest portfolios have very low or even
negative downside betas and, hence, they can be used to hedge the downside risk of the stock market. As
portfolio rank increaes, the downside beta increases too, reaching the level of 0.4 for the-inigitest
portfolios. We should notice thahte downsi de beta of the top portfo
beta. For example, the downside beta of portfolio 10 oltheor t f ol i o set is 0. 37 wt
0.17.Therefore, highinterest currencies have a tendency to crash when the stock market goes down. At the
same time, the downside beta of portfolio 1 of thep@fifolio setisO . 0 7 whi lred 6i ish€eOidas t a n
Hence, the loweshterest portfolio does not only go against the market on average, but it apprewates
when the stock market is down. As a result, carry trades seem to be very risky because the investment
portfolio depreciates anithe funding portfolio appreciates in the worst states of the wamid this risk is
hard to diversify away

Contrary to the relationship between the downside beta and excess returns, the relationship between
the upside beta and excess retomdumn?2 of figure 3)is negativeand much less pronounced. Moreover, if
the top portfolio isdropped oufrom each portfolio set, the relationship disappe@herefore, we cannot
conclude what happens to currencies of countries with different levels of intateston the upside

systematically.

° But there is no such relationship for the 10 portfolios sorted once by the average interest rate during the whole period.
Therefore, we can draw the samenclusion as for skewness: high downside beta is a feature of currencies with high
contemporary interest ratesnd as the interest rate falls, the downside beta falls too.
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The relationship betweefiB and excess returns (column 3 of figure 3) is very similar to that of the

downside beta, and’fs even higher for all portfolio sets. This suggests that there is some information in the

upside beta in addition to the downside beta which is priced. Upside beta is a particularly important risk

factor of the top portfolioastit is highly negativge.g. portfolio 25)and taking it into account brings the top

portfolios closer to the fitted line

Figure 3 also demonstrates the importance of portfolio diversification. Including more currencies in a

portfolio diversifies idiosyncratic risks (risks related to events in particular countries) and the relationship

between the downside beta and excesigns becomes more pronounced. Hence, we may conclude that high

downside beta is a necessary attribute ofmtgrest currenciesvhile low-interest currencies can serve as a

hedge against the stock markkinges

10 pfls:Excess returns 5 pfls:Excess returns

25 pfls:Excess returns
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beta is substituted by the upside and downside b&pscification (6) tests the validity of upside beta alone
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in explaining the crossection of excess returns. Although the upside beta premium is negative and
statistically signifiant in the FamavlacBeth regressions, it explains only about 20 percent of the returns.
Moreover, the interceps ipositive and significant, idh means that there are other omitted risks which are
priced. These risks, are, in fact, measured by the dowbeide Indeed, including the downside beta into the
regression increases Rom 21 to 70 percent for the J@rtfolio set and from 17 to 35 percent for tie 2
portfolio set and drives thimtercepts close to zer&oth betas are significant risk factoin thetwo-beta
CAPM with the premiums of the opposite signstl@ory would predictComparing specifications (7) and

(9), we see thathe upside beta adds littexplanatory power, and the downside beta alone explains 66
percent of excesreturns. Therefore, it is the downside risk which is priced in the currency market.

The singleAB statistics (specification (8)) has the same explanatory power as the twoalnetits,
premium is positive and statistically significaftdjusted R is even higher in specification (8) than in
specification (9), so the two specificationan be consideredimilar andAB alone provides the same
information about portfolio risks as the two betas.

Finally, adding coskewness to the two betas increadesiriRer to 79 percentNow, upside beta
becomes insignificant in the 4tbrtfolio set and therisk premiums Ave the same sign and magnitadein
the comparable singlkactor specificationsCeteris paribuswe would expect a portfolio return to be higher
by 6 percenage points ifsicoskewness falls by 1, or by 25 percentage points if its upside beta falls by 1, or
by 43 percentage points if its downside beta rises fgcdording to the estimates for 25 portfolio§p
make these figures meaningftishould be noted that coskewness ranges betw2etl and 1.38, upside
beta ranges betwee.20 and 0.19, and downside beta ranges betw@dsd and 0.39. Still, the risk
premiums seem high, and | return to this issue in section 7.

Decomposi ng ttaiato itS apsiderandadowside doenterparts improves the validity of
the CAPM significantly. The two betas have the same explapgiower as skewness, and the thneament
two-betaCAPM wins the horse race between all specificativiib. i | e t he &didina mdeaanyd 6 b
explanatiory power in addition to coskewness, adding upside and downside betas to coskewnesRhcrease
from 55 to 79 percerior 10 portfolios and from 22 to 44 percent for 25 portfolid&e may conclude that it
is the downside riskhat & priced in the currency markahd the high carry trade returns, which have been
observed historically, are a comnmsation for such downside risk.

Three alternative measures dbwnside riskexplored in this paper: skewnessskewnessand
downsidebeta, measure different risks, by construction. Low (negative) skewressss a high probability
of occasional @sheswhich may happen from time to time with no specific relation to the performance of
the other assets (e.g., the stock markégnce, 8k, measured by skewness, is diversifiable, and should not
be priced, according to CAPM. Low (negative) coskewness with the stock market means a high probability
of crashes when the stock market exhibits high volatility. This risk isdiv@rsifiable, anghence, should be
priced.But high volatility in the stock market can be observed both when the stock market goes up or down
significantly. Therefore, the coskewness premium should be different depending on whether an asset usually
crashes when the stookarketgoes up or down. If an asset usually crashes when the stock market goes up
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significantly and the marginal utilty of wealth is low, then the risk, measured by coskewness, is not
important. But if an asset usually crashes when the stock market gwes significantly, this asset is
considered very riskgnd unattractiveDownside beta measures exactly this i&iknilarly to coskewness, it
measures the performance of an asset relative to the market, but contrary to coskevessstsitiothe
dowrside eventsHence, it is the downside beta which should be the most important rigictdwdsticout of

all measuresf downside risk.

Then why do we observe similar explanatory power of all three downside risk measuites
currency markét To ansver this question | look at the relationship between all risk meastiedde 3
presents the estimates of the slapel correlatiorcoefficients of regressions of beta and downside beta on
skewness and coskewness of 10 portfolige. can observe very higloelation between all risk measures.

The lowest correlation is observed between beta and skewness (@#8)the highest correlation is
observed between downside beta skéwness (0.92) and downside beta epskewness (0.98AImost

oneto-one relatbnship between the downside beta and coskewness can be explained by the fact that high
volatility in the stock market is usually observed whba stock market goes down, not up. Hence, the
famous saying that Acurrencievaatgoo oupmgaly bet aippd i ¢
market as well. In this case, coskewness and downsidddittmeasure the risk of a crash when the stock
market crasheslhe high(negative) correlation betwaeskewnessnd the downside betdsosuggests that

if currencies crash, they crash systematically when the stock market goes down.

Table 3.Relationship between different risk measures of 10 curre ncy portfolios

Beta Downside beta
Skewness -0.04** -0.10**
[-3.78 [-6.43
Corre lationcoeficient -0.80 -0.92
Coskewness -0.06** -0.13**
[-4.66] [-12.78]
Correlation coefficient -0.85 -0.98

t-statistics are in brackets.
** denote significance at 1%.

We can conclude that although the three measures of downside risk are different by construction, they
refled the same risk in the currency marked risk of cecrash with the stock market. The estimation results
show that the higher the interest rate in an economy, the higher is the risk of depreciation of its currency
when the stock marketogs down. Lowinterest currencies seem to be immune to this risk, they even
appreciate when the stock market plunges and, hence, can hedge this risk. Therefore, these currencies yield
negative excess returns on averadjgh excess returns of carry trades is not a freehluGarry trades tend
to crash, and they crash in the worst states of the wdnleln the stock market goes down. The downside
risk explains the crossection of returns of currency portfolj@orted by the interest rateery well.

In the rest of this se¢ion, | look at the behavior of the 10 currency portfolios in-saimples
depending on the magnitude of the stock market return. | look separatedyupside andhe downsideof

the stock marketand at sulsamples when the stock markets return is belatove) its mean by 0.5
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standad deviatiors, 1 standard deviation and 1.5 standard deviations. The purpose is to test whether the
behavior of the currency portfolios depends on hatkeene the movements in the stock market are.

Table 4 shows the estimatescoskewnessf each portfolidor the eight sutsamples and the whole
sample.For each sulsample of size n,askewness is calculated using the following formula:
X)(Y -Y)?

3
Oy

Coskew , = lz (X =
Y on

whereX = Aer, is the exchange rate return of pofib j in each observation in the seemple,Y =r_ is

the stock market return in each observation in thessuliple, X andY are thewholesamplemeans of
portfolio exchange rate and stock nmetrketurns, respectively, and, is the whole-samplestandard
deviation of the stock market returidence, asubsample coskeness shows theontribution of
observations in the stdample tdhe whole-sample coskewness. For example, Wholesample coskewness
can be obtained from a weighted sum of coskewness in the downside (line 4 of table 4) and coskewness in
the upside (line 5 of table Ayith the appropriate weights.

Previously, | estimated coskewness by regressing exchangeetates on squared market returns.
This is an alternative way to calculate coskewnkgieed, the wholsample coskewness in row 9 of table 4
has a ondo-one relationship with coskewness in row 8 of table 1. The onlyrdifte is in the magnitude.

Table 4.Coskewness of 10 currency portfolios in subamples

Subsample: Pfl 1 2 3 4 5 6 7 8 9 Pfl 10
1 r,-f, <-150, 0.65 -1.84 229 -111 237 -220 -254 -3.78  -3.44 -4.43
2 r, -, <-oy 0.43 -1.30 -166 -087 -176 -165 -1.87 -2.82 -2.53 -3.38
3 r,-f, <-050, 0.24 -0.73 -094 -050 -100 -094 -1.05 -1.60 -1.46 -1.84
4 r,—-f, <0 0.14 -0.41 -054 -027 -056 -053 -059 -090 -0.82 -1.04
5 r,-f, >0 0.04 0.06 0.01 0.05 0.11 0.14 0.10 0.20 0.14 0.06
6 r,-fy, >050, 0.09 0.11 0.03 0.10 0.23 0.30 0.21 0.42 0.31 0.14
7 1, —Ty >0y 0.23 0.24 0.03 0.21 0.45 0.60 0.37 0.82 0.63 0.16
8 r, -, >150, 0.61 0.76 0.14 0.58 1.21 1.65 0.91 1.69 1.69 1.03
9 Whole sample 0.08 -0.13 -0.20 -0.08 -015 -0.12 -0.17 -0.23 -0.23 -0.36

It is easier to analyze theubsample coskewness of the currepzytfolios in Figure 4Each bar
represents a stdample coskewness of a portfolio. Coskewness in thsauiples when the stocknarket is
above its meafthe upside)s always positive, while coskewness in the-samples when the stock market
is below its mearfthe downside)s always negative, except for portfolio 1. This means that curreoties
portfolios 210 generally moven the same direction as the stock market, and they are more volatile.
Coskewness of portfolio 1 is positivend quite lowin all subsamples Therefore, portfolio 1 usually
appreciates (insignificantly) no matter what happens to stock returns. The sarisicorcan be drawn
from the negative downside beta and positive upside beta of portfolio 1.

Comparing portfolios -A0, several observations can be made. First, coskewness in-adiraples on

the upside is always lower than coskewness in the respeciy®amples on the downside. Hence, the
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currencies react more to the downturnntha the upturn of the stock marke&tecond, while Here is no
monotonic elationship between coskewnesstbhe upside and portfolio ranthere is a remarkable negative
relationship between coskewness on the downside and portfolio rank. The higher is the rank of a portfolio,
the lower is the coskewness of the portfolio in all-samples on the downside. Therefore, hightarest
currencies depreciate more when the stockketaeturn is negativel hird, coskevness is thdowestin the

most extreme subample, when the stock market return is below its mean by 1.5 standard deidioces,
currencies of countries with higher interest rates are subject to greater craskheiskhe stock market
crashes.

Figure 4. Coskewness of 10 currency portfoliosn sub-samples
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B Rm-mean>0 B Rm-mean>0,5*SD B Rm-mean>1*SD Rm-mean>1,5*SD
| also estimate downside and upside betas in differensauiples | restrict the analysisto the

downside since the downside is more important for an invéstterms of risksdue to higher marginal
utility of wealth | look at subsamples when the stock market return is below its mean by 0, 0.5, 1 and 1.5
standard deviationslable 5 shows the stgample downside betas of the extreme portfolios (betas of the
other portfolios are within this raay) the respective risk premigpestimated in the FarrislacBeth cross
section regressioraf two-beta CAPM similar to specification (9) in tabletBe regression statistics and the
number of observations in each sample. It should be pointed out that while each downside beta is
estimated from the observations in each-saimple, the respectiv@psidé beta is estimated from the
remaining observations, which do not fall into the-sample.Hence, except for the &t subsample, the
observations for théupside beta include observations when the stock market return is negative, but not
sufficiently low to be included into the sglampleAs a result, the O6upsided be
in table 5.
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Thereis a little difference in the methodologygedto estimate the betas for ssAmple 1 and those in
column (9) of table 2. Initially, I split the sample at zero stock market return, while here | split the sample at
the historical mean stock market retuBut the estimation results are very similar. Hence,ahernative
methodologycan be considered as a robustness check.

Table 5.Two-beta CAPM for different sub-samples

Downside
Subsample: Beta Premium R®  No of obs.
Pfl 1 Pfl 10

1 r,-1, <0 -0.07 0.37 0.47 0.71 101
[6.70

2 r,-f, <-050, -0.06 0.36 0.47  0.70 67
[6.79

3 ry—Ty<-oy -0.05 0.35 057 0.73 30
[7.00

4 r1y-fy<-15y,  -0.06 0.36 051  0.61 21
[6.71

FamaMacBetht-statistics are in brackets.

Comparing across sutamples, we see surprisingly similar results. The estimates of the
downside betas of all portfolios are almost the same no matter how signifidaetyock market
falls. This suggestshatthe currency portfolios m@&vproportionally to tb stock marketPortfolio 1
always appreciates when the stock return is below its mean, and the appreciation is more significant
the greater is the fall in the stock market.th¢ other end, portfolio 10 alws comoves with the
stock marketand these highinterest currencieprovide particularly low returns when the stock
marketreturnis the lowest(subsample 4) The estimates of the dowdsi beta premium are a bit
higher in the most extreme sglamples so that the high carry trade returns danconsidered a
compensation fobearing the downside risk, particulartye risk in theworst stock market

conditions.

6. Country risk and o6flight to qualityo

Higherinterest currencies have higher market,rasgpeially in the worst states of the world
In this section | look at anotheommon measure afurrency riski country risk, to see if these
risks mirror each otheor aretheyquite independent

To measureountry risk,| collect historical country rags, provided by Fitch.This rating
reflecs the risk of investing in a countryThe data is available from August 1994 and ceveost
countries in my samplelhe Fitch rating ranges between AAA (lowest risk) and D (highest risk).
To quantify the sk, | assign 1 to countries with the highest rating, 2 to countries with the next

rating on the scale and so on, so that the countries with the lowest rating are assifpesdt23
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appendixfor details) Therefore my country risk indexaries between 1 and 28nd ahigherindex
means digher risk.

| calculate the average country risk index of each of the 10 currency portfolios, sorted by the
interest rate. Since each portfolio consists-df@untries at each point in time, the averagexis
calculatedbothin the crosssection andn the time seriesAs a result, the average portfolio country
risk index varies between 3.3r portfolio 1)and 12.2for portfolio 10. The country risk index
of 25 portfolios is calculated similarly.

Perhapsunsurprisigly, the country risk index is monotonically increasing with portfolio
rank. The lowesinterest portfolio appears to consist of the safest countriemms of investment,
while the highesinterest portfolio consists of themost risky countries But, although this
relationship hold®n averagethere are cases when a country in the liwwasrest portfolio had a
high country risk indexe.g. Thailand had an index of 10in 20002001) anda country in the
highestinterest portfolio had a rather low countrisk index (e.g. Icelanttad anindex of 45 in
20052008).Hence, there is no strict oite-one relationship between a courigynterest rate and
its rating.

But there appears to be a strong relationship between a portfolio country risk and various
marke risk measures, analyzed previously. The correlation of the country risk index with the stock
market beta is 0.84, witthe downside betd 0.91, with coskewneds-0.83 and with skewnegs-

0.94. Hence, the country risk index proxies well for the markek and can be used as an
instrument if we are worried that the market risk is measured with error. In a seissn
regression of portfolio average excess returns on the country risk, the estimate of the country risk
premium equals .8 percentper annm and is highly statistically significantior both 10portfolio

and 25portfolio sets

Figure 5 plots the country risk index against skewness and the downsidef h8taurrency
portfolios On one end, there is the lowasterest portfolio 1 with the lmest country risk, positive
skewness and negative downside beta. On the other end, there is the ihighestt portfolio 10
with the highest country risk, the lowest skewness and the highest downsidd@tbetauggests,
that when the stock markeeturn is negativet her e i s Aflight to que
depreciation ofhe highinterest portfoliosand appreciation ahe lowestinterest portfolio, and the

lowestinteresfi lowestcountryrisk portfolio serves as thie s ehdvero .
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Figure 5. Relationship between country rating skewness and downside beta
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A similar resul t wa s obtained i n Ronal do

currencies at a very high frequency and find that some cueseoonsistently appreciate when the

stock market crashes or some disasfgmtural, political or economichappen, while others
depreciate. They call the currencies which appreciate irstime d i s ahtaevresnn BTua fre n
Interestingly, thecurrercies with the most pronouncedfe haveproperties(namely, Swiss franc

and Japanese yen) are the ones wethdivest interest rates and alein my portfolio 1.

The following conclusion can be drawm normal stock market conditions, carry traders
borrow portfolio 1 and invest in the other portfolios, depending on the acceptable level of risk.
When the stock market crashessestors sell their investments in higiterest higkrisk currencies
because of liquidity constraintaq in Brunnermeer and Redersen, 20Q%r increased risk aversion
(due to narrow framing as in Barberis, Huang and Santos, 2001, or due to habits, as in Campbell
and Cochrane, 1999, and Verdelhan, 2013 a result, the investment currencies crash(&so
evidenced by their higdownside beta, particularly in the most extreme stock market conditions)
while the funds flow into the safest currenciss evidenced by their negative betahicharealso
the funding currencies for carry trades. These funding currencies appreciaty,ingheases the
losses for carry traders who need to repay their debts denominated in these cuiféneies.ii f | i g h
t o g uiatheicurrgnoy market antle unwinding of the carry trade positioheth may generate
such exchange rate dgnics, whch makes cay trade lossesso high in bad stock market

conditions

7. Downside beta premium in the stock and currency markets
Downside risk explains the cressction of currency portfolios, sorted by the interest rate,

well. A high explanatory power ofavnside risk was also found in the stock mailéetg et al.,
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2006). In this sectionl look at the downside risk premium afirrency portfolios to answer the
question: Are the high carry trade returns a fair compensation for bearing the downside risk?
other words are the downside risk premiums in the currency and stock markets the same?

To estimate the downside risk premium in the stock matrlagtllect monthlytotalreturn data
for all NYSE stocks for the period from January 1990@#ce mbe2008 from CRSP Following
Ang et al. (2006), | restrict the sample to NYSE stocks to minimize the illiquidity effect of small
firms*®. Stocks with less than 25 observations are excluded from the sample due to the low number
of observations to estimate the betasistently.This leaves me with,349 stocks in the sample.

To minimize the measurement error of beta, | estimate it for portfoficdocksusing the
following two-step procedure. In the first sfelpestimate the downside market beta of each stock.
The ndividual stockdownsidebetas vary from1.72 to 5.66. Then all stocks are sorted by their
downside beta into 10 and 25 equalgighted portfolios. Portfolio 1 alwayntainslO percent or
4 percent of stocks with the lowest downside betaedéjmg onthe portfolio set. Portfolios 10 and
25 consist of 10 percent and 4 percent of stocks with the highest downside beta, respBatcely
the number of stocks in the sample is very big, all portfolios are highly diversified, and this sorting
procedure allars concentratingpn the downside risk of the portfolids the second step, | estimate
the downside and upside betas of each portfolio in-8er@es regressions and the respective risk
premiums irthe crosssectionFamaMacBethregressions.

The resultsare reported intable @ he col umn AStockso in Pane
upside and the downside betas are statistically significant in 10 and 25 portfolio sets, and the
estimated Rare very high. The dowride beta premium is estimated B2 percentper annum
depending on the portfolio seéNly estimates are lower than in Ang et al. (2006), who estimate the
downside beta premium a@bout6 percent in a crossection of individual stocks he difference is
probably attributableo the different period bstudy: their sample covers the period from January
1967 till December 2001, while | study a shorter and more recent period with lower retnrns
average

The downside beta premiums in the stock market cannot be directly compared to the currency
downsidebeta premiumsof 46 percent(for 10 portfolios) and 2&ercent(for 25 portfolios),
reported in column (9) of table. Zrhe reason is that thosownside bet areestimated in a
regression oéxchange rateeturnson the stock market retuemd the dummyariable and, hence,
measurenly the exchange rate risk instead of the total risk of investing in a currency portfolio. To

make the downside beta premiums comparable, in this section | estimaterrdgecydownside

10 Ang et al. (2006) show that the validity of the downside beta is confirmed inler wample of NYSE, AMEX and
NASDA Q firms.
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betas by regressingptal currency potfolio returns on the stock market return and the dummy
variable.Then, the downside beta premium is estimated in the -s@d®n regression of portfolio
excess returns on the tote&turn downside betasThis alternativespecifcation can also be
consictred as a robustness check.

The downside betas of total returns do not appear to be sigtificdifferent from the
downsidebetas of exchange rate returns, mfnconfirms that the interest rate risk is insignificant in
carry trades.The downside risk preinms are also very similar in magnitude (Table 6, column
ACurrencieso). The est i matpersannunadependibgeon poetfelic 3 4
set. Therefore the downside beta premium (as wellths upside beta premium) in the currency
market ismuch higher than that in the stock markeshould be noted that the explanatory power
of the 2-beta CAPM measured by Ris similarand very highin the both markets, if we consider
well-diversified portfolios.

Table 6.Downside risk inthe currency and stock markets

Panel A: Regression coefficients Panel B: Descriptive statistics of 25 portfolios
Currencies Stocks Currencies Stocks
10 pfls 25 pfls 10 pfls 25 pfls Pfl 1 Pfl25 Pfll Pfl 25
Upside beta 0.128 0122 0.032 0012 Excess return -0.02 0.33 0.04 0.11
[1.57] [2.12] [7.25] [3.51] Upside beta 0.04 0.05 0.77 0.84
Downside beta 0.449 0337 0.012 0.022 Downside beta -0.04 0.39 0.04 2.20
[6.83] [6.17] [4.74] [7.95] Country risk 271 12.83 na na
R 077 041 081 081
Panel C: Downsie risk premium for currency portfolios
Portfolios 1-24 1-23 1-22 1-21 1-20 1-19 1-18 1-17 1-16 1-15

Downside beta 0.166 0.095 0.057 0.053 0.050 0.032 0.033 0.042 0.035 0.036
(0.046) (0.055) (0.053) (0.053) (0.053) (0.053) (0.053) (0.052) (0.052) (0.08L)
[3.58] [L.72] [1.09] [1.02] [0.95] [0.61] [0.63] [0.82] [0.68] [0.69]

CR of top pfl 10.14 9.74 7.90 8.08 8.03 6.46 6.25 6.48 6.02 6.02
FamaMacBeth standard errors are in parentheses agtdtistics are in brackets.

To understand the difference the downside beta premiums, it is worth looking at the
descriptive statistics of the currency and stock portfolios. Panel B of table 6 reports excess returns,
the market risk, measured by the upside and downside betas, and the country risk of the most
extreme portfolios of the 2portfolio sets. The range of excess returns is quite similar in the
currency and stock markets, with the exception of the top currency portfolio, which provides a
much greater return, on average. The high excess return of tpertdglio might have contributed
to the high estimate of the downside beta premium in the currency market.

But the most remarkable difference is observed in the estimates of betas. Although the

downside betas increase wittie portfolio rank in botlturrency and stock markets, the spread is
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much wider in the stock market. The'®Stock portfolio has the downside beta of 2.2, while the
25" currency portfolio has the downside beta of only 0.39. Hence, currencies are less risky in terms
of the stock marketsk, while they offer higher returns.

The same conclusion can be drawn forgibtfolio sets. Figure 6 plots excess returns against
the downside betas in the stock and currency markets. In the both plots, the portfolios lie almost
perfectly on a straighine, but the currency portfolios have a greater range of excess returns and a
lower range of downside beta®his suggests that either the high excess returns of carry trades
reflect a mispricing in the currency market, or they reflect a compensatiothér risks.

Figure 6. Downsiderisk in the currency and stock markets

Stocks Currencies
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What s the difference between thock portfolie and theurrency portfolis? While the top
stock portfolio difers from the previous stock portfolio in the ranking only by the higher market
risk, measured by the downside beta, the top currency portfolio differs from the previous currency
portfolio in the ranking by the higher market risk and higher country Hskce, the difference in
the excess returns may partly be a compensation for the country risk. Indeed, after controlling for
the country risk, the downside beta premium in the currency market sfomkgl5to 4.7 percent
per annunfor the 10portfolio se.

To make the analysis more rigorous, | estimate the downside beta preémiln® cross
section of currency portfolios, dropping out the top portfolio in the ranking. Then | repeat the
exercise, dropping out the next portfolio in the ranking, and s@owee portfolio country risk is
monotonically increasing with the portfolio rank, dropping out the most risky portfolios
consecutively allows to trace the effect of the country risk on the estimates of the downside beta.

Each column on panel C of figufeshows the sample of currency portfolios, the respective
downside beta premium and the country risk of the top portfolio, which remains in the sample.

After dropping out portfolio 25 with the highest country risk index of 12.83, the estimate of the
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downsde beta premium falls from 33.7 percent to 16.6 percent. After dropping out portfolio 24, the
downside beta premium falls further to 9.5 percent. The same tendency continueat aldewer
pace, until 19 portfolios are left in the sampl&en the stimates of the downside bettabilizeat
3-4 percent per annurh

It is interesting to note that the estimates of the downside beta stabilize after portfolio 20 is
dropped from the sampland prtfolio 20 is the last of the top portfolios which has ghhtountry
risk. A country risk is considered to be high if the Fitch country rating is BBB+ or below, which
corresponds to my country risk index of 7 and ab®&aatfolios 2025 have the country risk index
above 7 and, hence, are risky, while portfolie$9lhave the country risk index below 7, and hence
are comparable to the US stock market in terms of the country risk. Since the downside beta
premium in the sample of currency portfolios with low country risk is very similar in magnitude to
that in the sick market, we may conclude that the downside risk is priced equally in the currency
and stock marketswvhile the difference in the downside beta premiums of all portfadigeanel A
is attributable to a bias due to omitted country riSkace in carry tades,the most common
investment currencies are in the portfoliosZ8 and the most common funding currencies are in
portfolios %2, the high returns of carry tl@s compensate an investor boththe downside risk
and the country riskThese two riskare hard to diversifyn currency portfoliosince they gdhand

in-hand

8. RobustnessEvidence of the last decade

The first half of the studied period are the yearsadring interest rates, capital controls,
political instability and the related curney crashesn several emerging countries in the sample.
This was reflected in the extreme behavior of the top portfolios, such as very high return and very
low skewness, and may have biased the results. Indeed, as we have seen in the previous section
exduding the top portfolios from the analysis reduces the downside beta premium signifi¢antly.
test the robustness of my results, in this section | concentrate on a shorter period from January 1999
urtil April 2009. This sample is chosen tmit the period of political turbulences in Bulgaria and
Romania in 1997 and the Russian default in August 199® last episodes of significant currency
crashes which wereaused by political rather than market factors

Table 7 reports the descriptive statisticstibd 10 currency portfolios in the last decade.
Comparing table 7 to table 1, several changes are evBesi. the excess return of the highest

interest portfolio is much lowahan beforg16.4 percent instead of 23 percent per annum) due to

"' The precision of the estimation, measured by the FdaaBeth standard errors, is the same in all portfolio sets, and
hencethe estimatdecomesstatistically insignificantiue to itslow value.
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the lowerinterest rates in thes®untries.Second, although we still observe a negative relationship
between portfolio rank and skewness, skewness of the top portfolios is closer to fedlows that
occasional crashes of higiterest currencies are nowadawgsich less commomhird, coskewness

of the top portfolios is lower and stock market betas of the tofofios are much higher.For
instance, the market beta of portfolio 10 @w0.43 instead of 0.17, and dswnside beta is now
0.66 instead 00.37. This suggests that the market risk of Rigterest portfolios is now even
higher, especially on the downsid€rashes of higlinterest currencies seem to be less significant,
but more systematic: they happen exactly when the stock market goes down.

Table 7. Descriptive statistics of 10 currency portfolios in 1992009

1 2 3 4 5 6 7 8 9 10
Total excess return (p.a -0.61 -1.38 235 509 208 427 010 499 774 1640

Skewness 0.68 -0.03 -018 019 -090 -0.28 -0.77 -0.65 -0.44 -0.73
Coskewness 033 -144 -1.84 -098 -184 -168 -202 -281 -250 -4.23
Market beta 001 016 014 010 016 020 018 023 023 043
Upside beta 007 008 005 006 005 012 005 009 004 009
Downside beta -002 021 021 012 023 025 027 033 037 066

Table 8presents the estimation results of Fakt@acBeth crossectional regressisnwith
various risk measures as explanatory variabtlagviously, skewness was competing with the
downside beta in explaining the cressction of returns. Nowthe explanatory poweof non
systematic skewness vanishes, and the stock market beta Wiglespreviously, in the 3noment
CAPM, beta did not addng explanatory poweto coskewness, now coskewnesses not add
explanatory poweto beta Upside beta is never statisticaliygnificant, while the downside beta
alone explains the crosection of returns welllhe explanatory power of the downside beta is even
higher in the last decade. Bitie three moment twebeta CAPM wins the horse race by explaining
75 percentand 47 percemf excess returns of 10 and 25 currency portfolios, respectively

The downside beta premium falls from 28 to 17 percent per annum for tperdalio set,
but it is still much higher than the downside beta premium in the stock mahetdownside beta
premium againcompensates for the country rigk g. the risk of a country defaul, the-called
Apesoo event), and the | ower premium is due
country ratingsThe cownsde beta premium shrinksirtherfrom 17 percento 2.6percentf portfolios 25
and 24 are dropped ouwind stabilizes around..3 percentn the subsample ofthe bottom 15 and 16
portfolios, which have low country risk

It can be concluded, that the main results hold in the more reeeiotipandevenbecome
more pronounced. The downside risk of carry tradesasured by coskewness and downside beta,

is higher and there is a closer link between the currency and stock matligitisinterest currencies
28



crash more when the stock market ngas, while lowinterest currenciegsan hedge the stock
market risk

This change may have been driven by the rising carry trade activity. AccordBajat et al.
(2007), volume of carry tradesshincreased a lot during 2000s, and carry trades invalie ncies
of emerging economies (i.e. currencies of my top portfolios) increasitigiprry traders have an
impact on exchange rates, they may serve as a channel through which stock market dynamics is
passednto the currency market

Table 8. Fama-MacBeth cross-sectional regressions 119992009

Dependent variable: Total annualized returns
@) ) 3) 4) ) (6) () (8) 9) (19)
PanelA: 10 portfolios

Beta 0.10** 0.41** 0.56**
[2.63] [4.02] [3.05]
Skewness -0.03**
[-2.46]
Coskewness -0.03** 0.005 -0.02
[-3.90] [0.32] [-0.71]
Upside beta 0.41 0.09 0.8
[1.61] [0.38] [0.31]
Downside beta 0.25** 0.24**  0.26**
[4.00] [3.94] [3.94]
AB 0.25**
[3.96]
Intercept 0.01 -0.03 003 -0.02 -004 001 -002 -0.01 -0.03 -0.02
[0.33] [-1.41] [1.43] [-1.08] [-1.43] [0.48] [-1.04] [-0.31] [-1.05] [-0.70]
R 0.15 0.71 0.17 0.62 0.73 0.04 0.71 0.69 0.72 0.75

Adjusted B 0.04  0.68 0.07 0.57 066 -0.08 0.68 0.65 0.63 0.62
PanelB: 25 portfolios

Beta 0.02 0.2Zr** 0.27**
[1.00] [2.99] [2.91]
Skewness -0.02*
[-1.83]
Coskewness -0.02** -0.007 -0.02**
[-250] [-1.07] [-2.32]
Upside beta -0.01 0.04 0.02
[-0.25] [0.63] [0.33]
Downside beta 0.16** 0.17** 0.22**
[3.01] [3.02] [3.65]
AB 0.11**
[2.80]
Intercept 0.03 -0.01 0.03 0005 -0.01 004 -0.005 0.02 -0.01 0.0000
[1.32] [-0.53] [1.33] [0.24] [-0.52] [1.60] [-0.23] [0.80] [-0.38] [-0.002]
R 0.02 0.33 0.11 0.22 0.33 0001 0.35 0.25 0.36 0.47
Adjusted B -0.03 0.30 0.07 0.19 027 -004 0.32 0.21 0.30 0.39

t-statistics are in brackets.
** and * denote significance at 1% and 5% respectively.
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9. RobustnessTime-varying betas

While in the previous analysis betas were assumed constant in the sample, in this section, |
allow betasto vary across timel. follow the two-step FamaMacBeth procedure where, in the first
step, betas are estimated in a-figar rolling window, and in the second step, the cresstion
regression of portfolio returns on betas in the preceding five years is estilmadedentrate on the
latest period from January 199@til April 2009 when the downside risk seems to be more
important. Sirce the first set of betas is estimated during the period from January urfip9
December 2003, the first cressction regression is run for January 2004. Then the rolling window
moves by one month and the procedure is repeated. This generates a tsnefdmia premiums,
from which | find the average beta premium andsitgistics

There is some variation in the estimated betas over time, although the general pattern is the
same as before. The loweasterest portfolio downsidéeta isalways negativenith the average
value of-0.09 and little variation. The downside beta of the higlmstest portfolio is always the
highest in the crossection with the average value of 0.58 and the maximum and minimum values
of 0.78 and 0.1,7respectivelylt shouldbe pointed out thathe downside betas of all portfolios,
except portfolio 1, increased significantly during ivancialcrisis in October 2008 April 2009,
when carry trades crashed dramaticallyere is a particularly visiblpositiverelationship letween
portfolio rank and the downside beta in this period.

In the FamaMacBeth crosssection regressions, the downside beta premgitd percent
with a t-statisticof 2.15, while the upside beta premium-@&03 and insignificant, as before. The
two betas explain 43 percent of portfolio excess returns, on average, while the standard beta
explains only 33 percent of returrsenerally, the conclusion that the downside beta is a relevant
factor in explaining returngf carry trades is robust when betageatime varying, although the
explanatory power of all betas is lower than in section 8. This can probably be explained by greater

estimation errors since betas are estimated in short samples and, hence, may be noisier.

10. Conclusion

In this paperl look atthe downside risk of currencies to explain the high excess returns of
carry tradesyhich haveconsistentiybeen observedmpirically and due to which the popularity of
the strategy has increased dramatically among both institutional and private investdy
portfolios of currencies sorted by the local interestsradediversify away idiosyncratic risk and
concentrate othoseproperties of currencies which are specific to countries with different levels of

interest rates.
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| find that exchange ratrisk is monotonically increasing in the local interest rate, so that
returns of highinterest(investment)currencies have low negative skewness and coskewness with
the stock market and higthownside stock market beta, while returns of HJowerest (funding)
currencies, on the contrary, have positive skewness and coskewness and negative downside beta.
This suggests thaeturns ofcarry tradesare asymmetrically distributed withhagh crash risk, and
the crashes happesxactly in the worst states of theorld, when the stock market goes down
significantly.

Besides the high market risk o&rry trades, there & high country risk, measured by Fitch
country rating. Country risk proxies well for the downside beta and coskewmbish suggests
that thereiif | i ght t o qualityod wh dhattheldweintesegt oucdnciema r k e
serve as a fAsafe haveno.

| run horse races between alternative apseing models to explain the cressction of
currency portfolio returns. | find that the downsid@rketbeta has a much greater explanatory
power than the standard market hetad that skewness and coskewness are highly significant, so
that the threemomenttwo-beta CAPM explains79 percent of excess returns of 10rency
portfolios, sorted byhe interestrate. The coskewness premium has the same magnitude as that in
the stock market, while the downside beta premium is much higdies.is due to the fact that
currencies yield higher returns while the range of their stock market betas is loweheand
asymmetry of their returns is higher than in the stock matketiggest that the downside beta
premium partly compensates an investor for bearing countryeigk a risk of a country default,
thesec al | ed A pand thedwo @remiums drerdao separate because of an almost perfect
correlation between the country risk and the downside IBatb.after excluding the most risky
portfolios from the crossection, the downside befaemium becomes comparablett@at in the
stock market.

The restis are robust to various specifications, and are even stronger in the first decade of the
21% century.While nonsystematic skewness of the higtterest portfolios isnow lower (by the
absolute value)their downside betas are highand the explanatgrpower of the market beta in
the crosssection isgreaer. This suggests that there is a closer link between the currency and stock
markets which now co-move significantly. Tie rising volume of carry trade activity might have
contributed to this trendAccordingtot he head of Britainds financi
current carry trade could be destructive to e

world would b% a better placebd

2fbavos: FSA chief tur m3hedimesd30 mhuargd080s s 6 carry trade
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Appendix. Data

Sample of countriegperiod of available datain the parentheses): Australi@®1(9G04.09) Austria (01.9012.90)

Belgium (01.9012.98) Brazil (01.9504.09) Bulgaria (01.9201.08) Canada (01.904.09) Chile (07.9-04.09) China
(01.0204.09) Cyprus (01.9012.07) Czech Republic (08.984.09) Denmark (01.947.07) Euro Zone (02.994.09)

France (01.92.98) Germany (01.9€12.98) Greece (01.942.00) Hong Kong (06.9404.09) Hungary (01.90
04.09) Iceland (A..90-04.09) India (01.9304.09) Indonesia (02.012.03) Ireland (01.9012.98) Italy (01.96012-98),

Japan (01.9@4.09) Latvia (05.9403.08) Lithuania (08.9604.09) Malaysia (01.9€04.09) Malta (01.9612.07)

Mexico (01.9604.09) Netherlands (01.902.98) New Zealand (01.904.09) Norway (01.96004.09) Philippines
(01.9002.09) Poland (05.9404.09) Portugal (01.9412.98) Romania (03.94€9.05, Russia (07.994.09) Singapore
(01.9004.09) Slovakia (02.9312.07) Slovenia (05.9812.06) South Afica (01.9004.09) Spain (01.9012.98)

Sweden (01.9@4.09) Switzerland (01.904.09) Taiwan (01.9603.09) Thailand (01.9704.09) Turkey (01.90

04.09) UK (01.90-04.09).

Dates of denominationMexico (01.93) Poland (01.95)Russia (01.98)Turkey(01.05) Romania (07.05).

Country risk indexEach Fitch rating is assigned the following number:

AA+=2 A+=5 BBB+=8 BB+=11 B+=14 CCC+=17
AAA =1 AA=3 A=6 BBB=9 BB=12 B=15 CCC=18 CC=20 C=21 DDD=22 D=23

AA-=4 A-=7 BBB-=10 BB-=13 B-=16 CCG =19
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